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Abstract

Background

Metal-tolerant environmental bacteria provide a tractable system for examining how
genomic diversity relates to persistence under chemical stress. Achromobacter sp. H380, isolated
from mining-affected soil, displays tolerance to several metals. Its genomic relationship to other

Achromobacter strains and the distribution of its associated gene repertoire remain to be resolved.

Results

We combined the phenotypic profile of H380 with whole-genome sequencing and
comparative analysis of 35 Achromobacter genomes. The H380 assembly comprised a 5,675,223-
bp circular chromosome with a GC content of 67.94% and 5,278 predicted genes. A phylogeny
based on 2,082 single-copy orthologous groups placed H380 in a seven-genome subclade. Within
this subclade, H380 and ANB-1 shared 99.26% average nucleotide identity, whereas H380 showed
substantially lower identity to the remaining strains. The seven-genome subclade contained 3,275
core and 6,979 pan-genome gene families, and H380 carried 461 strain-specific gene families
within the 35-genome comparison. Seven subclade-associated candidates encoded predicted
transport, regulatory and metabolic functions. Searches of environmental protein sequences
recovered more distant homologues rather than close matches suitable for tracking the H380

subclade.

Conclusions

H380 combines a metal-tolerant phenotype with a distinct accessory gene repertoire within
a genomically heterogeneous Achromobacter subclade. The analysis defines its comparative
genomic context and identifies candidate functions for investigating environmental persistence and

metal tolerance.

Keywords: Achromobacter; comparative genomics; metal tolerance; phylogenomics; pan-genome;

environmental adaptation
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1. Background

Metal contamination imposes persistent selection on soil microorganisms. Bacterial survival
under these conditions depends on cellular processes that regulate metal uptake, export,
sequestration and damage responses. Identifying tolerant isolates and defining their genomic
context are therefore complementary steps towards understanding microbial persistence in
contaminated environments [1, 2]. For bioremediation research, the immediate question is which
traits sustain growth under exposure and which genomic features provide candidates for explaining

those traits.

Achromobacter species occupy diverse environmental and host-associated habitats.
Environmental isolates have been investigated for arsenite oxidation, hydrocarbon degradation and
other transformations relevant to contaminated sites [3, 4, 5]. The genus also includes opportunistic
pathogens, making strain-level characterization important when considering environmental
applications. Genus-wide comparative work has linked core and accessory genomic components to
host adaptation, while recent phenotypic and genomic analyses have documented substantial
variation in antimicrobial susceptibility among Achromobacter species [6, 7]. These findings

motivate joint consideration of phylogenetic placement, gene content and measured phenotype.

Achromobacter sp. H380 was isolated from mining-affected soil and deposited as CCTCC
M2015291. Its use in cadmium-pollution treatment was described in an earlier patent [8]. The
genomic basis of this strain's relationship to other Achromobacter isolates, however, requires a
comparative framework that distinguishes shared ancestry from strain-specific variation. In
particular, a phylogenetic subclade may contain several genomic species, and conserved functional

annotations do not by themselves identify the genes responsible for a tolerance phenotype.

Here, we examine H380 using whole-genome sequencing and a comparison with 34
publicly available Achromobacter genomes. We first place its existing tolerance profile alongside
the genome assembly, then resolve its relationships through phylogenomics and genome similarity.
We subsequently compare gene repertoires, genome organization and predicted protein
associations, and examine environmental homologues of selected subclade-associated genes. This
framework connects an experimentally characterized environmental isolate to a defined

comparative genomic context and a focused set of candidate functions.
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2. Methods

2.1 Strain and phenotypic characterization

Achromobacter sp. H380 originated from mining-affected soil and was deposited in the
China Center for Type Culture Collection, Wuhan, China, under accession CCTCC M2015291.
Colony morphology, microscopy, growth during cadmium exposure and growth in metal- or
antibiotic-containing media were recorded in the phenotypic overview (Fig. 1). The cadmium time
course followed optical density at 600 nm over 72 h. The overview also reports metal-tolerance

values and qualitative antibiotic-growth results in LB and M9 media.

2.2 Genome sequencing and annotation

Genomic DNA was extracted from H380. Single-molecule real-time sequencing was
performed on a Pacific Biosciences RS platform by Novogene, Beijing, China. The sequencing run
generated 86,786 reads with a mean length of 10,689 bp and a read N50 of 14,589 bp. De novo
assembly was performed using the HGAP3 workflow, as described in the original analysis record,

within the reported SMRT software environment [9].

The assembly was annotated using the NCBI Prokaryotic Genome Annotation Pipeline,
reported as version 3.2 [10]. Ribosomal RNA and transfer RNA annotations were obtained with
RNAmmer and ARAGORN, respectively; genomic islands were predicted with IslandPath-DIMOB
[11, 12]. Predicted genes were assigned functional annotations using the COG, GO, KEGG and
NCBI non-redundant protein databases [13, 14, 15].

2.3 Comparative dataset and phylogenetic analysis

The comparison comprised H380 and 34 Achromobacter assemblies downloaded from
NCBI GenBank (Table 1). The species labels and assembly versions in Table 1 identify the dataset
used in the original analysis. Orthologous gene families were identified with
GET _HOMOLOGUES and the OrthoMCL algorithm [16, 17]. Single-copy orthologues shared
across the 35 genomes were selected for phylogenetic reconstruction. Sequences were aligned using
MUSCLE v3.6 and trimmed with the gappyout option in trimAl v1.4 [18, 19]. The alignments were
concatenated, and maximum-likelihood inference was performed in IQ-TREE v1.5.5 with model
selection based on the Bayesian information criterion [20, 21]. The reported selected model was

GTR+F+R3. Trees were displayed using FigTree v1.4.3.

A Neighbor-Net network was constructed in SplitsTree v4.14.4 to examine relationships
beyond a strictly bifurcating tree, with 1,000 bootstrap replicates reported for the network analysis

[22, 23].
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2.4 Genome similarity and gene-order comparisons

Average nucleotide identity (ANI) was calculated with OrthoANIu using USEARCH
v8.1.1861 [24]. Average amino acid identity (AAI) was calculated using CompareM. Pairwise
results were examined for the seven-genome subclade containing H380, ANB-1, LMG 3411,
AD 173, PheNI1, PR1 and MT3. Genome comparisons were visualized with the BLAST Ring
Image Generator (BRIG), displaying the reported 80%, 90% and 100% identity bands [25].
MCScanX was used to identify collinear gene blocks and display gene-order relationships as dot

plots and circular links [26].

2.5 Core and accessory gene repertoires

Core and pan-genome analyses used GET HOMOLOGUES with the OrthoMCL clustering
method and a reported minimum query coverage of 75%. Gene-family matrices were generated
with the pipeline's matrix-processing utilities. Analyses were performed for the H380-containing
subclade (n = 7), the remaining genomes (n = 28), and the complete dataset (n = 35). Core and pan-
genome accumulation curves were generated using the pipeline's plotting utility and fitted using the
reported Tettelin-based approach [27, 28]. Strain-specific families were defined by occurrence in

only one genome within the analyzed dataset. Functional categories were assigned with WebMGA

using RPS-BLAST against COG at an E-value threshold of 0.001 [29].

2.6 Predicted protein associations and environmental homology searches

Core protein sets from the three genome groups were queried against STRING v10.0 using
Achromobacter xylosoxidans A8 as the reference organism [30]. Networks were visualized in
Cytoscape v3.7.2, and connectivity was examined using NetworkAnalyzer and cytoHubba [31].

These networks represent predicted functional associations.

Genes present in the seven-genome subclade and absent from the other 28 genomes were
identified from the gene-family matrix. Protein sequences were aligned with MUSCLE, trimmed
with trimAl and compared using SIAS. Seven annotated candidates are listed in Table 2. Their
encoded proteins were searched against the NCBI environmental protein database env_nr using

BLASTP, and the reported best-hit coverage and identity were summarized (Table 3).

2.7 Reporting and use of Al assistance

Genomic comparisons are reported descriptively. No new significance tests or numerical
estimates were derived from the plotted growth curves during manuscript preparation. The
definitions of phenotypic replicates and error bars must be established from the experimental

records before inferential analyses are reported. OpenAl Codex (OpenAl) assisted with manuscript
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restructuring, English editing, consistency checking and document preparation. The authors are

responsible for verification of the text, references, figures and interpretations.
3. Results

3.1 H380 displays a metal-tolerant phenotype

The H380 overview documents colony growth, rod-shaped cells and growth during
cadmium exposure (Fig. 1). Across the displayed 72-h time course, optical density increased under
all plotted cadmium conditions, with lower values at higher exposures. The accompanying metal
table reports growth tolerance across cadmium, manganese, copper, zinc, chromium and cobalt
conditions, with medium-dependent values for several metals. The antibiotic panel records growth
at the displayed test concentrations in both LB and M9. These observations establish the
experimental phenotype motivating the genomic analysis; the single-concentration antibiotic-

growth panel is not a standardized clinical susceptibility classification.

3.2 The H380 genome contains diverse transport and metabolic functions

The assembly comprised a circular chromosome of 5,675,223 bp, with 67.94% GC content
and 5,278 predicted genes. Annotation also identified 57 tRNA genes and eight predicted genomic
islands. COG assignments included energy production and conversion, amino acid transport and
metabolism, transcription, and inorganic ion transport and metabolism (Fig. 2A). GO annotations
covered biological processes, cellular components and molecular functions (Fig. 2B). KEGG
assignments included membrane transport and multiple metabolic pathways (Fig. 2C). These
annotations define candidate cellular functions relevant to nutrient acquisition and environmental

persistence.

The NR comparison assigned the largest number of protein matches to Achromobacter
sequences, including 3,177 matches reported under Achromobacter sp. (Fig. 2D). This distribution
provides annotation context; the phylogenomic and whole-genome comparisons below resolve

relationships more directly than the frequency of database labels.

3.3 Phylogenomics identifies a seven-genome subclade containing H380

The maximum-likelihood analysis used 2,082 single-copy orthologous groups shared by the
35 genomes. H380 clustered closely with ANB-1 within a broader subclade also containing LMG
3411, AD 173, PheN1, PR1 and MT3 (Fig. 3A). The Neighbor-Net analysis recovered the same
broad grouping (Fig. 3B). The dataset therefore places H380 in a defined lineage that contains

strains carrying several species labels in the downloaded records.
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Pairwise similarity resolved pronounced structure within this subclade (Fig. 4A,B). H380 and
ANB-1 shared 99.26% ANI and 99.08% AAI. In contrast, H380 showed approximately 89-91%
ANI to the other five members. AD 173, PheN1, PRI and MT3 formed a second highly similar
group, with pairwise ANI values above 99%. LMG 3411 had ANI values below 95% to the other
subclade members. Thus, the seven-genome phylogenetic grouping contains distinct genome-

similarity groups rather than establishing synonymy among all seven strains.

3.4 Genome comparisons reveal heterogeneous sequence conservation and gene order

The BRIG comparison showed uneven sequence conservation among the seven genomes
relative to the reference (Fig. 4C). Dot plots and circular collinearity plots identified conserved
gene blocks together with changes in their relative orientation and arrangement (Fig. 4D,E). The
original analysis reported 25,611 collinear genes among 42,914 genes considered, corresponding to

59.68%.

H380, PheN1 and PR1 displayed prominent aligned blocks in the plotted coordinate system,
whereas ANB-1 showed a different orientation pattern. Because the comparison includes both
complete and fragmented assemblies (Table 1), these visual patterns describe genome organization
at the resolution of the supplied assemblies. Reference orientation, contig ordering and assembly
completeness must be distinguished from biological rearrangement when interpreting individual

blocks.

3.5 Core and accessory gene repertoires differ across phylogenetic scales

The seven-genome subclade contained 3,275 core gene families and a pan-genome of 6,979
families (Fig. 5A,B). The remaining 28 genomes contained 2,546 core and 18,406 pan-genome
families (Fig. 5C,D). Analysis of all 35 genomes further expanded the pan-genome and reduced the
shared core relative to the 28-genome comparison (Fig. 5E,F). These patterns describe the
combined effects of sampling breadth and phylogenetic diversity; they do not isolate a lineage-

specific rate of gene gain or loss.

Strain-specific family counts ranged from 121 in AB2 to 1,014 in ANB-1, with 461 in H380
(Fig. 5G). The complete dataset also contained 13,049 families reported as shared by at least two
genomes but outside the universal core. This accessory component supplies a basis for selecting

H380-associated candidates beyond broadly conserved cellular functions.
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3.6 Functional profiles separate conserved cellular processes from candidate lineage-

associated functions

Core and accessory gene annotations were dominated by broad categories including amino
acid transport and metabolism, energy production and conversion, and transcription (Fig. 6A). The
relative distribution of categories differed among the seven-genome subclade, the remaining
genomes and the full dataset. These profiles summarize gene-repertoire composition rather than

transcriptional activity or formal functional enrichment.

Predicted core-protein association networks shared highly connected proteins, including
GuaA, GuaB, MetG, PolA and GItB (Fig. 6B-D). Their annotations relate to nucleotide
biosynthesis, translation, DNA metabolism and nitrogen metabolism. The recurrence of these
proteins identifies conserved cellular functions across the groups. Network connectivity alone does

not identify the molecular determinants of H380 metal tolerance.

The seven annotated subclade-associated candidates were HisM, HisJ, PotA, TerC, MarR,
CaiB and PotC (Table 2). Their reported within-subclade protein identities ranged from 95.78% to
97.37%, with similarities above 97%. The annotations encompass amino acid and polyamine
transport, transcriptional regulation, acyl-CoA-related metabolism and a TerC-family membrane
protein. These candidates connect lineage-associated gene content to specific cellular processes that

can be investigated experimentally.

3.7 Environmental homology searches do not resolve the H380 subclade

Environmental database searches returned best-hit protein identities of 38.43—69.04% across
the seven candidates, with query coverage of 86—100% (Table 3). The original search summary
described hits in more than 100 environmental metagenomes, including marine and compost
datasets. The best-hit identities were substantially below the within-subclade conservation values.
Accordingly, the searches recover broader protein-family homologues but do not establish the
presence, abundance or habitat distribution of the H380 subclade. These results define a practical

boundary for using the listed genes as environmental tracking markers.

4. Discussion

The principal contribution of this study is a genomic framework for interpreting a metal-
tolerant soil isolate. The phenotypic overview establishes the environmental trait of interest, while
the genome comparisons locate H380 within a heterogeneous Achromobacter lineage and separate
conserved cellular functions from accessory variation. This makes the strain useful for studying

how environmental tolerance is embedded within a wider genomic background.
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The strong similarity between H380 and ANB-1 is more informative than their membership
in a seven-genome subclade. The low ANI between these two genomes and the other subclade
members shows why phylogenetic clustering must be interpreted alongside genome similarity.
Earlier genus-wide work demonstrated the value of combining phylogenomics, ANI and accessory
gene content in Achromobacter [6]. For H380, this combination identifies a close genomic
comparator and prevents the broader subclade from being treated as a single species. A formal
species assignment would additionally require comparison with the relevant type-strain genomes

and current taxonomic records.

The tolerance phenotype gives the functional analysis a specific biological focus.
Membrane transport and inorganic ion metabolism are plausible places to investigate metal
handling, but their broad annotation categories encompass functions beyond metal resistance.
Likewise, conservation of HisM, HisJ, PotA, PotC, MarR, CaiB and TerC within the selected
subclade establishes a distribution pattern, not a causal explanation. The decisive next comparison
is whether candidate genes or their regulatory responses distinguish H380 from closely related
strains with measured differences in tolerance. That comparison would connect accessory variation
to phenotype more directly than the connectivity of housekeeping proteins in a predicted

association network.

Environmental application also requires separating growth tolerance from remediation
performance. Previous work on Achromobacter has examined specific transformations and
bioremediation-associated traits [3, 5, 32]. Here, the genome and phenotype characterize
persistence-related properties; they do not quantify metal removal, immobilization or performance
in soil. The accompanying antibiotic-growth observations also warrant characterization alongside
any application claim. Recent clinical work shows that antimicrobial phenotypes and resistance-
gene repertoires vary across Achromobacter species [7]; standardized measurements and gene-
context analysis are therefore needed before interpreting H380 as an environmental deployment

candidate.

The comparative design defines two further interpretive boundaries. First, the seven-
genome and 28-genome groups differ in both size and phylogenetic breadth, so differences in core
and pan-genome size cannot be attributed solely to adaptation. Assembly fragmentation can
additionally influence inferred gene absence and gene-order patterns. Second, the environmental
searches retrieved relatively distant homologues of broadly distributed protein functions. Such
matches inform protein-family distribution but require more specific sequence markers and

traceable sample metadata for lineage-level ecological inference.



274
275
276
277

278

279
280
281
282
283
284

285

286
287
288
289

290

291

292

293

294

295

296

297

298

299

300

301

Taken together, the study links a metal-tolerant environmental isolate to a close genomic
relative, a defined accessory repertoire and a set of candidate transport and regulatory functions.
This provides a focused starting point for testing the genetic contributions to H380 persistence

under metal exposure.

5. Conclusions

Whole-genome and comparative analyses place Achromobacter sp. H380 close to ANB-1
within a genetically heterogeneous seven-genome subclade. H380 carries 461 strain-specific gene
families in the analyzed 35-genome dataset, while selected subclade-associated genes encode
transport, regulatory and metabolic functions. Together with the recorded tolerance phenotype,
these findings establish a genomic context for investigating environmental persistence and

prioritizing candidate functions for validation.
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Tables

Table 1 Genome assemblies included in the comparison

Strain
NCTC10807
NBRC 15126
A8

AXl1

MNO001
NH44784-1996
FDAARGOS 147
DNO002
SOLR10
AXX-A
ANB-1

DSM 23807
NCTC 13520
FDAARGOS 88
LCu2

AB2

PheN1

PRI
USDA-ARS-USMARC-56712
AD_173

MT3

LMG 3411
KCIK 8006
DSM 23806
UQ283
NCTC13519
MYb73
NBRC102461
GCS2
ATCC43553
270

B2

CECT7342
HLE

H380

Recorded species
. xylosoxidans
. xylosoxidans
. xylosoxidans
. xylosoxidans
. Xylosoxidans
. Xylosoxidans
. Xylosoxidans
. Xylosoxidans
. xylosoxidans
. insuavis
. pulmonis
. insolitus
. insolitus
. insolitus
. insolitus

. insolitus

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A. denitrificans
A. denitrificans
A. denitrificans
A. denitrificans
A. denitrificans
A. agilis

A. mucicolens
A. spanius

A. spanius

A. spanius

A. spanius

A. piechaudii
A. piechaudii
A. piechaudii
A. aegrifaciens
A. marplatensis
A. marplatensis
A. marplatensis

Achromobacter sp.

Assembly accession

GCA_001457475.1
GCA_000508285.1
GCA_000165835.1
GCA_008432465.1
GCA_001051055.1
GCA_000967095.1
GCA_001558755.2
GCA_009363015.1
GCA_003293615.1
GCA_000219745.1
GCA_002885955.2
GCA_001971645.1
GCA_900637265.1
GCA_000783435.2
GCA_008245125.1
GCA_003293535.1
GCA_003812265.1
GCA_002205315.1
GCA_001514355.1
GCA_003939895.1
GCA_001945385.1
GCA_900496965.1
GCA_003053425.1
GCA_002812705.1
GCA_003994415.1
GCA_900636675.1
GCA_002966795.1
GCA_001571245.1
GCA_001262515.1
GCA_000164035.1
GCA_003939885.1
GCA_002209535.1
GCA_003315095.1
GCA_000286415.1
[DO1 pending]

Assembly level
Complete
Complete
Complete
Complete
Complete
Chromosome
Complete
Complete
Chromosome
Scaffold
Scaffold
Complete
Complete
Complete
Complete
Chromosome
Complete
Complete
Complete
Scaffold
Scaffold
Contig
Contig
Complete
Complete
Complete
Complete
Contig
Scaffold
Scaffold
Scaffold
Contig
Scaffold
Contig

Circular chromosome
reported

Species labels and assembly levels refer to the original dataset and have not been reclassified. H380 was

newly sequenced for this study; its public accession must be supplied.
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Table 2 Annotated candidates associated with the seven genome subclade

Protein Predicted function

HisM Amino acid ABC transporter permease

HisJ Amino acid transport substrate-binding component
PotA Polyamine ABC transporter ATPase

TerC TerC-family membrane protein

MarR Transcriptional regulator

CaiB Predicted acyl-CoA transferase/carnitine-related protein
PotC Polyamine ABC transporter permease

Length
(aa)

246
267
286
369
177
421
233

Identity (%) Similarity (%)
95.98 97.568

97.35 98.319

96.62 97.42

96.09 97.45

97.37 97.37

95.78 97.18

95.81 97.61

Identity and similarity are the reported within-subclade protein values. The scope of averaging and the

corresponding locus tags require confirmation from the original alignments (M09). Functional labels are

annotations, not experimental assignments.

Table 3 Reported best environmental protein matches

Query protein
HisM

HisJ

PotA

TerC

MarR

CaiB

PotC

Query coverage (%)
98

96

95

86

91

100

98

Protein identity (%)
69.04

45.95

38.43

52.85

44.38

50

55.31

Values reproduce the original env_nr search summary. They describe the best reported match for each

query, not within-subclade conservation or environmental abundance. Hit accessions and search settings are

requested in M09.
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422  Figure 1 Phenotypic overview and genome map of H380
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424 Upper left, colony morphology (A) and microscopy (B; displayed scale bar, 1 pm). Lower left, OD600 time courses
425 during cadmium exposure over 72 h. Upper right, circular chromosome map. Lower right, the recorded metal-tolerance
426 values and qualitative growth at the displayed antibiotic concentrations in LB and M9. The image is reproduced intact
427  from the original graphical overview.

428
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429  Figure 2 Functional annotation of the H380 genome
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431 (A) COG functional categories. (B) GO categories. (C) KEGG pathway assignments. (D) NR protein annotation
432 summary. Counts represent annotation assignments; they do not measure gene expression or pathway activity.
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Figure 3 Phylogenetic relationships among the 35 Achromobacter genomes
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436 (A) Maximum-likelihood tree inferred from the shared single-copy orthologue dataset. (B) Neighbor-Net network. The
437  H380-containing seven-genome subclade is highlighted in yellow. Other colors identify groups displayed in the original
438  analysis.
439
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440  Figure 4 Genome similarity and gene-order comparisons within the H380 subclade
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442 (A) ANI and (B) AAI heatmaps for seven genomes. Values are percentages. (C) BRIG comparison with the reference
443 genome; shading denotes the displayed identity bands. (D) Gene-order dot plot. (E) Circular representation of collinear
444 gene blocks. The dataset includes fragmented assemblies.

445
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446  Figure 5 Core and pan-genome repertoires at three sampling scales
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447

448  Pan-genome accumulation and core-genome curves for (A,B) the H380 subclade (n = 7), (C,D) the remaining genomes
449 (n = 28), and (E,F) all genomes (n = 35). (G) Shared-core and strain-specific family counts shown in the original
450  graphic.

451
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452  Figure 6 Functional composition and predicted core-protein associations
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454 (A) COG category proportions for core and accessory gene sets in the H380 subclade, the remaining genomes and the

455  complete dataset. Predicted core-protein association networks for (B) the H380 subclade, (C) the remaining genomes
456  and (D) all genomes. Networks were generated using STRING and displayed in Cytoscape.
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