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Ecology of methyl-coenzyme M reductase encoding 
Thermoproteota
Zackary J Jay1, Matthew Kellom2, Emiley Eloe-Fadrosh2 and  
Roland Hatzenpichler1,3

The recent demonstration that members of at least three 
classes of archaea affiliated with the Thermoproteota 
superphylum are involved in the production of the climate- 
active gas methane has sparked discussions about how well 
we understand the diversity of methanogens. Here, we show 
that members of all three of these lineages, as well as several 
other, yet uncultured and physiologically uncharacterized 
groups within the Thermoproteota that encode the key 
enzyme of anaerobic methane cycling, methyl-coenzyme M 
reductase (MCR), are widely distributed in anoxic 
ecosystems. We postulate that the taxonomic, metabolic, and 
ecological diversity of methanogenic and MCR-encoding 
Thermoproteota are poorly understood, and that the 
contribution of methylotrophic and thermoproteotal 
methanogenesis to methane production is largely unknown. 
We hypothesize that thermoproteotal methanogens could 
contribute, potentially substantially, to methane emissions in 
many anoxic environments that harbor methylated 
precursors, including wetlands, sediments, peat, rice 
paddies, wastewater sludge, and geothermal systems. We 
highlight the necessity to experimentally test the (eco) 
physiology of these widely distributed archaea using both 
culture-dependent (in vitro) and culture-independent (in situ) 
approaches to assess their potential contribution to methane 
emissions. Last, we stress the importance of remaining 
agnostic about the physiology of MCR-encoding 
Thermoproteota in the absence of experimental data because 
most of these archaea also carry the genetic potential to grow 
non-methanogenically.
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Introduction
The first methanogens were cultured nearly a century ago 
[1], and since then, all cultured methanogens have been 
affiliated with only one of the four archaeal superphyla, the 
Euryarchaeota. However, over the last decade, methyl- 
coenzyme M reductase (MCR) and other methanogenesis 
marker genes were discovered through metagenomics on 
∼250 environmentally derived metagenome-assembled 
genomes (MAGs) that do not affiliate with the Eur
yarchaeota. This led to the hypothesis that several lineages 
within the archaeal superphyla Thermoproteota and Asgar
darchaeota might also engage in anaerobic methane cycling 
[2–19]. Until recently, all predictions on methanogenesis 
outside the Euryarchaeota lacked experimental validation. 
In 2024, three jointly published studies demonstrated that 
archaea affiliated with the thermoproteotal classes Metha
nosuratincolia [15,20] and Korarchaeia [21] were methyl-re
ducing methanogens. More recently, methyl-dismutating 
methanogenesis was demonstrated in a member of the 
thermoproteotal class Methanonezhaarchaeia [22]. Ad
ditionally, several other studies established that diverse ar
chaea live by alkane oxidation [23–26] and that a novel 
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genus with the Euryarchaeota, Ca. Methanoglobus contains 
methanogens [27–29].

While these discoveries do not call into question the rate 
at which methane is released into the atmosphere, they 
demonstrate that we do not fully appreciate which or
ganisms are involved in methane production. This is 
problematic because different methanogens likely vary 
in their metabolic profiles and ecological niches 
(e.g. which substrates they use, how they respond to 
environmental change) and in how they interact with 
other microorganisms. Thus, which specific methano
gens are present and active in an ecosystem will have 
important consequences for ecosystem functioning — 
including methane emissions — competition for re
sources, impact on partner microbes, and resilience to 
change. A first step towards an understanding of the 
contribution of MCR-encoding Thermoproteota to me
thane production in the environment is to understand 
their ecology.

Here, we review the distribution of Thermoproteotal 
mcrA genes (encoding subunit alpha of MCR) in publicly 
available metagenomic and metatranscriptomic datasets 
on the Integrated Microbial Genomes and Metagenomes 
(IMG/M) and NCBI’s Short Read Archive (SRA) data
bases. Our goal is to highlight that the field has hitherto 
overlooked the potential contribution of these organisms 
to methane emissions and identify targets for future re
search.

Group II Mcr sequences are near-exclusively 
found in the Thermoproteota
We focus our attention on ‘group II’ (sensu Wang et al. 
[11]) mcrA sequences, which, according to available data, 
are restricted to members of the Thermoproteota su
perphylum, with one exception. Members of the eur
yarchaeotal genus Ca. Methanoglobus likely have 
horizontally acquired their mcr genes and methanogenic 
potential [27] from a member of the Thermoproteota 
with which they sometimes share their hot spring habi
tats [30]. By contrast, group I mcrA sequences are found 
exclusively in the Euryarchaeota. Group III sequences, 
which encode alkyl-coenzyme M reductases — distant 
relatives of MCR that use ethane, butane, and longer- 
chain alkanes as substrates — have so far only been 
found in members of the Euryarchaeota, as well as some 
MAGs affiliated with the Bathyarchaeia, Asgardarch
aeota, and Methanosuratincolia [11,12].

Environmental distribution of mcr genes 
affiliated with the Thermoproteota
To better understand the diversity and distribution of 
MCR-encoding Thermoproteota in the environment, 
sequence searches were performed on unrestricted and 
publicly available datasets available from IMG/M (12.34 

Tb as of April 2024) and SRA (1.75 Pb as of the end of 
2021). From IMG, 589 metagenomes and 234 meta
transcriptomes contained at least one group II mcrA se
quence, compared to 322 metagenomes and 57 
metatranscriptomes from NCBI-SRA. Samples had been 
collected from diverse habitats, including freshwater 
sediments, hot spring sediments, hot vents or seeps, oily 
sediments, coal beds, paddy soils, peat soils, marine se
diments, and wastewater effluent or landfills (Figures 1 
and 2, Table 1, SOI Datasets 1–2, Table S2). Phyloge
netic analysis, including reference McrA sequences (SOI 
Dataset 3), revealed distinctive clades corresponding to 
different taxa within the superphylum Thermoproteota, 
including Aukarchaeales, Bathyarchaeia, Metha
noglobus, Methanonezhaarchaeia, Methanosuratincolia, 
Nitrososphaerota, and Korarchaeia (Supplementary 
Figure 2).

Interestingly, only a small proportion of IMG/M meta
genome samples that contained group II mcrA also con
tained group I or group III sequences. Specifically, for 
the ‘Peat’ habitat category, only 3 of the 77 group II 
containing metagenome samples also contained group I 
sequences. Other habitat types showed similar trends: 28 
out of the 188 ‘Freshwater’ samples, 3 out of the 23 
‘Anaerobic digester’ samples, 5 out of the 58 ‘Hot 
Spring’ samples, and 3 out of the 10 ‘Hydrothermal 
Vent’ samples contained group I or III sequences; the 
remainder only contained group II mcrA’s.

Methanosuratincolia-like mcrA genes were the most 
abundant in both databases (IMG/M and NCBI-SRA), 
comprising 74% of IMG and 88% of SRA group II se
quences. Of these, 51% of IMG sequences were 
Methanosuratincola-like (versus 25% in SRA), while 58% 
SRA sequences were Methanomethylicus-like (versus 
14% in IMG). These differences may reflect disparities in 
search methodology or uneven dataset representation 
between databases. Indeed, both Methanosuratincola and 
Methanomethylicus genes were also the most widely 
distributed; they were found in both metagenomes and 
metatranscriptomes from many different habitats, in
cluding freshwater and hot spring sediments, as well as 
paddy soils. Notably, all group II mcrA genes from peat 
metagenomes and metatranscriptomes were 
Methanosuratincola-like, whereas metagenomes and me
tatranscriptomes from wastewater or landfill were almost 
exclusively Methanomethylicus-like (Figure 1b).

Other group II mcrA genes from Aukarchaeales, 
Bathyarchaeales, Methanoglobus, Methanonezhaarchaeaia, 
Nitrososphaerota, and Korarchaeales were much less abun
dant than Methanosuratincolia-like sequences but were 
nonetheless distributed in a variety of habitats (Figure 1a). 
Methanonezhaarchaeia-, Korarchaeales-, and Metha
noglobus-like sequences were identified predominately in 
thermal habitats, although Korarchaeales-like sequences 
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were also identified in mesophilic marine and freshwater 
sediments. In contrast, Bathyarchaeales- and Ni
trosophaerota-like sequences were restricted to mesophilic 
sediments, although a few Nitrosophaerota-like sequences 
were also identified in hot spring metagenomes. The Au
karchaeales-like sequences were only identified in hot vent/ 
seep metagenomes from Guaymas and Pescadero basins. 
This finding is likely a result of sampling bias. These two 
sites have received particular attention in recent years; we 
hypothesize that the comparatively large metagenomic da
tasets available for these sites [31–33] allowed the detection 
of low-abundance archaea.

In summary, group II mcrA genes show taxonomic and 
habitat-specific associations, with Methanosuratincola- 
like sequences abundant in peat and freshwater sedi
ments, Methanomethylicus-like sequences abundant in 

wastewater and landfills, and other taxa present at lower 
abundance in either thermal or mesophilic sediments.

The environmental niche of mcrA-encoding 
Thermoproteota
With the exception of Methanonezhaarchaeia [11,22,34], 
all currently discovered MCR-encoding Thermo
proteota share a key feature that distinguishes them 
from most euryarchaeotal methanogens: they lack both 
the tetrahydromethanopterin methyltransferase (Mtr) 
complex and the methyl-branch of the Wood-Ljungdahl 
(MBWL) pathway and thus depend on methylated 
substrates and substrate-specific methyltransferases 
[2,4–21] to generate methane. The only reported cultivar 
within the Methanonezhaarchaeia [22] represents an 
intriguing exception. Although this archaeon, like most 
MAGs affiliated with its class, encodes both Mtr and the 

Figure 1  
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Phylogenetic analysis and habitat distribution of (a) all group II McrA sequences and (b) only Methanosuratincola- and Methanomethylicus-like group II 
McrA sequences. In both (a) and (b), phylogenetic trees include reference and IMG sequences ≥200 amino acids. In (a), sample counts only refer to 
the number of IMG protein sequences identified, as SRA hits were not assembled. Habitat labels include additional habitats identified from the SRA. 
Circled icons specify that sequences were identified in both metagenomes (MG) and metatranscriptomes (MT). Taxa in bold indicate cultivated 
representatives. Habitat labels in (b) correlate only with reference and IMG sequences included in the tree. Refer to Table 1 for sequence counts by 
database, dataset type, and habitat. Refer to SOI Datasets 1 & 3 for IMG and reference group II McrA sequences, respectively. IMG sequences ≥200 
amino acids, together with reference sequences (SOI Dataset 3), were phylogenetically analyzed with IQtree2 [48] (v. 2.0.6; LG+C60+F+G; 1000 
ultrafast bootstrap) using trimAL [49] (v1.4.rev22) trimmed (-gt 0.5) alignments generated with MAFFT-linsi [50] (v7.522; -maxiterate 1000 -localpair) 
(Supplementary File 1).  
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MBWL pathway, it appears incapable of CO2-reducing 
methanogenesis and does not produce methane in the 
presence of H2. Under all conditions tested, it is an 
obligate methyl-dismutating methanogen [22].

Before the discovery of MCR-encoding lineages within 
the Thermoproteota, methyl-dependent methanogen
esis was thought to be relatively rare, with eur
yarchaeotal lineages exclusively using methylated 
precursors only having been occasionally observed 
[35–38]. However, methylated methanogenic substrates 
— including methanol and different methylamines — 
are widespread in nature, and methyl-reducing metha
nogenesis is the dominant form of methanogenesis in 
anoxic marine, freshwater, and hypersaline sedi
ments [37].

A review of in situ measurements of methanol, mono-, 
di-, and tri-methyl amines in habitats similar to those 
where group II mcrA genes were identified, revealed a 
broad range of dissolved concentrations (Table 2). The 
highest concentrations of methanol were measured in 

freshwater sediments (2.0 mM) and peat soil samples 
(2.5 mM). Methylamine concentrations were not as high 
as methanol, although monomethylamine was measured 
as high as 9 µM in freshwater sediments (compared to 
0.5 µM in marine samples), and concentrations of both 
dimethylamine and trimethylamine were measured as 
high as ∼50 µM in marine samples, compared to 1 and 
2 µM in freshwater sediments. Methanol and methyla
mine concentrations have not been reported for thermal 
habitats (e.g. hot springs), where volatilization of these 
compounds likely makes measuring difficult, nor for oil- 
rich environments where they are presumably present 
within complex hydrocarbon mixtures.

These data indicate that methylated substrates are 
widely available to group II McrA-encoding 
Thermoproteota, particularly Methanosuratincolia-like 
lineages, across diverse habitats. Why, then, have these 
organisms remained uncultivated for so long, even in 
habitats harboring traditional euryarchaeotal methano
gens? One explanation could be that in environments 
dominated by traditional methanogens (e.g. freshwater 
sediments, peat, wastewater), MCR-encoding 
Thermoproteota are less abundant and thus require 
deeper sequencing to be successfully assembled into a 
MAG. Consistent with this hypothesis, 91.6% of IMG 
Methanosuratincola-like mcrA sequences had coverages of 
≤20.2 reads per contig, and metagenomes and meta
transcriptomes that generated up to 80 Gb of sequence 
accounted for 97.5% of all the group II mcrA genes 
identified in IMG and SRA.

Methanogens vs. MCR-encoding archaea
To date, four archaea within three classes of Thermopro- 
teota (Methanosuratincolia, Methanonezhaarchaeia, and 
Korarchaeia) have been experimentally demonstrated to be 
capable of either methyl-reducing hydrogenotrophic 
[15,20,21] or methyl-dismutating [22] methanogenesis, and 
only one of them is available in pure culture [15]. There is, 
however, a larger number of MAGs representing other 
MCR-encoding lineages, including at least five other higher 
order taxa within three superphyla, that is, Aukarchaeales 
[15], Bathyarchaeia [2], and Nitrososphaerota [34] within the 
Thermoproteota, Helarchaeota [13] within the Asgardarch
aeota, and Hadesarchaea [4] within the Euryarchaeota.

To the best of our knowledge, all group II mcrA-encoding 
MAGs, as well as the genomes of the four available cultures, 
encode energy conservation pathways other than methano
genesis. This is in stark contrast to group I methanogens 
within the Euryarchaeota, in which all but one re
presentative — an engineered Methanosarcina sp. strain 
[39,40] — appear to be obligate methanogens. For example, 
besides the potential to grow by reducing methyl-groups to 
methane, all MCR-encoding MAGs affiliated with the class 
Methanosuratincolia are genetically capable of conserving 

Figure 2  
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Relative proportion of habitats yielding group II McrA/mcrA hits from 
IMG or SRA, distributed by taxonomic assignment.  
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Table 1 

Number of group II McrA/mcrA sequences detected in metagenomes (MG) or metatranscriptomes (MT) from either 
IMG or NCBI SRA databases, organized by taxa and generalized habitat. 

Numbers in brackets indicate the maximum PebbleScout score of the SRA count reported, with a minimum threshold score 
of 20 (scale = 20–100). The IMG search included 18 010 MGs and 5302 MTs samples. The SRA search included 3 225 299 
MGs and 62 103 MTs samples.
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energy via amino acid or sugar fermentation [8,15,20,34,41]. 
Similarly, methanogenic members of the Korarchaeia might 
be able to grow by sulfite reduction to sulfide or via the 
anaerobic oxidation of methane [7,21]. Thus, MCR-en
coding archaea within the Thermoproteota might not live 
exclusively by methanogenesis; rather, they may be better 
described as facultative methanogens. Depending on en
vironmental conditions, substrate availability, and the pre
sence of other microbes that might compete for substrates, 
these archaea might adapt how they grow, which could give 
them a competitive advantage over obligate, euryarchaeotal 
methanogens. For example, methanogens must compete 
with other microbes for substrates, which can put them at 
a thermodynamic disadvantage to other anaerobic energy- 
conservation pathways (e.g. sulfate reduction at high H2 
levels). This has important implications for how we view 
MCR-encoding archaea within the Thermoproteota. How
ever, so far, no experimental evidence for energy con
servation pathways other than methanogenesis is available 
for any MCR-encoding Thermoproteota, and tests for al
ternative substrates capable of sustaining growth were un
successful for the only isolate, Methanosuratincola 
petrocarbonis [15].

Nevertheless, discovering mcr or other methanogenesis 
marker genes on a MAG does not directly implicate 
these organisms in methane cycling. In the absence of 
experimental data demonstrating their in situ or in vitro 
methanogenic activity — for example, by demonstrating 
expression of mcrA mRNA [29], single cell activity tests 
under methanogenic conditions [20,21], or cultivation 
[15] — we must remain agonistic to avoid making wrong 

conclusions and refer to these organisms as MCR-en
coding archaea rather than methanogens.

Conclusion
Recovered thermoproteotal mcrA sequences were widely 
distributed and actively transcribed in diverse anoxic 
habitats. These included both natural and anthropogenic 
environments with high methane emissions [42]. The 
most diverse, widely distributed, and transcribed mcrA 
genes related to Methanosuratincolia methanogens were 
found in freshwater sediments — most importantly, 
wetlands —, wastewater, and oil production sites. To
gether, these habitat types account for 65% (365 million 
metric tons) of annual methane emissions [42]. Pro
blematically, to the best of our knowledge, only two 
studies [5] determined the activity of MCR-encoding 
Thermoproteota directly in their native habitat (by de
tection of mcrA mRNA via reverse transcription PCR [5]
and transcriptomics [43]). Furthermore, all available 
cultures of methanogenic Thermoproteota have been 
obtained from high-temperature systems, that is, three 
hot springs [20–22] (64–77°C) and an oil reservoir [15]
(55°C). We are, however, unaware of the in situ activity 
and function of MCR-encoding Thermoproteota in all 
other ecosystems.

Based on these observations, we identify three key 
questions for future research: 

(1) Do MCR-encoding Thermoproteota grow by me
thanogenesis in their native ecosystems? To address 
this question, researchers will need to elucidate their 

Table 2 

Reported dissolved concentrations of important methylated substrates measured in environments where group II 
mcrA sequences were identified [37,45,46,51–55]. 

Please note that de Mesquita et al. [37] contains many more relevant citations, which could not be listed here due to a 
limitation in citations for this article.
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distribution, abundance, and methanogenic activity 
through targeted in situ and in vitro [29,30,44] ex
periments, as well as in silico analysis of existing 
sequencing datasets [56–58]. Such studies are 
needed to determine whether diverse MCR-en
coding lineages indeed sustain themselves via me
thanogenesis.

(2) How does methylotrophic methanogenesis con
tribute to methane production and emissions relative 
to CO2-reducing and acetoclastic pathways in these 
ecosystems, and what are the niche-differentiating 
factors driving the ecology and activity of thermo
proteotal vs. euryarchaeotal methanogens? 
Answering these questions will require measuring 
the concentrations of methylated methanogenic 
precursors [37], conducting substrate-specific rate 
measurements [45–47], and collecting diverse en
vironmental metadata.

(3) Are thermoproteotal methanogens capable of using al
ternative energy conservation strategies (e.g. fermenta
tion [8,15,20,34,41], sulfite reduction [7,21])? Using both 
culture-dependent and independent methods, re
searchers will need to test (meta)genomic hypotheses 
that MCR-encoding Thermoproteota might grow non- 
methanogenically. Confirmation of these hypotheses 
would fundamentally reshape our understanding of the 
biology of methanogens, because the mere detection of 
methanogenesis pathway genes would no longer im
plicate archaea in methane production, and it could 
highlight conditions under which non-methanogenic 
growth becomes favorable for these Thermoproteota.

We expect that the combined information gained from 
these experiments will provide a more holistic under
standing of the biology and geochemistry of methano
genesis and, if methanogenic Thermoproteota can 
indeed shift between methanogenesis and non-metha
nogenic growth strategies, lead to novel strategies for 
mitigating methane emissions.
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Euryarchaeota: one of the four superphyla within the domain Archaea. For nearly a 
century, all cultured methanogens affiliated with this lineage. 

MAG: metagenome-assembled genome; a population genome obtained from a sample 
that contains more than one genome type 

MCR: methyl-coenzyme M reductase, the methane-evolving enzyme unique to me
thanogens 

mcrA: gene encoding subunit A of MCR 
methanogens: archaea that couple the production of methane to energy conservation to 

fuel their growth; methanogens are responsible for 58–64% of global CH4 emissions 
MBWL: methyl-branch of the Wood-Ljungdahl pathway; an ancient pathway for energy 

conservation and carbon fixation including some methanogens 
Thermoproteota: one of the four superphyla within the domain Archaea. In 2024, three 

studies demonstrated methanogenesis within this superphylum.  
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Methodology: querying public databases 

Hidden Markov Models (HMMs), designed with reference Type II McrA sequences, were used to query 

the DOE-JGI IMG/M unrestricted and publicly-available database (12.34 Tb as of Apr. 2024) at[  the 

National Energy Research Scientific Computing Center (NERSC). All recovered sequences (SOI Dataset 

1) and references (SOI Dataset 3) were clustered with CD-HIT (v4.8.1; default settings) from 90–99 % 

amino acid identities in 1% increments. Manual curation of the clusters revealed clustering at 90 % amino 

acid identity was sufficient to separate sequences by taxa, although one cluster contained identifiable 

sequences from Methanosuratincola, Methanomethylovorus and Methanomethyloarchaeum at 90 % 

identity. These entries were separated by manual curation. IMG/M samples that contained group II 

sequences were manually inspected for the presence of group I and III sequences and confirmed through 

phylogenetic analysis (see Fig.1 caption). 

To search NCBI SRA, query mcrA sequences were first identified by performing pairwise nucleotide 

comparisons (blastn) of sequences within each phylogenetic group and identifying divergent sequences, 

i.e., ≤90 % nucleotide identity. Nucleic acid sequences were submitted to NCBI’s PebbleScout 

(https://pebblescout.ncbi.nlm.nih.gov/) which queried all metagenomic and metatranscriptomic runs 

released in the public SRA before the end of 2021 (1.75 Pb). To minimize the inclusion of redundant IMG 

datasets, SRA results were excluded if the SRA Run (SRR) number matched those in IMG or if the provider 

was listed as ‘JGI’ or ‘Joint Genome Institute.’ This removed 60 % of the results, emphasizing the number 

of datasets provided by JGI to NCBI. Results were considered positive if the PebbleScout Score was ≥20, 

which included hits to unexpected habitats (i.e., ‘biocathode’, ‘insect gut’ and ‘book’ metagenomes) (SOI 

Dataset 2) but also may have included single hits more than once, especially considering the short fragment 

nature of the data. This, however, is probably rare as there is potential for more than one taxon to be found 

in any given habitat and the notable exclusiveness at this threshold of Methanosuratincola-like hits in peat 

and Methanomethylicus-like hits in wastewater/landfill (Table 1). It is important to note that datasets 

contributed after 2021 are not yet searchable by Pebblescout.  

It is important to point out that most datasets on IMG/M and the SRA were created by research groups 

in the Global North and are biased towards sampling sites in the Northern hemisphere. This likely biased 

our understanding of microbial biogeography. 

https://pebblescout.ncbi.nlm.nih.gov/


 3300010302.Ga0116202 100148823 MG 555aa Freshwater

 3300013130.Ga0172363 100563381 MG 555aa Freshwater

 3300025136.Ga0209610 10051233 MG 555aa Freshwater

 3300025145.Ga0209609 100116332 MG 555aa Freshwater

 3300010319.Ga0136653 100034913 MG 555aa Freshwater

 3300013133.Ga0172362 106517361 MG 236aa Freshwater

 3300013129.Ga0172364 101369572 MG 338aa Freshwater

 3300013128.Ga0172366 101503541 MG 370aa Freshwater

 3300013129.Ga0172364 100179671 MG 214aa Freshwater

 3300033991.Ga0334965 0180373 26 862 MG 279aa Freshwater

 3300009078.Ga0105106 108014971 MG 223aa Freshwater

 3300013130.Ga0172363 107068091 MG 210aa Freshwater

 3300025279.Ga0208047 10782871 MG 282aa Freshwater

 3300013091.Ga0163210 10582391 MG 474aa Freshwater

 3300013090.Ga0163209 11590751 MG 206aa Freshwater

 3300056905.Ga0568917 0558118 3 929 MG 309aa Freshwater

 3300057014.Ga0568896 0463628 1 918 MG 306aa Freshwater

 3300056902.Ga0568906 0061532 1 1398 MG 466aa Freshwater

 3300057024.Ga0568885 0868787 1 714 MG 238aa Freshwater

 3300003938.Ga0063230 116768681 MT 460aa Freshwater

 3300048830.Ga0498909 030989 1 603 MT 201aa Freshwater

 3300037461.Ga0392394 0712396 2 1018 MG 339aa Freshwater

 3300036122.Ga0393302 11379 13 741 MT 242aa Freshwater

 3300036126.Ga0393315 09273 3 656 MT 218aa Freshwater

 3300036416.Ga0393314 037092 3 638 MT 212aa Freshwater

 3300037757.Ga0393305 05233 2 748 MT 249aa Freshwater

 3300012931.Ga0153915 116622661 MG 248aa Freshwater

 3300019246.Ga0172287 10391221 MT 251aa Freshwater

 3300038285.Ga0401977 011340 1 747 MT 249aa Freshwater

 3300019234.Ga0172288 12470131 MT 549aa Freshwater

 3300019246.Ga0172287 11278221 MT 332aa Freshwater

 3300038325.Ga0401978 010341 70 810 MT 247aa Freshwater

 3300031952.Ga0315294 105852841 MG 333aa Freshwater

 3300032070.Ga0315279 101272193 MG 348aa Freshwater

 3300031707.Ga0315291 100800901 MG 480aa Freshwater

 3300035660.Ga0373629 0001895 13650 15299 MG 549aa Freshwater

 3300035701.Ga0373625 0027388 1963 3612 MG 549aa Freshwater

 3300032046.Ga0315289 101134564 MG 512aa Freshwater

 3300035659.Ga0373628 0015998 2497 4146 MG 549aa Freshwater

 3300032070.Ga0315279 105284891 MG 204aa Freshwater

 3300019265.Ga0187792 12640441 MT 330aa Peat

 3300019250.Ga0187790 13475201 MT 549aa Peat

 3300019265.Ga0187792 13451372 MT 218aa Peat

 3300018089.Ga0187774 101989491 MG 364aa Peat

 3300018064.Ga0187773 101930621 MG 323aa Peat

 3300019250.Ga0187790 14873431 MT 421aa Peat

 3300019265.Ga0187792 14274171 MT 520aa Peat

 3300019245.Ga0187791 14806791 MT 356aa Peat

 3300019265.Ga0187792 10964451 MT 211aa Peat

 3300019250.Ga0187790 11225211 MT 201aa Peat

 3300019199.Ga0187789 11895003 MT 529aa Peat

 3300019250.Ga0187790 12865611 MT 225aa Peat

 3300033402.Ga0326728 10000053399 MG 555aa Peat

 3300034091.Ga0326724 0000214 43983 45650 MG 555aa Peat

 3300033405.Ga0326727 1000041089 MG 555aa Peat

 3300033983.Ga0371488 0174043 20 1105 MG 362aa Peat

 3300044823.Ga0480574 160958 3 788 MG 262aa Peat

 3300044904.Ga0480571 000100 87275 88942 MG 555aa Peat

 3300044470.Ga0480575 054536 690 1505 MG 272aa Peat

 3300009548.Ga0116107 11291331 MG 238aa Peat

 3300038415.Ga0427923 0083716 701 1474 MG 257aa Peat

 3300038426.Ga0427943 025533 2 922 MG 306aa Peat

 3300039307.Ga0427938 0001886 28104 29036 MG 310aa Peat

 3300037993.Ga0427919 0190779 28 1005 MG 326aa Peat

 3300009617.Ga0116123 11112301 MG 233aa Peat

 3300017940.Ga0187853 103241781 MG 230aa Peat

 3300017941.Ga0187850 102125531 MG 293aa Peat

 3300009760.Ga0116131 10305751 MG 355aa Peat

 3300041418.Ga0439244 0067096 319 1695 MG 458aa Peat

 3300018026.Ga0187857 101909651 MG 229aa Peat

 3300038424.Ga0427935 0189237 1 633 MG 211aa Peat

 3300038426.Ga0427943 008490 4717 5439 MG 241aa Peat

 3300018020.Ga0187861 102850281 MG 237aa Peat

 3300039307.Ga0427938 0000625 68592 69452 MG 287aa Peat

 3300017998.Ga0187870 10759211 MG 291aa Peat

 3300018030.Ga0187869 100158311 MG 354aa Peat

 3300018021.Ga0187882 10338853 MG 388aa Peat

 3300009621.Ga0116116 10269811 MG 429aa Peat

 3300043295.Ga0439229 018663 2506 3915 MG 470aa Peat

 3300039251.Ga0427930 028493 270 1688 MG 473aa Peat

 3300009549.Ga0116137 100031523 MG 555aa Peat

 3300017929.Ga0187849 1000017140 MG 555aa Peat

 3300018004.Ga0187865 100067033 MG 555aa Peat

 3300018024.Ga0187881 1000014366 MG 555aa Peat

 3300038420.Ga0427954 0017428 2599 4266 MG 555aa Peat

 3300038451.Ga0427963 0058166 577 2244 MG 555aa Peat

 3300038416.Ga0427927 000038 275806 277473 MG 555aa Peat

 3300040942.Ga0439233 0001532 23844 25511 MG 555aa Peat

 3300038429.Ga0427951 018390 2252 3919 MG 555aa Peat

 3300043294.Ga0439250 005548 3718 5385 MG 555aa Peat

 3300025472.Ga0208692 10042695 MG 555aa Peat

 3300018025.Ga0187885 1000050632 MG 555aa Peat

 3300039412.Ga0427922 0000136 13481 15148 MG 555aa Peat

 3300017931.Ga0187877 10235502 MG 555aa Peat

 3300038423.Ga0427934 0000440 3788 5455 MG 555aa Peat

 3300038417.Ga0427931 0012163 3348 5015 MG 555aa Peat

 Methanosuratincolaceae SPRUCE.2016.3.metabat2.33 JACTUC010000002.1 81 555aa Peat

 3300038418.Ga0427942 000274 45774 47441 MG 555aa Peat

 3300019251.Ga0187795 11455481 MT 278aa Peat

 3300019264.Ga0187796 15658082 MT 317aa Peat

 3300019273.Ga0187794 14700441 MT 245aa Peat

 3300019241.Ga0187793 11672821 MT 217aa Peat

 3300019264.Ga0187796 10119471 MT 211aa Peat

 3300019278.Ga0187800 15327731 MT 202aa Peat

 3300032897.Ga0335071 100649483 MG 440aa Freshwater

 3300019275.Ga0187798 15674481 MT 229aa Peat

 3300019275.Ga0187798 13932792 MT 315aa Peat

 3300019284.Ga0187797 10923181 MT 390aa Peat

 3300033402.Ga0326728 102654311 MG 417aa Peat

 3300032805.Ga0335078 1000652911 MG 557aa Freshwater

 3300032892.Ga0335081 114469161 MG 254aa Freshwater

 3300032892.Ga0335081 110202692 MG 278aa Freshwater

 3300019251.Ga0187795 11596013 MT 564aa Peat

 3300019251.Ga0187795 10294781 MT 339aa Peat

 3300019264.Ga0187796 11174871 MT 292aa Peat

 3300019273.Ga0187794 10601861 MT 246aa Peat

 3300019273.Ga0187794 13500293 MT 564aa Peat

 3300019264.Ga0187796 14429901 MT 289aa Peat

 3300019264.Ga0187796 10604781 MT 564aa Peat

 3300019264.Ga0187796 12735383 MT 290aa Peat

 3300019273.Ga0187794 10900283 MT 215aa Peat

 3300019251.Ga0187795 10184281 MT 253aa Peat

 3300031862.Ga0315280 1000915317 MG 383aa Freshwater

 3300032069.Ga0315282 102160162 MG 375aa Freshwater

 3300012964.Ga0153916 102620143 MG 234aa Freshwater

 3300013078.Ga0153914 12887841 MT 310aa Freshwater

 3300012931.Ga0153915 105055261 MG 343aa Freshwater

 3300013078.Ga0153914 10715631 MT 384aa Freshwater

 3300012964.Ga0153916 104377171 MG 360aa Freshwater

 3300013080.Ga0153913 10564101 MT 236aa Freshwater

 3300049478.Ga0499978 0010328 397 2067 MG 556aa Freshwater

 3300044799.Ga0480576 179354 1 816 MG 272aa Peat

 3300035660.Ga0373629 0353802 6 692 MG 228aa Freshwater

 3300035179.Ga0373630 0139805 344 2011 MG 555aa Freshwater

 3300012931.Ga0153915 103106241 MG 251aa Freshwater

 3300032020.Ga0315296 1000002699 MG 555aa Freshwater

 3300038550.Ga0436471 0042192 83 874 MG 263aa Freshwater

 3300038422.Ga0436472 0036555 2430 3371 MG 314aa Freshwater

 3300038558.Ga0436470 0000523 26532 28202 MG 556aa Freshwater

 DeepCast 400m m2 128 MBM5805679.1 555aa Freshwater

 3300020084.Ga0194110 1000104218 MG 555aa Freshwater

 3300020222.Ga0194125 100072663 MG 555aa Freshwater

 3300020109.Ga0194112 1000153625 MG 555aa Freshwater

 3300020083.Ga0194111 1000358218 MG 555aa Freshwater

 3300020074.Ga0194113 100192731 MG 277aa Freshwater

 3300020074.Ga0194113 100419251 MG 270aa Freshwater

 3300020603.Ga0194126 105349631 MG 203aa Freshwater

 3300031862.Ga0315280 102204261 MG 349aa Freshwater

 3300032069.Ga0315282 1000242320 MG 555aa Freshwater

 3300031862.Ga0315280 103841501 MG 214aa Freshwater

 3300031862.Ga0315280 100209496 MG 555aa Freshwater

 3300032163.Ga0315281 111834121 MG 254aa Freshwater

 3300032163.Ga0315281 111684451 MG 256aa Freshwater

 3300035179.Ga0373630 0003049 148 1815 MG 555aa Freshwater

 3300032069.Ga0315282 101241961 MG 258aa Freshwater

 3300024341.Ga0233421 100704831 MG 373aa Freshwater

 3300045116.Ga0438313 0183182 2 988 MG 329aa Freshwater

 3300024333.Ga0233422 100438652 MG 434aa Freshwater

 3300045006.Ga0438302 0000031 46110 47777 MG 555aa Freshwater

 3300045008.Ga0438309 0000254 16756 18423 MG 555aa Freshwater

 3300045017.Ga0438303 0000064 4676 6343 MG 555aa Freshwater

 3300045118.Ga0438315 0000802 10976 12643 MG 555aa Freshwater

 3300045146.Ga0438316 0000191 24047 25714 MG 555aa Freshwater

 3300045144.Ga0438307 0000047 122642 124309 MG 555aa Freshwater

 3300045411.Ga0438317 0000055 70161 71828 MG 555aa Freshwater

 3300045117.Ga0438314 0000444 10848 12515 MG 555aa Freshwater

 3300045019.Ga0438305 000274 29309 30976 MG 555aa Freshwater

 3300045275.Ga0438306 0000517 10976 12643 MG 555aa Freshwater

 3300045016.Ga0438301 000305 46123 47790 MG 555aa Freshwater

 3300045611.Ga0438319 0000618 16763 18430 MG 555aa Freshwater

 3300045018.Ga0438304 0001807 12008 13675 MG 555aa Freshwater

 3300023177.Ga0233423 100041096 MG 555aa Freshwater

 3300045007.Ga0438308 0000373 28234 29901 MG 555aa Freshwater

 Methanoluiimicrobium subterraneus bin15 cluster4 563aa Oil

 Methanomethylicus mesodigestus SpSt 468 HFK20194.1 555aa Hot Spring

 3300025161.Ga0209381 10028683 MG 555aa Hot Spring

 3300007072.Ga0073932 100049285 MG 549aa Hot Spring

 3300031463.Ga0272448 12197561 MG 308aa Hot Spring

 3300031463.Ga0272448 10275386 MG 279aa Hot Spring

 3300038293.Ga0401988 006136 1 603 MT 200aa Freshwater

 3300019246.Ga0172287 12553662 MT 424aa Freshwater

 3300038280.Ga0401955 005369 413 1069 MT 219aa Freshwater

 3300019234.Ga0172288 13199251 MT 406aa Freshwater

 3300038165.Ga0401961 010153 2 736 MT 245aa Freshwater

 3300038280.Ga0401955 019413 33 692 MT 219aa Freshwater

 3300010288.Ga0116210 10611791 MG 225aa Hot Spring

 Methanosuratincola A Bin15 MBC7120206.1 596aa Oil

 Methanosuratincola mesotaenarum bin90 cluster3 556aa Oil

 Methanosuratincola Uz-U4-30 MEJ5293144.1 556aa Hot Spring

 Methanosuratincola subterraneum Ch88 RWX73849.1 557aa Thermal aquifer

 YNPCB019-019 Ga0272448 10247384 556aa Hot Spring

 3300031463.Ga0272448 10247384 MG 556aa Hot Spring

 3300043540.Ga0453685 041658 1042 2712 MG 556aa Hot Spring

 3300005573.Ga0078972 1000747111 MG 556aa Hot Spring

 3300027863.Ga0207433 100219468 MG 556aa Hot Spring

 3300031749.Ga0315298 1000018210 MG 556aa Hot Spring

 Methanosuratincola petracarbonis SpSt 1038 HHI48727.1 556aa Hot Spring

 3300009503.Ga0123519 1000471624 MG 556aa Hot Spring

 Methanosuratincola verstraetei LCB70 XRH75236.1 556aa Hot Spring

 3300043283.Ga0450887 00064 7 1677 MT 556aa Hot Spring

 3300006380.Ga0068664 13192723 MT 270aa Hot Spring

 3300006363.Ga0068659 11153011 MT 263aa Hot Spring

 3300039029.Ga0400299 003803 2136 3035 MT 300aa Hot Spring

 Methanosuratincola A05DMB-I-01 MDH7555385.1 556aa Hot Spring

 Methanosuratincola petracarbonis LWZ-6 556aa Oil

 Methanosuratincola E Bin1 MBC7126758.1 556aa Oil

 Methanosuratincola petracarbonis V4 507aa Oil

 Methanosuratincola petrocarbonis SK C16 T55 P1 bin 23 MEN3036477.1 556aa Oil

 Methanosuratincola petrocarbonis SK C16 T55 P2 bin 6 MEN3017125.1 556aa Oil

 Methanosuratincola JZ 65 OP bin 38 MDI9643956.1 556aa Hot Spring

 Methanosuratincola EEE32 k255 889434 63 556aa Hot Spring

 Methanosuratincola EEE33 00151 556aa Hot Spring

 3300026509.Ga0209809 10771961 MG 226aa Hot Spring

 3300039029.Ga0400299 034359 31 720 MT 230aa Hot Spring

 3300037745.Ga0400296 029488 2 775 MT 257aa Hot Spring

 3300037717.Ga0400292 010269 6 1175 MT 389aa Hot Spring

 3300005453.Ga0068705 100475842 MG 378aa Hot Spring

 3300006380.Ga0068664 13027341 MT 263aa Hot Spring

 3300037747.Ga0400303 031257 1 735 MT 245aa Hot Spring

 GCA 038895235.1 MEM4657501.1

 Methanosuratincola HHBFW-2 201803 bins 253 GCA 038825825.1 MEM2125407.1 556aa Hot Spring

 GCA 038825825.1 MEM2125407.1

Methanosuratincola-like

 3300019246.Ga0172287 14453691 MT 239aa Freshwater

 3300036416.Ga0393314 021399 2 802 MT 267aa Freshwater

 3300032156.Ga0315295 113803921 MG 227aa Freshwater

 3300027900.Ga0209253 100328501 MG 315aa Freshwater

 3300027897.Ga0209254 101210681 MG 556aa Freshwater

 3300032118.Ga0315277 100525995 MG 556aa Freshwater

 3300033513.Ga0316628 1029285011 MG 208aa Freshwater

 Methanomethylicus OWC 0001 MDD1776520.1 556aa Freshwater

 3300037665.Ga0401897 015075 2 613 MT 204aa Freshwater

 3300031707.Ga0315291 106288341 MG 322aa Freshwater

 3300032177.Ga0315276 119310021 MG 201aa Freshwater

 Methanomethylicus oleusabuli V3 2701349801 Ga0138509 557aa Oil

 3300019202.Ga0179947 10918782 MT 290aa Anaerobic digester

 3300019217.Ga0179946 11712963 MT 556aa Anaerobic digester

 3300029288.Ga0265297 102324171 MG 301aa Landfill

 3300019202.Ga0179947 11282961 MT 258aa Anaerobic digester

 Methanomethylicus AMR MDS 2729 HPC27843.1 500aa Wastewater

 3300009704.Ga0116145 10798741 MG 305aa Anaerobic digester

 3300009704.Ga0116145 10171661 MG 234aa Anaerobic digester

 3300009664.Ga0116146 10370423 MG 488aa Anaerobic digester

 3300009667.Ga0116147 10366753 MG 251aa Anaerobic digester

 3300025689.Ga0209407 11283281 MG 238aa Anaerobic digester

 3300028625.Ga0302251 10620231 MG 220aa Anaerobic digester

 3300019247.Ga0179937 13866761 MT 376aa Anaerobic digester

 3300013133.Ga0172362 105368711 MG 251aa Freshwater

 3300028625.Ga0302251 10091403 MG 307aa Anaerobic digester

 3300028758.Ga0307364 1115491 MT 306aa Anaerobic digester

 3300029597.Ga0307368 1005421 MT 550aa Anaerobic digester

 3300028728.Ga0307367 1007223 MT 556aa Anaerobic digester

 3300028622.Ga0302253 10067242 MG 556aa Anaerobic digester

 3300028760.Ga0307362 1021333 MT 556aa Anaerobic digester

 3300029598.Ga0307369 1006653 MT 556aa Anaerobic digester

 3300028907.Ga0302252 10040022 MG 556aa Anaerobic digester

 3300028751.Ga0307365 1007343 MT 556aa Anaerobic digester

 3300029601.Ga0307371 1014663 MT 556aa Anaerobic digester

 3300028730.Ga0307363 10022513 MT 556aa Anaerobic digester

 3300029658.Ga0307366 1004873 MT 556aa Anaerobic digester

 Methanomethylicus mesodigestus V1 2701352036 Ga0138500 557aa Anaerobic digestor

 3300029602.Ga0307370 1019023 MT 556aa Anaerobic digester

Methanomethylicus-like

 3300031463.Ga0272448 10741871 MG 537aa Hot Spring

 3300005860.Ga0080004 115895214 MG 556aa Hot Spring

 3300035198.Ga0315269 0008661 2888 4558 MG 556aa Freshwater

 3300031749.Ga0315298 100150833 MG 556aa Hot Spring

 3300044273.Ga0467084 001909 13427 15097 MG 556aa Hot Spring

 3300025546.Ga0209225 10027818 MG 556aa Hot Spring

 Methanomethylovorus WYZ-LMO10 contig-64 QNVH01000064.1 435aa Hot Spring

 YNPCB019-026 Ga0272448 10122921 537aa Hot Spring

 3300031463.Ga0272448 10122921 MG 537aa Hot Spring

 Methanomethylovorus SJ3.Bin27 NHV59886.1 556aa Hot Spring

 3300009503.Ga0123519 102240191 MG 265aa Hot Spring

 3300005298.Ga0071330 10395255 MG 536aa Hot Spring

 3300020153.Ga0197142 10787741 MG 334aa Hot Spring

 3300042903.Ga0453688 0000010 27541 29211 MG 556aa Hot Spring

 3300043541.Ga0453686 122538 1 1152 MG 384aa Hot Spring

 3300005573.Ga0078972 100433334 MG 556aa Hot Spring

 3300029977.Ga0272449 10072018 MG 556aa Hot Spring

 3300043544.Ga0453690 003038 6232 7902 MG 556aa Hot Spring

 YNPCB024-024 Ga0272449 10072018 556aa Hot Spring

 3300027863.Ga0207433 100093549 MG 556aa Hot Spring

 3300043569.Ga0453687 121704 3 1241 MG 413aa Hot Spring

 3300009503.Ga0123519 105210891 MG 215aa Hot Spring

 Methanomethylovorus MAG-3 JACIVQ010000019.1 23 556aa Oil

 Methanostamsia subterranea bin56 cluster5 556aa Oil

 Methanomethylovorus thermophilus JZ-3 bin 106 Ga0263252 104 2774021194 557aa Hot Spring

 GCA 029887795.1 MDH5811019.1

 GCA 038885095.1 MEM4234239.1

 GCA 038830925.1 MEM2001461.1

 GCA 038870015.1 MEM3040088.1

 GCA 038886395.1 MEM4156975.1

 GCA 038885815.1 MEM4216423.1

 GCA 038851635.1 MEM2880754.1

 Methanomethylovorus thermophilus JZ-2 bin 200 2774017087 Ga0263249 103 557aa Hot Spring

 GCA 038885495.1 MEM4214243.1

 GCA 038829175.1 MEM2058533.1

 Methanomethylovorus SKW203 MCX8181990.1 556aa Hot Spring

 GCA 038825415.1 MEM2128786.1

 GCA 038886095.1 MEM4203547.1

 Methanomethylovorus thermophilus JZ-3 bin 107 Ga0263255 106 2774024479 557aa Hot Spring

 Methanomethylovorus SRBZ-2 201901 bins 177 GCA 038895455.1 MEM4644175.1 556aa Hot Spring

 GCA 038895455.1 MEM4644175.1

 Methanomethylovorus QQ 201907 bins 91 GCA 038890535.1 MEM4405833.1 556aa Hot Spring

 GCA 038890535.1 MEM4405833.1

 GCA 038880995.1 MEM3882537.1

 GCA 038883035.1 MEM3743452.1

 GCA 038872095.1 MEM3532561.1

 GCA 038870675.1 MEM3621344.1

 GCA 038873835.1 MEM3433578.1

 GCA 038874335.1 MEM3366544.1

 GCA 038872915.1 MEM3485164.1

 Methanomethylovorus thermophilus DRTY-6 bin144 2774023652 557aa Hot Spring

 GCA 038884075.1 MEM3674245.1

Methanomethylovorus-like

 YNPCB003-007 Ga0272445 100006964 555aa Hot Spring

 3300043544.Ga0453690 013185 572 2239 MG 555aa Hot Spring

 3300028675.Ga0272445 100006964 MG 555aa Hot Spring

 3300043541.Ga0453686 003571 3 605 MG 200aa Hot Spring

 3300042965.Ga0453286 001014 3197 4864 MG 555aa Hot Spring

 3300042910.Ga0453288 0367 32159 33826 MG 555aa Hot Spring

 3300050342.Ga0527077 0361 32161 33828 MG 555aa Hot Spring

 3300043541.Ga0453686 010567 4012 5379 MG 456aa Hot Spring

 YNPCB024-038 Ga0272449 100009867 554aa Hot Spring

 3300029977.Ga0272449 100009867 MG 555aa Hot Spring

 3300027863.Ga0207433 104129121 MG 280aa Hot Spring

 3300005860.Ga0080004 112079575 MG 555aa Hot Spring

 3300044273.Ga0467084 002393 10716 12383 MG 555aa Hot Spring

 Methanomethyloarchaeales SJ3 Bin82-1 NHV45550.1 555aa Hot   
 Spring  3300025546.Ga0209225 100008936 MG 555aa Hot Spring

 3300042965.Ga0453286 054884 66 1274 MG 402aa Hot Spring

 Methanomethyloarchaeales BinS31 MCC6013274.1 555aa Hot Spring

 3300033490.Ga0326760 1000001560 MG 555aa Hot Spring

 GCA 038732445.1 MEM0231699.1

 GCA 038822945.1 MEM1738647.1

 GCA 038728785.1 MEM0100926.1

 GCA 038836315.1 MEM1855482.1

 3300025090.Ga0209080 10216921 MG 477aa Hot Spring

 GCA 038886675.1 MEM4599745.1

 3300007999.Ga0105163 10064983 MG 555aa Hot Spring

 GCA 038842725.1 MEM2259522.1

 GCA 038888335.1 MEM4529465.1

 GCA 038865385.1 MEM2525658.1

 GCA 038888195.1 MEM4479572.1

 GCA 038895995.1 MEM4609129.1

 GCA 038867955.1 MEM2449689.1

 GCA 038897475.1 MEM4953908.1

 3300008000.Ga0105162 10065323 MG 555aa Hot Spring

 GCA 038861055.1 MEM2667690.1

 GCA 038894455.1 MEM4706106.1

 GCA 038817175.1 MEM1574011.1

 GCA 029887765.1 MDH5806229.1

 3300025089.Ga0209394 10063152 MG 555aa Hot Spring

 GCA 038820875.1 MEM1752905.1

 GCA 038858315.1 MEM2742555.1

 GCA 038845695.1 MEM2177659.1

 Methanomethylarchaeales GMQP bin 44 2774019680 Ga0263253 11 556aa Hot Spring

 GCA 038824265.1 MEM1669470.1

Methanomethyloarchaeum-like

 3300013103.Ga0164318 105733601 MG 305aa Hydrothermal vent

 3300022188.Ga0190313 11067051 MG 200aa Hydrothermal vent

 3300010332.Ga0116200 100632222 MG 359aa Hydrothermal vent

 Aukarchaeales Auk277 MCD6409507.1 564aa Hydrothermal vent

 3300014887.Ga0180302 101480411 MG 334aa Hydrothermal vent

 Aukarchaeales HyVt-160 HDI46520.1 491aa Hydrothermal vent

  3300010332.Ga0116200 100371061 MG 491aa Hydrothermal vent

  3300014914.Ga0164311 100702103 MG 388aa Hydrothermal vent Aukarchaeales-like    
  3300025163.Ga0209410 10551611 MG 430aa Hydrothermal vent

 3300028169.Ga0268279 10013609 MG 555aa Freshwater

 3300028620.Ga0257139 10015491 MT 555aa Freshwater

 3300029638.Ga0257144 10012191 MT 555aa Freshwater

 3300029683.Ga0265601 10007271 MT 555aa Freshwater

 3300028668.Ga0257140 10016221 MT 555aa Freshwater

 3300028193.Ga0265594 100042529 MG 555aa Bathyarchaeia Jinwuousiales Freshwater

 3300029648.Ga0265606 1038591 MT 222aa Freshwater

 3300029666.Ga0265600 1005361 MT 544aa Freshwater

 3300028276.Ga0268282 10891451 MG 232aa Freshwater

 3300005645.Ga0077109 10338901 MG 251aa Freshwater

 3300028272.Ga0265592 10258843 MG 207aa Freshwater

 3300056997.Ga0568910 0285086 9 1109 MG 366aa Freshwater

 3300057044.Ga0568899 0338349 2 1306 MG 435aa Freshwater

 3300057057.Ga0568911 0351088 2 787 MG 261aa Freshwater

 3300057017.Ga0568921 0499884 1 846 MG 282aa Freshwater

 3300057057.Ga0568911 0739962 3 632 MG 210aa Freshwater

 3300056885.Ga0568890 0048231 2597 4243 MG 549aa Freshwater

 3300057053.Ga0568900 0370448 96 1445 MG 449aa Freshwater

 3300025144.Ga0209725 11222851 MG 278aa Freshwater

 3300010324.Ga0129297 100885011 MG 297aa Freshwater

 3300025144.Ga0209725 11780901 MG 218aa Freshwater

 3300025144.Ga0209725 11655251 MG 229aa Freshwater

 3300010328.Ga0129298 101344821 MG 388aa Freshwater

 3300010324.Ga0129297 100430572 MG 473aa Freshwater

Bathyarchaeota-like

 3300014887.Ga0180302 100641051 MG 520aa Hydrothermal vent

 3300014914.Ga0164311 100697922 MG 549aa Hydrothermal vent

 3300010332.Ga0116200 100712271 MG 461aa Hydrothermal vent

 Nezhaarchaeales B75 G16 QMSF01000010.1 Hydrothermal vent

 3300014911.Ga0180301 1000409713 MG 499aa Hydrothermal vent

 Nezhaarchaeales JZ-3 D bin 91 MDI9620171.1 555aa Hot Spring

 Nezhaarchaeales SKYB125 MCS7140307.1 555aa Hot Spring

 Methanonezharchaeum fastidiosum YNP3N 555aa Hot Spring

 Nezhaarchaeales JZ-1 201705 bins 7 GCA 038844145.1 MEM2214036.1 555aa Hot Spring

 GCA 038857965.1 MEM2724770.1

 GCA 038861915.1 MEM2622485.1

 Nezhaarchaeales Methanohydrogenotrophicum pristinum JZ-1 bin 66 2774011238 Ga0263245 11 558aa Hot Spring

 3300025090.Ga0209080 100001514 MG 557aa Hot Spring

 GCA 038841295.1 MEM2316242.1

 GCA 038844145.1 MEM2214036.1

 3300008000.Ga0105162 10011546 MG 557aa Hot Spring

 GCA 038853625.1 MEM2834843.1

 Nezhaarchaeales WYZ-LMO8 contig-25 QNVF01000025.1 556aa Hot Spring

 GCA 038897075.1 MEM4978005.1

 Nezhaarchaeales WYZ-LMO7 contig-24 QNVE01000024.1 556aa Hot Spring

 3300007999.Ga0105163 10007778 MG 557aa Hot Spring

 3300025089.Ga0209394 100002514 MG 557aa Hot Spring

 GCA 038867295.1 MEM2481827.1

 GCA 038840755.1 MEM2363102.1

 Nezhaarchaeales Methanohydrogenotrophicum pristinum JZ bin 38 2722555921 Ga0180368 104 558aa Hot Spring

 Nezhaarchaeales DRTY-1 201901 bins 49 GCA 038731495.1 MEM0217765.1 555aa Hot Spring

 GCA 038731495.1 MEM0217765.1

 GCA 038731855.1 MEM0241293.1

 GCA 038824395.1 MEM1624305.1

 GCA 038834305.1 MEM1871599.1

 GCA 038838895.1 MEM1788707.1

 GCA 029887785.1 MDH5815503.1

 Nezhaarchaeales GMQP 201907 bins 17 GCA 038837625.1 MEM1823892.1 557aa Hot Spring

 GCA 038897775.1 MEM4919854.1

 GCA 038837625.1 MEM1823892.1

 GCA 038832765.1 MEM1915118.1

 GCA 038889635.1 MEM4425609.1

 GCA 038897195.1 MEM4941418.1

 GCA 038892675.1 MEM4817726.1

 GCA 038833375.1 MEM1901551.1

 GCA 038887075.1 MEM4603167.1

 Nezhaarchaeales Methanogeoarchaeum hydrogenovorans ZMQR bin 18 2774025851 556aa Hot Spring

 GCA 038888835.1 MEM4467663.1

 GCA 038734475.1 MEM0317978.1

 GCA 038822465.1 MEM1745299.1

 GCA 038835705.1 MEM1812240.1

 GCA 038891975.1 MEM4862948.1

 GCA 038821435.1 MEM1743639.1

 GCA 038892995.1 MEM4803748.1

 Nezhaarchaeales Methanogeoarchaeum hydrogenovorans GMQP bin 37 2774026864 556aa Hot Spring

 Nezhaarchaeales DRTY-1 201901 bins 43 GCA 038731855.1 MEM0240721.1 557aa Hot Spring

 GCA 038731855.1 MEM0240721.1

Methanonezhaarchaeales-like

 Methylarchaeales JZ-2 201705 bins 149 GCA 038851605.1 MEM2873767.1 554aa Hot Spring

 GCA 038851605.1 MEM2873767.1

 GCA 038869495.1 MEM3078234.1

 Methylarchaeum tengchongensis JZ-2 bin 220 2774018586 Ga0263250 108 555aa Hot Spring

 3300035198.Ga0315269 0001299 7364 9028 MG 554aa Freshwater

 3300010328.Ga0129298 102822641 MG 241aa Freshwater

 3300010328.Ga0129298 100006718 MG 554aa Freshwater

 3300025143.Ga0209314 100050011 MG 554aa Freshwater

 Methylarchaeales H03B2 MCP8305200.1 557aa Marine

 Methylarchaeales HK02M2 MCP8322723.1 557aa Marine

 Methylarchaeales HK01M MCP8311141.1 557aa Marine

 Methylarchaeales HK01B MCP8318350.1 557aa Marine

 3300045007.Ga0438308 0205998 2 1108 MG 369aa Freshwater

 3300045144.Ga0438307 0276326 47 940 MG 298aa Freshwater

 3300045611.Ga0438319 0230785 3 692 MG 230aa Freshwater

 3300031877.Ga0315314 100013536 MG 557aa Freshwater

 3300031898.Ga0315312 10299632 MG 557aa Freshwater

 Methylarchaeales TDP10 MCP8308058.1 557aa Marine

 3300010328.Ga0129298 103238011 MG 236aa Freshwater

 3300038469.Ga0436466 0075822 3047 4234 MG 395aa Freshwater

 3300038469.Ga0436466 0055357 MG 211aa Freshwater

 3300038470.Ga0436467 0346292 1 1167 MG 388aa Freshwater

 3300038551.Ga0436463 0858069 74 868 MG 264aa Freshwater

 3300038552.Ga0436465 0523073 1 1161 MG 386aa Freshwater

 3300013129.Ga0172364 107483291 MG 201aa Freshwater

 3300031604.Ga0315309 11041881 MG 353aa Freshwater

 3300010328.Ga0129298 104186631 MG 204aa Freshwater

 3300010328.Ga0129298 102866241 MG 230aa Freshwater

 3300032020.Ga0315296 101307081 MG 256aa Freshwater

 3300035688.Ga0373626 0762166 1 681 MG 227aa Freshwater

Nitrososphaerota-like

 Korarchaeum SKYB86 MCS7102414.1 554aa Hot Spring

 Korarchaeum GXS 201912 bins 25 GCA 038831125.1 MEM1984716.1 554aa Hot Spring

 GCA 038831125.1 MEM1984716.1

  Methanodesulfokores washburnensis NM4 RZN63751 1 554aa Hot Spring

   3300044273.Ga0467084 000211 23747 25411 MG 554aa Hot Spring

   Methanodesulfokores washburnensis MDKW WP125672267-1 555aa Hot Spring

   3300025546.Ga0209225 100074128 MG 554aa Hot Spring

   3300005860.Ga0080004 113416547 MG 554aa Hot Spring

   Methanodesulfokores washburnensis WYZ-LMO9 TDA40885 1 554aa Hot Spring

   3300031749.Ga0315298 11575802 MG 207aa Hot Spring

  3300005573.Ga0078972 100176627 MG 554aa Hot Spring

  3300027863.Ga0207433 1000126253 MG 554aa Hot Spring Korarchaeales-like    
  3300031749.Ga0315298 10714391 MG 321aa Hot Spring

 Methanodesulfokora washburnensis LCB3 554aa Hot Spring

 3300059695.Ga0587148 001 704173 705837 MG 554aa Hot Spring

 YNPCB003 Ga0272445 10287652 470aa Hot Spring

 3300028675.Ga0272445 10287652 MG 470aa Hot Spring

 Archaeoglobi JZ 75 SW bin 109 MDI9645987.1 555aa Hot Spring

 GCA 038827655.1 MEM2069951.1

 GCA 038887895.1 MEM4496328.1

 GCA 038736115.1 MEM0350594.1

 GCA 038829905.1 MEM2022341.1

 GCA 038894675.1 MEM4675778.1

 Methanoproducendum senex GMQP bin 32 2774028605 Ga0263258 102 555aa Hot Spring

 GCA 038855655.1 MEM2787259.1

 GCA 038823695.1 MEM1670967.1

 GCA 038820925.1 MEM1751019.1

 GCA 038842045.1 MEM2271223.1

 GCA 038867515.1 MEM2458000.1

 GCA 038817355.1 MEM1575952.1

 GCA 038897615.1 MEM4945034.1

 GCA 038860655.1 MEM2657070.1

 GCA 038857365.1 MEM2716662.1

 GCA 038845375.1 MEM2190345.1

 Archaeoglobi ZZQ 201803 bins 86 GCA 038817355.1 MEM1575952.1 555aa Hot Spring

 Archaeoglobi JZ-1 201803 bins 18 GCA 038840495.1 MEM2346563.1 538aa Hot Spring

 GCA 038840495.1 MEM2346563.1

 GCA 038867855.1 MEM2426171.1

 GCA 038888215.1 MEM4540078.1

 GCA 038734275.1 MEM0301708.1

 Archaeoglobi DRTY-1 201808 bins 14 GCA 038734275.1 MEM0301708.1 555aa Hot Spring

 GCA 038895815.1 MEM4615427.1

 GCA 038887715.1 MEM4509140.1

 Archaeoglobi JZ-3 D bin 138 MDI9642076.1 555aa Hot Spring

 GCA 038827315.1 MEM2086391.1

 Archaeoglobi GMQP D bin 18 MDI9610255.1 555aa Hot Spring

 Archaeoglobi DJKA128 NP-F35 bin 22 MDK2794864.1 555aa Oil

 Methanomixophus hydrogenotrophicum bin16 556aa Oil

 Methanomixophus hydrogenotrophicum Bin11 556aa Oil

 3300005278.Ga0065718 10250305 MG 556aa Hot Spring

 Methanoglobus nevadense GBS 556aa Hot Spring

 3300005298.Ga0071330 105093616 MG 556aa Hot Spring

 3300005860.Ga0080004 10982781 MG 460aa Hot Spring

 3300044273.Ga0467084 011725 3163 4833 MG 556aa Hot Spring

 3300043569.Ga0453687 149085 2 778 MG 258aa Hot Spring

 Methanoglobus SJ3-bin34 NHW23150.1 556aa Hot Spring

 3300029977.Ga0272449 11456611 MG 254aa Hot Spring

 3300043541.Ga0453686 040592 709 2379 MG 556aa Hot Spring

 3300043569.Ga0453687 163448 3 1019 MG 339aa Hot Spring

 Methanoglobus hypatiae LCB24 MEG9195341.1 556aa Hot Spring

 3300042965.Ga0453286 124693 1 645 MG 215aa Hot Spring

 3300043544.Ga0453690 004522 10616 11812 MG 399aa Hot Spring

 Archaeoglobi WYZ-LMO1 TDA25649.1 557aa Hot Spring

 Methanomixophus dualitatem WYZ-LMO3 TDA25962.1 557aa Hot Spring

 3300009503.Ga0123519 1000168019 MG 556aa Hot Spring

 3300005573.Ga0078972 100248432 MG 556aa Hot Spring

 Methanomixophus hydrogenotrophicum WYZ-LMO2 contig-2 QNUZ01000002.1 557aa Hot Spring

 3300027863.Ga0207433 1000106232 MG 556aa Hot Spring

Methanoglobus-like

 Types I & III
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79 Methanomethyloarchaeales WYZ-LMO11 contig-61 QNVI01000061.1 556aa Hot Spring

54 Methanomethyloarchaeales YHS JGI20130J15133 1000077 RXIH01000001.1 556aa Hot Spring

  3300005278.Ga0065718 10253126 MG 555aa Hot Spring

  100  3300005298.Ga0071330 10676551 MG 532aa Hot Spring

 Methanomethyloarchaeales SKYB85 MCS7097933.1 555aa Hot Spring

 Methanomethyloarchaeales DRTY-2 201901 bins 10 GCA 038728785.1 MEM0100926.1 555aa Hot Spring
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