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Abstract

Since their discovery, the phylogenetic placement of the extremely halophilic, methanogenic Methanonatronarchaeia has remained
controversial. Different studies have variably placed this lineage as sister to the archaeal class Halobacteria (haloarchaea) or as a deep-
branching euryarchaeal group. These conflicting results may reflect methodological artefacts linked to the strong amino acid compositional
bias characteristic of halophilic archaea and evolutionary model misspecification. Here, we reanalyse published phylogenomic datasets
using site-heterogeneous mixture models that mitigate such biases. Our analyses consistently recover Methanonatronarchaeia as a deep-
branching lineage basal to the Methanotecta, independent of the inclusion of the recently described Ordosarchaeia. We further show
that Ordosarchaeia do not constitute a distinct lineage but fall within the previously described Halorutilales and Afararchaeaceae. Re-
examination of the methyl-coenzyme M reductase phylogeny indicates that the placement of Methanonatronarchaeia mcr genes is best
explained by vertical inheritance, without invoking horizontal gene transfer from unknown donors. Together, our results support ancestral

methanogenesis within this lineage and its independent adaptation to extreme halophily.
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Introduction

Since their description in 2017, the phylogenetic placement of
the class Methanonatronarchaeia—an extremely halophilic, methyl-
reducing methanogenic lineage composed of the orders Methanona-
tronarchaeales and JAANXFO01—has remained debated [1-5]. Early
phylogenetic analyses based on ribosomal proteins placed them as the
closest sister lineage to the class Halobacteria [4]. However, subsequent
studies incorporating broader taxon sampling, alternative phyloge-
netic markers, and more sophisticated sequence evolution models [1-
3] instead recovered Methanonatronarchaeia as a deeper-branching
euryarchaeal lineage, placed at the base of the Methanotecta (i.e. the
group encompassing Halobacteria, Archaeoglobales, Methanophagales
(ANME-1), Syntrophoarchaeales, Methanosarcinales, Methanomicro-
biales, and Methanocellales). Extremely halophilic archaeal lineages
(including Halobacteria, Methanonatronarchaeia, Nanohaloarchaeota,
and Halarchaeoplasmatales) have evolved remarkable adaptations
to counterbalance the osmotic stress imposed by their hyper-
saline habitats. They actively accumulate molar concentrations
of potassium in their cytoplasm [6] and, to maintain protein
conformation and activity under such near-saturating salt concen-
trations, their proteomes are highly acidic, enriched in aspartic
and glutamic acids, and depleted in basic and large hydrophobic

amino acids [7-9]. This amino acid usage bias, combined with the
high evolutionary rate of some lineages like the Halobacteriales,
can lead to phylogenetic reconstruction artefacts, such as long-
branch attraction, which can explain the conflicting placements of
Methanonatronarchaeia.

Phylogenetic analyses can also be strongly affected, often positively,
by the incorporation of new taxa, especially when they break long
branches [10], such as the basal one of Halobacteria. Recently, Zhao
et al. described the Ordosarchaeia, a new hyperhalophilic archaeal
lineage from soda-saline lakes [11]. A phylogenetic analysis based
on 53 conserved archaeal proteins [12] robustly placed them as the
sister group to Halobacteria (with 100% ultrafast bootstrap, UFB)
and, most interestingly, Methanonatronarchaeia branched sister to
the Ordosarchaeia + Halobacteria clade (90% UFB). By contrast,
excluding Ordosarchaeia placed Methanonatronarchaeia in a much
deeper position, far from Halobacteria, similar to previous studies [1—
5]. Based on these results, the authors concluded that incorporating
Ordosarchaela into phylogenomic analyses ‘clarifies the sisterhood
of Methanonatronarchaeia with Halobacteria’. In fact, this potential
grouping of Methanonatronarchaeia and Halobacteria has important
evolutionary implications, as it supports a single evolutionary origin
of extreme halophily in an ancestor of both groups, in contrast with
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Figure 1 Maximum likelihood phylogenetic analysis of archaea; (A) tree containing 1655 taxa, including the newly described halophilic Ordosarchaeia
and closely related taxa (Afararchaeaceae and Halorutilales); (B) tree containing 1646 taxa, excluding these new halophilic taxa; different archaeal groups
are named according to the Genome Taxonomy Database (GTDB; https://gtdb.ecogenomic.org/) release r226; the trees were reconstructed with IQ-TREE
(https://iqtree.github.io/) and the LG + C20 + G4 mixture model using 53 conserved markers (12 943 sites) and 1000 ultrafast bootstraps, and arbitrarily
rooted on the Nitrososphaerales + Thermoproteales + Sulfolobales branch; numbers at branches are ultrafast bootstrap support values, with black
dots representing 100% (only values >50% are shown); the superclass Methanotecta is highlighted with a background. Complete trees are shown in
Supplementary Fig. S1.
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Figure 2 Maximum likelihood phylogenetic analysis of McrA; different archaeal groups are named according to the Genome Taxonomy Database
(GTDB; https://gtdb.ecogenomic.org/) release r226; the tree was reconstructed with IQ-TREE (https://iqtree.github.io/) using 653 taxa and 630 sites with
the LG + C20 + G4 mixture model and 1000 ultrafast bootstraps, and arbitrarily rooted on the Lokiarchaeia and closely related taxa; numbers at branches
are ultrafast bootstrap support values, with black dots representing 100%; the complete tree is shown in Supplementary Fig. S2.

two independent origins in the case of a deeper phylogenetic position
of Methanonatronarchaeia [1-5].

It also has implications for our understanding of the evolution
of methanogenesis in archaea. Previous analyses have shown that
Halobacteria are closely related to several groups of methanogenic
archaea, in particular the Methanomicrobiales, and are therefore
inferred to have evolved from a methanogenic ancestor that lost
methanogenesis secondarily [1-5, 13]. Zhao et al. analysed the
phylogeny of the different subunits of the key terminal enzyme
of methanogenesis, the methyl-coenzyme M reductase (McrA, B,
C, D, and G), and found that the Methanonatronarchaeia sequences
are not closely related to those of Methanomicrobiales, which they
interpret as evidence that Methanonatronarchaeia acquired the mcr
genes secondarily through horizontal gene transfer (HGT) from an
unknown, distant methanogenic donor [11].

Results and discussion

A possible limitation of these conclusions is that they rely on
phylogenetic trees inferred using simple, site-homogeneous models
of sequence evolution (e.g. LG+ F + G4). These models apply a single
substitution matrix to all sites of the alignment and assume a single set
of amino acid frequencies at equilibrium, so that different substitution
preferences at different sites are not taken into account, which,
in the presence of strong compositional biases as in halophilic

archaea, can induce a systematic error in the form of a compositional
attraction artefact [1-5, 14]. We therefore re-analysed Zhao et al’s
dataset [11] using a more realistic site-heterogeneous mixture model
(LG + C20 + G4) [15]. We recovered Methanonatronarchaeia in a deep-
branching position, basal to the Methanotecta, far from Halobacteria
(Fig. 1A). Notably, this deeper-branching placement is robust to
the inclusion or not of Ordosarchaeia (Fig. 1B). Furthermore, our
phylogenetic analysis indicates that Ordosarchaeia do not define
a new distinct lineage, but instead are nested within previously
described halophilic archaea (Fig. 1A), including members of the order
Halorutilales [16] and the family Afararchaeaceae [2]. Halorutilales,
defined by the cultured species Halorutilus salinus, were the first
to be described, giving this name taxonomic priority, and making
Afararchaeaceae and Ordosarchaeia later synonyms (ie. names
published after the first valid name [17]).

These phylogenomic results prompted us to re-examine the
scenario proposed by Zhao et al. for the evolution of the mcr genes
in Methanonatronarchaeia. We reconstructed the phylogeny of the
essential catalytic McrA subunit using the LG+ C20+ G4 mixture
model. The resulting tree (Fig. 2), which does not perfectly mirror
the corresponding species tree (Fig. 1A), shows that this enzyme has a
very complex evolutionary history most likely involving multiple HGT
events [18-22]. As in previous analyses, the methanonatronarchaeial
McrA sequences branch close to those of Methanomassiliicoccales,
suggesting HGT between the two groups, although the direction
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of transfer remains to be determined. They are, however, very
far from the closest methanogenic relatives of Halobacteriales,
namely the Methanomicrobiales. In light of the deep position of
Methanonatronarchaeia in the species tree reconstructed using a
mixture model (Fig. 1A), HGT does not need to be invoked to explain
the deep phylogenetic placement of their McrA homologues. In fact,
the position of Methanonatronarchaeia in the McrA tree is compatible
with a scenario of general vertical inheritance of the mcr genes within
the Euryarchaeota with subsequent loss of these genes along the
branch leading to Halorutilales and Halobacteriales.

In conclusion, our reanalysis of the position of Methanonatronar-
chaeia indicates that the close relationship to Halobacteria found by
Zhao et al. was most likely due to the inadequacy of the simple
sequence evolution model used in their analysis. A more sophisticated
mixture model supports a deeper position at the base of the Methano-
tecta, implying an independent adaptation of Methanonatronarchaeia
to hyperhalophy and the vertical inheritance of the methanogenesis
pathway mcr genes.

Acknowledgements

We thank Dr Dahe Zhao for the McrA protein sequence alignment.

Supplementary material

Supplementary material is available at ISME Communications online.

Conflicts of interest

The authors declare no conflicts of interest.

Funding

This work was supported by grants from the European Research
Council (ERC Advanced grants 787904 and 101141745) and from the
Agence Nationale de la Recherche (ANR DArchFolds ANR-22-CE02-
0012-02).

Data availability

Multiple sequence alignments have been deposited in Figshare
(https://figshare.com/s/bcf46d109a4655de5dc7).

References

1. Aouad M, Borrel G, Brochier-Armanet C. et al. Evolutionary place-
ment of Methanonatronarchaeia. Nat Microbiol 2019;4:558-9. https://
doi.org/10.1038/s41564-019-0359-z

2. Baker BA, Gutiérrez-Preciado A, Rodriguez Del Rio A. et al. Expanded
phylogeny of extremely halophilic archaea shows multiple inde-
pendent adaptations to hypersaline environments. Nat Microbiol
2024;9:964-75. https://doi.org/10.1038/s41564-024-01647-4

3. Martijn J, Schén ME, Lind AE. et al Hikarchaeia demonstrate an
intermediate stage in the methanogen-to-halophile transition. Nat
Commun 2020;11:5490. https://doi.org/10.1038/s41467-020-19200-2

4. Sorokin DY, Makarova KS, Abbas B. et al. Discovery of extremely
halophilic, methyl-reducing euryarchaea provides insights into the
evolutionary origin of methanogenesis. Nat Microbiol 2017;2:17081.
https://doi.org/10.1038/nmicrobiol.2017.81

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Sorokin DY, Makarova KS, Abbas B. et al. Reply to ‘Evolutionary
placement of Methanonatronarchaeia’. Nat Microbiol 2019;4:560-1.
https://doi.org/10.1038/s41564-019-0358-0

Oren A. Microbial life at high salt concentrations: phylogenetic
and metabolic diversity. Saline Syst 2008;4:2. https://doi.org/10.1186/
1746-1448-4-2

Fukuchi S, Yoshimune K, Wakayama M. et al Unique amino
acid composition of proteins in halophilic bacteria. | Mol Biol
2003;327:347-57. https://doi.org/10.1016/s0022-2836(03)00150-5
Madern D, Ebel C, Zaccai G. Halophilic adaptation of enzymes.
Extremophiles 2000;4:91-8. https://doi.org/10.1007/s007920050142
Tadeo X, Lopez-Méndez B, Trigueros T. et al. Structural basis for the
aminoacid composition of proteins from halophilic archaea. PLoS
Biol 2009;7:e1000257. https://doi.org/10.1371/journal.pbio.1000257
Moreira D, Philippe H. Molecular phylogeny: pitfalls and progress.
Int Microbiol 2000;3:9-16.

Zhao D, Zhang S, Chen J. et al. Members of the class Candida-
tus Ordosarchaeia imply an alternative evolutionary scenario from
methanogens to haloarchaea. ISME ] 2024;18:wrad033. https://doi.
org/10.1093/ismejo/wrad033

Dombrowski N, Williams TA, Sun J. et al. Undinarchaeota illuminate
DPANN phylogeny and the impact of gene transfer on archaeal evo-
lution. Nat Commun 2020;11:3939. https://doi.org/10.1038/s41467
-020-17408-w

Spang A, Caceres EF, Ettema T]G. Genomic exploration of the diver-
sity, ecology, and evolution of the archaeal domain of life. Science
2017;357:eaaf3883. https://doi.org/10.1126/science.aaf3883
Murioz-Gémez SA, Susko E, Williamson K. et al Site-and-branch-
heterogeneous analyses of an expanded dataset favour mito-
chondria as sister to known Alphaproteobacteria. Nat Ecol Evol
2022;6:253-62. https://doi.org/10.1038/s41559-021-01638-2

Quang LS, Gascuel O, Lartillot N. Empirical profile mixture models
for phylogenetic reconstruction. Bioinformatics 2008;24:2317-23.
https://doi.org/10.1093/bioinformatics/btn445

Duran-Viseras A, Sanchez-Porro C, Viver T. et al. Discovery of the
streamlined haloarchaeon Halorutilus salinus, comprising a new
order widespread in hypersaline environments across the world.
mSystems 2023;8:0119822. https://doi.org/10.1128/msystems.01198
-22

Parker CT, Tindall BJ], Garrity GM. International code of nomen-
clature of prokaryotes. Int | Syst Evol Microbiol 2019;69:51-111
https://doi.org/10.1099/ijsem.0.000778.

Boyd JA, Jungbluth SP, Leu AO. et al. Divergent methyl-coenzyme
M reductase genes in a deep-subseafloor Archaeoglobi. ISME |
2019;13:1269-79. https://doi.org/10.1038/s41396-018-0343-2

Evans PN, Boyd JA, Leu AO. et al. An evolving view of methane
metabolism in the archaea. Nat Rev Microbiol 2019;17:219-32.
https://doi.org/10.1038/s41579-018-0136-7

Buessecker S, Chadwick GL, Quan ME. et al Mcr-dependent
methanogenesis in Archaeoglobaceae enriched from a terrestrial hot
spring. ISME J 2023;17:1649-59. https://doi.org/10.1038/s41396-023
-01472-3

Krukenberg V, Kohtz A], Jay Z]. et al Methyl-reducing
methanogenesis by a thermophilic culture of Korarchaeia. Nature
2024;632:1131-6. https://doi.org/10.1038/s41586-024-07829-8
Lynes MM, Jay Z], Kohtz A]. et al. Methylotrophic methanogenesis
in the Archaeoglobi revealed by cultivation of Ca. Methanoglobus
hypatiae from a Yellowstone hot spring. ISME | 2024;18:wrae026.
https://doi.org/10.1093/ismejo/wrae026

© The Author(s) 2026. Published by Oxford University Press on behalf of the International Society for Microbial Ecology. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/hy/4.0/), which permits

unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.
ISME Communications, 2026, 6(1), ycag071

https://doi.org/10.1093/ismeco/ycag071

Brief Communication


https://academic.oup.com/ismecommun/article-lookup/doi/10.1093/ismeco/ycag071#supplementary-data
https://figshare.com/s/bcf46d109a4655de5dc7
https://figshare.com/s/bcf46d109a4655de5dc7
https://figshare.com/s/bcf46d109a4655de5dc7
https://figshare.com/s/bcf46d109a4655de5dc7
https://figshare.com/s/bcf46d109a4655de5dc7
https://doi.org/10.1038/s41564-019-0359-z
https://doi.org/10.1038/s41564-019-0359-z
https://doi.org/10.1038/s41564-019-0359-z
https://doi.org/10.1038/s41564-019-0359-z
https://doi.org/10.1038/s41564-019-0359-z
https://doi.org/10.1038/s41564-019-0359-z
https://doi.org/10.1038/s41564-019-0359-z
https://doi.org/10.1038/s41564-019-0359-z
https://doi.org/10.1038/s41564-019-0359-z
https://doi.org/10.1038/s41564-024-01647-4
https://doi.org/10.1038/s41564-024-01647-4
https://doi.org/10.1038/s41564-024-01647-4
https://doi.org/10.1038/s41564-024-01647-4
https://doi.org/10.1038/s41564-024-01647-4
https://doi.org/10.1038/s41564-024-01647-4
https://doi.org/10.1038/s41564-024-01647-4
https://doi.org/10.1038/s41564-024-01647-4
https://doi.org/10.1038/s41564-024-01647-4
https://doi.org/10.1038/s41467-020-19200-2
https://doi.org/10.1038/s41467-020-19200-2
https://doi.org/10.1038/s41467-020-19200-2
https://doi.org/10.1038/s41467-020-19200-2
https://doi.org/10.1038/s41467-020-19200-2
https://doi.org/10.1038/s41467-020-19200-2
https://doi.org/10.1038/s41467-020-19200-2
https://doi.org/10.1038/s41467-020-19200-2
https://doi.org/10.1038/s41467-020-19200-2
https://doi.org/10.1038/nmicrobiol.2017.81
https://doi.org/10.1038/nmicrobiol.2017.81
https://doi.org/10.1038/nmicrobiol.2017.81
https://doi.org/10.1038/nmicrobiol.2017.81
https://doi.org/10.1038/nmicrobiol.2017.81
https://doi.org/10.1038/nmicrobiol.2017.81
https://doi.org/10.1038/nmicrobiol.2017.81
https://doi.org/10.1038/nmicrobiol.2017.81
https://doi.org/10.1038/s41564-019-0358-0
https://doi.org/10.1038/s41564-019-0358-0
https://doi.org/10.1038/s41564-019-0358-0
https://doi.org/10.1038/s41564-019-0358-0
https://doi.org/10.1038/s41564-019-0358-0
https://doi.org/10.1038/s41564-019-0358-0
https://doi.org/10.1038/s41564-019-0358-0
https://doi.org/10.1038/s41564-019-0358-0
https://doi.org/10.1038/s41564-019-0358-0
https://doi.org/10.1186/1746-1448-4-2
https://doi.org/10.1186/1746-1448-4-2
https://doi.org/10.1186/1746-1448-4-2
https://doi.org/10.1186/1746-1448-4-2
https://doi.org/10.1186/1746-1448-4-2
https://doi.org/10.1186/1746-1448-4-2
https://doi.org/10.1186/1746-1448-4-2
https://doi.org/10.1186/1746-1448-4-2
https://doi.org/10.1186/1746-1448-4-2
https://doi.org/10.1016/s0022-2836(03)00150-5
https://doi.org/10.1016/s0022-2836(03)00150-5
https://doi.org/10.1016/s0022-2836(03)00150-5
https://doi.org/10.1016/s0022-2836(03)00150-5
https://doi.org/10.1016/s0022-2836(03)00150-5
https://doi.org/10.1016/s0022-2836(03)00150-5
https://doi.org/10.1016/s0022-2836(03)00150-5
https://doi.org/10.1016/s0022-2836(03)00150-5
https://doi.org/10.1007/s007920050142
https://doi.org/10.1007/s007920050142
https://doi.org/10.1007/s007920050142
https://doi.org/10.1007/s007920050142
https://doi.org/10.1007/s007920050142
https://doi.org/10.1007/s007920050142
https://doi.org/10.1371/journal.pbio.1000257
https://doi.org/10.1371/journal.pbio.1000257
https://doi.org/10.1371/journal.pbio.1000257
https://doi.org/10.1371/journal.pbio.1000257
https://doi.org/10.1371/journal.pbio.1000257
https://doi.org/10.1371/journal.pbio.1000257
https://doi.org/10.1371/journal.pbio.1000257
https://doi.org/10.1371/journal.pbio.1000257
https://doi.org/10.1093/ismejo/wrad033
https://doi.org/10.1093/ismejo/wrad033
https://doi.org/10.1093/ismejo/wrad033
https://doi.org/10.1093/ismejo/wrad033
https://doi.org/10.1093/ismejo/wrad033
https://doi.org/10.1093/ismejo/wrad033
https://doi.org/10.1093/ismejo/wrad033
https://doi.org/10.1038/s41467-020-17408-w
https://doi.org/10.1038/s41467-020-17408-w
https://doi.org/10.1038/s41467-020-17408-w
https://doi.org/10.1038/s41467-020-17408-w
https://doi.org/10.1038/s41467-020-17408-w
https://doi.org/10.1038/s41467-020-17408-w
https://doi.org/10.1038/s41467-020-17408-w
https://doi.org/10.1038/s41467-020-17408-w
https://doi.org/10.1038/s41467-020-17408-w
https://doi.org/10.1126/science.aaf3883
https://doi.org/10.1126/science.aaf3883
https://doi.org/10.1126/science.aaf3883
https://doi.org/10.1126/science.aaf3883
https://doi.org/10.1126/science.aaf3883
https://doi.org/10.1126/science.aaf3883
https://doi.org/10.1126/science.aaf3883
https://doi.org/10.1038/s41559-021-01638-2
https://doi.org/10.1038/s41559-021-01638-2
https://doi.org/10.1038/s41559-021-01638-2
https://doi.org/10.1038/s41559-021-01638-2
https://doi.org/10.1038/s41559-021-01638-2
https://doi.org/10.1038/s41559-021-01638-2
https://doi.org/10.1038/s41559-021-01638-2
https://doi.org/10.1038/s41559-021-01638-2
https://doi.org/10.1038/s41559-021-01638-2
https://doi.org/10.1093/bioinformatics/btn445
https://doi.org/10.1093/bioinformatics/btn445
https://doi.org/10.1093/bioinformatics/btn445
https://doi.org/10.1093/bioinformatics/btn445
https://doi.org/10.1093/bioinformatics/btn445
https://doi.org/10.1093/bioinformatics/btn445
https://doi.org/10.1093/bioinformatics/btn445
https://doi.org/10.1128/msystems.01198-22
https://doi.org/10.1128/msystems.01198-22
https://doi.org/10.1128/msystems.01198-22
https://doi.org/10.1128/msystems.01198-22
https://doi.org/10.1128/msystems.01198-22
https://doi.org/10.1128/msystems.01198-22
https://doi.org/10.1128/msystems.01198-22
https://doi.org/10.1128/msystems.01198-22
10.1099/ijsem.0.000778
10.1099/ijsem.0.000778
10.1099/ijsem.0.000778
10.1099/ijsem.0.000778
10.1099/ijsem.0.000778
https://doi.org/10.1038/s41396-018-0343-2
https://doi.org/10.1038/s41396-018-0343-2
https://doi.org/10.1038/s41396-018-0343-2
https://doi.org/10.1038/s41396-018-0343-2
https://doi.org/10.1038/s41396-018-0343-2
https://doi.org/10.1038/s41396-018-0343-2
https://doi.org/10.1038/s41396-018-0343-2
https://doi.org/10.1038/s41396-018-0343-2
https://doi.org/10.1038/s41396-018-0343-2
https://doi.org/10.1038/s41579-018-0136-7
https://doi.org/10.1038/s41579-018-0136-7
https://doi.org/10.1038/s41579-018-0136-7
https://doi.org/10.1038/s41579-018-0136-7
https://doi.org/10.1038/s41579-018-0136-7
https://doi.org/10.1038/s41579-018-0136-7
https://doi.org/10.1038/s41579-018-0136-7
https://doi.org/10.1038/s41579-018-0136-7
https://doi.org/10.1038/s41579-018-0136-7
https://doi.org/10.1038/s41396-023-01472-3
https://doi.org/10.1038/s41396-023-01472-3
https://doi.org/10.1038/s41396-023-01472-3
https://doi.org/10.1038/s41396-023-01472-3
https://doi.org/10.1038/s41396-023-01472-3
https://doi.org/10.1038/s41396-023-01472-3
https://doi.org/10.1038/s41396-023-01472-3
https://doi.org/10.1038/s41396-023-01472-3
https://doi.org/10.1038/s41396-023-01472-3
https://doi.org/10.1038/s41586-024-07829-8
https://doi.org/10.1038/s41586-024-07829-8
https://doi.org/10.1038/s41586-024-07829-8
https://doi.org/10.1038/s41586-024-07829-8
https://doi.org/10.1038/s41586-024-07829-8
https://doi.org/10.1038/s41586-024-07829-8
https://doi.org/10.1038/s41586-024-07829-8
https://doi.org/10.1038/s41586-024-07829-8
https://doi.org/10.1038/s41586-024-07829-8
https://doi.org/10.1093/ismejo/wrae026
https://doi.org/10.1093/ismejo/wrae026
https://doi.org/10.1093/ismejo/wrae026
https://doi.org/10.1093/ismejo/wrae026
https://doi.org/10.1093/ismejo/wrae026
https://doi.org/10.1093/ismejo/wrae026
https://doi.org/10.1093/ismejo/wrae026
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/ismeco/ycag071

	 Methanonatronarchaeia are deep-branching ancestrally methanogenic archaea distant from Halobacteria
	Introduction
	Results and discussion
	Acknowledgements
	Supplementary material
	Conflicts of interest
	Funding
	Data availability


