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Abstract 

Background  Tidal flats are vital coastal ecosystems that play a significant role in organic carbon accumulation 
and biogeochemical cycles. Members of the family Flavobacteriaceae is known for its ability to degrade complex 
organic matter, including polysaccharides. However, the ecological roles and metabolic capabilities of Flavobacte-
riaceae in tidal flat environments remain underexplored.

Results  In this study, we isolated and characterized a novel bacterium, strain NBU2967T, from the tidal flats 
of Meishan Island in the East China Sea. Phylogenetic and genomic analyses identified this strain as a new genus 
and species within the family Flavobacteriaceae, for which we propose the name Meishania litoralis gen. nov., sp. nov. 
Comprehensive polyphasic characterization, including morphological, physiological, chemotaxonomic, and genomic 
analyses, confirmed its distinct taxonomic status. Genomic analysis revealed a diverse set of carbohydrate-active 
enzymes (CAZymes), along with multiple metabolic pathways associated with carbon and sulfur cycling, highlighting 
the strain’s potential adaptation to organic-rich marine environments. Comparative genomic and pangenome analy-
ses further demonstrated significant genetic divergence from related taxa. Environmental distribution data revealed 
that the newly proposed genus Meishania is widely distributed across global marine ecosystems.

Conclusions  We isolated and characterized a novel bacterium, designated NBU2967T (= KCTC 82912 T = MCCC 
1K06391T), for which we propose the name Meishania litoralis gen. nov., sp. nov. This strain is classified as a new genus 
within the family Flavobacteriaceae. The strain’s ability to process both carbon and sulfur compounds underscores 
its ecological significance in marine ecosystems. These findings provide novel insights into the ecological functions 
of the family Flavobacteriaceae in coastal tidal flats environments and enhance our understanding of microbial-medi-
ated degradation and transformation of chemical compounds in dynamic coastal ecosystems.
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Background
Tidal flats are integral components of marine ecosystems, 
playing a crucial role in global biogeochemical cycles [1]. 
Due to their high organic carbon content, tidal flats sus-
tain diverse microbial communities that mediate essen-
tial processes in carbon cycling, including organic matter 
degradation, transformation, and mineralization [2–5]. 
Advancements in high-throughput sequencing technol-
ogies have significantly improved our understanding 
of microbial diversity, community composition, and 
functional potential in tidal flats [6–8]. However, many 
microbial taxa in tidal flats remain poorly characterized, 
particularly with respect to their metabolic pathways and 
ecological interactions.

Among the microbial groups frequently found in 
marine habitats, the family Flavobacteriaceae has gar-
nered increasing attention due to its ecological versatility 
and metabolic adaptability. The family Flavobacteriaceae 
was first established in 1992 [9] and has since undergone 
three major emendations [10–12]. To date, it includes 
188 validly published genera, as documented in the List 
of Prokaryotic Names with Standing in Nomenclature 
[13]. Flavobacteriaceae are key heterotrophic bacteria 
in marine ecosystems, playing a crucial role in the deg-
radation of complex organic matter through the secre-
tion of extracellular enzymes [14]. Members of the 
Flavobacteriaceae family are characterized by the pres-
ence of a diverse array of carbohydrate-active enzymes 
(CAZymes), which are encoded within polysaccharide 
utilization loci (PULs) [5]. These enzymatic systems 
enable Flavobacteriaceae bacteria to efficiently degrade 
complex polysaccharides derived from marine algae and 
plants, such as chitin, β-glucans, and cellulose [2, 3, 5]. 

The degradation products released during this process 
are subsequently available for utilization by other micro-
organisms, thereby contributing to the mineralization of 
organic carbon [3]. Recent studies have highlighted the 
highly specialized role of Flavobacteriaceae in organic 
carbon degradation, particularly in the regulation of 
genes encoding glycoside hydrolases, peptidases, and 
transporters [4, 15]. This specialization renders them 
promising candidates for industrial applications, particu-
larly in the fields of biodegradation and environmental 
conservation [5]. Furthermore, the family Flavobacte-
riaceae produce a variety of secondary metabolites that 
modulate microbial interactions and influence nutrient 
cycling, especially in carbon-rich marine environments 
[16, 17].

While the members of the family Flavobacteriaceae 
have been extensively studied in various marine sys-
tems, our understanding of their ecological functions in 
tidal flat environments remains limited. Given the abun-
dance of organic carbon and the unique environmental 
pressures in tidal flats, it is critical to investigate how 
members of the family Flavobacteriaceae adapt to and 
function within these habitats. This study investigates a 
novel Flavobacteriaceae strain isolated from the tidal flats 
of Meishan Island in the East China Sea. Through poly-
phasic taxonomic analysis, including phylogenetic, physi-
ological, and genomic approaches, the strain’s metabolic 
potential, particularly in organic carbon degradation, was 
explored. Comparative genomic and pangenome analy-
ses, along with environmental distribution data, highlight 
the strain’s ecological significance and its contribution to 
carbon cycling in tidal flats ecosystems.

Fig. 1  Geographic location of Meishan Island and sampling sites. TFS2022, the tidal flats samples collected in 2022
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Methods
Sample collection and strain isolation
Meishan Island in the East China Sea (121°55′E, 
29°45′N) is an open oceanic plain island, with topogra-
phy sloping from northeast to southwest (Fig.  1). Tidal 
flats samples were collected in the southwestern part 
of Meishan Island. The samples were preserved at 4°C 
before laboratory experiments. For microbial isolation, 
tidal flat samples were diluted with 2.0% sterilized sea 
salt solution to a concentration of 10–5. The diluted sam-
ples were plated onto Petri dishes containing 1:10 diluted 
marine agar 2216 (MA; Qingdao Hope Bio-Technology 
Co., Ltd., China) supplemented with 2.0% (w/v) artificial 
sea salt, which is composed of sodium chloride (60.67%), 
magnesium chloride hexahydrate (26.69%), sodium sul-
fate (9.71%), and calcium chloride (2.93%).

In order to isolate strains with different optimal growth 
temperatures, inoculated plates were incubated at 24°C, 
32°C, and 37°C. After approximately 3  days, colonies 
began to appear and were subsequently isolated from the 
respective plates and purified by repeated streaking. All 
isolated strains were then cultured in marine broth 2216 
(MB; Qingdao Hope Bio-Technology Co., Ltd., China) at 
their respective isolation temperatures and preserved at 
−80°C in MB supplemented with 25.0% (v/v) glycerol.

Morphological, physiological, and chemotaxonomic 
characterization
Cell morphology was analyzed using an optical micro-
scope (BX40, Olympus) and transmission electron 
microscopy (JEM-1230, JEOL). Cells in the exponential 
growth phase were cultured on MA plates and subse-
quently harvested. They were stained with uranyl acetate, 
fixed onto copper grids, and observed using a transmis-
sion electron microscope. Gram staining was conducted 
following the protocol outlined by Tripathi et  al. [18]. 
Motility was evaluated via direct microscopic observa-
tion and by inoculation on semi-solid MA medium con-
taining 0.5% (w/v) agar.

Strain NBU2979T was grown in MB at temperatures 
of 4.0, 10.0, 15.0, 20.0, 25.0, 28.0, 30.0, 35.0, 37.0, 40.0, 
45.0, 50.0, and 55.0°C to determine its temperature range. 
The pH tolerance was evaluated using 30.0 mM buffer 
systems spanning pH 4.0 to 10.0, adjusted at 0.5-unit 
intervals: ammonium acetate (pH 4.0–5.0), MES (pH 
5.5–6.0), PIPES (pH 6.5–7.0), Tricine (pH 7.5–8.5), and 
CAPSO (pH 9.0–10.0). NaCl requirement and tolerance 
range were determined by inoculating into NaCl-free MB 
basal medium by adding various NaCl concentrations (0, 
0.5;1.0–10.0%, at 1.0% intervals, w/v). All experiments 
were conducted in quadruplicate, with optical density 

at 600 nm (OD600) measured after 72 h of incubation at 
37.0°C under shaking conditions (140 rpm).

Strain NBU2967T was cultured on MB medium at a 
constant temperature of 37.0°C for physiological charac-
terization. Catalase activity was determined by observing 
bubble production in a 3.0% (v/v) H2O2 solution, while 
oxidase activity was assessed using the oxidation of 1.0% 
p-aminodimethylaniline oxalate. Methyl red, Voges-
Proskauer tests, H2S production, the hydrolysis of starch, 
casein, Tweens 20, 40, 60, and 80 were conducted follow-
ing the methods described by Xu et al. [19]. Biochemical 
and enzymatic activities were evaluated using API ZYM, 
API 20 NE and API 50 CH strips (bioMérieux) accord-
ing to the manufacturer’s instructions, except for using 
modified MB in which yeast extract and peptone were 
replaced by 0.1 g/L yeast extract and 0.01 g/L phenol 
red. For cell suspension preparation, a 2.0% (w/v) NaCl 
solution was used instead of the recommended medium. 
Anaerobic growth was tested using an AnaeroPack-
MicroAero (2.5 L; MGC, Japan) system, supplemented 
with sodium sulfite (5.0 mM), sodium sulfate (20.0 mM), 
sodium nitrite (5.0 mM), and sodium nitrate (20.0 mM) 
as electron acceptors. The same media under aerobic 
conditions were used as controls. Antibiotic susceptibil-
ity of strain NBU2967T was assessed on MA using anti-
biotic discs. Susceptibility was determined based on an 
inhibition zone diameter exceeding 1.5 cm, as described 
by Zhang et al. [20].

Biomass for chemotaxonomic studies was obtained by 
cultivating the strain in MB medium at 37.0°C for 72 h 
under shaking conditions at 140 rpm. Fatty acid methyl 
ester (FAME) analysis was performed using late expo-
nential-phase cells harvested from MB. The identifica-
tion and quantification of FAMEs were conducted using 
the Sherlock Microbial Identification System (MIDI) 
equipped with the standard MIS Library Generation Soft-
ware (version 6.1), following the manufacturer’s protocol. 
Respiratory quinones were extracted using a chloroform/
methanol (2:1, v/v) mixture and analyzed via high-perfor-
mance liquid chromatography coupled with mass spec-
trometry (HPLC–MS), employing an Agilent 1200 system 
and a Thermo Finnigan LCQ DECA XP MAX mass spec-
trometer [21]. Polar lipids were extracted and separated 
using two-dimensional thin-layer chromatography (TLC) 
on silica gel 60 F254 plates (Merck). Lipid components 
were further analyzed according to the method described 
by Minnikin et  al. [22]. Visualization of the TLC plates 
was achieved by spraying specific reagents: phosphomo-
lybdic acid (5.0% in ethanol) for total lipids, α-naphthol/
sulfuric acid for glycolipids, molybdenum blue for phos-
pholipids, and ninhydrin for amino lipids [23].
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Phylogenetic analysis based on 16S rRNA gene sequences
A total of 61 bacterial strains were isolated from tidal 
flats samples collected from Meishan Island. The 16S 
rRNA gene of each strain was amplified using the univer-
sal primers 27 F (5’-AGA​GTT​TGA​TCC​TGG​CTC​AG-3’) 
and 1492R (5’-GGT​TAC​CTT​GTT​ACG​ACT​T-3’) [24], 
and sequenced by Suzhou Jinwei Zhi Biotechnology Co., 
Ltd. (Suzhou, China). The resulting sequences were sub-
mitted to GenBank under accession numbers PV660043-
PV660103. For strain NBU2967T, the 16S rRNA gene 
was further verified and sequenced by cloning into the 
pMD19-T vector (TaKaRa) and transforming into Escher-
ichia coli DH5α, to ensure sequence completeness and 
accuracy. The full-length 16S rRNA gene sequence (1,490 
nt) was compared with closely related species using EzBi-
oCloud’s Identify Service (http://​www.​ezbio​cloud.​net/​
ident​ify) [25] and the BLAST database (https://​blast.​ncbi.​
nlm.​nih.​gov/​Blast.​cgi). Phylogenetic trees were recon-
structed using IQ-TREE v1.6.1 software [26] via three 
different methods: neighbor-joining [27], maximum-
parsimony [28], and maximum-likelihood [29]. Evolu-
tionary distances for the neighbor-joining method were 
computed using the Kimura 2-parameter model [30], 
and bootstrap analyses with 1,000 replications assessed 
tree robustness. A single neighbor-joining phylogenetic 
tree was also constructed based on the aligned 16S rRNA 
gene sequences of the 61 isolated strains to investigate 
their evolutionary relationships.

For phylogenetic analysis, 16S rRNA sequence data 
were used to identify the six closest related genera within 
the family Flavobacteriaceae, represented by the follow-
ing strains: Maribacter algicola PoM-212T [31], M. sedi-
menticola KMM 3903  T [32], Aggregatimonas sangjinii 
F202Z8T [33], Costertonia aggregata KCCM42265T [34], 
Ulvibacterium marinum CCMM003T [35], Pseudozobel-
lia thermophila DSM 19858T [36], and Pareuzebyella 
sediminis S2-4-21T [37]. Among the genus Maribacter, 
both the type strain (M. sedimenticola KMM 3903T) and 
the species showing the highest 16S rRNA gene sequence 
similarity to strain NBU2967T (M. algicola PoM-212T) 
were included. These strains were selected for compara-
tive characterization alongside strain NBU2967T.

Genome sequencing, assembly, and analysis
The whole genome of strain NBU2967T was sequenced 
using the Illumina HiSeq 4000 platform (Illumina) 
at the Beijing Genomics Institute (Shenzhen, China) 
[20]. Paired-end fragment libraries were prepared and 
sequenced according to the standard Illumina HiSeq 
4000 protocol. Low-quality reads (those with consecu-
tive bases covered by fewer than five reads) were filtered 
out, and the high-quality reads were assembled using 
SOAPdenovo v1.05 software [38]. The genomic DNA G + 

C content was calculated from the assembled genome 
sequence.

Annotation of the genomic features of strain 
NBU2967T was performed using Prokka v1.14.6, a rapid 
and comprehensive genome annotation tool [39]. Prokka 
integrates several software packages, including Prodigal 
[40] for coding sequence (CDS) prediction, RNAmmer 
[41] for ribosomal RNA gene identification, Aragorn [42] 
for tRNA gene detection, SignalP [43] for signal peptide 
prediction, and Infernal [44] for non-coding RNA iden-
tification. Prokka generates output files in standard for-
mats, including FAA, GFF, and GBK, which were used 
for downstream analyses. To supplement these results, 
Rapid Annotation using Subsystem Technology (RAST) 
was employed for the functional annotation of open 
reading frames (ORFs) [45]. The combination of Prokka 
and RAST ensured comprehensive and accurate genome 
annotation. For metabolic pathway analysis, metabolic 
pathways were reconstructed using KEGG’s BlastKOALA 
annotation service [46].

Genomic data for reference strains within the fam-
ily Flavobacteriaceae, selected based on their high 16S 
rRNA sequence similarity to strain NBU2967T, were 
retrieved from the NCBI Genome Database. These 
strains included M. algicola PoM-212T, M. cobaltidurans 
B1T [47], M. aurantiacus CDA4T [48], M. flavus KCTC 
42508T [49], M. arenosus CAU 1321T [50], M. litopenaei 
HL-LV01T [51], M. thermophilus HT7-2T [52], Pricia 
antarctica DSM 23421T [53], Pelagihabitans pacificus 
TP-CH-4T [54], M. luteus RZ05T [55], M. aquimaris 
ANRC-HE7T [56], M. polysiphoniae DSM 23514T [57], A. 
sangjinii F202Z8T, C. aggregata KCCM42265T, U. mari-
num CCMM003T, Ps. thermophila DSM 19858T, and 
Pa. sediminis S2-4-21T. The average nucleotide identity 
(ANI) values between strain NBU2967T and reference 
strains within the family Flavobacteriaceae were calcu-
lated using the ANI calculator (http://​enve-​omics.​ce.​
gatech.​edu/​ani/) [58]. The average amino acid identity 
(AAI) was estimated using the EzAAI Calculator online 
service (http://​leb.​snu.​ac.​kr/​ezaai) [59]. Digital DNA-
DNA hybridization (dDDH) values were computed via 
the genome-to-genome distance calculator (GGDC) 
server version 2.1 [60]. To explore the phylogenomic 
relationships between strain NBU2967T and related taxa, 
a genome-based phylogenomic tree was constructed 
using the Type Strain Genome Server (TYGS) [61]. The 
combined use of ANI, AAI, dDDH, and phylogenomic 
tree reconstruction ensured robust species delineation 
and supported the taxonomic classification of strain 
NBU2967T [62].

The CAZymes profiles and gene clusters of strain 
NBU2967T and reference strains within the family Fla-
vobacteriaceae were analyzed using the dbCAN3 server 

http://www.ezbiocloud.net/identify
http://www.ezbiocloud.net/identify
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi
http://enve-omics.ce.gatech.edu/ani/
http://enve-omics.ce.gatech.edu/ani/
http://leb.snu.ac.kr/ezaai
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(https://​bcb.​unl.​edu/​dbCAN2/​blast.​php) [63]. Protein 
sequences predicted by Prokka were submitted to the 
dbCAN3 server, and annotation was performed using 
HMMER (E-value < 1e-15) with the CAZymes domain 
HMM database [64]. Biosynthetic gene clusters (BGCs) 
across all genomes were identified using antiSMASH v5.0 
[65]. The GBK files generated by Prokka served as input 
data for this analysis.

Protein structure prediction
Protein structures related to metabolism were predicted 
using the Phyre2.2 web server in intensive mode [66]. 
The predicted structures were then compared to known 
protein structures by querying structural databases using 
Foldseek (https://​search.​folds​eek.​com/) [67]. Structural 
alignments between the predicted and target proteins 
were performed with the US-align tool (https://​zhang​
group.​org/​US-​align/) [68], and visualizations of protein 
structures were generated using PyMOL software.

Pangenome analysis
The pangenome, encompassing all gene clusters in a 
group, is divided into the core and accessory genomes 
[69]. The core genome includes conserved functional 
genes found across all strains, while the accessory 
genome consists of dispensable genes found in some 
strains and strain-specific genes (singletons) unique to 
a single strain [70]. The resulting GFF files predicted by 
Prokka were analyzed using Roary with the default set-
tings to determine the pangenome structure [71]. The 
IPGA v1.09 (Integrated Prokaryotes Genome and Pange-
nome Analysis service; https://​nmdc.​cn/​ipga/) was used 
to plot the Tettelin best-fit curve, which describes the 
changes in pangenome and core genome sizes and their 
regression trends [72].

Environmental distribution
The distribution and habitat preferences of the newly 
described genus Meishania globally were assessed using 
the analytical tools from the Microbe Atlas Project 
(MAP). The study was conducted with a rigorous 96% 
sequence similarity threshold. Microbial community 
abundance was assessed through MAPseq, a closed ref-
erence method for analyzing ribosomal RNA sequences 
[73].

Results and discussion
Morphological, physiological, and chemotaxonomic 
characteristics
Morphological analysis of strain NBU2967T revealed that 
the cells are Gram-negative, rod-shaped, non-flagellated, 
and measure approximately 0.6–0.8 × 1.2–1.6 µm (Fig. 

S1). After 72 h of incubation on MA medium at 37.0°C, 
colonies were approximately 1 mm in diameter, circular, 
raised, and exhibited an orange-yellow color. Growth was 
observed within a pH range of 5.5–8.5, with an optimum 
at pH 6.5 (Fig. S2A); a temperature range of 10.0–40.0°C, 
with an optimum at 37.0°C; and NaCl concentrations of 
1.0–5.0% (w/v), with an optimum at 2.0%. A pronounced 
exponential phase was observed between 24 and 36 h of 
incubation under optimal growth conditions (Fig. S2B). 
No growth occurred under anaerobic conditions, even 
after two weeks of incubation on modified MA medium 
supplemented with various electron acceptors, indicating 
that strain NBU2967T is strictly aerobic.

Biochemical tests indicated that strain NBU2967T 
was positive for catalase and oxidase activities, the 
methyl red test, hydrolysis of Tweens 20, 40, 60, and 
80. Negative results were obtained for H2S production, 
Voges-Proskauer test, hydrolysis of starch and casein. 
Enzymatic activity profiling using the API ZYM test kit 
revealed positive reactions for alkaline phosphatase, 
esterase (C4), lipase (C8 and C14), leucine arylamidase, 
valine arylamidase, acid phosphatase, naphthol-AS-BI-
phosphohydrolase, α-galactosidase, β-galactosidase, 
α-glucosidase, β-glucosidase, N-acetyl-glucosaminidase, 
α-mannosidase, and β-fucosidase. The API 20 NE test 
kit showed positive activity for aesculin hydrolysis and 
β-galactosidase, while the API 50 CH test kit demon-
strated positive utilization of a wide range of carbohy-
drates and glycosides, including D-arabinose, L-arabinose, 
D-ribose, D-xylose, L-xylose, β-methyl-D-xylopyranoside, 
D-galactose, D-glucose, D-fructose, D-mannose, α-methyl-
D-mannopyranoside, α-methyl-D-glucopyranoside, 
N-acetyl-β-D-glucosamine, amygdalin, arbutin, aesculin, 
salicin, cellobiose, maltose, lactose, melibiose, sucrose, 
trehalose, melezitose, raffinose, gentiobiose, D-turanose, 
D-lyxose, D-tagatose, D-fucose, L-fucose, and 2-ketogluco-
nate. Antibiotic susceptibility testing revealed sensitivity 
to a broad spectrum of antibiotics, including lincomycin, 
clindamycin, tetracycline, doxycycline, erythromycin, 
ofloxacin, vancomycin, chloramphenicol, cephalexin, 
cefoxitin, amoxicillin, rifampicin, cephalothin, carbenicil-
lin, ciprofloxacin, and ampicillin.

The major fatty acids (≥ 10%) were identified as iso-
C15:0, iso-C17:0 3-OH, and Summed Feature 1 (iso-C15:1 H/
C13:0 3-OH). A detailed composition of all fatty acids pre-
sent at levels greater than 1% is provided in Table S1. The 
sole respiratory quinone was menaquinone-6. The polar 
lipid profile included phosphatidylethanolamine (PE), 
aminophospholipid (APL), two unidentified lipids (Ls), 
two unidentified phospholipids (PLs), and three uniden-
tified aminolipids (Als) (Fig. S3). Key characteristics dis-
tinguishing strain NBU2967T from closely related genera 

https://bcb.unl.edu/dbCAN2/blast.php
https://search.foldseek.com/
https://zhanggroup.org/US-align/
https://zhanggroup.org/US-align/
https://nmdc.cn/ipga/
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within the family Flavobacteriaceae are summarized in 
Table 1.

Phylogenetic analysis based on the 16S rRNA gene 
sequences
The complete 16S rRNA gene sequence of strain 
NBU2967T (1,490 nt; GenBank accession number: 
MZ025914) was successfully obtained through PCR 
amplification and sequencing. A comparative analysis 
of this sequence using the EzBioCloud and NCBI Gen-
Bank databases revealed that strain NBU2967T exhibited 
the highest sequence similarity to M. algicola PoM-212T 
(94.88%), followed by M. cobaltidurans B1T (94.82%), M. 
aurantiacus CDA4T (94.33%), M. halichondriae Hal144T 
(94.27%), M. flavus KCTC 42508T (94.20%), and M. 
arenosus CAU 1321T (94.20%). Similarity to all other 
strains was less than 94.20%.

Phylogenetic trees constructed using the neighbor-
joining, maximum-likelihood, and maximum-parsi-
mony methods consistently demonstrated that strain 
NBU2967T formed a distinct lineage within the family 
Flavobacteriaceae (Fig.  2, Figs. S4, S5). Importantly, the 
16S rRNA gene sequence similarities between strain 
NBU2967T and its closest phylogenetic neighbors were 

below the established thresholds for bacterial genus (< 
95.0%) delineation [74, 75]. These results suggest that 
strain NBU2967T potentially represents a novel genus 
within the family Flavobacteriaceae.

A total of 61 bacterial strains were isolated. Based on 
16S rRNA gene sequence comparisons with validly pub-
lished species, these isolates were assigned to 50 species 
belonging to 6 phyla, 9 classes, 16 orders, 26 families, 
and 33 genera. To investigate the evolutionary relation-
ships among the isolates, a neighbor-joining phyloge-
netic tree was constructed based on aligned 16S rRNA 
gene sequences from all 61 strains (Fig. S6). The neigh-
bor-joining tree revealed that these strains were distrib-
uted across multiple phylogenetically distinct lineages, 
forming several well-supported clades. Despite being 
recovered from the same sampling site, the strains exhib-
ited considerable phylogenetic diversity, indicating a 
taxonomically complex microbial community. This phy-
logenetic topology reflects a heterogeneous and evolu-
tionarily diverse bacterial population in the coastal tidal 
flat habitat.

Genomic characteristics
The draft genome of strain NBU2967T has a total length 
of 3,819,109 bp and is composed of 18 contigs, with a 

Table 1  Characteristics differentiating strain NBU2967T from its reference strains within the family Flavobacteriaceae. The reference 
strains represent the six closest related genera

Taxa: 1, strain NBU2967T; 2, M. algicola PoM-212 T; 3, M. sedimenticola KMM 3903 T; 4, A. sangjinii F202Z8T; 5, C. aggregata KCCM42265T; 6, U. marinum CCMM003T; 7, Ps. 
thermophila DSM 19858 T; 8, Pa. sediminis S2-4–21 T. Data for strains 2, 3, 4, 5, 6, 7, and 8 are from Khan et al. [31], Nedashkovskaya et al. [32], Chung et al. [33], Kwon 
et al. [34], Zhang et al. [35], Nedashkovskaya et al. [36], and Huang et al. [37], respectively. PE, phosphatidylethanolamine; APL, aminophospholipid; PL, phospholipid; 
AL, amidolipid; L, lipid. -, negative. +, positive. ND, no data
* Summed features are groups of two or three fatty acids that cannot be separated by GLC using the MIDI system. Summed Feature 1 consisted iso-C15:1 H and/or C13:0 
3OH and summed feature 3 consisted C16:1 ω7c and/or C16:1 ω6c

Characteristic 1 2 3 4 5 6 7 8

Colony color Orange-yellow Orange Yellow Orange Orange Yellow Orange Light-orange

Motility non-motile non-motile non-motile motile motile non-motile motile non-motile

Cell size (μm) 0.6–0.8 
× 1.2–1.6

0.3–0.4 
× 2.7–3.3

0.5–0.7 
× 2.0–10.0

0.3–0.5 
× 0.9–2.7

0.3–0.4–0.5–
0.6

0.5–0.6 
× 1.7–2.3

0.2–0.4 
× 1.2–3.0

0.5–0.7 × 1.6–1.7

Temperature 
range (opti-
mum, ºC)

10–40 (37) 20–40 (30) 4–33(22–24) 15–33 (30) 10–35 (29) 8–42 (30) 4–49 (28) 15‒40 (30–35)

pH range 
(optimum)

5.5–8.5 (6.5) 5.0–8.5 
(5.0–5.5)

5.5–10.0(7.5–
8.5)

6.5–7.5 (7.0) 6.5–9.0 (7.5) 6.0–9.0 (7.0) ND 6.0‒9.0 (ND)

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

1.0–5.0 (2.0) 0.5–5.0 
(2.0–3.0)

1.0–6.0(1.5–
2.0)

2.5–4.5 (4.0) 1.5–12.0 (3.0) 2.0–5.0 (4.0) 0.5–8.0 
(4.0–5.0)

0.5‒10.0 (2.0)

Oxidase/cata-
lase activity

 +/+   +/+   +/+   +/+   +/+  -/-  +/+  -/+ 

Polar lipids PE, APL, L, 
PL, AL

PE, AL, L ND PE, AL, L ND PE, L ND PE, AL, L

Main fatty 
acids (> 10%)

iso-C15:0, 
iso-C17:0 3-OH, 
and summed 
Feature 1*

iso-C15:1, 
iso-C15:0, 
iso-C17:0 3-OH, 
and summed 
feature 3*

iso-C15: 0, 
iso-C15: 1, C15: 

0, and iso-C17: 0 
3-OH

iso-C15: 0, 
iso-C15:1 G, 
iso-C17:0 3-OH, 
and summed 
feature 3*

iso-C15:0, iso-
C15:1 ω10, C15:0, 
and C16:1 ω9

iso-C15:0, 
iso-C15:1 G, 
iso-C17:0 3-OH, 
and summed 
feature 3*

iso-C15:0, 
iso-C17:0 3-OH, 
and iso-C15:1 G

iso-C15:0, 
iso-C17:0 3-OH, 
iso-C15:1 G
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genomic DNA G + C content of 42.5% (Fig. S7 A). The 
draft genome comprises 3,412 genes, including 3,364 pro-
tein-coding genes, 14 pseudogenes, and 44 RNA genes 
(3 rRNA genes, 37 tRNA genes, and 4 non-coding RNA 
genes). A comparison of the genomic features of strain 
NBU2967T with 16 reference strains within the family 
Flavobacteriaceae is provided in Table S2. Genome anno-
tation using the RAST subsystem categorization revealed 
that the identified genes are distributed across 22 func-
tional categories, as illustrated in Fig. S7B.

RAST predictions showed that the genome of strain 
NBU2967T is involved in several important metabolic 
and biological processes. The most prominent catego-
ries were protein families: genetic information process-
ing (173 genes) and genetic information processing (155 
genes), suggesting that the strain plays a significant role 
in genetic information transfer and regulation. Addi-
tionally, carbohydrate metabolism (156 genes) indicates 
the strain’s strong ability to metabolize carbon, allowing 
it to efficiently utilize carbon sources. The most promi-
nent categories were protein families involved in genetic 
information processing (173 genes) and cellular functions 
related to genetic information (155 genes), suggesting 

that the strain has a strong capacity for genetic regulation 
and information processing.

Overall genomic relatedness and phylogenomics
The ANI, AAI, and dDDH values were calculated to iden-
tify the genomic similarities of strain NBU2967T with 
reference strains within the family Flavobacteriaceae 
(Fig.  3). The ANI values between strain NBU2967T and 
reference strains within the family Flavobacteriaceae 
ranged from 70.5% to 71.6%, which is below the genus-
level threshold of 73.98% (95% confidence interval: 
73.34–74.62%) [76]. Similarly, the AAI values ranged 
from 72.4% to 77.5%, consistent with the genus differ-
entiation range of 60–80% within the family Flavobac-
teriaceae [77, 78]. The dDDH values were calculated to 
be between 16.8% and 19.6%, significantly lower than the 
proposed 70% threshold for species delineation [79]. Phy-
logenomic analysis based on whole-genome sequences 
further supports the distinct evolutionary position of 
strain NBU2967T, as it forms a separate lineage within 
the family Flavobacteriaceae (Fig. S8).

Collectively, these findings strongly indicate that strain 
NBU2967T represents a novel taxon with unique genomic 

Fig. 2  Neighbor-joining phylogenetic tree based on 16S rRNA gene sequences. Bootstrap values are shown at nodes as percentages of 1000 
replicates. Values under 70% are hidden. Bar, 0.01 changes per nucleotide position
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and evolutionary characteristics, justifying its classifica-
tion as a new genus within the family Flavobacteriaceae.

Evaluation of the metabolic and ecological potential
Metabolic pathway analysis
The KEGG analysis of strain NBU2967T and reference 
strains within the family Flavobacteriaceae revealed a 
high degree of metabolic adaptability and diversity across 
this taxonomic group (Fig.  4). These include pathways 
involved in carbohydrate metabolism and energy produc-
tion. Complete metabolic pathways, such as glycolysis 
(M00001), the citric acid cycle (M00009), and the pentose 

phosphate pathway (M00004), demonstrate the ability of 
these strains to efficiently utilize carbon sources (Fig. 5). 
Genome analysis revealed that strain NBU2967T encodes 
a complete cbb₃-type cytochrome c oxidase complex, 
along with additional cytochrome c oxidase subunits and 
heme-copper oxidases. These components constitute a 
functional terminal oxidase system that supports oxygen 
respiration [80]. The presence of these genes is consistent 
with the organism’s obligate aerobic phenotype observed 
in culture. Strain NBU2967T also exhibited a unique met-
abolic pathway not possessed by other strains: Gamma-
Aminobutyric Acid (GABA) biosynthesis, eukaryotes, 

Fig. 3  Genomic similarities between strain NBU2967T and reference strains within the family Flavobacteriaceae. (A), The ANI values between strain 
NBU2967T and reference strains within the family Flavobacteriaceae; (B), The AAI values between strain NBU2967T and reference strains 
within the family Flavobacteriaceae; (C), The dDDH values between strain NBU2967T and reference strains within the family Flavobacteriaceae 

Fig. 4  The metabolic module integrity of strain NBU2967T, along reference strains. The solid circles and hollow circles indicate that the metabolic 
pathways were complete and incomplete, respectively
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putrescine =  > GABA(M00135). It has been reported 
that GABA is widely utilized by microorganisms as an 
important signaling molecule and osmoprotectant in 
response to various abiotic stresses (e.g., high salinity, 
drought, darkness, and cytoplasmic acidification) [81]. 
Moreover, GABA metabolism is closely associated with 
the regulation of the cellular carbon/nitrogen balance, 
energy homeostasis, and redox state modulation [81]. 
Strain NBU2967T possesses the ability to biosynthesize 
GABA, suggesting that it may have enhanced capabilities 
for environmental stress response and osmoregulation, 
which could contribute to its survival and colonization in 
diverse ecological environments.

In order to further understand its metabolic mecha-
nisms in the marine tidal flat environment, its genome 
was analyzed and found to encode a variety of key 
enzymes related to carbon and sulfur metabolism, sug-
gesting that the strain plays an important ecological role 
in organic matter transformation and nutrient cycling 
(Fig. 6). The analysis results showed that the strain con-
tained α-glucuronidase, an enzyme that plays a crucial 
role in the degradation of plant cell wall polysaccharides, 

particularly in the hydrolysis of glucuronic acid-con-
taining xylans [82]. Meanwhile, endo-β-(1,3)-glucanase 
was identified, an enzyme that targets β-(1,3)-glucan, 
a component of plant cell walls and fungal cell mem-
branes [83]. This enzyme is critical for breaking down 
complex polysaccharides such as laminarin, a major car-
bohydrate in marine algae, and mixed-linkage glucans 
commonly found in cereals [84]. The presence of both 
α-glucuronidase and endo-β-(1,3)-glucanase suggests 
that this strain is well-equipped to degrade a broad spec-
trum of polysaccharides, thereby enhancing its ability to 
utilize organic matter from diverse sources. The strain 
also possesses endo-1,4-β-xylanase, which is capable of 
hydrolyzing the β-1,4-glycosidic bond in xylan, further 
enhancing its ability to degrade plant-derived carbon 
sources [85]. The combined action of these enzymes 
endowed the microorganism with strong adaptability and 
metabolic potential in the carbon-rich environment of 
marine tidal flats.

In addition to its carbon metabolizing capacity, the 
strain showed equally remarkable potential in sulfur 
metabolism. The genome analysis revealed the presence 

Fig. 5  Integrated pathways of β-(1,3)-glucan and β-(1,4)-xylan degradation with central carbon metabolism and terminal electron transport 
in bacteria. NADH/FADH2, Reduced cofactors that donate electrons to the respiratory chain; MFS, major facilitator superfamily; TBDT, 
TonB-dependent transporter; PPP, pentose phosphate pathway
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Fig. 6  Protein Structural Analysis. (A), Structure alignment of the α-glucuronidase from strain NBU2967T with that from Cellvibrio japonicus (PDB 
ID: 1GQK); (B), Structure alignment of the endo-β-(1,3)-glucanase from strain NBU2967T with that from Bacteroides uniformis (PDB ID: 6PAL); 
(C), Structure alignment of the endo-1,4-β-xylanase from strain NBU2967T with that from Bacteroides thetaiotaomicron (PDB ID: 3QZ4); (D), 
Structure alignment of the sulfatase from strain NBU2967T with that from Vibrio vulnificus (PDB ID: 6 VPU); (E), Structure alignment of the sulfite 
oxidase from strain NBU2967T with that from Gallus gallus (PDB ID: 3HBG); (F), Structure alignment of the PAPS reductase from strain NBU2967T 
with that from Bacteroides fragilis CAG:558 (PDB ID: 6USS). RMSD and TM-Score values are presented



Page 11 of 20Wang et al. BMC Microbiology          (2025) 25:344 	

of sulfatase, an enzyme capable of hydrolyzing a wide 
range of organic sulfate compounds, including sulfated 
marine polysaccharides, which are common in marine 
ecosystems [86]. This hydrolysis process releases inor-
ganic sulfate and provides precursors for subsequent 
sulfur assimilation or reduction processes, thereby con-
tributing to sulfur cycling in marine environments [87]. 
In addition, sulfite oxidase was identified. Sulfite oxi-
dase plays a critical role in sulfur metabolism by cata-
lyzing the oxidation of sulfite to sulfate, an essential step 
in the microbial sulfur cycle [88]. The mechanism not 
only helps detoxify sulfite, which is toxic to cells, but 
also facilitates sulfur cycling in microbial communities. 
Phosphoadenosine phosphosulfate (PAPS) reductase was 
also detected, which plays a key role in reducing PAPS 
to sulfide, an essential step in the assimilation of sulfate 
into biologically active sulfur compounds like cysteine 
[89]. The combined action of these sulfur-metabolizing 
enzymes allows the strain to significantly contribute to 
the sulfur cycle, aiding in the transformation and recy-
cling of sulfur within marine tidal flat ecosystems.

Structural alignment of putative proteins from strain 
NBU2967T with verified enzymes revealed high con-
formity: putative α-glucuronidase exhibited a root mean 
square deviation (RMSD) of 1.09 Å compared to a vali-
dated α-glucuronidase (PDB ID: 1GQK); putative endo-
β-(1,3)-glucanase exhibited a RMSD of 1.12 Å compared 
to a validated endo-β-(1,3)-glucanase (PDB ID: 6PAL); 
putative endo-1,4-β-xylanase exhibited a RMSD of 1.21 
Å compared to a validated endo-1,4-β-xylanase (PDB 
ID: 3QZ4); putative sulfatase exhibited a RMSD of 0.56 
Å compared to a validated sulfatase (PDB ID: 6 VPU); 
putative sulfite oxidase exhibited a RMSD of 1.38 Å com-
pared to a validated sulfite oxidase (PDB ID: 3HBG); and 
putative PAPS reductase exhibited a RMSD of 1.57 Å 
compared to a validated PAPS reductase (PDB ID: 6USS) 
(Fig.  6). Structural modeling confirmed functional con-
servation of these enzymes.

Analysis of CAZymes predicted by dbCAN3
Strain NBU2967T and reference strains within the fam-
ily Flavobacteriaceae harbored extensive reservoirs of 
CAZymes. Total CAZymes predicted by dbCAN3 across 
the genomes of these strains ranged from 115 to 277 per 
strain (Fig.  7). The most abundant CAZyme families in 

strain NBU2967T were Glycoside Hydrolases (GHs) (60 
species), followed by Glycosyltransferases (GTs) (46 spe-
cies), Carbohydrate Esterases (CEs) (17 species), Carbo-
hydrate Binding Modules (CBMs) (13 species), Auxiliary 
Activities (AAs) (8 species), and Polysaccharide Lyase 
(PL) (1 species), respectively.

GH enzymes catalyze the cleavage of glycosidic bonds 
in a wide range of substrates, from small glucosinolates 
to complex polysaccharides, and are classified based 
on their catalytic mechanisms [90]. Among the 82 GH 
enzymes identified in the genomes of strain NBU2967T 
and reference strains within the family Flavobacte-
riaceae, GH188 enzymes accounted for the highest pro-
portion, ranging from 2.9% to 72.7% (Table S3). GH188 
enzymes, a specialized class of glycoside hydrolases, 
exhibit unique structural and catalytic properties. They 
are capable of breaking down sulfoquinovosyl diacyl-
glycerols (SQDG) [91], thereby releasing sulfur and 
carbon sources that can be utilized by bacteria. This 
activity facilitates the decomposition of organic carbon, 
supports microbial food webs, and promotes coupled 
sulfur and carbon metabolism, thereby contributing to 
carbon cycling in tidal flats environments.

GT enzymes play a fundamental role in life processes 
by catalyzing the transfer of saccharide moieties from 
sugar nucleotide donors to acceptor molecules [92]. 
They are essential for the biosynthesis of oligosaccha-
rides and N- and O-linked glycoconjugates. Among 
the GT families identified in strain NBU2967T and 
reference strains within the family Flavobacteriaceae, 
GT4 and GT2 accounted for the highest proportions 
(Table S3). These two families are believed to represent 
the ancestral sources of GH families [93]. According 
to the dbCAN-seq database, GT2 and GT4 constitute 
30% and 28%, respectively, of the total GT enzymes in 
marine environments, underscoring their widespread 
presence among marine organisms [94]. The combined 
GH and GT gene ratio to total protein-coding genes in 
strain NBU2967T and reference strains within the fam-
ily Flavobacteriaceae ranged from 2.3% to 5.4%, signifi-
cantly higher than the typical ratio of 1–3% observed 
in other bacterial taxa [95]. This elevated ratio reflects 
an enhanced capacity for polysaccharide metabolism, 
suggesting a specialized adaptation for efficient carbo-
hydrate utilization in marine environments.

(See figure on next page.)
Fig. 7  Taxonomic annotation and distribution of CAZymes in strain NBU2967T and reference strains. The upper chord plot illustrates the number 
of CAZymes annotated in strain NBU2967T and reference strains within the family Flavobacteriaceae compared to the records in the dbCAN-seq 
database. The lower bubble plot illustrates the distribution of CAZymes families in strain NBU2967.T and reference strains within the family 
Flavobacteriaceae, and types containing more than 8 CAZymes per strain have been labeled in the plot. Detailed information can be found 
in Table S3
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Fig. 7  (See legend on previous page.)
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CE enzymes release acyl or alkyl groups attached by 
ester linkage to carbohydrates and facilitate the degra-
dation of complex polysaccharides [96], such as pectin 
and alginate [97]. Among the CE families identified in 
the genomes of strain NBU2967T and reference strains 
within the family Flavobacteriaceae, CE1 and CE14 
were the most abundant (Table S3). These two families 
represent some of the largest and most diverse groups 
of CE enzymes, predominantly of bacterial origin 
[98]. They are recognized for facilitating the degrada-
tion of xylan, a component of plant cell walls, and chi-
tin, a constituent of crustacean shells, respectively [98, 
99]. It is presumed that strain NBU2967T could utilize 
CE1 enzymes to facilitate the hydrolysis of recalcitrant 
polysaccharides.

CBM enzymes are frequently associated with catalytic 
CAZymes and enhance their activity by binding to vari-
ous carbohydrates [100]. Among the CBM families iden-
tified, CBM9 was the most abundant in the genomes of 
strain NBU2967T and reference strains within the family 
Flavobacteriaceae (Table S3). CBM9 proteins play a cru-
cial role in the degradation of xylan [101].

PL enzymes cleave uronic acid-containing polysac-
charides through a β-elimination mechanism, in con-
trast to the hydrolysis mechanism used by most other 
CAZymes [102]. This distinctive catalytic strategy allows 
PL enzymes to degrade a broader range of polysaccha-
rides. Among the PL families identified in the genomes 
of strain NBU2967T and reference strains within the fam-
ily Flavobacteriaceae, PL1, PL6, and PL7 were the most 
abundant (Table S3). These enzymes are crucial in break-
ing down polysaccharides derived from phytoplankton, 
such as alginate and pectin [103, 104]. This suggests that 
strain NBU2967T may be particularly adapted to degrade 
algal polysaccharides. Previous studies have shown that 
Flavobacteriaceae strains are efficient in utilizing high-
molecular-weight compounds released by phytoplank-
ton, converting these compounds into CO2 or bacterial 
biomass, which is subsequently incorporated into the 
marine food web [105]. This bacterial-mediated process 
is vital for the turnover of phytoplankton-derived organic 
carbon, influencing carbon flow within marine ecosys-
tems and contributing to the global carbon cycle.

AA3 enzymes were the most abundant AA family iden-
tified in the genomes of strain NBU2967T and reference 
strains within the family Flavobacteriaceae (Table  S3). 
AA3, which consist of four subfamilies (AA3_1, AA3_2, 
AA3_3, AA3_4), assists in lignocellulose degradation 
with its reaction products [106].

In summary, the abundant CAZymes identified in 
strain NBU2967T and reference strains within the family 
Flavobacteriaceae suggests that they have a great poten-
tial for utilizing marine-derived polysaccharides.

Prediction of secondary metabolites
Analysis of the predicted secondary metabolites from 
strain NBU2967T and reference strains within the fam-
ily Flavobacteriaceae revealed a remarkable diversity 
and varying degrees of ubiquity in their biosynthetic 
pathways. Metabolites such as terpenes and aryl poly-
enes were detected in almost all strains (Fig. S9). As raw 
materials, terpenoids are extensively used in the pharma-
ceutical industry due to their antitumor, anti-inflamma-
tory, antibacterial, antiviral, and antimalarial properties 
[107]. In contrast, secondary metabolite pathways such 
as non-ribosomal peptide synthetases (NRPS) and type 
III polyketide synthases (T3PKS) were identified only in 
a subset of strains. T3PKS are versatile enzymes involved 
in the biosynthesis of polyketides, which are secondary 
metabolites with diverse biological activities, includ-
ing antimicrobial, antifungal, and anticancer properties 
[108]. This metabolic diversity highlights the potential 
ecological roles of strain NBU2967T and reference 
strains within the family Flavobacteriaceae in marine 
ecosystems.

Pangenome analysis
For strain NBU2967T and all reference strains, the pange-
nome contains 29,364 genes, of which the core genome 
represents 863 genes (approximately 2.9%), whereas 
the shell and unique genes represent 7,596 (approxi-
mately 25.9%) and 20,905 genes (approximately 71.2%), 
respectively. The number of core genes, shared genes, 
and unique genes in each strain is shown in Table  S4. 
The remarkably low number of core genes in strain 
NBU2967T and reference strains within the family Fla-
vobacteriaceae suggests that these microorganisms have 

Fig. 8  Pangenome analysis of strain NBU2967T and reference strains. (A), Clustering of genomes based on the presence/absence patterns of 29,364 
pangenomic genes; (B), Pan and core genome sizes. Blue is pan genome size and red is core genome size. The numbers of pan and core genes 
are plotted as a function of the number of genomes (g) added sequentially. y-axis shows the change in core genome and pan genome sizes 
as a function of random addition of genomes plotted on x-axis. The sizes of core and pan genomes were computed using OMCL algorithm. The 
best fit regression represents the Tettelin curve for both core and pan genomes. CL, completeness. CN, contigs. GN, gene number. GL, genome 
length

(See figure on next page.)
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Fig. 8  (See legend on previous page.)
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undergone extensive horizontal gene transfer and gene 
loss events, resulting in highly distinct genetic composi-
tions among different strains. This pronounced genetic 
diversity is likely a key factor in their ecological adapt-
ability. Additionally, the substantial diversity of unique 
genes likely enhances the competitive fitness of individ-
ual strains within specific ecological niches [109]. This 
indicates a high degree of genetic diversity and some 

level of conservation in the genomes of strain NBU2967T 
and reference strains within the family Flavobacte-
riaceae (Fig. 8A). As shown by the Tettelin bets ft. curve 
(Fig. 8B), the increase in pangenome size was indetermi-
nate until the accession of the last genome, so the pange-
nome of strain NBU2967T and reference strains within 
the family Flavobacteriaceae may be classified as ‘open’ 
for expansion.

Fig. 9  Biogeographic distribution analysis of the newly described genus Meishania. (A), Frequency of samples with representative OTU sequence, 
by habitat and sub-habitat; (B), Abundance of sequencing reads mapping to the representative OTU sequence, by habitat and sub-habitat
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Environmental distribution of the newly described genus 
Meishania
The MAP database was used to determine the world-
wide distribution of the newly described genus Meisha-
nia. A total of 91,531 samples from 8,164 projects were 
analyzed to identify the representative sequence. The 
results of the biogeographic distribution analysis indi-
cated that genus Meishania is widespread across differ-
ent habitats, including aquatic, soil, animal, and plant 
environments. Specifically, genus Meishania were found 
in 49,916 aquatic samples (54.4%), 8,009 animal samples 
(8.8%), 3,437 soil samples (3.8%), and 701 plant samples 
(0.8%). Among the known environments, the primary 
habitats for genus Meishania were identified as the 
marine environment (22.4%) (Fig. 9A). The mapping of 
database sequencing reads to the standard operational 
taxonomic unit (OTU) sequence also showed that the 
marine environment had a predominant proportion 
(24.0%) of reads from the genus Meishania (Fig. 9B).

This distribution suggests that genus Meishania may 
play an important role in aquatic ecosystems, especially 
in the oceans, and may be associated with specific eco-
logical adaptations and environmental conditions in the 
waters. Given the detection of sequences in plant- and 
animal-associated samples, there is also potential for 
symbiotic or opportunistic interactions, which merits 
further investigation.

Conclusion
This study offers a thorough taxonomic, genomic, and 
ecological analysis of a novel Flavobacteriaceae strain, 
NBU2967T, isolated from coastal tidal flats. Phyloge-
netic analysis demonstrates that this strain represents a 
new genus within the Flavobacteriaceae family, with its 
genome sequence exhibiting significant divergence from 
closely related species. Genomic characterization reveals 
distinct metabolic pathways that enable NBU2967T 
to efficiently degrade a wide range of organic carbon 
sources, particularly marine polysaccharides, such as 
alginate and plant cell wall components. This highlights 
the strain’s pivotal role in carbon cycling within tidal flat 
ecosystems. Additionally, environmental distribution 
analysis shows that newly described genus Meishania is 
widely distributed across global aquatic environments, 
particularly marine ecosystems. Collectively, these find-
ings provide novel insights into the ecological functions 
of Flavobacteriaceae strains in tidal flat ecosystems and 
their potential role in organic matter degradation.

Description of Meishania gen. nov.
Meishania (Mei.sha’ni.a. N.L. fem. n. Meishania, named 
for Meishan Island, the location where the bacterium was 
first isolated).

Cells are Gram-stain-negative, strictly aerobic, rod-
shaped, and non-motile. Catalase- and oxidase-positive. 
The predominant menaquinone is MK-6. Major polar 
lipids are PE and APL. Major fatty acids are iso-C15:0, 
iso-C17:0 3-OH, and Summed Feature 1 (iso-C15:1 H/C13:0 
3-OH). The DNA G + C content of the type species is 
42.5%. The type species is Meishania litoralis.

Description of Meishania litoralis sp. nov.
Meishania litoralis (L. adj. litoralis, pertaining to the 
coast or shore, referring to its coastal sediment habitat).

Cells are Gram-stain-negative, strictly aerobic, rod-
shaped, and non-flagellated, measuring 0.6–0.8 µm in 
width and 1.2–1.6 µm in length. Colonies are circular, ele-
vated, smooth, and orange-yellow, reaching up to 1 mm 
in diameter after 48 h of incubation on MA medium at 
37°C. Growth occurs at pH 5.5–8.5 (optimum pH 6.5), 
temperatures ranging from 10°C to 40°C (optimum 
37°C), and NaCl concentrations of 1–5% (optimum 2%). 
The cells are positive for catalase, oxidase, the methyl red 
test, and hydrolysis of Tweens 20, 40, 60, and 80. They are 
negative for H₂S production, the Voges-Proskauer test, 
and hydrolysis of starch and casein. Fatty acids (> 10%) 
include iso-C15:0, iso-C17:0 3-OH, and Summed Feature 1 
(iso-C15:1 H/C13:0 3-OH). The sole respiratory quinone is 
MK-6. Polar lipids include PE, APL, two unidentified Ls, 
two unidentified PLs, and three unidentified ALs.

The type strain, NBU2967T (= KCTC 82912T = MCCC 
1 K06391T), was isolated from the unvegetated tidal flats 
of Meishan Island in the East China Sea. The GenBank/
EMBL/DDBJ accession numbers for the 16S rRNA gene 
sequence and draft genome sequence of the strain are 
MZ025914 and JBHFPV000000000, respectively.
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CBM	� Carbohydrate binding module
AA	� Auxiliary activities
PL	� Polysaccharide lyase
NRPS	� Non-ribosomal peptide synthetases
T3PKS	� Type III polyketide synthases
OUT	� Operational taxonomic unit
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