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Abstract

A Gram-positive bacterial isolate, designated B718/18, was recovered from a pharmaceutical production
environment in Rio de Janeiro, Brazil, during viable airborne particle monitoring. Identification using
VITEK® 2 and two MALDI-TOF MS platforms was unsuccessful, suggesting that the isolate was not
represented in current commercial databases. Full-length 76S rRNA gene sequencing assigned B718/18
to the genus Brachybacterium, showing 98.68% sequence similarity to Brachybacterium sacelli DSM
14566T. Phylogenetic and phylogenomic analyses consistently placed the isolate within a distinct, well-
supported lineage. Whole-genome sequencing yielded a 3.31 Mb genome with a G + C content of 72.4%.
Comparative genomic analyses showed low relatedness to all recognized Brachybacterium species, with
ANI values ranging from 74.1% to 81.0% and dDDH values from 20.1% to 25.7%, below the accepted
species delineation thresholds. Phenotypically, B718/18 produced yellow colonies and consisted of non-
motile, catalase-positive, oxidase-negative coccobacilli with a distinctive biochemical profile. The isolate
did not form biofilms on the surfaces tested. Genome mining identified genes potentially associated
with stress adaptation and antimicrobial resistance, as well as putative biosynthetic gene clusters,
including a terpene-related cluster potentially involved in carotenoid production. Based on the combined
phylogenetic, genomic, and phenotypic evidence, B718/18 was proposed as the type strain of the novel
species Brachybacterium manguinensis. The strain was deposited in the Fiocruz CBAS and CBP
collections, and its 16S rRNA and complete genome sequences were deposited under accession
numbers PV425877 and NZ_JBVDDO000000000, respectively.

Introduction

The genus Brachybacterium belongs to the class Actinomycetes, order Micrococcales, and family
Dermabacteriaceae, according to List of Prokaryotic names in Standing in Nomenclature (LPSN) (Freese
et al. 2025). It was originally described by Collins, Brown, and Jones (1988), with Brachybacterium
faecium as the type species, based on biochemical and phenotypic characteristics and DNA
hybridization studies performed on strains isolated from poultry deep litter (Collins et al. 1988).
Currently, the genus comprises 28 species with validly published names; however, when considering
species described in publications that have not yet been validated, this number can reach approximately
36 species, in addition to two invalid subspecies (https://Ipsn.dsmz.de/genus/brachybacterium;
accessed on July 06, 2026).

Brachybacterium species are Gram-positive, aerobic, non-motile, and non-spore-forming bacteria,
exhibiting morphological variation associated with a rod-coccus cycle. During the exponential growth
phase, irregular rod-shaped or corineform cells predominate, while in the stationary phase, rounded
coccoid cells are more frequent. From a chemotaxonomic point of view, the genus is characterized by
meso-diaminopimelic —D-Glu, (A4y variation), predominant menaquinone MK-7, absence of mycolic
acids, and DNA G + C content ranging from 68 to 72 mol% (Takeuchi et al. 1995).
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Species of this genus have been isolated from a wide variety of environments, including animal organs,
plant associations, soils, lakes, coastal marine waters, and different food matrices, such as dairy
products, seafood, and corn liquor (Hlaing et al. 2019; de Castro et al. 2023; Farooq et al. 2023). In
addition, the isolation of Brachybacterium nesterenkovii from human blood culture highlighted the
potential of this genus as an opportunistic pathogen (Brummaier et al. 2020).

Given the wide environmental distribution of Brachybacterium species and the ability of environmental
Gram-positive bacteria to persist under adverse conditions, their occurrence in pharmaceutical
production environments cannot be ignored. The presence of microorganisms in samples collected
along a pharmaceutical production chain (as sterile intermediary and final products) can represent risk
to product safety and quality. In this context, quality control methods must be capable of detecting and
identifying contaminants from diverse sources, particularly in critical areas (grades A and B), media fill
and sterility tests (WHO, 2011; EMA, 2022). The accurate identification of microorganisms isolated from
less critical areas (grades C and D) and bioburden assay is also essential for investigating
contamination sources and implementing effective preventive and corrective actions, especially for
organisms that are difficult to control, such as spore-forming bacteria, filamentous fungi, biofilm
producers, or degradative enzyme producers (Moreira et al. 2023; Caldeira et al. 2024; Mattoso et al.
2025; Vasconcellos et al. 2026). The formation of biofilms by bacterial communities in pharmaceutical
production environments represents a major challenge for environmental control. The extracellular
matrix associated with biofilms increases bacterial tolerance to cleaning and disinfection processes
(CIP), enabling prolonged persistence on surfaces, equipment, and water distribution systems, thereby
contributing to environmental contamination (Parental Drug Association 2015; Sharma et al. 2023; Silva-
Santana et al. 2025).

Therefore, identification methodologies must combine accuracy and speed, as batch release depends on
timely and reliable results. Although Matrix-Assisted Laser Desorption lonization—-Time of Flight Mass
Spectrometry (MALDI-TOF MS) offers significant advantages over traditional phenotypic methods, its
application remains limited by incomplete databases that insufficiently represent the microbial diversity
of pharmaceutical production environments (Miranda et al. 2023; Caldeira et al. 2024; Ramos et al.
2025).

Comparison of 76S rRNA gene sequences is widely used for placing strains within a genus and for
assessing similarity with described species; however, this marker often has limited resolution for
discriminating phylogenetically closely related species. In these situations, the use of additional
housekeeping genes and, above all, analyses based on complete genomes have proven essential (Costa
et al. 2022a,b; Farooq et al. 2023).

The distinction between species of Brachybacterium is based on the integrated analysis of phenotypic,
physiological, and chemotaxonomic characteristics, including the use of different sugars and organic
compounds, hydrolytic and enzymatic activities, growth patterns under different conditions of
temperature, pH, salinity, and oxygenation, as well as morphological and pigmentation variations
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observed throughout growth. Additionally, the analysis of cellular fatty acid profiles, polar lipids, and
phospholipids, as well as cell wall composition, including peptidoglycan amino acids and specific
sugars, is a relevant tool for taxonomic discrimination, with G + C content being a complementary
parameter that, alone, is not sufficient for species definition (Gvozdyak et al. 1992; Takeuchi et al. 1995;
Farooq et al. 2023).

In recent decades, advances in next-generation sequencing (NGS), together with an improved
understanding of genomic signatures and the development of robust bioinformatic tools for data
analysis, have greatly expanded the study of microbial diversity. This progress has led to the description
of novel taxa and the reclassification of previously described bacterial species. In this scenario, methods
based on whole-genome comparisons have been widely applied, including metrics such as Average
Nucleotide Identity (ANI), digital DNA-DNA hybridization (dDDH), and phylogenomic approaches based
on conserved genes and core genome proteins. These strategies offer higher resolution for species
delineation and are increasingly recognized as the standard in modern bacterial taxonomy (Riesco and
Trujillo 2024).

This study reports a bacterial isolate (B718/18) recovered from a pharmaceutical industry, which was
initially identified as Brachybacterium sp. by MALDI-TOF MS and 76S rRNA gene sequencing. Based on
this preliminary identification, the objective of this study was to perform a detailed taxonomic
characterization of this isolate using a polyphasic approach, aiming to describe a new species.

Material and methods

Origin of bacterial isolate

The bacterial isolate B718/18 was obtained in 2018 through viable airborne particle counting in a
pharmaceutical facility producing immunobiologicals, in Rio de Janeiro, Brazil. Initial phenotypic
characterization of the isolate was performed using the VITEK®2 system (bioMérieux, Craponne, France)
for biochemical analysis and the VITEK® MS system (bioMérieux, Craponne, France) for proteomic
identification by MALDI-TOF MS, both according to the manufacturer's instructions. However, neither
method was able to provide a species level identification of the isolate. Subsequently, B718/18 was
stored in skim milk containing 30% glycerol at -70°C. In 2022, the isolate was cultured on Sheep Blood
Agar (Biocen, Sdo Paulo, Brazil) to allow a new attempt at identification.

Re-analysis by MALDI-TOF MS

A new analysis by MALDI-TOF MS was performed using two semi-automated systems: MALDI Biotyper®
(MBT; Bruker Corporation, Billerica, USA) and VITEK®MS RUO (bioMérieux, Craponne, France), following
the manufacturers’ instructions. Both systems record mass spectra within a range of 2,000—-20,000 Da,
with laser frequencies of 60 Hz and 50 Hz, respectively. For the MALDI Biotyper® system, identification
scores were interpreted as follows: 0.00-1.69, no reliable identification; 1.70-1.99, low-confidence
species identification; and 2.00-3.00, high-confidence species identification. For the VITEK® MS RUO
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system, identification confidence was expressed as percentages, with = 75.0% values considered
acceptable for species-level identification.

For sample preparation, isolate B718/18 was streaked onto Tryptic Soy Agar (TSA) plates (Biocen, Sao
Paulo, Brazil) and incubated at 30°C for 24-48 h. Following bacterial growth, a small portion of each
colony was applied in duplicate onto the target plate specific to each instrument, followed by the
addition of 1 pL of 70% formic acid for on-plate protein pre-extraction. After air drying, 1 pL of a-cyano-4-
hydroxycinnamic acid (CHCA) matrix solution (VITEK MS-CHCA, bioMérieux, Craponne, France; Bruker
Matrix HCCA, Bruker Corporation, Billerica, USA) was added to each spot. After matrix crystallization, the
target plates were introduced into their respective instruments for spectral acquisition and analysis.

Full-length 76S rRNA gene sequencing

The full-length 76S rRNA gene sequencing was performed using the MicroSEQ™ Full Gene 76S rDNA kit
(Thermo Fisher Scientific, Waltham, USA), following the manufacturer’s protocol. The sequence was
obtained using a 3500 Series Genetic Analyzer (Applied Biosystems, Waltham, USA) and subsequently
assembled and edited using SeqMan (v. 7.0.0), integrated into DNASTAR Lasergene package (DNASTAR
Inc., USA).

The consensus sequence was deposited in the National Center for Biotechnology Information (NCBI)
database. Identification was performed using the EzBioCloud database (updated on April 21, 2025; last
accessed in June 2026) (Chalita et al. 2024).

Identification based on full-length 76S rRNA gene sequencing was considered reliable at the genus level
when sequence identity exceeded 95%. Species-level identification was considered reliable when
sequence identity was = 98.7%, as previously proposed by Chalita et al. 2024. Sequence identity values
below 98.7% were interpreted as indicative of a potential novel species.

Phylogenetic analysis of the 76S rRNA gene based on Sanger sequencing

For the phylogenetic analysis, 76S rRNA gene sequences from the type strains of all species within the
genus, both validly and non-validly published under the International Code of Nomenclature of
Prokaryotes (INCP), were obtained from the LPSN (Freese et al. 2025), last accessed June 12, 2026.
Sequence alignment was performed using the program MAFFT online (v. 7) (Katoh and Standley 2013)
and subsequently edited using the software MEGA (v. 11.0.13) (Tamura et al. 2021).

Phylogenetic trees were generated using PhyloSuite (v. 1.2.3) (Zhang et al. 2020), within which
ModelFinder (v. 2.0.0) (Kalyaanamoorthy et al. 2017) was employed to determine the best-fit
evolutionary model. IQ-TREE was used for maximum likelihood inference(Wong et al. 2025). Bayesian
inference was also conducted using MrBayes (v. 3.2.7a) (Ronquist et al. 2012) through the same
platform.
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The phylogenetic trees were visualized and edited using FigTree (v. 1.4.4)
(https://github.com/rambaut/figtree/releases#release-v1.4.4). The sequence of type strain of
Dermabacter hominis strain DMS 7083 (GenBank accession number: X91034) was used as an outgroup
to root the trees.

Morphological and biochemical characterization

The morphological characteristics of colonies formed by the bacterial isolate B718/18 were investigated
by culturing in TSA plates and in Tryptic Soy Broth (TSB) (Biocen, Sdo Paulo, Brazil), at temperatures of
5.0-6.0 °C, 30 °C, 35 °C, and 42°C for 24 and 48 h. The cell morphology, evaluated by Gram staining and
optical microscopy. The biochemical characterization was performed using the APl 20 NE and API 50 CH
systems (bioMérieux, Craponne, France) to evaluate enzymatic activities, carbohydrate assimilation
profiles, nitrate reduction, indole production, gelatin hydrolysis, and urease activity. In addition,
complementary enzymatic analyses were performed using the VITEK®2 system (bioMérieux, Craponne,
France) with GP (Gram-positive cocci and non-spore-forming bacilli) and CBC (Corynebacterium and
related bacteria) cards. All methodologies were performed according to the manufacturers' instructions,
and the results for the same biochemical test were compared.

For the catalase test, a drop of a 3% hydrogen peroxide solution (Supelco, Bellefonte, United States of
America) was added to the bacterial culture on a slide, and the formation of air bubbles was considered
a positive reaction. For oxidase detection, a portion of the colony was placed on filter paper, and a drop
of N,N-dimethyl-p-phenylenediamine dihydrochloride solution (Inlab, Sdo Paulo, Brazil) was added. The
motility test was performed in Sulfide Indole Motility (SIM) semi-solid culture medium (Kasvi, Brasil,
Pinhais, Brazil) incubated at 30°C for 24-48 h.

Biofilm formation

Biofilm formation was examined using scanning electron microscopy (SEM) in four different surfaces:
vinyl coating, stainless steel, acrylic, and polystyrene, according to the protocol described by
Vasconcellos et al. 2026. The strains were cultured in 15 mL of brain hearth infusion (BHI) broth (Merck,
Darmstadt, Germany) and incubated at 30 °C for 24 h with shaking. A sterile 6-well polystyrene plate
(Corning®, New York, USA) was prepared with 4.0 mL of bacterial suspension in each well, along with
each different carrier surface. Negative control included carriers with BHI. The plate was incubated at 30
°C for 48 h. Following incubation, the wells were washed twice with 2.0 mL phosphate-buffered saline
(PBS) (Gibco-BRL, Gaithersburg, USA). The biofilm was then fixed for 1 h using 2.5% glutaraldehyde in 0.1
M cacodylate buffer. After fixation, the biofilm was washed three times with PBS for 5 min, post-fixed for
15 min in 1% osmium tetroxide (0s0O,) (Electron Microscopy Sciences, Hatfield, USA) and washed again,
3 times in PBS/5 min each. The samples were dehydrated through a graded ethanol series (7.5, 15, 30,
50, 70%, 90, and 100%) for 15 min at each concentration, critical point dried with CO, using a Critical
Point Dryer machine (Leica-Microsystems, Wetzlar, Germany). Then, sputter-coated with a 15-nm gold
layer and examined with a Jeol JSM 6390 scanning electron micro-scope (Tokyo, Japan).
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Genome sequencing, assembling and annotation

Genomic DNA from bacterial isolate was obtained using the DNeasy Blood & Tissue kit (Qiagen, Hilden,
Germany), following the protocols recommended by the manufacturer. High-throughput sequencing was
conducted at the Fiocruz Platform Network (Oswaldo Cruz Institute, Brazil) on an Illumina NextSeq 2000
system (Illumina®, San Diego, USA). Sequencing libraries were constructed using the Nextera DNA Flex
kit (Illumina®, San Diego, USA) in accordance with the manufacturer’s guidelines. Paired-end sequencing
was performed using P2 XLEAP-SBSTM reagents (Illumina®, San Diego, USA), generating reads of 151
base pairs in each direction (2 x 151 bp).

The quality of raw sequencing data was initially evaluated with FastQC (v. 0.12.1) (Andrews 2010) to
detect potential issues such as adapter contamination, overrepresented sequences, and low-quality
bases. Common sequencing artefacts like poly-G and poly-X tails were removed using Fastp (v. 0.23.2)
(Chen 2025). Additional quality filtering and trimming were applied with Trimmomatic (v. 0.40) (Bolger;
Lohse; Usadel, 2014), including the removal of adapter sequences, low-quality bases (Phred score < 28)
from both read ends, and reads shorter than 50 bp.

High-quality reads were assembled de novo using SPAdes (v. 4.2.0) (Prjibelski et al. 2020), and the
resulting assembly was further refined through polishing with Pilon (v. 1.24) (Walker et al. 2014).
Genome quality parameters, including completeness and contamination, were estimated using CheckM
Taxonomy_wf (v. 1.2.5) (Parks et al. 2015) within the Galaxy Platform (v. 25.0). The presence of
chimerism and contamination was further evaluated with GUNC (v. 1.0.5) (Orakov et al. 2021),
considering Clade Separation Score values above 0.45 as indicative of potential chimeric or
contaminated assemblies. Possible contamination in the 76S rRNA gene sequence was assessed using
the Contest16S algorithm (Lee et al. 2017). Genome completeness based on single-copy orthologs was
examined with BUSCO (v. 6.0.0) (Simao et al. 2015), while assembly statistics were generated using
QUAST (v. 5.3.0) (Mikheenko et al. 2018).

The detection of genes associated with antimicrobial resistance (AMR), virulence, and plasmid replicons
was performed using ABRicate (v. 0.8.13) (https://github.com/tseemann/abricate) by screening the
assembled genome against multiple reference databases. The analyses included the NCBI
AMRFinderPlus (Feldgarden et al. 2019), Comprehensive Antibiotic Resistance Database (CARD) (Alcock
et al. 2023), ResFinder (Bortolaia et al. 2020), ARG-ANNOT (Gupta et al. 2014), MEGARes (Bonin et al.
2023), Virulence Factors Database (VFDB) (Liu et al. 2022), and PlasmidFinder (Carattoli et al. 2014), all
updated as of June 12, 2026. Searches were conducted using a minimum nucleotide identity threshold
of 60% and a minimum coverage of 80%.

Molecular typing was performed by submitting the genome to the ribosomal multilocus sequence typing
(rMLST) database (https://pubmlst.org/species-id), to determine the allelic profiles and ribosomal
sequence type (rST) corresponding (Jolley et al. 2012). Additionally, CRISPR-Cas systems were identified
using CRISPRCasFinder (v. 1.1.2), considering only CRISPR arrays supported by evidence levels 3 or 4
(Couvin et al. 2018).
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Genomic mining approaches were employed to explore the biosynthetic potential of the analyzed
genome. Biosynthetic gene clusters (BGCs) were predicted using antiSMASH (v. 7.1.0) (Blin et al. 2023)
and DeepBGC (v. 0.1.31) (Hannigan et al. 2019) Cluster similarity scores equal to or above 0.7 were
interpreted as indicative of more reliable relationships among BGCs, in accordance with thresholds
commonly adopted in analyses integrating antiSMASH outputs with BiG-SCAPE and MIBiG datasets
(Gren et al. 2021)..

The genome annotation was carried out using the NCBI Prokaryotic Genome Annotation Pipeline
(Tatusova et al. 2016) and the Rapid Annotation using Subsystem Technology (RAST) Server (Aziz et al.
2008).

Genomic taxonomy, phylogeny of the core proteome and pangenome analysis

The taxonomic assignment of strain B718/18 was conducted using a polyphasic genomic approach that
included the identification by Genome Taxonomy Database Toolkit (GTDB-Tk) (v.2.6.1) (Chaumeil et al.
2020), ribosomal multilocus sequence typing (rMLST) (Jolley et al. 2012), and the Type Strain Genome
Server (TYGS) (Freese et al. 2025). ANI values were calculated using the JSpecies Web Server (v. 5.0.3)
employing the BLAST-based (ANIb) algorithm (Richter et al. 2016). Digital DNA-DNA hybridization
(dDDH) values were computed with the Genome-to-Genome Distance Calculator (GGDC) (v. 3.0) using
the recommended formula 2 (identities/HSP length) (Meier-Kolthoff et al. 2022).

Proteomic-based phylogenetic analyses were carried out using predicted protein sequences retrieved
from the NCBI database by NCBI Datasets tool (v. 18.9.0) (O’Leary et al. 2024). Orthologous protein
clusters were identified using OrthoFinder (v. 3.1) (Emms and Kelly 2019), followed by multiple sequence
alignment with MAFFT (v. 7.525) (Katoh and Standley 2013). A maximum-likelihood phylogenetic tree
based on orthologous proteins was reconstructed using FastTree (v. 2.2.0) (Price et al. 2010) with the *-
M msa” parameter to optimize alignment-based evolutionary modeling. The phylogenetic tree was
subsequently visualized and manually edited using FigTree (v.1.4.4). The accession numbers of the
reference genomes of all Brachybacterium species used in this study are provided in Table 1.
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Table 1

List of genomes of type strains of Brachybacterium species used in this study and comparative genomic
metrics (ANIb e dDDH) and 16S rRNA sequence similarities between the B718/18 isolate (GC content of
72.4%) and reference genomes of Brachybacterium species.

Brachybacterium spp. Accession no. ANIb dDDH 16S rRNA GC
(%) (%) identity (%)  content%
B. alimentarium JCM GCA_039526145.1 78.6 22.4 97.97 70.5
11607
B. aquaticum DSM28796  GCA_014204755.1 80.4 23.7 98.16 72.0
B. atlanticum GCA_025669985.1 81.0 24.1 97.36 72.0
PhyBa_C02_2
B. avium VR2415 GCA_002216795.1 78.5 21.8 97.27 70.5
B. conglomeratum GCA_042647605.1 81.0 24.4 97.12 72.0
CCM2589
B. endophyticum M1THQ-2  GCA_003130585.1 75.4 20.6 97.12 71.0
“B. epidermidis” GCA_015209585.1 77.1 21.4 97.76 70.5
Marseille-Q2903
“B. equifaecis” JHP9 GCA_023509525.1 75.5 20.7 96.78 71.0
B. faecium DSM 4810 GCA_000023405.1 79.5 22.9 97.41 72.0
B. fresconis DSM 14564 GCA_017876515.1 78.9 22.6 97.97 70.5
B. ginsengisoli DCY80 GCA_002407065.1 79.5 22.5 97.41 71.5
B. hainanense CICC GCA_042434575.1 75.8 20.8 97.20 72.0
10874
B. halotolerans MASK1Z-  GCA_016623465.1 78.0 21.4 96.78 72.0
5
B. horti JCM 317427 GCA_054777615.1 78.8 21.9 96.80 72.7
B. huguangmaarense GCA_054781315.1 74.5 20.4 96.58 73.0
JCM 30544
B. kimchii CBA3104 GCA_023373525.1 76.0 21.5 96.85 71.5
“B. massiliense” mt5 GCA_900184245.1 79.3 22.6 98.18 70.5
B. muris CCM 7047 GCA_042433385.1 77.0 21.5 97.79 70.0
B. nesterenkovii CIP GCA_900163655.1 75.3 21.0 97.41 72.5
104813
“B. netajii” DNPG3 GCA_054114245.1 78.4 22.5 97.76 72.5
B. paraconglomeratum GCA_003994255.1 80.9 243 97.48 72.0

KCTC9916
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Brachybacterium spp. Accession no. ANIb dDDH 16S rRNA GC
(%) (%) identity (%)  content%

B. phenoliresistens JCM GCA_039530785.1 76.5 21.0 96.67 73.0
15157

B. rhamnosum JCM GCA_039526185.1 78.8 21.9 97.55 73.0
11650

B. sacelliDSM 14566 GCA_017876545.1 78.7 22.2 98.68 70.5
B. saurashtrense DSM GCA_003355475.1 79.8 22.9 97.83 73.0
23186

B. sillae EF45031 GCA_025028335.1 74.4 20.1 96.84 71.0
B. squillarum M-6-3 GCA_000225825.2 78.2 21.9 97.97 73.0
B. subflavum CFH 10395  GCA_009299795.1 76.1 21.3 96.79 72.0
B. timonense Marseille- GCA_900258505.1 741 20.4 96.91 67.5
P4339

B. tyrofermentans JCM GCA_039526165.1 78.9 22.4 97.48 70.0
11610

B. vulturis VM2412 GCA_002407185.1 78.6 22.0 97.62 71.0
B. zhongshanense JCM GCA_001314085.1 79.2 25.7 97.51 70.5

15471

“* non validly species published under the INCP, according to LPSN (Goker et al., 2025); ANIb,

average nucleotide identity based on Blast algorithm; dDDH, digital hybridization DNA-DNA; T, type
strains.

Pangenome analysis was performed using PPanGGOLIN (v. 2.2.6) (Gautreau et al. 2020) based on
genome annotations archives (gff) generated with Prokka (v. 1.14.6) (Seemann 2014), using the default
parameters for identity and coverage (80%). Gene families were inferred through clustering of
homologous protein sequences and subsequently structured into a graph-based representation of the
pangenome. The classification of gene families into persistent (core), shell, and cloud partitions was
achieved using a statistical framework that integrates gene frequency across genomes with their
genomic neighborhood context. Downstream analyses, including the construction of pangenome
accumulation curves and the evaluation of gene repertoire composition, were conducted using the
resulting gene presence/absence matrix.

Results and discussion

Reanalysis of bacterial isolate B718/18 by MALDI-TOF MS using two instruments from different
manufacturers, MALDI Biotyper® and VITEK® MS RUO systems, reproduced the results previously
obtained in 2018, with no identification achieved for the isolate. MALDI-TOF MS enables reliable
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discrimination among bacterial species, including phylogenetically closely related taxa, through
comparison of the protein mass spectrum of an isolate with reference spectra contained in curated
databases (Ashfaq et al. 2022; Calderaro and Chezzi 2024). Although MALDI Biotyper and VITEK MS
employ different sample preparation protocols, spectral databases, and identification algorithms, both
platforms considerably reduce the time and cost associated with microbial identification, representing
an important advantage in applications such as pharmaceutical quality control and batch release
processes (Ashfaq et al. 2022; Moreira et al. 2023; Song et al. 2024, Ferreira et al. 2025; Li et al. 2026).

Initially developed primarily for clinically relevant microorganisms (Calderaro and Chezzi 2024), MALDI-
TOF MS databases have progressively expanded to include environmental, industrial, and niche-
associated isolates, frequently validated by 76S rRNA gene sequencing, thereby broadening the
applicability of the technique (Costa et al. 2022b; Song et al. 2024). Nevertheless, the limited
representation of environmental bacteria in commercial spectral databases remains a major limitation
for accurate identification of environmental isolates by MALDI-TOF MS (Ashfaq et al. 2022; Costa et al.
2022a; Nunes Ramos et al. 2025). Despite this limitation, the possibility of incorporating spectra from
isolates previously characterized by robust taxonomic approaches has strengthened the utility of this
methodology as a rapid and cost-effective tool for the characterization and comparison of environmental
microorganisms from specific ecosystems (Costa et al. 2022b; Song et al. 2024).

Following the non-identification results obtained with the aforementioned methodology, complete
sequencing of the 76S rRNA gene was performed to determine the taxonomic identity of bacterial isolate
B718/18. Sequencing generated a 1,428-base pair (bp) fragment with 99.0% sequence integrity.
Comparative analysis using the EzBioCloud database revealed 98.68% sequence identity with the type
strain of Brachybacterium sacelli LMG 20345", a value below the 98.7% threshold proposed for species
delineation (Chalita et al. 2024). Therefore, bacterial isolate B718/18 was considered a potential novel
species.

Phylogenetic tree inference based on 76S rRNA gene sequences from different species of the genus
Brachybacterium revealed that bacterial isolate B718/18 formed a distinct monophyletic clade supported
by high bootstrap values (97%) and posterior probability values (1.0), indicating strong clade robustness

(Fig. 1).

Regarding morphological characteristics, bacterial isolate B718/18 formed yellow, elevated colonies with
smooth margins, measuring approximately 1.8—2.5 mm in diameter, after 48 h of incubation under
aerobic conditions at 30 and 35°C, on TSA plates and in TSB broth, which were considered the optimal
growth conditions. No growth was observed at 42°C or at temperatures between 5.0 and 6.0°C.
Microscopic examination revealed Gram-positive, coccobacilli.

Biochemical characterization revealed that bacterial isolate B718/18 was oxidase-negative, catalase-
positive, and non-mobile. According to de Castro et al. (2023), these enzymatic traits are important for
the taxonomic classification of members of the genus Brachybacterium. Biochemical assays associated

with carbohydrate metabolism, including glucose, maltose, mannitol, mannose, raffinose, and trehalose,
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were considered variable due to inconsistent results obtained using different methodological
approaches (Table 2). Among these, glucose, maltose, mannitol, and trehalose yielded positive results in
two or three methodologies and negative results in one, whereas mannose was negative in two
methodologies and positive in one. In contrast, raffinose utilization was positive in one methodology and
negative in another.
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Table 2
Biochemical characteristics of B. manguinensis B718/18 and related species.

Features 1 2 3 4 5 6

Isolation source Air of pharma-  Poultry Oil Sea- Sea- Mural
ceutical deep litter brine water water paintings
facility

Colour SY W-PB PB Y SY C

?)/I\;A G+Ccontent 72.4 68.6 70.6 72.1 72 70.3

b

Enzymatic activity

Catalase + + + + + +

Hydrolysis of - - + + - -

gelatin

Indole production - + + - - -

Nitrate reduction + + - - - +

Oxidase - - - - - -

Urease - + + - + -

a-Galactosidase + - - - - ND

B-Galactosidase + + - - + +

B-Glucuronidase + + + - - ND

a-Glucosidase + + - - - ND

Carbohydrate metabolism

Celobiose + - + +/- - ND
Frutose + - + + + +
Galactose + - + + + -
Glucose V+ - + + + +
Maltose V+ + + +/- - +
Mannitol V+ - - - - +

Strains: 1, B. manguinensis B718/1 8T-2 B. paraconglomeratum KCTC991 6':3,B. conglomeratum
VKM Ac-1975"; 4, B. atlanticum PhyBa_C02_2T; 5, B. aquaticum DSM 28796T; 6, B. sacelli DSM
14566". Y, yellow; PY, pale yellow; SY, straw yellow; PB, pale brown; C, cream; W, white; +, Positive; +/-,
weakly positive; -, negative; ND, not determined; V, variable; V+, variable with two or more positive
results; V-, variable with two or more negative results.
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Features 1 2 3 4 5 6

Mannose V- + + + - +
Raffinose \Y - + +/- - ND
Rhamnose +/- + - - - (+)
Salicin + + - +/- - ND
Sucrose + - + +/- + +
Trehalose V+ - + - - ND

Strains: 1, B. manguinensis B718/18T: 2, B. paraconglomeratum KCTC9916"; 3, B. conglomeratum
VKM Ac-1975"; 4, B. atlanticum PhyBa_C02_2"; 5, B. aquaticum DSM 28796T; 6, B. sacelli DSM
14566". Y, yellow; PY, pale yellow; SY, straw yellow; PB, pale brown; C, cream; W, white; +, Positive; +/-,
weakly positive; -, negative; ND, not determined; V, variable; V+, variable with two or more positive
results; V-, variable with two or more negative results.

The bacterial isolate B718/18 was unable to form biofilms on any of the four surfaces evaluated (Fig. 2).
This finding is consistent with the results reported by Hussain et al. (2025), who also observed the
absence of biofilm formation in a strain of Brachybacterium paraconglomeratum. However, biofilm
formation has been reported in other members of the genus. For instance, lungin et al. (2024) observed
the formation of a dispersed biofilm with low cellulose content and few amyloid proteins by a
Brachybacterium sp. strain associated with Antarctic vascular plants. Likewise, Ashraf et al. (2024)
reported biofilm formation on polystyrene by Brachybacterium sp. isolates recovered from biofilms
associated with melanin-secreting corals. These findings suggest that biofilm-forming ability may vary
among species and strains of Brachybacterium. Therefore, although strain B718/18 did not form biofilms
under the conditions tested in this study, this trait cannot be excluded for other strains of the same
specie.

Whole-genome sequencing generated approximately 23.3 million paired-end reads, yielding a total of 3.4
Gbp of raw sequencing data. Genome assembly resulted in a sequence of 3,308,393 bp across 22
contigs, with a GC content of 72.4% (within the 67.5-73.0% range of Brachybacterium reference
genomes deposited in NCBI (Table 1). An average sequencing coverage of approximately 583,58x was
obtained, with assembly metrics showing an N50 of 294,729 bp and an L50 of 4 contigs. Annotation
performed by the NCBI pipeline identified 2,294 coding sequences (CDSs), along with 57 RNA genes,
including 50 tRNAs and three complete rRNA operons. A total of 827 genes were assigned to functional
subsystems in the genome annotation performed on the RAST server (Fig. 3). Most of the genes were
associated with the categories of amino acids and derivatives (21.4%), carbohydrates (17.3%), and
protein metabolism (14.9%). Approximately 22 genes were classified into the categories of virulence,
disease, and defense; 15 of these genes are associated with resistance to antibiotics and toxic
compounds, and 12 are associated with intracellular invasion and resistance.
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Genome completeness and contamination were estimated at 90.19% and 8.38%, respectively, based on
876 conserved markers from the Dermabacteriaceae family. These values fall below the minimum
criteria recommended for the taxonomic classification of prokaryotes (Riesco and Trujilo 2024). No
contamination or chimerism were detected by GUNC analysis, which demonstrated a hits average
identity of 0.77% and the reference representation scores of 0.69%. These data suggest that the strain
B718/18 may belong to an underrepresented lineage within the genus Brachybacterium, what
corroborates its potential taxonomic novelty. In addition, it was not possible to determine contamination
by the 716S ribosomal gene, since only a 1,519-bp fragment was recovered from the genome. According
to Teo et al. (2026), 76S rRNA gene sequences obtained by conventional Sanger sequencing should have
matched with those recovered from the whole genome. In this context, alignment between the sequence
obtained by Sanger sequencing and the extracted from the assembled genome revealed 99,93% identity,
demonstrating high consistency between the different sequencing approaches and corroborating the
reliability of the obtained genome assembly.

Based on the Brachybacterium genus dataset implemented in BUSCO, a total of 1,212 orthologous genes
were assessed. Of these, 1,183 were identified as complete and single-copy, two as complete and
duplicated, seven as fragmented, and twenty were classified as missing, resulting in an estimated
genome completeness of 97.80%, indicating that the assembly is of sufficient quality for comparative
genomic analyses. The number of missing orthologs is likely attributable to assembly fragmentation or
natural genomic variation among Brachybacterium strains. Furthermore, the very low number of duplicate
BUSCOs suggests the absence of serious assembly errors or contamination. The missing orthologs
were identified using OrthoDB v12.2 (Tegenfeldt et al. 2025) based on their corresponding gene IDs.
Most of the missing BUSCOs are associated with carbohydrate metabolism, secondary catabolism,
transporters, and cell regulation and are listed in Table S1.

Genomic analysis revealed the presence of three antibiotic resistance-associated genes (Table 3),
including mphH, which encodes the macrolide 2'-phosphotransferase H (MphH). This enzyme confers
resistance to macrolide antibiotics, such as azithromycin, by enzymatic inactivation through
phosphorylation. The mphH gene, originally described in Brachybacterium faecium, encodes a protein
that specifically targets the 2-hydroxyl group of the desosamine sugar moiety of macrolide molecules
(Madej et al. 2014). In addition, genes related to resistance to the aminocoumarin antibiotics were
identified. Aminocoumarins are natural products produced by soil-dwelling bacteria, such as
Streptomyces spp., and are known as potent inhibitors of DNA gyrase, an essential bacterial enzyme and
a well-established target of antimicrobial agents (Lawson and Stevenson 2012). No AMR genes were
detected using the ResFinder and ARG-ANNOT databases. No plasmid replicon was detected.
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Table 3
Antimicrobial resistance (AMR) and virulence genes detected by ABRicate in multiple databases.

Genes Category Database Contig Notes
mphH  AMR CARD, 12 macrolide 2'-phosphotransferase
NCBI,
MEGARes
parY MEGARes 1 aminocoumarin-resistant DNA topoisomerase
novA CARD, 5 aminocoumarin efflux pump
MEGARes
bplD virulence  VFDB 16 UDP-N-acetylglucosamine 2-epimerase
SodA 1 and superoxide dismutase
narH 1 nitrate reductase subunit beta
relA 1 probable GTP pyrophosphokinase
phoP 5 possible two component system response
transcriptional positive regulator

Several genes associated with functions commonly linked to bacterial fitness, stress adaptation, and
host interaction were identified (Table 3). One of them is the bp/D gene, encoding a UDP-N-
acetylglucosamine 2-epimerase, which is involved in cell envelope and polysaccharide biosynthesis and
has been implicated in virulence-related processes in some bacteria (Campbell et al. 2000). The sodA
gene, detected in two contigs, encodes the enzyme superoxide dismutase, which is widely distributed in
various organisms and plays a key role in protecting against oxidative stress, enabling bacterial survival
in the face of reactive oxygen species produced by the host's immune responses (Zhang et al. 2025).
Respiratory nitrate reductase is an enzyme complex consisting of three subunits encoded by the nargG,
narH, and narl genes (Viana et al. 2017). The narH gene, responsible for encoding the B-subunit of the
enzyme, was identified in the analyzed genome and has also been described in the genome of the type
strain of Brachybacterium massiliense. However, although the presence of this gene suggests potential
involvement in nitrate-dependent respiratory processes, its specific function in the metabolism of
species of the genus Brachybacterium is not yet clearly understood, and further functional studies are
needed for its complete characterization.

Molecular typing by rMLST revealed that the strain belongs to the profile rST-316643. Thirty-five new
alleles were deposited in this database (Table S2). Strain B718/18 was not identified in the rMLST
database, showing 32% support for the genus Brachybacterium and 52 exact-match alleles, forming a
singleton at all clustering thresholds, highlighting its genetic distinctiveness and corroborating its
classification as a potentially new species within the Brachybacterium genus.
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The CRISPR-Cas system functions as an adaptive immune mechanism in bacteria and archaea,
providing protection against invading genetic elements, such as bacteriophages and plasmids
(Makarova et al. 2018). The type I-E CRISPR-Cas system has previously been reported in the genomes of
Brachybacterium equifaecis, Brachybacterium nesterenkovii, Brachybacterium squillarum, and
Brachybacterium vulturis (Farooq et al. 2023). In contrast, no CRISPR arrays with high-confidence
evidence levels (3 or 4) were identified in the B718/18 isolate, indicating that the presence of this
adaptive immune mechanism is variable within the genus. This characteristic is not uncommon among
bacteria, and its absence could facilitate horizontal gene transfer, potentially contributing to genomic
plasticity and the acquisition of accessory genes, including those associated with environmental
adaptation or AMR (Ramos et al. 2023).

BGCs are responsible for the biosynthesis of secondary metabolites, also known as natural products,
including pigments, antibiotics, antifungal compounds, and siderophores. These molecules play
important roles in various bacterial survival strategies and are of great significance for human medicine,
animal health, and the protection of agricultural crops (Li et al. 2021; Bruna et al. 2024). Analysis using
antiSMASH revealed a terpene-type BGC located on contig 4, with 20,911 bp, showing 28% similarity to
clusters associated with carotenoid biosynthesis. The low similarity observed suggests that this cluster
may represent a divergent variant or potentially a new terpene-type BGC, which are frequently associated
with the production of pigments such as carotenoids, which play important roles in protection against
oxidative stress and cellular adaptation (Yamada et al. 2015). Of the 25 BGCs identified by the DeepBGC
program (Fig. 4), 10 had scores higher than 0.8 (Fig. 4a). Regarding classification (Fig. 4b), the majority
(n =19) were classified as undefined, while six were distributed among the saccharide (n = 3), polyketide
(n=2), and RiPP (ribosomally synthesized and post-translationally modified peptides) (n = 1) classes.
Notably, a saccharide-class BGC with 26,165 bp achieved the maximum score (1.0), although its activity
was not determined (Fig. 4c). In total, 18 BGCs were associated with antibacterial activity (Fig. 4d), while
seven remained without a defined function based on the database used. Among the BGCs with
antibacterial activity, the majority (n = 14) had scores between 0.5 and 0.6, with only two classified by
class - one as a polyketide and the other as a RiPP.

The taxonomic classification conducted in GTDB-Tk indicates that isolate B718/18 was classified with
high confidence into the genus Brachybacterium, based on approximately 95.70% of the marker genes
found in the genome; however, it does not correspond to any described and validated species and was
therefore assigned to a placeholder species in the GTDB database, designated Brachybacterium sp. J153
(NCBI accession number: GCF_036311905.1), with which it shares 96.34% ANI, corroborating its
inclusion in this genomic cluster.

Analysis performed by the TYGS server indicated that isolate B718/18 represents a potential new
species (Fig. 5). According to the GBDP (Genome BLAST Distance Phylogeny) distance-based
classification, the closest species are Brachybacterium sacelli and Brachybacterium fresconis, both of
which have dDDH values of 22.2% and 22.6%, respectively, relative to the strain in this study. The NCBI
Taxonomy database (Schoch et al. 2020) has assigned TaxID 3684135 to isolate B718/18, classifying it
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as “unclassified” within the genus Brachybacterium, which indicates that, based on currently available
data, its taxonomic status at the species level remains unresolved. The core proteome-based phylogeny
(Fig. 6), inferred from 357 single-copy proteins, placed strain B718/18 in a distinct clade, supported by
high bootstrap support (100%), confirming the robustness of the phylogenetic grouping.

The ANI and dDDH values were below the thresholds established for bacterial species delineation

(Table 1), indicating that it does not belong to any of the currently described Brachybacterium species,
which is consistent with the classification provided by TYGS. The ANI metric estimates the average
nucleotide identity between whole genomes and is widely used as a standard for genome-based
taxonomic inference. In general, ANI values above 95-96% indicate that two strains belong to the same
species. Complementarily, the dDDH computationally replicates the classical DNA-DNA hybridization
method, historically considered the gold standard for species delimitation, adopting a threshold of 70%
or higher as indicative of belonging to the same species (Thompson et al. 2013; Riesco and Trujillo
2024). These two approaches show a high correlation and are frequently used in conjunction in genomic
taxonomy studies, since ANI provides a robust measure of overall similarity between nucleotide
sequences, while dDDH incorporates additional aspects related to genomic conservation and the
alignment of homologous regions (Riesco and Trujillo 2024). In the present study, the consistently low
ANI and dDDH values observed for isolate B718/18 relative to the reference strains analyzed reinforce its
taxonomic distinction, supporting its proposal as a potential new species within the genus
Brachybacterium. The results of the genomic taxonomy analyses conducted consistently indicate that
the delineation and differentiation of species within the genus Brachybacterium require a polyphasic
approach that integrates genotypic, phenotypic, physiological, and chemotaxonomic data.

Finally, the pangenome analysis, which included representatives of both valid and invalid species of the
genus Brachybacterium (Table 1), revealed an open pangenome (Fig. 7a). It was also observed that the
number of genes classified as persistent decreases progressively as new genomes are incorporated into
the analysis. Pangenomic studies for Brachybacterium are still limited; however, a previous investigation
based on seven genomes also reported an open pangenome, with the core genome predominantly
associated with essential functions, such as amino acid metabolism, growth, and cell death, among
others (Farooq et al. 2023). In the present study, approximately 107,565 genes were grouped into 53,358
gene families, of which only 584 were classified as persistent. The frequency distribution of these
families (Fig. 7a) reveals a high proportion of rare genes (cloud), a pattern also corroborated by the
presence-absence matrix (Fig. 7b), in addition to a relatively small set of persistent genes. In addition,
1,276 regions of genomic plasticity were identified, distributed across 129 insertion sites. Modularity
analysis revealed 1,082 gene modules containing 6,599 gene families, composed predominantly of
genes from the cloud fraction (97.98%), while only 2.02% belonged to the shell fraction; no persistent
genes associated with modules were observed. This profile suggests high genomic plasticity and the
continuous occurrence of gene gain and loss events, possibly driven by processes of environmental
adaptation and horizontal gene transfer. Consistent with this, Farooq et al. (2023) demonstrated that the
Brachybacterium accessory genome exhibits significant representation of functions related to
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carbohydrate metabolism, cellular community organization, terpenoid and polyketide metabolism, drug
resistance, as well as biodegradation and metabolism of xenobiotics.

Description of Brachybacterium manguinensis sp. nov.

Brachybacterium manguinensis (man.gui.nen’sis N.L. masc./fem adj. manguinensis), referring to
Manguinhos neighborhood, located in the city of Rio de Janeiro, Brazil, the geographical origin of the
type strain. The bacterial strain B718/18, isolated from pharmaceutical production environment, formed
yellow, raised colonies with smooth margins, measuring approximately 1.8—2.5 mm in diameter on TSA
medium. The cells were found to be Gram-positive, non-motile coccobacilli, oxidase-negative, catalase-
positive, negative for hydrolysis of gelatin, production of indole, presence of urease and arginine di-
hydrolase, but positive for nitrate reduction, glucose fermentation and aesculin. Furthermore, they
assimilated xylose, galactose, fructose, cellobiose, melibiose, sucrose, gentiobiose, turanose, L-fucose,
and maltotriose as carbohydrate sources. The presence of the enzymes, leucine arylamidase, B-
galactosidase, L-pyrrolidonyl arylamidase, tyrosine arylamidase, B-glucosidase, B-xylosidase, L-proline
arylamidase, a-glucosidase, a-galactosidase, B-D-fucosidase, B-galactopyranosidase, B-glucuronidase,
alanine arylamidase, and phenylalanine arylamidase was observed. However, the enzymes, lipase, a-
mannosidase, glycine arylamidase, phosphatidylinositol phospholipase C, arginine dihydrolase 1, L-
aspartate arylamidase, phosphatase, ornithine decarboxylase, and arginine dihydrolase 2, were absent.
The enzyme Ala-Phe-Pro arylamidase was considered variable, since its presence was detected using
the CBC card but not with the GP card, both employing the bioMérieux VITEK 2 system methodology.
Using the VITEK 2 GP card, no growth was observed in 6.5% NaCl. Furthermore, the bacterial isolate
showed resistance to optochin, but sensitivity to bacitracin and novobiocin using this card.

The strain Brachybacterium manguinensis sp. nov. B718/18" (= CBAS 1562 = P 74887) was isolated from
viable airborne particle counting in a pharmaceutical facility producing immunobiologicals, in Brazil. The
isolate B718/18 was designated as the type strain of the species and deposited in the Collection of
Bacteria from Environmental and Health (CBAS) and Collection of Pathogenic Bacteria (CBP) of the

Oswaldo Cruz Foundation (Fiocruz), under the numbers CBAS 15627 and P 74887, respectively. Both
collections are affiliated with the World Federation for Culture Collections, under the registers WDCM 958
and WDCM 1312, respectively. Accession numbers for the 76S rRNA gene and the whole genome
sequence in GenBank/EMBL/DDBJ are PV425877 and NZ_JBVDDO00000000O, respectively. The version
described in this article is version NZ_JBVDDO000000000.1. The raw sequencing reads were deposited
in the NCBI Sequence Read Archive (SRA) under accession number PRUNA1420883, BioSample
SAMN55279352.
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Figure 1

Phylogenetic tree based on 76S rRNA gene sequences of Brachybacterim species. The consensus tree,
inferred from 1,000 replicates, was reconstructed using maximum likelihood and Bayesian inference.
Bootstrap values and posterior probabilities are shown next to the branches. The evolutionary model
used was General Time Reversible, with rate heterogeneity G+ and |+ category 4. The type strain of

Dermabacter hominis DMS7083" was used as an outgroup.
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Figure 2

Negative biofilm formation for bacterial isolate B718/18 on different surfaces analyzed by scanning

electron microscopy. (A and B) - Negative control (brain-heart infusion broth in stainless steel); (C and D)

- Glass; (E and F) - Vinyl coating; (G and H) - Stainless steel; (I and J) - Acrylic; (H) - Bacterial cell

characteristic of isolate B178/18, with coccobacillus morphology.

Distribution of functional categories - RAST Annotation

Total number of annotated genes: 827

Figure 3
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Functional categories

Amino acids and derivatives (177 genes, 21.4%)
W Carbohydrates (143 genes, 17.3%)
M Protein metabolism (123 genes, 14.9%)
B Nucleosides and Nucleotides (66 genes, 8%)

Cofactors, vitamins, prosthetic groups, pigments (61 genes, 7.4%)

I DNA metabolism (39 genes, 4.7%)
B RNA metabolism (26 genes, 3.1%)
W Fatty acids, lipids, and isoprenoids (26 genes, 3.1%)
Respiration (25 genes, 3%)
B Virulence, disease and defense (22 genes, 2.7%)
M Nitrogen metabolism (19 genes, 2.3%)
B Miscellaneous (17 genes, 2.1%)
Regulation and cell signaling (14 genes, 1.7%)
| Phosporus metabolism (14 genes, 1.7%)
B Membrane transport (14 genes, 1.7%)
Il Stress response (8 genes, 1%)
Cell wall and capsule (8 genes, 1%)
B Iron acquisition and metabolism (7 genes, 0.8%)
B Potassium metabolism (6 genes, 0.7%)
M Sulfur metabolism (4 genes, 0.5%)
Secondary metabolism (4 genes, 0.5%)
Metabolism of aromatic compounds (3 genes, 0.4%)
B Dormancy and Sporulation (1 genes, 0.1%)



Distribution of functional categories of genes annotated by RAST (n = 827). The most represented
functions include amino acid and derivative metabolism (21.4%), carbohydrate metabolism (17.3%), and
protein metabolism (14.9%), followed by nucleotide, cofactor, and DNA metabolism, while the remaining
categories account for smaller proportions of the genome.
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Figure 4

BGCs predicted by the DeepBGC program. Distribution of BGC sizes (kb) by product class and score (a).
Number of BGCs classified by product class (b). Highest-scoring BGCs and their locations on the contigs

(c). Number of BGCs classified by product activity (d).
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Figure 5

Phylogenomic tree showing the relationship between the isolate B718/18 and the other
Brachybacteriumspecies, based on whole-genome sequences of type strains described in the Table 1.
Genomic sequences were analyzed by TYGS using standard parameters. Tree inferred with FastME
2.1.6.1 based on GBDP distances calculated from the genomic sequences. Branch lengths are scaled

according to the GBDP distance formula D5. The numbers above the branches are GBDP pseudo-

bootstrap support values (>60%) from 100 replicates.
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Figure 6

Phylogenomic tree of the genus Brachybacterium inferred from 357 shared orthologous proteins,
constructed based on the orthologous protein groups identified by OrthoFinder tool. The values at the
nodes indicate the statistical support of the tree. The scale bar represents the number of substitutions
per site. The accession numbers of type strains genomes are described in Table 1.

a) b)

Presence-Absence Matrix

Family Partitio
Cloud

- hell

- persistent "

Gene family frequency distribution

50,000
Presence/Abs
10,000 Multicopy
presence ‘"¢
Absence

Gene Families

o

Number of gene families (log10)
o

P
AXGKEA)
I e
1,000 | " : o
partition 701 0036
[ cloud
10 persistent .
[ shen Srarrey-oods
hHCLL 02 —
1
§i5i5iiE5E5E§58§88¢
I gEEE

zeee =l - @
353853333 g
gggegggges §
EEfcccecececcee EEEZE EcceE¢tE g
1 3‘3 ‘3 3 ‘5 3‘ ‘5 - ] 3 3 ‘5 ‘E - | ‘5 ‘3 3
2823522333 222 333832 B
13 5 7 9 11131517 1921232527 29 31 s2:83g223¢s 58323 §3:3532 3
3832z :%23 SE32¢% 85302
Number of genomes £323355523¢8¢3 c353 5353533 3
L8583 238 2252 3 =8
28:38L33%3 2C25 22333 g
S E=zQECVER L&E8C =C®32E83 22 3z
38557885 L 3823 yazs¥ly 2 2
2832 8§ & gLz 83852 2% =% 3
M- Y 8 [ & - 9 b 8 25 Py
(v ] 3 o = L ] F 2 = w
~gd E3 2 § g "z v g
o I ° c ° N
2 8 a
5 : 2
& g
B
Genomes

Page 32/33



Figure 7

Pangenome accumulation curve (a). Frequency distribution of gene families in the cloud, shell, and
persistent genomes (b). Presence-absence matrix for genes in the cloud, shell, and persistent genomes.
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