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Trace gas metabolism is important for nutrient flow in all ecosystems, particularly volcanic ecosystems. Microbes
in volcanic ecosystems are among the early colonisers and can play key roles in ecological succession. Here, we
describe the taxonomic and functional characteristics of two new metagenome-assembled genomes (MAGs), one
belonging to Bacteria (MAG_1957-2.1) and one to Archaea (MAG_C2-3), retrieved from soils in volcanoes located
in Chile (Llaima) and the USA (Kilauea), respectively. MAG_1957-2.1 has a genome size of 6.36 Mb with 96.21 %
completeness. MAG_C2-3 has a genome size of 3.02Mb with 97.57 % completeness. Phylogenetic analyses of the
bacterial MAGs placed MAG_1957-2.1 in the class Ktedonobacteria, while the archaeal MAG_C2-3 was placed in
the class Nitrososphaeria. Functional characterisation for potential trace gas metabolism showed that MAG_1957-
2.1 contains a coxL gene encoding the large subunit of form I carbon monoxide dehydrogenase (CoxL), which is
associated with the oxidation of carbon monoxide (CO). It also contains the form I cox gene cluster with a coxMSL
arrangement. On the other hand, MAG_C2-3 contains gene subunit A (amoA) as well as subunit B (amoB), which
encode for ammonia monooxygenase, the enzyme that catalyses the oxidation of ammonia. Based on the
sequence characteristics and phylogenomic analyses we propose the names Paraktedonobacter carboxidivorans sp.
nov for MAG_1957-2.1 and Nitrososphaera maunauluensis sp. nov for MAG_C2-3. The names are proposed
following the rules of the published Code of Nomenclature of Prokaryotes Described from Sequence Data
(SeqCode).

Introduction much about the biochemistry of trace gas metabolism, we know rela-
tively little about the taxonomy of trace gas oxidisers, particularly in
newly formed soils such as volcanic ecosystems (Fenchel et al., 2012;

King, 2015; King and Weber, 2008). Identifying and classifying trace

Atmospheric trace gases are essential determinants of climate change
(Hansen et al., 2007). Therefore, any alteration in their relative abun-

dance in the atmosphere can have disproportionate consequences for
ecosystem processes such as nutrient cycling, primary productivity, and
trophic interactions. Biogenic trace gas flux between soil and atmo-
sphere is primarily regulated by microorganisms through their meta-
bolism (Bay et al., 2021; Conrad, 1996; Fenchel et al., 2012). Microbial
controls of the fluxes of trace gases can be direct or indirect (Bay et al.,
2021; Conrad, 1996; Fenchel et al., 2012). Direct controls are mediated
by the utilisation of trace gases for growth and maintenance, where the
gases serve as electron donors or acceptors in the redox reactions and
acquire energy. Indirect controls are mediated by the production of trace
gases as end products of dissimilatory pathways. Although we know

gas-oxidising microbes will enhance our understanding of their distri-
bution, ecology, interactions with organisms, and their impact on
biogeochemistry. Therefore, it is crucial to classify and investigate the
taxonomic distribution of these microorganisms.

Volcanic ecosystems are distributed on all continents and provide
model systems to study pedogenesis and ecological succession. Micro-
organisms are the first inhabitants of volcanic deposits (e.g., lava, cin-
ders, tephra, and ash) following a drop in temperature, and changes in
moisture to tolerable levels (Gomez-Alvarez et al., 2007; Kim et al.,
2018; King, 2003; Ohta et al., 2003). They are hypothesised to derive
energy either from photosynthesis or through oxidation of trace gases
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such as methane (CHy4), carbon monoxide (CO), hydrogen (H,), and
hydrogen sulfide (H2S). Microbial oxidation of trace gases in the newly
exposed or newly formed terrestrial surfaces following volcanic erup-
tions can enrich local biodiversity and stimulate primary productivity,
which ultimately forms the functional basis of primary succession
(Hernandez et al., 2020a; Hernandez et al., 2020b; Ni et al., 2023).

In addition to Bacteria, the Archaea domain represents a significant
fraction of the microbial biomass on Earth. Archaea also perform crucial
functions in the biogeochemical cycles and influence the dynamics of
trace gas metabolism (Offre et al., 2013). For instance, methanogenesis
by Archaea is estimated to result in about 1 Gt of methane production per
year (Thauer et al., 2008). Still, compared to Bacteria, our knowledge
and understanding of the diversity and ecology of Archaea is limited.
This is because studies have heavily relied on culturing and single-gene
diversity assessments to classify and characterise Archaea. However,
recent advancements in genomic sequencing and computational ap-
proaches have resulted in the acceleration of culture-independent
genome recovery following metagenomic assembly and subsequent
clustering of DNA fragments into metagenome-assembled genomes
(MAGs) (Nayfach et al., 2021; Rinke et al., 2021; Tyson et al., 2004).
This has led to the description and naming of several new archaeal
lineages along with their functional characterisation (Meng et al., 2014;
Rinke et al., 2021; Vigneron et al., 2022).

In our previous study, we assembled MAGs of different carbon
monoxide oxidisers from the soils in Llaima representing different suc-
cessional stages (Hernandez et al., 2020b). Two MAGs belonging to the
order Ktedonobacterales (phylum Chloroflexota) from the youngest site
(Lava deposition in 1957) were of particular interest as Ktedonobacter-
ales are hypothesised to be important for early soil formation. However,
our knowledge of the diversity and ecological significance of Ktedono-
bacterales is limited because very few cultured strains have been char-
acterised (Hernandez et al.,, 2020b). Most of the known
Ktedonobacterales genomes are either available as draft genomes in the
NCBI database or have been retrieved from metagenomic assemblies.

Analyses of metagenomes and MAGs have a vital role in our growing
understanding of the ecological importance of microbial trace gas
metabolism. The large number of genomes derived from metagenomic
analyses of yet-to-be-cultured organisms underscores the significance of
classifying and naming these new taxa (Konstantinidis et al., 2017). This
includes those trace-gas metabolisers, which play a crucial role in global
biogeochemical cycle. Recently, the Code of Nomenclature of Pro-
karyotes Described from Sequence Data (SeqCode), a nomenclature
system designed for naming prokaryotes based on genome sequences,
including isolate genomes, metagenome-assembled genomes, or single-
amplified genome sequences, has been made available (Hedlund et al.,
2022; Whitman et al., 2022). SeqCode allows researchers to name both
cultivated and uncultivated microorganisms based on genome sequence
data, the common denominator for all microorganisms. Additionally,
SeqCode does not violate the priority of names validly published under
the rules of the International Code of Nomenclature of Prokaryotes
(ICNP).

In this study, we present the classification of one yet-uncultivated
bacterial species and one yet-uncultivated archaeal species repre-
sented by the recovered metagenome assembled genomes (MAGs) from
early-stage volcanic soils following the rules of the newly published
SeqCode (Hedlund et al., 2022; Whitman et al., 2022). In addition, we
have characterised these MAGs with respect to their potential for
metabolising trace gas. In a previous study, we characterised the bac-
terial MAG described here (Hernandez et al., 2020b), but a detailed
classification was lacking. Therefore, in this study, we follow the Seq-
Code rules to identify these new MAGs from volcanic deposits.
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Methods
Sampling and retrieval of MAGs

The bacterial MAG characterised in this study was retrieved from
volcanic deposits collected from sites established after the eruption in
1957 of Llaima (38.57953°S, 71.78722°W). The sampling campaign and
the retrieval and initial characterisation of the MAG have been previ-
ously described in Hernandez et al. (2020b). This MAG is part of the
project that has been submitted to NCBI-SRA with code PRINA602601
(Hernandez et al.,, 2020b). The genome accession number is
GCA_041156125.1 for MAG_1957-2.1.

The archaeal MAG was retrieved from a sampling campaign to
Kilauea, Hawaii, in April 2022. Three soil samples were collected
randomly from Mauna Ulu site (approximately 60 years old soil;
19.3388382°N, 155.2033492°W, permit number: HAVO-2022-SCI-
0012). All soil samples were stored in polyethylene bags until trans-
ported to the UK. Total DNA was extracted from each soil sample (0.5 g
of soil) by using the Qiagen DNeasy PowerSoil Pro Kit according to the
manufacturer’s recommendation with minor modifications (samples
were lysed in a FastPrep bead beater for 30 s at 6 m s-1). DNA was
quantified using Qubit, and the DNA from the three sites were combined
before being sent for DNA sequencing to Novogene UK, using Illumina
Sequencing PE150 (6 GB raw data per sample). After quality checking,
reads were merged into scaffolds using de novo assembler SPAdes
version 3.14.0 (Bankevich et al., 2012). Metagenomic binning of the
assembled scaffolds larger than 1000 bp was carried out with the met-
aWRAP version 1.2.1 pipeline using three available binners (metabat2,
maxbin2, and concoct) (Uritskiy et al., 2018) The resulting bins were
collectively processed to produce consolidated MAGs using the bin_re-
finement module in metaWrap (criterion: completeness >70 %;
contamination <5 %). The genome accession number is
GCA_041156085.1 for MAG_C2-3 (NCBI-SRA).

For both MAGs, completion and contamination metrics was per-
formed using CheckM program (Parks et al., 2015).

Genome annotation

Genome sequence annotation for the two MAGs were performed
using MicroScope, an online platform by GenoScope (France) providing
a collection of bioinformatic tools (Vallenet et al., 2020). Médigue et al.
(2019) has described all the software and databases integrated into the
MicroScope pipelines used to perform the genome annotation.

Phylogeny

Phylogenetic trees for both MAGs were constructed using single-copy
marker proteins and the 16S rRNA gene sequence.

For single-copy marker proteins phylogeny, the bacterial MAG was
phylogenetically placed using a concatenated alignment of 120 single-
copy marker proteins, while the archaeal MAG was phylogenetically
placed using a concatenated set of 53 marker proteins. This was done
using the ‘classify’ workflow in GTDB-Tk (version v2.3.0+) (Chaumeil
et al., 2022). The output of the ‘classify’ workflow was then used to
construct maximum-likelihood trees in RAXML (Kozlov et al., 2019)
using default parameters with Nocardia higoensis (RS GCF 000308595.1)
as the bacterial outgroup and Candidatus Caldarchaeum subterraneum
(informal name: uncultured crenarchaeote 10-H-08, RS GCF
000270325.1) as the archaeal outgroup. For 16S rRNA gene phylogeny,
the 16S rRNA gene for the MAGs were retrieved from the metagenome
using Barrnap v. 0.9 software (https://github.com/tseemann/barrnap).
16S rRNA gene sequences for the members of the class Ktedonobacteria
for Bacteria and the order Nitrososphaerales for Archaea were collected
from the sequences either available in NCBI or retrieved using Barrnap v.
0.9 software (https://github.com/tseemann/barrnap). The sequences
were aligned using MEGA11, and trees were constructed. Similar to
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single-copy marker proteins phylogeny, trees were constructed using
maximum-likelihood method in RAXML (Kozlov et al., 2019) using
default parameters with Nocardia higoensis (AB108778) as the bacterial
outgroup and Ca. Caldarchaeum subterraneum (fosmid clone:
JFF052_F07, AP011786) as the archaeal outgroup. Relative evolu-
tionary distances (RED) were calculated (Parks et al., 2018) using the
‘get_reds’ function in the ‘castor’ R-package (Louca and Doebeli, 2018).

Genomic relatedness indices

The average nucleotide identity (ANI) was calculated using the CJ
Bioscience’s online Average Nucleotide Identity (ANI) calculator
(https://www.ezbiocloud.net/tools/ani, Yoon et al., 2017). The average
amino acid identity (AAI) between all genomes was calculated using the
BLAST tool with aai.rb scripts (Rodriguez-R and Konstantinidis, 2016).
dDDH (digital DNA-DNA hybridisation) was computed with GGDC
(Genome-to-Genome Distance Calculator) (Meier-Kolthoff et al., 2013).
The genomes of organisms with which our bacterial and archaeal MAG
were compared belong to the members closely related in the phyloge-
netic tree. For the Bacteria domain, we selected Ktedonosporobacter
rubrisoli SCAWS-G2", Ktedonobacter racemifer SOSP1-21T, and Thermo-
gemmatispora carboxidivorans PM5'. For the Archaea domain, we
selected Ca. Nitrososphaera evergladensis SR1, Ca. Nitrososphaera
gargensis Ga9.2, Nitrososphaera viennensis EN76T, and Ca. Nitro-
socosmicus franklandus C13.

Functional characterisation for trace gas metabolism

The MAGs were functionally characterised based on their ability to
metabolise trace gases, particularly carbon monoxide, methane, and
ammonia. This was done using BLASTp for the translated sequences of
genes involved in metabolic pathways of interest, such as the form I coxL
gene (for carbon monoxide), pmoA gene (methane), and amoA gene
(ammonia). Phylogenetic trees for AmoA and CoxL were constructed
separately for bacterial and archaeal MAGs against reference sequences.
The sequences were aligned using ClustalW, and the phylogenetic tree
was constructed using the neighbour-joining method with a JJT matrix-
based model and 100 bootstrap replicates.

Results and discussion
Genome assemblies

The MAG_1957-2.1 (Llaima) is of high quality, with 96.21 %
completeness and 3.96 % contamination (Table 1). This MAG has 56

Table 1
Genomic features of the two MAGs.

MAG_1957-2.1 MAG_C2-3
(Llaima Volcano) (Kilauea Volcano)

Proposed name Paraktedonobacter Nitrososphaera
carboxidivorans maunauluensis

Binned size, Mb 6.36 3.02

% completeness 96.21 97.57

% contamination 3.96 0

% coding bases 83.74 72.04

% GC content 53.43 35.54

Average gene length, bp 211.45 251.66

Total number of genes 5470 3892

Total number of tRNA 56 26

Total number of protein- 5386 3851

coding genes
Number of contigs 233 434
Size of the largest contig 95,722 53,170
(bp)

N50 24,071 10,533

Accession number SRX9386060 SRX24172872
(PRJNA602601) (PRJNA1096838)
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tRNA that correspond to 19 different amino acids. The archaeal
MAG_C2-3 retrieved from Kilauea is of high quality, with 97.57 %
completeness and 0 % contamination (Table 1). This MAG has 26 tRNA
that correspond to 14 different amino acids.

Phylogenetic analyses

The phylogenetic tree constructed for bacterial MAG using 120
concatenated single-copy protein markers placed MAG_1957-2.1 on a
distinct branch compared to the type-strains available for the genera
Ktedonobacter, Ktedonospora, Ktedonosporobacter, Thermosporothrix,
Tengunoibacter, and Dictyobacter. The RED value for the nearest common
node was 0.7160 (Fig. 1A). A similar pattern emerges from the phylo-
genetic tree build using 16S rRNA gene of the MAG_1957-2.1, with a
length of 1480 bp. In this tree, MAG_1957-2.1 forms a separate branch
compared to the genera Ktedonobacter, Ktedonospora, Tengunoibacter,
and Dictyobacter with a RED value of 0.2473 for the nearest common
node (Fig. 1B). The RED values for both trees with MAG_1957-2.1 were
below 0.8, the lower range of RED values for bacterial genus (Parks
et al., 2018).

The phylogenetic tree constructed for the archaeal MAG using
concatenated 53 single-copy protein markers placed the MAG_C2-3 close
to the genus Nitrososphaera (Fig. 2A), with the RED value of 0.7669 for
the nearest common node. The phylogenetic tree built using the 16S
rRNA gene placed MAG_C2-3 close to the genera Nitrososphaera and Ca.
Nitrosocosmicus (Fig. 2B), with a RED value of 0.7736 for the common
node. The RED values for both trees with MAG_C2-3 were below 0.8,
which is at the lower end of the range of RED values typically observed
for archaeal species (Rinke et al., 2021).

Genomic relatedness

The ANI values for MAG_1957-2.1 ranged from 68.74 % to 69.22 %
when compared to Ktedonosporobacter rubrisoli SCAWS-G2T, Ktedono-
bacter racemifer SOSP1-217, and Thermogemmatispora carboxidivorans
PM5”. The ANI values for MAG_C2-3 ranged from 67.02 % to 67.61 %
when compared to Ca. Nitrososphaera evergladensis SR1, Ca. Nitro-
sosphaera gargensis Ga9.2, Nitrososphaera viennensis EN76', and Ca.
Nitrosocosmicus franklandus C13 (Table 2). The ANI values for both
MAGs are below the 95 % threshold for species delineation
(Konstantinidis et al., 2006; Richter and Rossell6-Mora, 2009). Simi-
larly, the AAI values (Table 2) for MAG_1957-2.1 ranged from 58.36 %
to 58.96 % when compared to Ktedonosporobacter rubrisoli SCAWS-G27,
Ktedonobacter racemifer SOSP1-21T, and Thermogemmatispora carbox-
idivorans PM5'. For MAG_C2-3, the AAI values ranged from 53.71 % to
61.26 % when compared to Ca. Nitrososphaera evergladensis SR1, Ca.
Nitrososphaera gargensis Ga9.2, Nitrososphaera viennensis EN76", and
Ca. Nitrosocosmicus franklandus C13. The AAI values for both MAGs
were below the threshold for species delineation (65-95 %) proposed for
new or novel genera in the family (Konstantinidis et al., 2017). Although
the AAI value for the archaeal MAG is below this threshold, we were
hesitant to propose this MAG as a new genus due to the lack of type
strains and Candidatus representation for the genus Nitrososphaera. The
dDDH values (Table 2) for MAG_1957-2.1 ranged from 18.9 % to 23.2 %
when compared to Ktedonosporobacter rubrisoli SCAWS-G2", Ktedono-
bacter racemifer SOSP1-217, and Thermogemmatispora carboxidivorans
PM5’, and for MAG_G2-3 ranged from 21.2 % to 29.7 % when compared
to Ca. Nitrososphaera evergladensis SR1, Ca. Nitrososphaera gargensis
Ga9.2, Nitrososphaera viennensis EN76T, and Ca. Nitrosocosmicus
franklandus C13. The dDDH values for both MAGs were below the
proposed threshold of 50 % for genus delineation (Konstantinidis et al.,
2006; Richter and Rossell6-Mora, 2009).

General genomic features

MAG_1957-2.1, the bacterial MAG, possess a high G + C content of
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Fig. 1. Maximum-likelihood phylogenetic tree based on the concatenated protein alignment of 120 single-copy bacterial protein markers (A) and 16S rRNA gene (B)
highlights the position of the bacterial MAG retrieved from volcanic deposits after the 1957 eruption of Llaima Volcano. The accession number of each sequence is
given in brackets. The number on the node denotes the relative evolutionary distance (RED).
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Fig. 2. Maximum-likelihood phylogenetic tree based on the concatenated protein alignment of 53 single-copy archaeal protein markers (A) and 16S rRNA gene (B)
highlights the position of the archaeal MAG retrieved from volcanic deposits of Kilauea Volcano. The accession number of each sequence is given in brackets, with *
marked sequences retrieved from the whole-genome sequence available in NCBI. The number on the node denotes the relative evolutionary distance (RED).
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Table 2
Summary of the genomic relatedness of the MAGs and their closely related
members.

MAG Reference genomes OrthoANI AAI dDDH
(NCBI RefSeq assembly) (%)* (%)** (%)
MAG_1957- Ktedonosporobacter rubrisoli 68.74 58.96 19.7
2.1 SCAWS-G2"
(GCF_004208415.1)
Ktedonobacter racemifer 69.22 58.36 23.2
sosp1-217
(GCF_000178855.1)
Thermogemmatispora 68.93 58.41 18.9
carboxidivorans PM5"
(GCF_000702505.1)
MAG_C2-3 Ca. Nitrososphaera 67.33 59.66 23.9
evergladensis SR1
(GCF_000730285.1)
Ca. Nitrososphaera gargensis 67.61 61.26 29.7
Ga9.2 (GCF_000303155.1)
Nitrososphaera viennensis 67.02 59.88 23.7
EN76" (GCF_000698785.1)
Ca. Nitrosocosmicus 67.90 53.71 28.3
franklandus C13

(GCF_900696045.1)

" OrthoANI: orthologous Average Nucleotide Identity.

" AAI: average amino acid identity (reciprocal best hits (two-way AAI) be-
tween two genomic datasets of proteins).

“** dDDH: digital DNA-DNA hybridisation.

53.43 % with a relatively large genome size of 6.36 Mb. In comparison,
Ktedonobacter racemifer sosp1-21T (RS GCF 000178855.1) hasa G + C
content of 53.79 % and genome size of 13.66 Mb, whereas Thermo-
gemmatispora carboxidivorans PM5T (RS GCF 000702505.1) has a G + C
content of 60.88 % and genome size of 5.61 Mb. Genomic analyses
indicate that the bacterial MAG is likely Gram-positive due to the
absence of multiple genes involved in lipopolysaccharide synthesis and
the presence of genes responsible for the formation of pentaglycine
bridge. These are consistent with the cell structure of the members of the
genus Ktedonobacter.

On the other hand, the archaeal MAG_C2-3 has a low G + C content
of 35.54 % with a genome size of 3.02 Mb (Table 1). In comparison,
Nitrososphaera viennensis EN76" (RS GCF 000698785.1) has a G + C
content of 52.72 % and a genome size of 2.52 Mb, Ca. Nitrososphaera
gargensis Ga9.2 (RS GCF 000303155.1) has a G + C content of 48.35 %
and a genome size of 2.83 Mb, and Ca. Nitrososphaera evergladensis SR1
(RS GCF 000730285.1) has a G + C content of 50.14 % and a genome
size of 2.95 Mb.

Table 3
Functional characterisation of the MAGs based on their ability to utilize trace-
gases. Numbers in parenthesis indicate NCBI accession number.

Gene (trace- MAG_1957-2.1 (Llaima) MAG_C2-3 (Kilauea)

gas)
CoxL (carbon Yes 88.02 % No
monoxide) Ktedonobacter racemifer SOSP1-
21" DSM_44,963
(WP_007909428.1)
PmoA No No
(methane)
AmoA No Yes 100 %
(ammonia) Ammonia monooxygenase

subunit A, partial
(ARD89532.1)
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MAG_1957-2.1 contain the form I coxL gene, which encodes the
large subunit of carbon monoxide dehydrogenase (CODH), with
‘AYXCSFR’ as the amino acid sequence motif at the active site (Table 3)
(King and Weber, 2007). It also contains the canonical form I CODH
encoding cox gene clusters, coxMSL. Phylogenetic analyses with the
form I CoxL protein showed that it is related to the CoxL protein of
Ktedonobacter racimiferT (DSM 44963) (Fig. 3). Form I coxL is associated
with the oxidation of carbon monoxide (CO) at both high concentrations
and sub-atmospheric levels (King and Weber, 2007). These suggest that
soil microbes from this group might oxidise CO, which is prevalent in
recent volcanic environments (Hernandez et al., 2020a). On the other
hand, the archaeal MAG (MAG_C2-3) contains the amoA gene, which
encodes for ammonia monooxygenase subunit A (AmoA) (Table 3), as
well as ammonia monooxygenase subunit B. These subunits catalyse the
oxidation of ammonia, the rate-limiting step in the nitrification process.
The phylogenetic analyses showed that AmoA is related to the members
of Nitrosphaera (Fig. 4). Ammonia oxidisers are widely distributed in
Bacteria and Archaea across different ecosystems. Additionally,
ammonia oxidising archaea (AOA) are also the pioneer organisms in
volcanic soils (Hernandez et al., 2014), indicating that they might also
facilitate soil development. MAG_C2-3 does not encode for coxL,
therefore it may not be involved in the oxidation of CO, suggesting a
limited role in carbon cycle in this environment (Table 3).

The names of the MAGs were registered with SeqCode (Hedlund
et al., 2022; Whitman et al., 2022). The SeqCode approach reflects ad-
vancements in genomics and microbiology, where the ability to
sequence and analyse genomes has become a fundamental tool for
studying and classifying microorganisms. Using genome sequences as
nomenclatural types in the naming process provides a more accurate and
detailed basis for classification compared to traditional methods (Pro-
tologue table).

Description of MAG_1957-2.1

Description of Paraktedonobacter gen. nov.

Paraktedonobacter (Pa.ra.kte.do.no.bac’ter. Gr. prep. para, alongside
of, resembling; N.L. masc. n. Ktedonobacter a bacterial genus name; N.L.
masc. n. Paraktedonobacter, besided Ktedonobacter.

Description of Paraktedonobacter carboxidivorans sp. nov.

Paraktedonobacter carboxidivorans (car.bo.xi.di.vo’rans. N.L. neut.
adj. carboxidum, carbon monoxide; L. press. part. vorans devouring; N.L.
part. adj. carboxidivorans, carbon monoxide-devouring).

This MAG was retrieved from Llaima Volcano, Chile. The genome
size is 6.36 Mb, and the G + C content is 53.43mol%. MAG_1957-2.1
contains the form I cox gene cluster, arranged in a coxMSL configura-
tion, which is linked to the oxidation of carbon monoxide.

The type genome of the species has been deposited at NCBI under the
accession number SRX9386060.

Classification: Bacteria; Chloroflexota; Ktedonobacteria; Ktedono-
bacterales; Ktedonobacteraceae; Paraktedonobacter; Paraktedonobacter
carboxidivorans.

Description of MAG_C2-3

Nitrososphaera maunauluensis (mau.na.u.lu.en’sis N.L. masc./fem.
adj. maunauluensis referring to Mauna Ulu, the place where the MAG was
retrieved in Kilauea). This MAG was retrieved from Kilauea Volcano,
USA. The genome size is 3.02Mb, and the G + C content is 35.54mol%.
MAG_C2-3 encodes the ammonia monooxygenase gene subunit A
(amoA) and subunit B (amoB), which are involved in catalysing the
oxidation of ammonia.

The type genome of the species has been deposited at NCBI under the
accession number SRX24172872.
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Fig. 3. Phylogenetic tree of form I carbon monoxide dehydrogenase large subunit (CoxL) of the bacterial MAG retrieved from volcanic deposits after the 1957
eruption of Llaima against reference sequences. Bootstrap values (>50) are shown at the nodes. The scale bar represents 5 % sequence divergence.

Classification: Archaea; Nitrososphaerota; Nitrososphaeria; Nitro-

sosphaerales;  Nitrososphaeraceae;  Nitrososphaera;

maunauluensis.

Conclusion

Nitrososphaera
In this work, we described one bacterial and one archaeal MAG,

retrieved from two different volcanic ecosystems. The bacterial MAG
contains genes encoding carbon monoxide dehydrogenase, responsible
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96
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87} Ca. Nitrosocosmicus franklandus C13 (AMH87091.1)

Ca. Nitrosocosmicus sp. Kfb (ASZ84488.1)

MAG_C2-3 (Kilauea volcano)

Ca. Nitrososphaera gargensis RHGCaAO5c (ABY77591.1)
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o Ca. Nitrososphaera evergladensis SR1 (AIF83036.1)
8

83' Nitrososphaera viennensis EN76" (CBY93673.1)

Fig. 4. Phylogenetic tree of ammonia monooxygenase subunit A (AmoA) of the archaeal MAG_C2-3 retrieved from Kilauea against reference sequences. Bootstrap
values (>50) are shown at the nodes. The scale bar represents 2 % sequence divergence.

for CO oxidation, whereas the archaeal MAG contains genes encoding
the ammonia monooxygenase, responsible for ammonia oxidation.
These findings highlight the potential of microbes in volcanic ecosys-
tems to metabolise trace gases and facilitate soil formation and devel-
opment. Following SeqCode rules, we propose new names for these
MAGs: the bacterial MAG is named Paraktedonobacter carboxidivorans sp.
nov. and the archaeal MAG is named Nitrososphaera maunauluensis sp.
nov.
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Protologues of the new species description

Genus name
Genus status
Genus etymology

Specific epithet
Species status
Species etymology

Description of the
new taxon and
diagnostic traits

Country of origin

Region of origin

Date of isolation
Source of isolation
Sampling date
Latitude
Longitude
Altitude (m)

MAG_1957-2.1 (Llaima)
Paraktedonobacter

gen. nov.
Pa.ra.kte.do.no.bac’ter. Gr.
prep. para, alongside of,
resembling; N.L. masc. n.
Ktedonobacter a bacterial
genus name; N.L. masc. n.
Paraktedonobacter, besided
Ktedonobacter
carboxidivorans

sp. nov.
car.bo.xi.di.vo’rans. N.L.
neut. n. carboxidum carbon
monoxide; L. part. adj.

vorans devouring; N.L. part.

adj. carboxidivorans carbon
monoxide-devouring

Chile

Llaima Volcano, Araucania
region

2019

Soil

15/02/2011

38.57953°S

71.78722°W

741

MAG_C2-3 (Kilauea)
Nitrososphaera

maunauluensis

sp. nov.

mau.na.u.lu.en’sis N.L.
masc./fem. adj.
maunauluensis referring to
Mauna Ulu, the place where
the metagenome-assembled
genome was retrieved in
Kilauea

USA

Kilauea Volcano, Mauna Ulu
site, Hawaii

2022

Soil

12/04/2022

19.3388382°N
155.2033492°W

828

(continued on next page)
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(continued)

16S rRNA gene SRR32116977 SRR32116972
accession
number

Genome accession
number

Genome status

GCA_041156125.1 GCA_041156085.1

Draft — 96.21 % Draft — 97.57 %

completeness completeness

Both Chile and the USA have not ratified the NP (Convention
to Nagoya on Biological Diversity https://www.cbd.int/abs/nagoya-p
protocol (NP) rotocol/signatories, accessed on May 22nd 2024)

Designation of the - -
Type Strain or
genomic
assembly

Metagenomic raw
data

SeqCode registry
URL

Information related

PRINA602601 PRJNA1096838

seqco.de/r:89dif5uc seqco.de/r:89dif5uc

Data availability

Bacterial MAG_1957-2.1 has been deposited in the NCBI-SRA under
the bioproject accession number PRINA602601 (Hernandez et al.,
2020b). Archaeal MAG-C2-3 has been deposited in the NCBI-SRA under
the bioproject accession number PRJNA1096838. The 16S rRNA gene
sequences of these MAGs were deposited in the NCBI-SRA under SRA
accession numbers SRR32116977 for MAG_1957-2.1 and SRR32116972
for MAG MAG-C2-3.
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