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A substantial fraction of archaeal genes, from ∼30% to as much as 80%, encode ‘hypo-
thetical’ proteins or genomic ‘dark matter’. Archaeal genomes typically contain a higher
fraction of dark matter compared with bacterial genomes, primarily, because isolation
and cultivation of most archaea in the laboratory, and accordingly, experimental charac-
terization of archaeal genes, are difficult. In the present study, we present quantitative
characteristics of the archaeal genomic dark matter and discuss comparative genomic
approaches for functional prediction for ‘hypothetical’ proteins. We propose a list of top
priority candidates for experimental characterization with a broad distribution among
archaea and those that are characteristic of poorly studied major archaeal groups such
as Thaumarchaea, DPANN (Diapherotrites, Parvarchaeota, Aenigmarchaeota, Nanoarchaeota
and Nanohaloarchaeota) and Asgard.

Introduction
The drop of sequencing costs over the last decade has led to a dramatic increase in the influx of new
genomes into public databases. Furthermore, unlike the preceding years, most of these new genomic
sequences are coming from metagenomic projects and belong to unculturable species [1,2]. In particu-
lar, metagenomics has yielded more than 10 major new archaeal groups including most of the lineages
in the DPANN (Diapherotrites, Parvarchaeota, Aenigmarchaeota, Nanoarchaeota and
Nanohaloarchaeota) superphylum that include, mostly, unculturable archaea with small genomes,
many if not most of them, symbionts or parasites of other archaea. Affiliated with the TACK
(Thaumarchaea, Aigarchaea, Crenarchaea, Korarchaea) superphylum is the Asgard group that cur-
rently consists exclusively of uncultured organisms of the putative phyla Loki-, Thor-, Odin- and
Heimdallarchaeota lineages [3] that appear to be the closest archaeal relatives of eukaryotes.
Additionally, new putative phyla have been discovered within the TACK superphylum including
Bathyarchaeota, Geoarchaeota and Verstraetearchaeota, as well as among Euryarchaeota (Altiarchaea,
Thalassoarchaea, Theionarchaea, Methanonatronarchaeia, Hadesarchaeota, Methanofastidiosa) [2,4].
For the uncultured archaea (and bacteria), gene annotation, based on comparison of protein

sequences and operon organizations, is the only available source of information. Most often, the
genome annotation that is deposited in public databases, such as GenBank, is generated automatically
and thus is notably error-prone. Typical genome annotation errors include inaccurate gene calling
whereby small ORFs (open reading frames) are falsely predicted as protein-coding genes, prediction of
genes in the wrong DNA strand, prediction of ORFs in sequences that are actually non-coding, such
as CRISPR arrays, and most often, erroneous assignment of start codons [5]. These annotation errors
commingle with multiple gene fragments and pseudogenes that emerge through natural processes of
gene degeneration. Arguably, most important, the gene annotation pipelines have to operate in a ‘safe
mode’, to minimize the rate of false-positive assignments. As a result, numerous sequences in the
‘twilight zone’ of sequence similarity are annotated as ‘hypothetical proteins’, a problem that affects,
primarily, fast evolving genes, in particular, those involved in anti-parasite defense and genes that
encode small proteins [6]. The quality of the annotation depends not only on the quality of the
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computational analyses themselves but also on the speed and completeness of the integration of new experi-
mental data on protein functions integrated into annotation pipelines. At least in the case of archaea, annota-
tion in public databases often runs behind experimental studies. For example, archaea-specific ribosomal
proteins L45 and L47, experimentally identified in 2011 [7] and pre-rRNA processing and ribosome biogenesis
proteins of the NOL1/NOP2/fmu family characterized in 1998 [8], are still not included in the annotation pipe-
lines, so that most of the respective proteins remain ‘hypothetical’. The situation becomes even worse when it
comes to the numerous confident predictions of protein functions that come from in silico analyses and cover
several hundred protein families and several thousand ‘hypothetical’ proteins. Among these predictions, there
are several conserved families of membrane proteins [9], numerous genes linked to type IV pili systems [10],
genes associated with various signal transduction pathways [11,12], polymorphic toxin systems [13], as well as
integrated viruses and plasmids [14,15].
The mostly technical issues outlined above appear to stand behind the highest fractions of ‘dark matter’ in

microbial genomes. When more sensitive methods for sequence comparison and manual curation are
employed, the ‘dark matter’ fraction can be brought down to ∼20%, on average [16]. However, even after these
substantial improvements in gene annotation, the dark matter includes millions of seemingly unique, com-
pletely uncharacterized proteins. Obviously, this number will grow fast as more genomes are sequenced, even if
the fraction of dark matter in genomes remains constant or slowly drops.
An intriguing question of obvious importance is: what are the functions of these enigmatic genes?

Comparative genomics and in-depth sequence analysis remain major approaches for prediction of protein func-
tions, and the importance of this analysis further increases with the rising contribution of uncultured organ-
isms to the genomic databases [17–19]. The growing volume and diversity of sequence databases is both a
challenge — because of the increasing computational costs — and a boon to functional annotation of genes
because the sensitivity of sequence searches can be dramatically increased thanks to the use of protein family
profiles as queries. In addition to the increased sensitivity of sequence similarity detection, functional prediction
strongly benefits also from comparative analysis of genomic contexts in increasingly diverse microbial genomes
[17,20,21]. To reflect this, the COMBREX database for documenting experimental and in silico evidence for
protein function predictions and for the prioritization of uncharacterized proteins for experimental testing has
been developed [22]. Furthermore, experimental platforms for systematic validation of functional predictions
produced by computational genomics have been launched, including characterization of new enzymes [23,24]
and defense systems [25].
Several years ago, we undertook an initial analysis of dark matter islands in 168 archaeal genomes [26]. We

found that these islands comprised ∼20% of archaeal genomes and that in-depth analysis allowed us to predict
at least a general function for many of such loci and individual genes. In particular, it has been found that dark
matter islands are enriched in integrated elements, novel defense systems and other genes implicated in inter-
species conflicts [26]. Here, we report an analysis of the dark matter in 524 archaeal genomes covering all
major archaeal lineages.

Quantitative characteristics of the archaeal dark matter
In the archaeal genomes from the GenBank version of March 2018, the fraction of dark matter genes (those
annotated as ‘hypothetical’ or ‘uncharacterized’ proteins) lies with the broad 30–80% range. The database of
Archaeal Clusters of Orthologous Genes (arCOGs) has been employed to assign more annotations to archaeal
genes [16]. When the arCOGs are used to annotate this set of genomes, the dark matter fraction (genes that do
not belong to arCOGs or belong to the uncharacterized arCOGs of the functional category S) falls to 15–40%
(Supplementary Table S1). Additionally, 8% of the genes assigned to arCOGs represent a ‘gray matter’,
i.e. arCOGs with a general function prediction only (functional category R, Figure 1A). Overall, the dark
matter dominates the diversity of the gene families (92%) but represents a minority of genes (22%; Figure 1A).
This difference stems from the fact that the dark matter families are typically small and are represented in only
a few genomes (Figure 1B). Only 0.1% of the dark matter families are present in over 200 (out of the 524)
genomes; for comparison, 22% of the functionally annotated arCOGs cross this threshold.
In most of the archaea, the number of the dark matter genes scales super-linearly with the genome size

(Figure 1C) but two groups stand out in having inordinately high fractions of unannotated genes, DPANN and
Thaumarchaea. The Asgard group contributes two more extreme outliers with much more dark matter than
expected from their genome size (Lokiarchaeota archaeon CR_4 and Candidatus Heimdallarchaeota archaeon
LC_3).
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The protein sequences in the dark matter clusters tend to be much shorter compared with those that are
functionally characterized (Figure 1D). The dark matter clusters have the median length of 93 amino acids,
compared with 239 and 221 amino acids, respectively, for the ‘gray’ and ‘bright’ matter clusters. The small size
of numerous dark matter genes is likely to result from a combination of at least five factors: (1) some of these
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Figure 1. Dark matter in archaeal genomes.

Amino acid sequences of proteins, encoded in 524 (nearly) completely sequenced archaeal genomes were, when possible,

assigned to 13 443 arCOGs [16] and the rest were clustered together. The combination of arCOGs and clusters is referred to as

‘gene families’ here and elsewhere in the text. (A) The relative frequencies of ‘dark’ (no functional annotation), ‘gray’ (general

functional prediction only), and ‘bright’ (functionally annotated) matter among archaeal gene families (arCOGs and clusters) and

individual genes. (B) Distribution of the number of genomes represented in the ‘dark’, ‘gray’, and ‘bright matter’ gene families.

The plot shows the Gaussian kernel smoothed probability density functions in log scale; the number of genomes ranges from 1

(ORFan gene) to 524 (strictly ubiquitous family). (C) The fraction of ‘dark matter’ genes in 524 archaeal genomes. (D)

Distribution of the sequence lengths among the ‘dark’, ‘gray’, and ‘bright matter’ protein families. The plot shows the Gaussian

kernel smoothed probability density functions, calculated for the family consensus sequences. (E) Distribution of the island

lengths (lengths of contiguous blocks of genes) for the ‘dark matter’ genes and for a randomly selected gene set of the same

size (285 155 genes).
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ORFs are spurious and do not correspond to actual proteins, (2) the sensitivity of sequence similarity search
drops with the protein size, so that short proteins are more likely to end up as dark matter, (3) proteins asso-
ciated with certain functions, in particular, virus-encoded proteins, tend to be particularly small, (4) small pro-
teins with a narrow phyletic distribution are less likely to attract attention of researchers, and therefore, are, in
general, poorly characterized [6], (5) fast evolving lineages such as DPANN tend to have smaller ORFs.
Despite the lack of functional annotation, dark matter genes are far from being a completely random assem-

blage. This non-randomness can be gleaned from their spatial distribution in archaeal genomes. The 285 155
archaeal dark matter genes form 192 245 ‘islands’ (contiguous blocks) in the 524 genomes, with the length of
these islands distributed according to a power law-like heavy-tailed distribution (Figure 1E). The longest ‘dark
matter island’ consists of 49 genes and 205 islands (0.1%) are longer than 10 genes. In contrast, repeated sam-
pling of 285 155 random genes leads to an exponentially declining the distribution of island lengths, with none
exceeding 10 genes (frequency of <0.00005%).

Uncharacterized conserved proteins
An important minority of the dark matter genes encodes uncharacterized conserved proteins. Among the 218
genes in the pan-archaeal core, only one remains uncharacterized (arCOG04076, DUF359 protein family).
Analysis of domain fusions suggests that proteins of this family are involved in CoA biosynthesis. However,
there are many more functionally uncharacterized genes, with a broad distribution among archaea and often
archaea-specific, that have been assigned to the common ancestor of all extant archaea, with a greater than 90%
posterior probability [27]. These genes are expected to be involved in essential cellular processes and are prime
targets for experimental study (Table 1). Although the structures of many of these proteins have been solved,
only a few of them, in addition to DUF359, could be linked to a known pathway or cellular system, based on
domain fusions, context analysis or similarity searches.
Asgard, DPANN and Thaumarchaea are especially rich in ‘dark matter’ genes, which is not surprising

because these are deep-branching, poorly characterized and mostly uncultured archaeal groups (Figure 1C).
Despite this dark matter enrichment, there are only a few uncharacterized phylum-specific gene in Asgard and
DPANN. In Asgard archaea (eight sequenced genomes), ∼500 arCOGs are represented in seven or eight
genomes, and only three among these could not be assigned to arCOGs of the 2014 version [16] (Table 1).
One of these three new arCOGs is the Vps25 subunit of the ESCRT-II complex that is implicated in cell div-
ision and/or membrane remodeling. The other was initially ‘uncharacterized’, but HHpred search shows that
one of these is a distant homolog of the eukaryotic signature protein gelsolin, an actin-binding protein. The
Asgard archaea encode multiple gelsolin paralogs, but the proteins of this particular cluster were annotated as
‘hypothetical’ because of extreme sequence divergence [3]. The paucity of Asgard-specific genes appears sur-
prising because it could be expected that many eukaryotic signature genes found in these genomes would be
ancestral and present in most or all Asgard genomes. This is, apparently, not the case although the Asgard
genomes are still in the draft stage, so that some genes are likely to be missing.
The paucity of genes specific to the DPANN group (only 47 gene clusters are present in at least 17 out of 68

DPANN genomes and nowhere else) is less puzzling because most of these genomes are streamlined and lack
many genes from the archaeal core. For two of the DPANN-specific gene clusters, cls.004259 and cls.004634,
HHpred searches reveal similarity to minimal nucleotidyltransferase (MNT) and HEPN domains, and PepSY
domain, respectively (Table 1), so these genes can be more appropriately classified as ‘gray’, with a general
functional prediction. The cls.004259 cluster, most probably, is a toxin–antitoxin module [28,29]. However, the
unusual conservation of this gene, compared with the patchy distribution typical of most toxin–antitoxin
systems, suggests that this protein plays some important role in the DPANN archaea. The YpeB, or double
PepSY-like domain-containing proteins of the cls.004634 is likely to be an inhibitor of proteases that remain to
be identified [30,31]. Two other DPANN-specific protein families remain enigmatic (Table 1).
In contrast, there are 53 Thaumarchaea-specific, functionally uncharacterized arCOGs that are represented in

at least 90% of the thaumarchaeal genomes and absent from other archaea (Table 1). At present, sequence and
genomic context analysis are not highly productive in the elucidation of the likely functions of these genes but
they, obviously, are an important resource for experimental study.

Genomic islands and dark matter genes
Evidence is accumulating that processes of recombination and HGT in prokaryotes are not random [32,33].
Rather, these processes lead to the formation of islands of genes that are linked by common functional themes
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Table 1 Uncharacterized proteins, top priority candidates for experimental study Part 1 of 2

arCOG or
cluster

Representative
locus tag

Number of
genomes Comments

All archaea (524 genomes)

arCOG01159 TK2157 492 Coiled-coil protein; linked to arCOG01158,
phosphoserine phosphatase SerB

arCOG01224 TK1195 463 DUF357 family; tightly linked to arCOG02119 (DUF555
family) and Cytidylyltransferase TagD; PDB:2OO2

arCOG04076 TK1697 454 DUF359 family; predicted to be involved in CoA
biosynthesis

arCOG04051 TK1296 441 DUF424 family; linked to translational genes; PDB:2QYA

arCOG01336 TK0174 429 AMMECR1 family; linked to arCOG04290, PIN- and Zn
ribbon domains; PDB:1VAJ [48]

arCOG04171 TK2293 368 General house-keeping gene context

arCOG04308 TK2131 336 Linked to arCOG00578, Uncharacterized Zn finger
containing protein; PDB: 2QZG

arCOG01917 TK0022 392 Zn ribbon domain-containing protein

arCOG02177 TK0743 343 Membrane protein implicated in membrane remodeling or
vesicle formation [9]

arCOG04373 TK0173 313 YqgV/DUF77 family; possible thiamine binding protein;
PDB:1LXN [49]

arCOG02884 HVO_2173 293 Membrane protein with extracellular Ig-like domain,
predicted component of a putative secretion system [9]

arCOG04140 TK1882 252 PDB: 2X3D

arCOG01907 TK0182 245 AIM24 family; PDB: 1PG6

Asgard (8 genomes)

cls.008013 Lokiarch_14920 7[0]* Related to Villin-1/gelsolin, predicted actin-binding
protein; PDB:3FG7

cls.011087 Lokiarch_54080 7[0] Membrane protein

DPANN (67 genomes)

cls.004306 NEQ255 43[0] Secreted protein, often encoded next to arCOG02487, a
predicted component of secretion system and
S-layer-like proteins

cls.004259 NEQ050 36[2] MNT fused to HEPN, usually components of
toxin–antitoxin systems, but typically in house-keeping
context in DPANN

cls.004340 NEQ484 35[0] Alpha helical protein, typically in house-keeping context

cls.004634 CMH64_01370 34[0] Distantly related to YPEB or double PepSY-like
domain-containing protein, an inhibitor of protease
activity; PDB: 3NQZ [30,31]

Thaumarchaeota (30 genomes)

arCOG08720 Nmar_1229 29 [0] Metal-binding protein, DUF2024 family

arCOG08729 Nmar_1451 29 [0] RHH C-terminal domain, possibly DNA-binding protein

arCOG08818 Nmar_1679 29 [0] Membrane protein

arCOG08730 Nmar_1445 29 [0] Zn-binding protein

arCOG08809 Nmar_1788 29 [0] Membrane protein; likely co-transcribed with DNA
replication initiation complex subunit, GINS15 family
(arCOG00551)

arCOG08683 Nmar_0539 29 [0] Membrane protein; likely co-transcribed with
galactose-1-phosphate uridylyltransferase (arCOG00422)

Continued
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and/or evolutionary themes. Such islands include clusters or superoperons of house-keeping genes or supero-
perons [34], defense islands [35,36], islands of integrated elements [37–39], polymorphic toxins [13], virulence
islands [40], and others [41]. The formation of genomic islands is driven, in part, by the selective advantages of
the spatial clustering of functionally connected genes, such as the possibility of co-regulation, and in part, by
non-adaptive ‘preferential attachment’ of non-essential genes, such as defense systems and mobilome
components.
Analysis of genomic islands allows us to move many dark matter genes to the ‘gray’ zone but often provides

even for precise functional predictions. In particular, certain families of house-keeping protein families that
evolve fast are retained in stable genomic contexts across long spans of genome evolution. Such a mismatch
between sequence and positional conservation has been demonstrated, for example, for DNA replication initi-
ation complex subunits of the GINS and Cdc48 families [42] and for the membrane insertase YidC [9].
Defense islands often include many dark matter genes, and for some of these, involvement in defense functions
has been experimentally demonstrated or predicted by sequence analysis [25,36]. Numerous genomic islands
that are rich in dark matter actually are integrated mobile genetic elements, such as casposons, proviruses and
plasmids in archaea, and in many cases, their precise or approximate boundaries can be identified
[14,15,26,43]. Fast evolving multigene systems often contain signature genes that are relatively well conserved,
so that the location of such genes can point to the functions of the surrounding dark matter genes. Notable
cases in point are CRISPR–Cas systems, with cas1 genes as a signature [44], viruses with capsid proteins as a
signature [45], polymorphic toxins with Zn-dependent proteases of the DUF4157 family as a signature [13],
and many others.
Figure 2 shows five examples of diverse islands in archaeal genomes containing multiple uncharacterized

genes for which at least general functional predictions were feasible. Archaeal Type IV pili systems have been
explored in detail, uncovering enormous diversity and signs of fast evolution, especially, in the case of pilins
[10]. Therefore, it is not surprising that, in some of the DPANN genomes, predicted components of these
systems do not show detectable similarity to the respective components from other archaea. Nevertheless, the
presence of previously described components of Type IV pili systems, such as FliI, TadC and specific surface
proteins, and the presence of signal peptides in the dark matter proteins suggest that all these proteins are
diverse pilins (Figure 2A). Colicin D is one of the widespread toxins found in many polymorphic toxin systems
in bacteria, often as a C-terminal domain that is fused to other domains involved in the toxin delivery [13].
Thus, the loci shown in Figure 2B, most probably, represent polymorphic toxin systems. The presence of
PD-DExK nuclease domains, which also are abundant toxins in these systems, supports this conclusion.
Multiple defense islands in archaeal genomes have been thoroughly studied because they contain CRISPR–Cas

Table 1 Uncharacterized proteins, top priority candidates for experimental study Part 2 of 2

arCOG or
cluster

Representative
locus tag

Number of
genomes Comments

arCOG08672 Nmar_1506 29 [0] Membrane protein

arCOG08761 Nmar_0502 29 [0]

arCOG08763 Nmar_0508 29 [0]

arCOG08080 Nmar_1190 29 [0]

arCOG08668 Nmar_0643 29 [0]

arCOG08751 Nmar_0717 29 [0] Likely co-transcribed with membrane associated Zn
finger protein (arCOG08750)

arCOG08739 Nmar_0528 29 [0]

arCOG08727 Nmar_1042 29 [0]

arCOG08666 Nmar_0410 29 [0]

arCOG08745 Nmar_0373 29 [0]

Notes: archaea-specific arCOGs are underlined, clusters (cls) are new groups of orthologs that could not be assigned to previous version of arCOGs.
*Number of archaeal genomes where this gene is present outside of this lineage. Detailed information about these families is available at ftp://ftp.
ncbi.nih.gov/pub/wolf/_suppl/archDark2018/.
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system components [46]. Many of the remaining ones include multiple TA systems consisting of two small
genes that form a two-gene operon [29]. For such operons, if either toxin or antitoxin is known, it is most
likely that the other, unannotated small gene in the operon is the respective counterpart (Figure 2C). Other
genes present in these loci could be other, yet uncharacterized defense systems. The integrated MGE shown in
Figure 2D corresponds to three distinct groups of viruses as indicated by the presence of the respective signa-
ture, namely, Pleolipoviridae (His2 major capsid protein), Caudovirales (terminase small and large subunits,
TerS and TerL), Fuselloviridae (AAA ATPase, arCOG07960) [45]. All these elements contain numerous
uncharacterized genes, supposedly, virion components, genes involved in viral replication, multiple inhibitors
of host defense systems, etc. Even if prediction of specific function for most of these genes is currently out of
reach, most of them can be confidently annotated as virus-related genes. The final example (Figure 2E) could
represent a bacteriocin-like toxin or a quorum-sensing system. One of the genes encoded in this locus encodes
a family C39 peptidase involved in bacteriocin precursor peptide processing [47]. Many of the other proteins
encoded in this locus contain a leader peptide terminated by a double-glycine motif which is the characteristic

A

B

C

D

E

Figure 2. Genomic islands enriched in ‘dark matter’ genes.

Genes are shown by block arrows with the length roughly proportional to the size of the corresponding gene. For each gene,

the arCOG number (bold) or new protein cluster number (gray) is indicated underneath the respective arrows. These numbers

correspond to the assignments available on the ftp site (ftp://ftp.ncbi.nih.gov/pub/wolf/_suppl/archDark2018/). Signal peptides

are indicated by blue triangles. For each genomic island, the organism name, genome partition accession number and

co-ordinates of the locus are indicated on the right. Brief annotations of the proteins are shown above the arrows. Abbreviation

and additional information for some genes: TerS and TerL: terminase small and large subunit, respectively; TadC and TadB:

Tad secretion system, secretion accessory proteins C and B; antitoxins: HTH (helix turn helix) protein, RHH (ribbon–helix–helix)

proteins; AbrB; MNT, minimal nucleotidyltransferase; toxins: ribonucleases HEPN, PIN, RelE, Txe, PemK, HicA, ribosome

interacting toxin Doc; PD-DExK, restriction family endonuclease.
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recognition substrate of the peptidase [47]. Several genes in this locus are duplicated which is typical of systems
involved in interspecies conflicts [13].

Prospects and outlook
The genomic dark matter of archaeal and bacterial genomes presents both challenges and opportunities for
research in microbial biology. Given that the fraction of dark matter remains (nearly) constant as new genomes
are sequenced, the total amount and diversity of the dark matter increases rapidly with the growth of the
genome database. Thus, there are more and more uncharacterized genes and also a greater capacity to infer
their functions using increasingly efficient methods for sequence and genomic context analysis. To make the
study of the dark matter informative and productive, carefully curated databases of gene families and improved
transfer of annotations are essential. The computational analyses set the stage for systematic experimental inves-
tigation. Concerted effort on the functional characterization of the dark matter is likely to bring major pay-offs
through improved understanding of poorly studied but crucially important aspects of microbial biology, pri-
marily, various types of intergenomic conflicts and host–parasite coevolution. These processes are especially
poorly understood in archaea, making the study of the dark matter particularly pertinent. Moreover, there is
potential for the discovery of new defense systems that could be subsequently adopted as genome engineering
tools as amply demonstrated by the discovery of different variants of CRISPR–Cas systems.
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Supplementary table 1. Genomes analyzed in this work and the dark matter fraction. 

FTP accession number Genome Name Archaeal lineage Number of 

proteins

Fraction of dark 

matter in the 

submitted 

annotation

GCA_001563335.1 Candidatus_Thorarchaeota_archaeon_SMTZ1-45_ Asgard 3208 91%

GCA_001761425.1 Nanohaloarchaea_archaeon_SG9_ DPANN 1183 90%

GCA_001563325.1 Candidatus_Thorarchaeota_archaeon_SMTZ1-83_ Asgard 3029 89%

GCA_001872325.1 Candidatus_Pacearchaeota_archaeon_CG1_02_35_32_ DPANN 1013 88%

GCA_001595815.1 Theionarchaea_archaeon_DG-70-1_ Theionarchaea 4270 87%

GCA_001595795.1 Theionarchaea_archaeon_DG-70_ Theionarchaea 3483 86%

GCA_001871495.1 Candidatus_Micrarchaeota_archaeon_CG1_02_51_15_ DPANN 1244 86%

GCA_001872315.1 Candidatus_Pacearchaeota_archaeon_CG1_02_39_14_ DPANN 807 85%

GCA_001872795.1 Candidatus_Pacearchaeota_archaeon_CG1_02_32_132_ DPANN 872 84%

GCA_001918715.1 Crenarchaeota_archaeon_13_1_40CM_3_53_5_ unclassified 2419 84%

GCA_001872125.1 Candidatus_Pacearchaeota_archaeon_CG1_02_30_18_ DPANN 660 83%

GCA_001871595.1 Candidatus_Micrarchaeota_archaeon_CG1_02_55_22_ DPANN 1162 83%

GCA_001786415.1 Candidatus_Pacearchaeota_archaeon_RBG_19FT_COMBO_34_9_DPANN 645 83%

GCA_001787285.1 Candidatus_Pacearchaeota_archaeon_RBG_13_33_26_ DPANN 677 82%

GCA_001273385.1 miscellaneous_Crenarchaeota_group-6_archaeon_AD8-1_ Bathyarchaeota 1505 82%

GCA_001873985.1 Candidatus_Aenigmarchaeota_archaeon_CG1_02_38_14_ DPANN 1011 82%

GCA_002172575.1 Euryarchaeota_archaeon_TMED103_ ucEuryarchaeota 1636 81%

GCA_001871655.1 Candidatus_Micrarchaeota_archaeon_CG1_02_60_51_ DPANN 849 81%

GCA_001889985.1 Candidatus_Micrarchaeum_acidiphilum_ARMAN-1_ DPANN 1035 81%

GCA_001871605.1 Candidatus_Micrarchaeota_archaeon_CG1_02_55_41_ DPANN 768 80%

GCA_002204695.1 Thermoplasmatales_archaeon_ARMAN_ Thermoplasmata 991 79%

GCA_001856845.1 Thermoplasmatales_archaeon_Gpl_ Thermoplasmata 1923 79%

GCA_000496135.1 Thermoplasmatales_archaeon_E-plasma_ Thermoplasmata 1674 78%

GCA_001872145.1 Candidatus_Pacearchaeota_archaeon_CG1_02_31_27_ DPANN 779 78%

GCA_002763165.1 Candidatus_Pacearchaeota_archaeon_CG10_big_fil_rev_8_21_14_0_10_31_24_DPANN 1115 77%

GCA_000220375.1 Candidatus_Nanosalina_sp_J07AB43_ DPANN 1677 58%

GCA_000730285.1 Candidatus_Nitrososphaera_evergladensis_SR1_ Thaumarchaeota 3499 52%

GCA_000303155.1 Candidatus_Nitrososphaera_gargensis_Ga9_2_ Thaumarchaeota 3565 53%

GCA_001940655.1 Candidatus_Lokiarchaeota_archaeon_CR_4_ Asgard 4413 62%

GCA_001940645.1 Candidatus_Heimdallarchaeota_archaeon_LC_3_ Asgard 5514 68%

GCA_000200715.1 Cenarchaeum_symbiosum_A_ Thaumarchaeota 2017 51%

GCA_002794195.1 Candidatus_Pacearchaeota_archaeon_CG10_big_fil_rev_8_21_14_0_10_32_42_DPANN 907 71%

GCA_000722915.1 Marine_Group_I_thaumarchaeote_SCGC_AAA799-N04_ Thaumarchaeota 1767 41%

GCA_000220355.1 Candidatus_Nanosalinarum_sp_J07AB56_ DPANN 1407 53%

GCA_002762735.1 Candidatus_Pacearchaeota_archaeon_CG11_big_fil_rev_8_21_14_0_20_30_13_DPANN 784 74%

GCF_000698785.1 Nitrososphaera_viennensis_EN76 Thaumarchaeota 2801 57%

GCA_000875775.1 Candidatus_Nitrosopumilus_piranensis_D3C Thaumarchaeota 2161 51%

Note: Proteins which were annotated as "hypothertical", "unknown" and "uncharacterized" were counted for 

collumn E data. Proteins assined to arCOGs with category "S"  were counted for column F data. The genomes 

colored in blue were omitted in order to assess the average fraction of dark matter gene content in archaeal 

genomes reported in the text. 



GCA_002687825.1 Nanoarchaeota_archaeon_ DPANN 935 72%

GCA_002778455.1 Candidatus_Micrarchaeota_archaeon_CG10_big_fil_rev_8_21_14_0_10_45_29_DPANN 1144 67%

GCA_000416085.1 halophilic_archaeon_J07HX64_ Halobacteria 3026 49%

GCA_002789435.1 Candidatus_Pacearchaeota_archaeon_CG_4_9_14_0_8_um_filter_35_24_DPANN 951 74%

GCA_002763075.1 Candidatus_Pacearchaeota_archaeon_CG10_big_fil_rev_8_21_14_0_10_34_76_DPANN 1077 75%

GCA_000746745.1 Marine_Group_I_thaumarchaeote_SCGC_RSA3_ Thaumarchaeota 2412 39%

GCA_002792635.1 Candidatus_Pacearchaeota_archaeon_CG_4_10_14_0_2_um_filter_35_33_DPANN 950 74%

GCA_002792675.1 Candidatus_Pacearchaeota_archaeon_CG_4_10_14_0_2_um_filter_30_11_DPANN 618 71%

GCA_002788615.1 Candidatus_Pacearchaeota_archaeon_CG_4_9_14_0_2_um_filter_39_13_DPANN 931 74%

GCA_000724145.1 Marine_Group_I_thaumarchaeote_SCGC_AAA799-E16_ Thaumarchaeota 1910 36%

GCA_002794155.1 Candidatus_Pacearchaeota_archaeon_CG10_big_fil_rev_8_21_14_0_10_35_219_DPANN 902 75%

GCA_002790875.1 Candidatus_Pacearchaeota_archaeon_CG_4_9_14_3_um_filter_30_11_DPANN 740 73%

GCA_002790905.1 Candidatus_Pacearchaeota_archaeon_CG_4_9_14_3_um_filter_35_19_DPANN 986 75%

GCA_002784645.1 Candidatus_Pacearchaeota_archaeon_CG_4_10_14_0_8_um_filter_35_169_DPANN 953 74%

GCA_000299365.1 Candidatus_Nitrosopumilus_koreensis_AR1 Thaumarchaeota 1890 47%

GCA_002763155.1 Candidatus_Pacearchaeota_archaeon_CG10_big_fil_rev_8_21_14_0_10_30_48_DPANN 780 71%

GCA_000746765.1 Marine_Group_I_thaumarchaeote_SCGC_AAA799-D11_ Thaumarchaeota 1732 37%

GCA_900065925.1 Candidatus_Nitrosotalea_devanaterra_ Thaumarchaeota 2103 44%

GCA_002762795.1 Candidatus_Woesearchaeota_archaeon_CG10_big_fil_rev_8_21_14_0_10_37_12_DPANN 1463 75%

GCA_900036045.1 Methanoculleus_sp_MAB1_ Methanomicrobia 3450 58%

GCA_002794175.1 Candidatus_Pacearchaeota_archaeon_CG10_big_fil_rev_8_21_14_0_10_34_12_DPANN 729 69%

GCA_002781865.1 Candidatus_Aenigmarchaeota_archaeon_CG15_BIG_FIL_POST_REV_8_21_14_020_37_27_DPANN 1049 70%

GCF_000328925.1 Nitrosopumilus_sp_AR Thaumarchaeota 3898 42%

GCA_002784265.1 Candidatus_Aenigmarchaeota_archaeon_CG_4_10_14_3_um_filter_37_21_DPANN 1118 70%

GCA_002792115.1 Candidatus_Woesearchaeota_archaeon_CG_4_10_14_0_2_um_filter_33_13_DPANN 1410 74%

GCA_002791855.1 Candidatus_Aenigmarchaeota_archaeon_CG_4_10_14_0_8_um_filter_37_24_DPANN 1067 70%

GCF_000956175.1 Candidatus_Nitrosopumilus_adriaticus_NF5 Thaumarchaeota 2037 43%

GCF_000328945.1 Nitrosopumilus_sp_SJ Thaumarchaeota 1853 39%

GCA_002792655.1 Candidatus_Pacearchaeota_archaeon_CG_4_10_14_0_2_um_filter_31_10_DPANN 688 66%

GCA_000986845.1 Lokiarchaeum_sp_GC14_75_ Asgard 5384 47%

GCA_000830315.1 archaeon_GW2011_AR20_ DPANN 1010 58%

GCA_000496235.1 uncultured_archaeon_A07HR60_ Halobacteria 2856 40%

GCA_000830295.1 archaeon_GW2011_AR15_ DPANN 1308 57%

GCF_000710605.1 Haloterrigena_jeotgali_A29 Halobacteria 4045 40%

GCA_002782805.1 Candidatus_Aenigmarchaeota_archaeon_CG_4_8_14_3_um_filter_37_24_DPANN 1004 69%

GCF_000299395.1 Candidatus_Nitrosopumilus_sediminis_AR2 Thaumarchaeota 1949 41%

GCA_002789635.1 Candidatus_Aenigmarchaeota_archaeon_CG_4_9_14_3_um_filter_37_18_DPANN 1092 70%

GCA_002763115.1 Candidatus_Pacearchaeota_archaeon_CG10_big_fil_rev_8_21_14_0_10_31_59_DPANN 700 67%

GCA_000204585.1 Candidatus_Nitrosoarchaeum_limnia_SFB1 Thaumarchaeota 2038 46%

GCA_002762845.1 Candidatus_Woesearchaeota_archaeon_CG10_big_fil_rev_8_21_14_0_10_36_11_DPANN 890 70%

GCF_000337175.1 Natrinema_gari_JCM_14663 Halobacteria 3773 40%

GCA_002762785.1 Candidatus_Woesearchaeota_archaeon_CG10_big_fil_rev_8_21_14_0_10_45_16_DPANN 1259 69%

GCA_002763205.1 Candidatus_Micrarchaeota_archaeon_CG10_big_fil_rev_8_21_14_0_10_60_32_DPANN 798 69%

GCA_000234805.1 Pyrobaculum_ferrireducens_1860 Thermoproteales 2827 48%

GCA_000007225.1 Pyrobaculum_aerophilum_str_IM2 Thermoproteales 2605 47%

GCA_000247545.1 Pyrobaculum_oguniense_TE7 Thermoproteales 2835 41%

GCA_002762985.1 Candidatus_Woesearchaeota_archaeon_CG10_big_fil_rev_8_21_14_0_10_44_13_DPANN 1513 70%



GCA_002763255.1 Candidatus_Micrarchaeota_archaeon_CG09_land_8_20_14_0_10_60_16_DPANN 865 68%

GCA_002763265.1 archaeon_CG10_big_fil_rev_8_21_14_0_10_43_11_ unclassified 1077 70%

GCF_001541925.1 Nitrosopumilus_sp_Nsub Thaumarchaeota 1604 38%

GCA_002792915.1 Candidatus_Micrarchaeota_archaeon_CG_4_10_14_0_2_um_filter_60_11_DPANN 851 66%

GCA_002780285.1 Candidatus_Pacearchaeota_archaeon_CG06_land_8_20_14_3_00_35_12_DPANN 673 68%

GCA_000830275.1 archaeon_GW2011_AR10_ unclassified 1339 54%

GCA_002785565.1 Candidatus_Micrarchaeota_archaeon_CG10_big_fil_rev_8_21_14_0_10_54_18_DPANN 815 66%

GCF_001625445.1 Haladaptatus_sp_R4 Halobacteria 4130 39%

GCF_000710615.1 Haladaptatus_cibarius_D43 Halobacteria 3843 39%

GCF_001485575.1 Haloarcula_sp_CBA1127 Halobacteria 4130 39%

GCF_002572525.1 Natrinema_sp_CBA1119 Halobacteria 4647 36%

GCA_001443365.1 Thaumarchaeota_archaeon_CSP1-1_ Thaumarchaeota 1652 41%

GCF_000281695.1 Natrinema_sp_J7-2 Halobacteria 3595 38%

GCF_000025625.1 Natrialba_magadii_ATCC_43099 Halobacteria 4076 38%

GCF_002156965.1 Candidatus_Nitrosomarinus_catalina_SPOT01 Thaumarchaeota 1591 36%

GCF_000230715.2 Natronobacterium_gregoryi_SP2 Halobacteria 3588 37%

GCF_000731985.1 Natrinema_altunense_AJ2 Halobacteria 3588 39%

GCA_000246735.1 uncultured_marine_group_II_euryarchaeote_ Thermoplasmata 1781 34%

GCA_001307315.1 Halolamina_pelagica_CDK2 Halobacteria 3485 40%

GCF_001469955.1 Haloprofundus_marisrubri_SB9 Halobacteria 3845 40%

GCF_000337115.1 Haloterrigena_thermotolerans_DSM_11522 Halobacteria 3688 38%

GCF_000337535.1 Natrialba_aegyptia_DSM_13077 Halobacteria 4203 37%

GCF_000230735.2 Natrinema_pellirubrum_DSM_15624 Halobacteria 4096 37%

GCF_001647155.1 Haloarcula_sp_K1 Halobacteria 4131 38%

GCF_000220175.1 Candidatus_Nitrosoarchaeum_koreensis_MY1 Thaumarchaeota 1828 37%

GCF_000025325.1 Haloterrigena_turkmenica_DSM_5511 Halobacteria 4989 35%

GCF_000493245.1 Natrinema_sp_J7-1 Halobacteria 3465 37%

GCF_002494345.1 Natrinema_ejinorense_JCM_13890 Halobacteria 4203 35%

GCF_002906575.1 Salinigranum_rubrum_GX10 Halobacteria 4476 41%

GCF_000217715.1 Halopiger_xanaduensis_SH-6 Halobacteria 4087 36%

GCF_000337195.1 Natrinema_versiforme_JCM_10478 Halobacteria 3962 37%

GCF_000337455.1 Halosimplex_carlsbadense_2-9-1 Halobacteria 4274 40%

GCA_001399795.1 Candidatus_Bathyarchaeota_archaeon_BA2_ Bathyarchaeota 1761 43%

GCF_001971705.1 Haloterrigena_daqingensis_ Halobacteria 3643 36%

GCF_000336615.1 Haloarcula_amylolytica_JCM_13557 Halobacteria 3988 37%

GCF_000336895.1 Haloarcula_argentinensis_DSM_12282 Halobacteria 3981 39%

GCF_000427685.1 Haloplanus_natans_DSM_17983 Halobacteria 3664 41%

GCF_000690595.1 Haloterrigena_mahii_H13 Halobacteria 3591 35%

GCF_000007345.1 Methanosarcina_acetivorans_C2A Methanomicrobia 4567 39%

GCA_002779235.1 Candidatus_Woesearchaeota_archaeon_CG07_land_8_20_14_0_80_44_23_DPANN 975 65%

GCF_001482285.1 Haloferax_sp_Q22 Halobacteria 3849 36%

GCF_000283335.1 Halogranum_salarium_B-1 Halobacteria 4304 39%

GCF_000011085.1 Haloarcula_marismortui_ATCC_43049 Halobacteria 4144 37%

GCF_000337555.1 Natrialba_asiatica_DSM_12278 Halobacteria 3996 36%

GCF_001989615.1 Halorientalis_sp_IM1011 Halobacteria 3720 40%

GCF_000827835.1 Haloarcula_sp_CBA1115 Halobacteria 3966 36%

GCA_000496215.1 uncultured_archaeon_A07HN63_ Halobacteria 2507 38%



GCA_000416025.1 Halonotius_sp_J07HN6_ Halobacteria 2913 40%

GCF_000337595.1 Natrialba_taiwanensis_DSM_12281 Halobacteria 4135 37%

GCA_001940755.1 Candidatus_Heimdallarchaeota_archaeon_AB_125_ Asgard 2348 59%

GCF_000337275.1 Haloarcula_sinaiiensis_ATCC_33800 Halobacteria 4185 38%

GCF_000337495.1 Haloterrigena_salina_JCM_13891 Halobacteria 4332 36%

GCF_000337475.1 Haloterrigena_limicola_JCM_13563 Halobacteria 3327 37%

GCA_000328525.1 Halovivax_ruber_XH-70 Halobacteria 3099 39%

GCF_000237865.1 Haloquadratum_walsbyi_C23_ Halobacteria 2771 37%

GCA_002763225.1 Candidatus_Diapherotrites_archaeon_CG10_big_fil_rev_8_21_14_0_10_31_34_DPANN 1100 65%

GCF_002025255.1 Halolamina_sp_CBA1230 Halobacteria 3389 38%

GCA_002763275.1 Candidatus_Micrarchaeota_archaeon_CG09_land_8_20_14_0_10_55_25_DPANN 749 64%

GCF_000455365.1 Halopiger_djelfimassiliensis_IIH2 Halobacteria 3560 35%

GCF_000383975.1 Natronorubrum_tibetense_GA33 Halobacteria 4557 39%

GCF_000337515.1 Halovivax_asiaticus_JCM_14624 Halobacteria 3050 38%

GCF_000337715.1 Natronorubrum_bangense_JCM_10635 Halobacteria 3797 37%

GCA_000416065.1 Halonotius_sp_J07HN4_ Halobacteria 3226 39%

GCF_002177135.1 Natronolimnobius_baerhuensis_CGMCC_1_3597 Halobacteria 3654 35%

GCF_000336635.1 Haloarcula_japonica_DSM_6131 Halobacteria 4057 38%

GCA_002779075.1 Candidatus_Diapherotrites_archaeon_CG08_land_8_20_14_0_20_30_16_DPANN 782 71%

GCA_002412065.1 Candidatus_Parvarchaeum_acidiphilum_ARMAN-4_ DPANN 911 45%

GCF_000784335.1 Halopiger_salifodinae_KCY07-B2 Halobacteria 3978 34%

GCF_002287175.1 Methanobacterium_bryantii_M_o_H_ Methanobacteria 3204 39%

GCF_000337775.1 Haloarcula_vallismortis_ATCC_29715 Halobacteria 3825 38%

GCF_000970145.1 Methanosarcina_siciliae_C2J Methanomicrobia 4269 41%

GCF_000306765.2 Haloferax_mediterranei_ATCC_33500_CGMCC_1_2087 Halobacteria 3761 36%

GCF_001861355.1 Natrialba_sp_SSL1 Halobacteria 4149 34%

GCF_000746075.1 Methanobacterium_arcticum_M2 Methanobacteria 3174 41%

GCF_000739575.1 Halobellus_rufus_CBA1103 Halobacteria 3533 39%

GCF_000337415.1 Halorubrum_tebenquichense_DSM_14210 Halobacteria 3113 36%

GCF_000376445.1 Haladaptatus_paucihalophilus_DX253 Halobacteria 4212 36%

GCF_000336915.1 Halococcus_saccharolyticus_DSM_5350 Halobacteria 3325 35%

GCF_000172995.2 Halogeometricum_borinquense_DSM_11551_PR_3 Halobacteria 3774 35%

GCF_000336875.1 Halorubrum_californiensis_DSM_19288 Halobacteria 3313 37%

GCA_002412085.1 Candidatus_Parvarchaeum_acidophilus_ARMAN-5_ DPANN 1042 46%

GCF_000337735.1 Natronorubrum_sulfidifaciens_JCM_14089 Halobacteria 3298 36%

GCF_001280455.1 Halorubrum_tropicale_5 Halobacteria 3373 35%

GCF_000226975.2 Halobiforma_lacisalsi_AJ5 Halobacteria 4088 36%

GCF_001729285.1 Methanobacterium_sp_A39 Methanobacteria 3082 39%

GCF_001485555.1 Haloarcula_sp_CBA1128 Halobacteria 3947 35%

GCF_000336755.1 Haloferax_elongans_ATCC_BAA-1513 Halobacteria 3776 37%

GCF_000969985.1 Methanosarcina_barkeri_str_Wiesmoor Methanomicrobia 3781 38%

GCF_000196895.1 Halalkalicoccus_jeotgali_B3 Halobacteria 3679 36%

GCF_000745485.1 Methanobacterium_veterum_MK4 Methanobacteria 3156 41%

GCA_001189275.1 Pyrobaculum_sp_WP30 Thermoproteales 2216 38%

GCF_001953745.1 Haloterrigena_saccharevitans_AB14 Halobacteria 3745 33%

GCF_000969945.1 Methanosarcina_sp_Kolksee Methanomicrobia 3553 36%

GCF_000022205.1 Halorubrum_lacusprofundi_ATCC_49239 Halobacteria 3456 35%



GCF_000379085.1 Halomicrobium_katesii_DSM_19301 Halobacteria 3382 40%

GCF_000337835.1 Haloferax_sulfurifontis_ATCC_BAA-897 Halobacteria 3664 36%

GCF_000517625.1 Halostagnicola_larsenii_XH-48 Halobacteria 3858 35%

GCF_000023965.1 Halomicrobium_mukohataei_DSM_12286 Halobacteria 3232 35%

GCF_000337815.1 Haloferax_mucosum_ATCC_BAA-1512 Halobacteria 3287 36%

GCF_000337915.1 Halorubrum_saccharovorum_DSM_1137 Halobacteria 3122 37%

GCF_000455345.1 Halopiger_goleimassiliensis_IIH3 Halobacteria 3705 36%

GCF_002487355.1 Candidatus_Methanoperedens_sp_BLZ2_ Methanomicrobia 3790 45%

GCF_000337435.1 Halorubrum_terrestre_JCM_10247 Halobacteria 3180 36%

GCF_000970285.1 Methanosarcina_horonobensis_HB-1_JCM_15518 Methanomicrobia 4144 38%

GCA_000007185.1 Methanopyrus_kandleri_AV19 Methanopyri 1687 34%

GCF_002906215.1 Candidatus_Nitrosocaldus_islandicus_ Thaumarchaeota 1641 49%

GCF_001542905.1 Halorubrum_aethiopicum_SAH-A6 Halobacteria 3086 34%

GCF_001488575.1 Halobacterium_hubeiense_JI20-1 Halobacteria 3143 38%

GCA_000018465.1 Nitrosopumilus_maritimus_SCM1 Thaumarchaeota 1795 40%

GCA_000336675.1 Halococcus_hamelinensis_100A6 Halobacteria 3400 37%

GCF_000685395.1 Candidatus_Nitrosotenuis_chungbukensis_MY2 Thaumarchaeota 1951 41%

GCF_002214165.1 Candidatus_Micrarchaeota_archaeon_Mia14 DPANN 960 54%

GCA_000496195.1 uncultured_archaeon_A07HB70_ unclassified 2513 37%

GCA_002737455.1 Thaumarchaeota_archaeon_ Thaumarchaeota 1365 34%

GCF_000328685.1 Natronococcus_occultus_SP4 Halobacteria 4035 35%

GCA_001595945.1 Thermoplasmatales_archaeon_SM1-50_ Thermoplasmata 1890 72%

GCF_002787055.1 Candidatus_Nitrosotenuis_sp_AQ6f_AQ6F Thaumarchaeota 1912 37%

GCA_002737445.1 Candidatus_Nitrosoarchaeum_sp_ Thaumarchaeota 1389 33%

GCF_000337095.1 Halogeometricum_pallidum_JCM_14848 Halobacteria 4055 34%

GCA_001871475.1 Candidatus_Micrarchaeota_archaeon_CG1_02_47_40_ DPANN 1150 77%

GCF_000337395.1 Halorubrum_litoreum_JCM_13561 Halobacteria 2943 35%

GCF_000337675.1 Natronococcus_amylolyticus_DSM_10524 Halobacteria 4146 35%

GCA_000496175.1 uncultured_archaeon_A07HR67_ unclassified 2889 34%

GCF_000969905.1 Methanosarcina_vacuolata_Z-761 Methanomicrobia 3538 36%

GCF_000723845.1 Haloferax_alexandrinus_Arc-Hr Halobacteria 3735 34%

GCF_001190965.1 Haloferax_gibbonsii_ARA6 Halobacteria 3744 33%

GCF_001469875.2 Haloferax_sp_SB3 Halobacteria 3719 34%

GCF_000337335.1 Halorubrum_distributum_JCM_10118 Halobacteria 3083 35%

GCF_000337035.1 Halorubrum_coriense_DSM_10284 Halobacteria 3312 37%

GCF_000336815.1 Haloferax_prahovense_DSM_18310 Halobacteria 3766 35%

GCA_000011005.1 Methanocella_paludicola_SANAE Methanomicrobia 3004 51%

GCF_000337075.1 Halorubrum_hochstenium_ATCC_700873 Halobacteria 2850 34%

GCF_000723185.1 Thaumarchaeota_archaeon_N4 Thaumarchaeota 1854 40%

GCF_000025685.1 Haloferax_volcanii_DS2 Halobacteria 3857 33%

GCA_002762975.1 Candidatus_Diapherotrites_archaeon_CG11_big_fil_rev_8_21_14_0_20_37_9_DPANN 1219 65%

GCF_000337575.1 Natrialba_hulunbeirensis_JCM_10989 Halobacteria 3681 36%

GCF_001280425.1 Haloarcula_rubripromontorii_SL3 Halobacteria 3817 34%

GCF_000504565.1 Haloarcula_hispanica_N601 Halobacteria 3742 34%

GCF_000970045.1 Methanosarcina_sp_MTP4 Methanomicrobia 3422 40%

GCF_000955905.1 Candidatus_Nitrosotenuis_cloacae_SAT1 Thaumarchaeota 1797 40%

GCF_002844335.1 Haloarcula_taiwanensis_Taiwanensis Halobacteria 3612 33%



GCF_000336955.1 Haloferax_larsenii_JCM_13917 Halobacteria 3535 36%

GCF_002788215.1 halophilic_archaeon_True-ADL Halobacteria 3235 37%

GCF_000470655.1 Halorhabdus_tiamatea_SARL4B_type_strain_SARL4B Halobacteria 2991 35%

GCA_002688315.1 Candidatus_Woesearchaeota_archaeon_ DPANN 1003 63%

GCF_000755245.1 Halococcus_sediminicola_CBA1101 Halobacteria 3559 34%

GCF_002286985.1 Halorubrum_sp_WN019 Halobacteria 3200 32%

GCF_001593955.1 Halalkalicoccus_paucihalophilus_DSM_24557 Halobacteria 3774 33%

GCF_000224475.1 halophilic_archaeon_DL31 Halobacteria 3370 36%

GCF_000336795.1 Haloferax_lucentense_DSM_14919 Halobacteria 3513 34%

GCF_000230955.2 Halobacterium_sp_DL1 Halobacteria 3180 35%

GCF_000755225.1 Halapricum_salinum_CBA1105 Halobacteria 3309 40%

GCA_002686355.1 Candidatus_Pacearchaeota_archaeon_ DPANN 494 66%

GCF_000495475.1 Candidatus_Halobonum_tyrrellensis_G22 Halobacteria 3293 34%

GCF_000739555.1 Halolamina_rubra_CBA1107 Halobacteria 2761 37%

GCF_002355655.1 Halorubrum_trapanicum_CBA1232 Halobacteria 2879 31%

GCA_002779065.1 Candidatus_Diapherotrites_archaeon_CG08_land_8_20_14_0_20_34_12_DPANN 1017 64%

GCF_000337375.1 Halorubrum_lipolyticum_DSM_21995 Halobacteria 3138 35%

GCF_001485535.1 Halobacterium_sp_CBA1132 Halobacteria 3024 38%

GCA_002841105.1 Candidatus_Altiarchaeales_archaeon_HGW-Altiarchaeales-1_ Altiarchaeales 2007 67%

GCF_001368915.1 Haloferax_massiliensis_Arc-Hr Halobacteria 3730 30%

GCF_000970265.1 Methanosarcina_lacustris_Z-7289 Methanomicrobia 3264 36%

GCF_000334895.1 Halococcus_agarilyticus_197A Halobacteria 3226 34%

GCF_000204415.1 Methanothrix_soehngenii_GP6 Methanomicrobia 2899 36%

GCA_002839605.1 Methanomicrobiales_archaeon_HGW-Methanomicrobiales-3_ Methanomicrobia 2538 42%

GCF_000336995.1 Halorubrum_aidingense_JCM_13560 Halobacteria 2908 34%

GCF_000214725.1 Methanobacterium_paludis_SWAN1 Methanobacteria 2367 32%

GCF_000296615.1 Halorubrum_sp_T3 Halobacteria 2960 39%

GCF_000744455.1 Methanobacterium_sp_SMA-27 Methanobacteria 2415 37%

GCF_000979425.1 Methanosarcina_sp_2_H_T_1A_3 Methanomicrobia 3291 35%

GCF_000979475.1 Methanosarcina_sp_2_H_T_1A_8 Methanomicrobia 3296 35%

GCF_002252875.1 Halorubrum_ezzemoulense_Ec15 Halobacteria 3017 32%

GCF_000979455.1 Methanosarcina_sp_2_H_T_1A_6 Methanomicrobia 3295 35%

GCF_000746205.1 Halorubrum_sp_BV1 Halobacteria 2617 34%

GCF_000327485.1 Methanoregula_formicica_SMSP Methanomicrobia 2789 35%

GCF_000063445.1 Methanocella_arvoryzae_MRE50 Methanomicrobia 3058 36%

GCF_000336975.1 Haloferax_sp_ATCC_BAA-644 Halobacteria 3437 32%

GCF_000336855.1 Haloferax_sp_ATCC_BAA-646 Halobacteria 3477 32%

GCA_002839705.1 Methanobacteriales_archaeon_HGW-Methanobacteriales-1_ Methanobacteria 2412 39%

GCF_000337795.1 Haloferax_denitrificans_ATCC_35960 Halobacteria 3660 33%

GCF_000336835.1 Haloferax_sp_ATCC_BAA-645 Halobacteria 3475 31%

GCF_000812185.1 Candidatus_Nitrosopelagicus_brevis_CN25 Thaumarchaeota 1412 35%

GCF_000023945.1 Halorhabdus_utahensis_DSM_12940 Halobacteria 2919 35%

GCF_000685155.1 Candidatus_Methanoperedens_nitroreducens_ANME-2d Methanomicrobia 3254 47%

GCF_000069025.1 Halobacterium_salinarum_R1_DSM_671_R1 Halobacteria 2671 35%

GCF_000969965.1 Methanosarcina_sp_WWM596 Methanomicrobia 3377 36%

GCF_000979385.1 Methanosarcina_sp_2_H_A_1B_4 Methanomicrobia 3141 34%

GCF_002156705.1 Natrialbaceae_archaeon_JW/NM-HA_15 Halobacteria 3608 33%



GCF_001304615.1 Methanosarcina_flavescens_E03_2 Methanomicrobia 2652 35%

GCA_000145985.1 Ignisphaera_aggregans_DSM_17230 Desulfurococcales 1930 43%

GCA_002839675.1 Methanomicrobiales_archaeon_HGW-Methanomicrobiales-1_ Methanomicrobia 2456 40%

GCF_000147875.1 Methanolacinia_petrolearia_DSM_11571_ Methanomicrobia 2777 32%

GCF_000026045.1 Natronomonas_pharaonis_DSM_2160_Gabara Halobacteria 2738 32%

GCA_001402855.1 Methanosarcina_sp_795_ Methanomicrobia 2416 35%

GCF_000591055.1 Natronomonas_moolapensis_8_8_11 Halobacteria 2733 34%

GCA_000016385.1 Pyrobaculum_arsenaticum_DSM_13514 Thermoproteales 2298 39%

GCA_002688035.1 Candidatus_Diapherotrites_archaeon_ DPANN 786 62%

GCF_000007065.1 Methanosarcina_mazei_Go1 Methanomicrobia 3347 34%

GCF_000970005.1 Methanosarcina_sp_WH1 Methanomicrobia 3206 35%

GCA_001587635.1 Arc_I_group_archaeon_ADurb1213_Bin02801_ Methanomicrobia 1585 33%

GCF_000148385.1 Vulcanisaeta_distributa_DSM_14429 Thermoproteales 2420 38%

GCA_002720095.1 Euryarchaeota_archaeon_ ucEuryarchaeota 1559 67%

GCF_002844195.1 Haloferacaceae_archaeon_SYSU_A9-0 Halobacteria 4243 34%

GCF_000190315.1 Vulcanisaeta_moutnovskia_768-28 Thermoproteales 2357 38%

GCA_002083985.1 Candidatus_Altiarchaeales_archaeon_A3_ Altiarchaeales 1305 74%

GCF_000744315.1 Methanosarcina_soligelidi_SMA-21 Methanomicrobia 3257 34%

GCF_000403645.1 Salinarchaeum_sp_Harcht-Bsk1 Halobacteria 2978 35%

GCA_002254565.1 Candidatus_Altiarchaeales_archaeon_ex4484_2_ Altiarchaeales 1481 58%

GCF_000308215.1 Methanomassiliicoccus_luminyensis_B10 Thermoplasmata 2555 49%

GCA_000495675.1 uncultured_Acidilobus_sp_MG_ Acidilobales 1787 36%

GCA_002255055.1 Candidatus_Aenigmarchaeota_archaeon_ex4484_14_ DPANN 880 62%

GCA_001587595.1 Arc_I_group_archaeon_ADurb1013_Bin02101_ Methanomicrobia 1591 33%

GCF_000015205.1 Pyrobaculum_islandicum_DSM_4184 Thermoproteales 1966 36%

GCF_001484195.1 Thermococcus_celericrescens_DSM_17994 Thermococci 2331 38%

GCF_000011205.1 Sulfolobus_tokodaii_str_7 Sulfolobales 2770 38%

GCF_000447865.2 haloarchaeon_3A1_DGR Halobacteria 2714 43%

GCF_000191585.1 Methanobacterium_lacus_AL-21 Methanobacteria 2451 31%

GCF_001282785.1 Halolamina_sediminis_halo7 Halobacteria 2756 34%

GCA_001587605.1 Arc_I_group_archaeon_ADurb1113_Bin01801_ Methanomicrobia 1597 32%

GCA_001587695.1 Arc_I_group_archaeon_B15fssc0709_Meth_Bin003_ Methanomicrobia 1843 34%

GCA_000495695.1 uncultured_Acidilobus_sp_CIS_ Acidilobales 1671 37%

GCA_002898395.1 archaeon_HR02_ unclassified 1939 55%

GCF_002214545.1 Thermococcus_thioreducens_OGL-20P Thermococci 2215 37%

GCF_001950595.1 Natronomonas_sp_CBA1134 Halobacteria 2620 33%

GCF_000969885.1 Methanosarcina_thermophila_TM-1 Methanomicrobia 2597 32%

GCA_000495715.1 uncultured_Acidilobus_sp_OSP8_ Acidilobales 1693 36%

GCF_000017945.1 Ignicoccus_hospitalis_KIN4/I Desulfurococcales 1448 43%

GCF_000243255.1 Methanoplanus_limicola_DSM_2279 Methanomicrobia 2967 37%

GCF_000235565.1 Methanosaeta_harundinacea_6Ac Methanomicrobia 2399 35%

GCA_000019805.1 Pyrobaculum_neutrophilum_V24Sta Thermoproteales 1966 40%

GCF_001481685.1 Ignicoccus_islandicus_DSM_13165 Desulfurococcales 1478 56%

GCA_002785505.1 Candidatus_Altiarchaeum_sp_CG03_land_8_20_14_0_80_32_618_Altiarchaeales 1334 59%

GCF_002813655.1 Methanobacterium_sp_MO-MB1 Methanobacteria 2280 36%

GCF_000017625.1 Methanoregula_boonei_6A8 Methanomicrobia 2513 33%

GCF_000784355.1 Methanolacinia_paynteri_DSM_2545 Methanomicrobia 2664 36%



GCF_001560915.1 methanogenic_archaeon_ISO4-H5 Thermoplasmata 1795 42%

GCF_000966265.1 Palaeococcus_ferrophilus_DSM_13482 Thermococci 2246 36%

GCA_001587655.1 Arc_I_group_archaeon_B03fssc0709_Meth_Bin005_ Methanomicrobia 1802 33%

GCA_002791795.1 Candidatus_Altiarchaeum_sp_CG_4_10_14_0_8_um_filter_32_851_Altiarchaeales 1116 58%

GCF_000151205.2 Thermococcus_sp_AM4 Thermococci 2231 34%

GCF_000504205.1 Methanolobus_tindarius_DSM_2278 Methanomicrobia 2886 30%

GCF_001571385.1 Methanofollis_ethanolicus_HASU Methanomicrobia 2554 38%

GCF_002355635.1 Halopenitus_persicus_CBA1233 Halobacteria 2855 30%

GCF_001548675.1 Methanobrevibacter_sp_YE315 Methanobacteria 2029 34%

GCA_000437055.1 Methanobrevibacter_smithii_CAG_186_ Methanobacteria 1706 39%

GCF_001663375.1 Caldivirga_sp_MU80 Thermoproteales 2161 48%

GCA_001873845.1 Candidatus_Altiarchaeum_sp_CG2_30_32_3053_ Altiarchaeales 1353 74%

GCF_001412615.1 Pyrodictium_delaneyi_Su06 Desulfurococcales 2013 53%

GCF_000025285.1 Archaeoglobus_profundus_DSM_5631 Archaeoglobi 1785 35%

GCF_000243315.1 Metallosphaera_yellowstonensis_MK1 Sulfolobales 2680 36%

GCF_002201915.1 Methanopyrus_sp_KOL6 Methanopyri 1504 46%

GCF_000404225.1 Candidatus_Methanomassiliicoccus_intestinalis_Issoire-Mx1 Thermoplasmata 1815 35%

GCA_002204705.1 Thermoplasmatales_archaeon_B_DKE_ Thermoplasmata 1950 62%

GCF_000265525.1 Thermococcus_cleftensis_CL1 Thermococci 2033 33%

GCF_001477655.1 Methanobrevibacter_millerae_SM9 Methanobacteria 2209 39%

GCF_000213215.1 Acidianus_hospitalis_W1 Sulfolobales 2332 36%

GCA_001587575.1 Arc_I_group_archaeon_BMIXfssc0709_Meth_Bin006_ Methanomicrobia 1730 32%

GCF_002287195.1 Methanosphaera_cuniculi_1R-7 Methanobacteria 1605 38%

GCF_000223395.1 Pyrolobus_fumarii_1A Desulfurococcales 1906 45%

GCF_000024185.1 Methanobrevibacter_ruminantium_M1 Methanobacteria 2143 33%

GCF_002813675.1 Methanobacterium_sp_MZ-A1 Methanobacteria 2351 35%

GCF_002072215.1 Methanobrevibacter_arboriphilus_JCM_13429_DSM_1125_DH1 Methanobacteria 1887 38%

GCA_000015805.1 Pyrobaculum_calidifontis_JCM_11548 Thermoproteales 2149 39%

GCF_002813695.1 Methanobacterium_subterraneum_A8p Methanobacteria 2355 35%

GCF_000009965.1 Thermococcus_kodakarensis_KOD1 Thermococci 2237 34%

GCA_000495735.1 uncultured_Acidilobus_sp_JCHS_ Acidilobales 1634 33%

GCA_002855745.1 Thermofilum_sp_NZ13_ Thermoproteales 1930 73%

GCF_000092465.1 Staphylothermus_hellenicus_DSM_12710 Desulfurococcales 1586 36%

GCF_001458655.1 Methanobacterium_formicicum_ Methanobacteria 2347 31%

GCF_000328665.1 Methanomethylovorans_hollandica_DSM_15978 Methanomicrobia 2525 31%

GCF_000769655.1 Thermococcus_eurythermalis_A501 Thermococci 2180 35%

GCF_000246985.2 Thermococcus_litoralis_DSM_5473 Thermococci 2306 35%

GCF_001647085.1 Thermococcus_piezophilus_CDGS Thermococci 1856 34%

GCF_000022365.1 Thermococcus_gammatolerans_EJ3_DSM_15229 Thermococci 2117 32%

GCA_000437835.1 Methanoculleus_sp_CAG_1088_ Methanomicrobia 1625 34%

GCF_001305655.1 Halanaeroarchaeum_sulfurireducens_M27-SA2 Halobacteria 2194 35%

GCF_000015225.1 Thermofilum_pendens_Hrk_5 Thermoproteales 1866 40%

GCA_002839645.1 Methanomicrobiales_archaeon_HGW-Methanomicrobiales-2_ Methanomicrobia 2624 35%

GCA_002789105.1 Candidatus_Altiarchaeum_sp_CG_4_9_14_0_8_um_filter_32_206_Altiarchaeales 916 56%

GCA_001856825.1 Thermoplasmatales_archaeon_I-plasma_ Thermoplasmata 1696 77%

GCA_001800825.1 Euryarchaeota_archaeon_RBG_19FT_COMBO_69_17_ ucEuryarchaeota 1986 73%

GCF_000015145.1 Hyperthermus_butylicus_DSM_5456 Desulfurococcales 1676 44%



GCA_002457555.1 Marine_Group_II_euryarchaeote_MED-G37_ ucEuryarchaeota 1089 61%

GCF_000306725.1 Methanolobus_psychrophilus_R15 Methanomicrobia 2841 32%

GCF_001484685.1 Thermococcus_sp_2319x1 Thermococci 2017 33%

GCF_002214465.1 Thermococcus_barossii_SHCK-94 Thermococci 1996 30%

GCF_000013725.1 Methanococcoides_burtonii_DSM_6242 Methanomicrobia 2406 31%

GCF_000221185.1 Thermococcus_sp_4557 Thermococci 2085 31%

GCA_000022445.1 Sulfolobus_islandicus_M.16.4 Sulfolobales 2736 37%

GCF_000251105.1 Methanocella_conradii_HZ254 Methanomicrobia 2436 32%

GCF_001748385.1 Vulcanisaeta_thermophila_CBA1501 Thermoproteales 2039 35%

GCF_000015945.1 Staphylothermus_marinus_F1 Desulfurococcales 1598 35%

GCF_000015825.1 Methanoculleus_marisnigri_JR1 Methanomicrobia 2430 30%

GCF_000253055.1 Thermoproteus_tenax_Kra_1 Thermoproteales 1959 31%

GCF_000585495.1 Thermococcus_nautili_30-1 Thermococci 2132 34%

GCA_002728275.1 Candidatus_Heimdallarchaeota_archaeon_ Asgard 1355 64%

GCA_000565255.1 Sulfolobales_archaeon_AZ1_ Sulfolobales 1975 37%

GCA_001940665.1 Candidatus_Odinarchaeota_archaeon_LCB_4_ Asgard 1584 45%

GCA_002116695.1 Acidianus_manzaensis_YN-25 Sulfolobales 2644 40%

GCF_000193375.1 Thermoproteus_uzoniensis_768-20 Thermoproteales 2114 35%

GCF_001602375.1 Methanoculleus_horonobensis_T10 Methanomicrobia 2375 30%

GCA_002457155.1 Marine_Group_II_euryarchaeote_MED-G35_ ucEuryarchaeota 1035 60%

GCF_000304355.2 Methanoculleus_bourgensis_MS2_MS2T Methanomicrobia 2538 32%

GCA_002254865.1 Archaeoglobales_archaeon_ex4484_92_ Archaeoglobi 3686 52%

GCF_002214505.1 Thermococcus_siculi_RG-20 Thermococci 2099 32%

GCF_000430905.1 Methanocorpusculum_bavaricum_DSM_4179 Methanomicrobia 1689 33%

GCF_000015765.1 Methanocorpusculum_labreanum_Z Methanomicrobia 1799 33%

GCF_002197185.1 Thermococcus_sp_5-4 Thermococci 1961 29%

GCF_000021965.1 Methanosphaerula_palustris_E1-9c Methanomicrobia 2696 30%

GCA_002898355.1 archaeon_HR01_ unclassified 1916 51%

GCF_000350305.1 Thermoplasmatales_archaeon_BRNA1 Thermoplasmata 1465 32%

GCF_001729385.1 Methanobrevibacter_sp_A27 Methanobacteria 1744 30%

GCF_001571405.1 Methanoculleus_thermophilus_CR-1 Methanomicrobia 2171 29%

GCF_000196655.1 Methanohalobium_evestigatum_Z-7303 Methanomicrobia 2267 30%

GCF_000632495.1 Candidatus_Acidianus_copahuensis_ALE1 Sulfolobales 2376 36%

GCF_001433455.1 Thermococcus_barophilus_CH5 Thermococci 2520 36%

GCA_002762655.1 Candidatus_Altiarchaeum_sp_CG12_big_fil_rev_8_21_14_0_65_33_22_Altiarchaeales 1138 56%

GCF_000018305.1 Caldivirga_maquilingensis_IC-167 Thermoproteales 2005 34%

GCA_002457595.1 Marine_Group_II_euryarchaeote_MED-G36_ ucEuryarchaeota 828 59%

GCF_002214585.1 Thermococcus_profundus_DT_5432 Thermococci 2075 31%

GCF_000816105.1 Thermococcus_guaymasensis_DSM_11113 Thermococci 2029 33%

GCA_000011125.1 Aeropyrum_pernix_K1 Desulfurococcales 1700 49%

GCA_000591035.1 Aeropyrum_camini_SY1_JCM_12091 Desulfurococcales 1645 28%

GCF_001017125.1 Methanoculleus_sediminis_S3Fa Methanomicrobia 2410 29%

GCF_000499765.1 Methanobacterium_sp_MB1_ Methanobacteria 1956 31%

GCF_000013445.1 Methanospirillum_hungatei_JF-1 Methanomicrobia 3294 34%

GCF_000800805.1 Candidatus_Methanoplasma_termitum_MpT1 Thermoplasmata 1383 36%

GCA_001742785.1 Candidatus_Altiarchaeales_archaeon_IMC4_ Altiarchaeales 1328 70%

GCF_000320505.1 Methanobrevibacter_boviskoreani_JH1 Methanobacteria 1706 31%



GCF_000025505.1 Ferroglobus_placidus_DSM_10642 Archaeoglobi 2479 33%

GCF_000235685.2 Methanolinea_tarda_NOBI-1 Methanomicrobia 2010 30%

GCF_001886955.1 Halodesulfurarchaeum_formicicum_HSR6 Halobacteria 2078 32%

GCF_000970325.1 Methanococcoides_methylutens_MM1 Methanomicrobia 2245 31%

GCF_002214565.1 Thermococcus_radiotolerans_EJ2 Thermococci 1984 29%

GCF_001719125.1 Sulfolobus_sp_A20 Sulfolobales 2593 31%

GCF_000993805.1 Thermofilum_uzonense_1807-2 Thermoproteales 1641 52%

GCA_001726015.1 Methanohalophilus_sp_2-GBenrich_ Methanomicrobia 1980 30%

GCF_000012285.1 Sulfolobus_acidocaldarius_DSM_639 Sulfolobales 2243 35%

GCA_000258425.1 Fervidicoccus_fontis_Kam940 Fervidicoccales 1385 34%

GCF_002153915.1 Methanonatronarchaeum_thermophilum_AMET1 Methanonatronarchaeia 1481 45%

GCF_000385565.1 Archaeoglobus_sulfaticallidus_PM70-1 Archaeoglobi 2180 34%

GCF_002214485.1 Thermococcus_pacificus_P-4 Thermococci 1868 29%

GCF_001592435.1 Thermococcus_peptonophilus_OG-1 Thermococci 1974 33%

GCF_000621965.1 Methanobrevibacter_wolinii_SH Methanobacteria 1670 32%

GCF_000446015.1 Thermofilum_adornatus_ Thermoproteales 1825 51%

GCF_001266655.1 Metallosphaera_sedula_ARS50-1 Sulfolobales 2297 33%

GCF_900079115.1 Sulfolobus_solfataricus_P1 Sulfolobales 2944 33%

GCF_000789255.1 Geoglobus_acetivorans_SBH6 Archaeoglobi 2159 39%

GCF_000091665.1 Methanocaldococcus_jannaschii_DSM_2661 Methanococci 1762 37%

GCF_000430485.1 Thermococcus_sp_PK Thermococci 2175 32%

GCF_000194625.1 Archaeoglobus_veneficus_SNP6 Archaeoglobi 2072 31%

GCF_002214365.1 Thermococcus_celer_Vu_13 Thermococci 1911 30%

GCF_000813245.1 Thermofilum_carboxyditrophus_1505 Thermoproteales 1849 51%

GCF_000018365.1 Thermococcus_onnurineus_NA1 Thermococci 1934 29%

GCF_001462395.1 Pyrodictium_occultum_PL-19 Desulfurococcales 1617 48%

GCF_002287215.1 Methanocorpusculum_parvum_XII Methanomicrobia 1688 30%

GCF_000300255.2 Candidatus_Methanomethylophilus_alvus_Mx1201 Thermoplasmata 1589 35%

GCF_000275865.1 Methanofollis_liminatans_DSM_4140 Methanomicrobia 2396 30%

GCF_002214385.1 Thermococcus_gorgonarius_W-12 Thermococci 1774 28%

GCF_000024625.1 Methanocaldococcus_vulcanius_M7 Methanococci 1695 35%

GCA_000014945.1 Methanothrix_thermoacetophila_PT Methanomicrobia 1696 28%

GCF_000517445.1 Thermococcus_paralvinellae_ES1 Thermococci 2054 30%

GCF_001563245.1 Methanobrevibacter_olleyae_YLM1 Methanobacteria 1778 33%

GCF_000025525.1 Methanocaldococcus_sp_FS406-22 Methanococci 1790 34%

GCF_001729965.1 Methanosphaera_sp_WGK6 Methanobacteria 1550 36%

GCF_000711215.1 Methanomicrobium_mobile_BP Methanomicrobia 1617 34%

GCF_000008645.1 Methanothermobacter_thermautotrophicus_str_Delta_H Methanobacteria 1756 30%

GCF_000012545.1 Methanosphaera_stadtmanae_DSM_3091 Methanobacteria 1518 32%

GCF_000204925.1 Metallosphaera_cuprina_Ar-4 Sulfolobales 1894 29%

GCF_000007305.1 Pyrococcus_furiosus_DSM_3638 Thermococci 1979 29%

GCA_002356395.1 Methanothermobacter_sp_EMTCatA1_ Methanobacteria 1814 49%

GCF_000179575.2 Methanothermococcus_okinawensis_IH1 Methanococci 1576 31%

GCF_000152265.2 Ferroplasma_acidarmanus_fer1 Thermoplasmata 1879 31%

GCF_000215995.1 Pyrococcus_yayanosii_CH1 Thermococci 1786 28%

GCA_001875345.1 Marine_Group_III_euryarchaeote_CG-Epi1_ ucEuryarchaeota 1061 72%

GCF_000006175.1 Methanococcus_voltae_A3 Methanococci 1688 32%



GCA_001800815.1 Euryarchaeota_archaeon_RBG_19FT_COMBO_56_21_ ucEuryarchaeota 1672 70%

GCA_001875465.1 Marine_Group_III_euryarchaeote_CG-Epi2_ ucEuryarchaeota 1115 71%

GCF_001577775.1 Pyrococcus_kukulkanii_NCB100 Thermococci 2064 32%

GCF_900012635.1 Thermococcus_chitonophagus_ Thermococci 2076 30%

GCF_000211475.1 Pyrococcus_sp_NA2 Thermococci 1924 31%

GCF_000725425.1 Palaeococcus_pacificus_DY20341 Thermococci 1950 29%

GCF_000828575.1 Methanothermobacter_sp_CaT2 Methanobacteria 1739 28%

GCF_000949015.1 Acidiplasma_sp_MBA-1 Thermoplasmata 1750 38%

GCF_000186365.1 Desulfurococcus_mucosus_DSM_2162 Desulfurococcales 1345 29%

GCF_000019605.1 Candidatus_Korarchaeum_cryptofilum_OPF8_ Korarchaeota 1645 33%

GCF_001317345.1 Thermococcus_sp_EP1 Thermococci 1909 30%

GCA_001683555.1 Methanohalophilus_sp_DAL1_ Methanomicrobia 1892 34%

GCF_000011105.1 Pyrococcus_horikoshii_OT3 Thermococci 1801 30%

GCF_000011585.1 Methanococcus_maripaludis_S2 Methanococci 1718 29%

GCA_001515185.1 Hadesarchaea_archaeon_DG-33_ Hadesarchaea 862 75%

GCF_002078355.1 Ferroplasma_acidiphilum_Y Thermoplasmata 1764 34%

GCF_000092185.1 Thermosphaera_aggregans_DSM_11486 Desulfurococcales 1368 34%

GCF_000231015.2 Desulfurococcus_amylolyticus_DSM_16532 Desulfurococcales 1422 29%

GCF_000008665.1 Archaeoglobus_fulgidus_DSM_4304 Archaeoglobi 2369 32%

GCF_000264495.1 Thermogladius_calderae_1633 Desulfurococcales 1400 32%

GCA_001875425.1 Marine_Group_III_euryarchaeote_CG-Bathy1_ ucEuryarchaeota 950 69%

GCF_000739065.1 Methanocaldococcus_bathoardescens_JH146 Methanococci 1614 32%

GCF_000195935.2 Pyrococcus_abyssi_GE5_ Thermococci 1862 28%

GCF_000214415.1 Methanotorris_igneus_Kol_5 Methanococci 1751 30%

GCA_002899815.1 Candidatus_Korarchaeota_archaeon_ Korarchaeota 1564 51%

GCF_000144915.1 Acidilobus_saccharovorans_345-15 Acidilobales 1478 32%

GCF_001006045.1 Geoglobus_ahangari_234 Archaeoglobi 1985 35%

GCA_000270325.1 Candidatus_Caldiarchaeum_subterraneum_ Thaumarchaeota 1730 39%

GCF_000317795.1 Caldisphaera_lagunensis_DSM_15908 Acidilobales 1491 30%

GCF_000711905.1 Methermicoccus_shengliensis_DSM_18856 Methanomicrobia 1558 37%

GCA_001508185.1 Methanosarcinales_archeaon_56_1174_ Methanomicrobia 1462 28%

GCA_002490245.1 Candidatus_Bathyarchaeota_archaeon_B24-2_ Bathyarchaeota 1404 47%

GCA_001507975.1 Euryarchaeota_archaeon_55_53_ ucEuryarchaeota 1386 28%

GCF_000376965.1 Methanothermococcus_thermolithotrophicus_DSM_2095 Methanococci 1624 34%

GCA_001515215.1 Hadesarchaea_archaeon_YNP_N21_ Hadesarchaea 1238 76%

GCF_000023985.1 Methanocaldococcus_fervens_AG86 Methanococci 1554 31%

GCF_000092305.1 Methanocaldococcus_infernus_ME Methanococci 1437 28%

GCA_001593935.1 Candidatus_Bathyarchaeota_archaeon_B26-2_ Bathyarchaeota 1630 39%

GCA_001593865.1 Candidatus_Bathyarchaeota_archaeon_B24_ Bathyarchaeota 1576 35%

GCF_000258515.1 Thermococcus_zilligii_AN1 Thermococci 1789 28%

GCF_000017165.1 Methanococcus_vannielii_SB Methanococci 1679 28%

GCF_000145295.1 Methanothermobacter_marburgensis_str_Marburg Methanobacteria 1701 27%

GCF_000022545.1 Thermococcus_sibiricus_MM_739 Thermococci 1913 27%

GCF_000195915.1 Thermoplasma_acidophilum_DSM_1728 Thermoplasmata 1521 27%

GCF_001889405.1 Methanohalophilus_halophilus_Z-7982 Methanomicrobia 1987 27%

GCF_000017185.1 Methanococcus_aeolicus_Nankai-3 Methanococci 1489 27%

GCF_000263735.1 Pyrococcus_sp_ST04 Thermococci 1789 27%



GCF_002813085.1 Methanobrevibacter_smithii_KB11 Methanobacteria 1675 27%

GCF_002973515.1 Methanohalophilus_euhalobius_DSM_10369 Methanomicrobia 1841 27%

GCF_000025665.1 Aciduliprofundum_boonei_T469 Thermoplasmata 1521 27%

GCF_000327505.1 Aciduliprofundum_sp_MAR08-339 Thermoplasmata 1491 27%

GCF_002214525.1 Thermococcus_sp_P6 Thermococci 1568 27%

GCF_000011185.1 Thermoplasma_volcanium_GSS1 Thermoplasmata 1545 26%

GCF_000404165.1 Methanobrevibacter_sp_AbM4 Methanobacteria 1675 26%

GCF_000371805.1 Methanocaldococcus_villosus_KIN24-T80 Methanococci 1346 25%

GCF_000217995.1 Methanosalsum_zhilinae_DSM_4017 Methanomicrobia 1955 25%

GCF_000008265.1 Picrophilus_torridus_DSM_9790 Thermoplasmata 1563 25%

GCF_000025865.1 Methanohalophilus_mahii_DSM_5219 Methanomicrobia 1955 25%

GCA_000387965.1 Candidatus_Nanobsidianus_stetteri_ DPANN 647 24%

GCA_001766815.1 Candidatus_Syntrophoarchaeum_caldarius_ Methanomicrobia 1787 24%

GCA_001914405.1 Candidatus_Methanohalarchaeum_thermophilum_ Methanonatronarchaeia 2167 24%

GCF_000166095.1 Methanothermus_fervidus_DSM_2088 Methanobacteria 1296 22%

GCF_002761295.1 Methanohalophilus_portucalensis_FDF-1T Methanomicrobia 2040 22%

GCA_000008085.1 Nanoarchaeum_equitans_Kin4-M_ DPANN 536 0%
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