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Supplementary Discussion

Internal Membrane-bound Structures

We hypothesize that the internal membrane-bound structures observed with cryo-ET in Hrr.
lacusprofundi are induced by, or derived from, the internalisation of Ca. Nha. antarcticus. Yet,
considering that the size of these structures are at the lower limit of external nanohaloarchaeal cells,
it may be speculated that these represent vesicles rather than symbiont cells. On the other hand,
whilst we cannot exclude this possibility, we believe this does not explain all the structures observed
for several reasons; 1) the most common form of intracellular vesicle structure in haloarchaea are
gas vesicles® which Hrr. lacusprofundi has not been shown to produce and for which it lacks the
necessary genes?, 2) the host strain used in these experiments is known to produce vesicles® but no
similar internal structures were observed in pure host controls, 3) current models for production of
other vesicle types in Archaea involve budding of vesicles from the cell surface rather than
production of vesicles within the cell**, 4) multiple internal structures appear to have intact S-layers
on the outside of their lipid bilayer despite Archaea possessing several mechanisms to avoid
intracellular S-layer assembly®>”7, and 5) vesicle formation via intracellular budding should lead to
either no S-layer, or an inverted bi-layer — S-layer structure due to budding taking place on the
internal side of the membrane. Thus, while we cannot completely discount the possibility of these
structures being vesicles, the data seems most compatible with them being nanohaloarchaeal cells.
The theoretical lower limit for cell size is commonly cited as 200 nm diameter to provide sufficient
volume for essential cellular functions® but the size of putative Ca. Nha. antarcticus cells observed in
Hrr. lacusprofundi is often lower than this. However, this limit assumes the cell in question is free-
living and performs all essential cellular functions independently®, which is not the case for Ca. Nha.
antarcticus cells during infection of Hrr. lacusprofundi. This theoretical limit also assumes that the
cells exist at this size for the majority of the cell cycle®, whilst for Ca. Nha. antarcticus this state could
be transient. Notably, recent work on Saccharibacteria TM7i (a parasitic CPR bacterium) has shown
that cell division is asymmetric with planktonic or newly divided cells having calculated average
areas of ~30, 000 nm? (which corresponds to a diameter of ~100 nm), which was significantly smaller
than adhered and pre-divisional cells®. Additionally, fluorescence activated cell sorting experiments
have indicated that some members of the Omnitrophota have cell diameters in the range of 200 nm
with many passing through 0.2 um pore size filters!®. The dynamics of cell division in DPANN Archaea
are currently unknown but a similar asymmetric process could explain the apparent size of putative
Ca. Nha. antarcticus cells observed here with cryo-ET.

Ca. Nha. antarcticus compared to Ca. Nanohalobium

Genes unique to Ca. Nha. antarcticus

The observed lifestyle of Ca. Nha. antarcticus contrasts with the reported lifestyle of Ca.
Nanohalobium. In order to investigate the differences between the two Nanohaloarchaeota an all-vs-
all BLAST was carried out and Ca. Nha. antarcticus proteins with no identifiable homolog in the Ca.
Nanohalobium metagenome assembled genome MAG extracted (438 genes, Supplementary Dataset
14). Functional annotations of these proteins were reviewed, and structural predictions carried out
using Phyre2!! to assess the potential role of these proteins in the lifestyle of Ca. Nha. antarcticus
(Supplementary Dataset 4). Complete structures for all Ca. Nha. antarcticus proteins were also
predicted with OmegaFold?? and a structural similarity search conducted using FoldSeek®. For many
of these candidates structural homology to known proteins was not identified (Supplementary Dataset
5). Two proteins (Halo_Narl 07490 and Halo_Narl _00600) were predicted by both Phyre2 and
Omegafold to structurally resemble a n-acetylmuramoyl-I-alanine amidase, an autolysin involved in
cell wall degradation!®. Six proteases, including one predicted by Phyre2 to structurally resemble
karilysin protease (Halo_Nar1l _05310) associated with pathogenicity of the bacterium, Tannerella
forsythia®, which OmegaFold also predicted to be structurally similar to proteases, were also
identified within the Ca. Nha. antarcticus MAG but was absent from the Ca. Nanohalobium MAG
(Supplementary Datasets 4 and 5). Two additional proteins (Halo_Narl 00290 and Halo_Nar1_01640)
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were predicted by Phyre2 to structurally resemble the colicin la bacteriocin, which has been found to
be involved in the killing of host cells by forming a voltage-dependent channel in the target cell’s
membrane’® but structural homologues of the OmegaFold structure were not identified through
FoldSeek. This was also true for a protein predicted to resemble envelope glycoproteins involved in
fusion of viral membranes and host cells (Halo_Narl_11390) by Phyre2. The majority of proteins (234)
were not annotated with any functional domains and a further 66 were annotated with domains of
unknown function or general function prediction only (Supplementary Dataset 3).

Orthogroup Analysis

Orthogroups potentially involved in DPANN-host interactions

Whilst the above-mentioned proteins may be involved in the observed behaviour of Ca. Nha.
antarcticus, we cannot exclude the possibility that proteins shared between Ca. Nanohalobium and
Ca. Nha. antarcticus mediate interactions in Ca. N. constans - Halomicrobium but fulfil different
functions or are not actively synthesised under the conditions that have been used for cultivating Ca.
Nanohalobium. To address this, we performed orthogroup analysis of 607 archaeal genomes to
identify DPANN specific protein families that may be involved in mediating interactions. Functional
predictions of orthogroups unique to DPANN Archaea revealed that many possessed functional
domains which may facilitate DPANN-host interactions. These include immunoglobulin-folds (166
protein families), concanavalins (18 protein families), pectin lyases (22 protein families), fibronectins
(13 protein families), B-propellers (6 protein families), von Willebrand factors (5 protein families), and
polycystic kidney disease domains (7 protein families) (Supplementary Dataset 6 and 7). Included in
this list were several protein families that initially appeared to encode domains homologous to
eukaryotic nucleoporin and golgin proteins (Supplementary Datasets 8 — 11). Further analysis
indicated that these proteins are not related to eukaryotic proteins but share similar structural
features (see Gene context and potential function of CCPs). Typically, these protein families
contained coiled-coil domains, commonly found in proteins involved in tethering and attachment and
may therefore be involved in interactions between DPANN and their hosts.

Coiled-coil proteins (CCPs)

Distribution of genes encoding CCPs

The identification of CCP genes resembling nucleoporin and golgin genes among the DPANN
orthogroups prompted us to analyse their distribution and function across Archaea. Particularly, to
determine whether the CCP orthologous groups (OGs) discovered in Ca. Nha. antarcticus are indeed
unique to DPANN, their distribution was analysed across a reference set of 569 archaeal species using
sensitive homology searches (see Methods for details) as well as by investigating their genomic
location (see Gene context and potential function of CCPs). The two Hidden Markov models (HMM)-
profiles built for each OG alignment recovered 96 and 186 putative homologs across Archaea encoded
within two distinct gene clusters (Locus 1 and Locus 2, Fig. 4, Supplementary Fig. 15, Supplementary
Datasets 13 and 18). Of these, the majority of OG alignments (71 and 112) were found in DPANN
Archaea. While homologs were not detected in DPANN cluster 1 lineages' (Altiarchaeota,
Micrarchaeota and Diapherotrites), many members of the Nanoarchaeota, Nanohaloarchaeota,
Parvarchaeota, Pacearchaeota and Woesearchaeota as well as Undinarchaeota (DPANN cluster 2
archaea’’) contained Locus 1 and Locus 2 gene clusters.

Gene context and potential function of CCPs

To obtain insight into the potential function of the CCPs, the homology and structural prediction tool
HHpred was used. This revealed that most Locus 1 and Locus 2 CCPs in DPANN cluster 2 Archaea had
a protein domain which modelled to the capsid protein sigma-1 (PDB_ID 6GAO), a protein involved in
viral attachment®®. The predicted secondary structure of this specific domain (helical coiled-coil)
(Supplementary Fig. 15 b,c) is similar to sigma-1 proteins'®. This was consistent with Phyre2 results of
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the Ca. Nha. antarcticus Locus 2 CCP which modelled over 41% of its length with a confidence above
90% to a sigma-1 coiled-coil tail protein (PDB_ID 6GAJ, Fig. 4, Supplementary Datasets 13 and 19).
However, the Ca. Nha. antarcticus Locus 1 CCP was only distantly related to any known structure based
on Phyre2. FoldSeek homology searches using the OmegaFold predictions of the Ca. Nha. antarcticus
CCP genes did not yield identifiable structural homologues.

To characterize the gene context of Locus 1 and Locus 2, the ten genes up- and downstream of
the CCP genes were examined across all Archaea that encoded at least one of the CCP genes. While
all DPANN cluster 2 Archaea exhibited a conserved gene arrangement around the CCP genes, minimal
conservation was observed in other archaeal lineages (Supplementary Fig. 15 a; Supplementary
Dataset 13). In particular, the DPANN Locus 1 CCP gene was flanked by genes annotated as archaeal
chaperonin (GroEL; arCOG01257) on one side, and pili/flagella-related genes on the other side; the
latter were annotated as flagella protein FlaF (arCOG01824), the pilus assembly ATPase CpaF
(arC0G01819) and the type IV pilus component TadC (arCOG01811). The Locus 2 CCP gene was
generally flanked by genes encoding hypothetical proteins on one side, and CpaF and TadC on the
other side. Previous work has revealed that various DPANN Archaea such as Nanohaloarchaeota?,
Parvarchaeota?'?® and potentially Micrarchaeota?® may encode pili, yet the pili gene clusters of
DPANN have not been characterised in detail and seem to differ from classified archaeal pili gene
clusters®.

To further assess the diversity of putative pili-like gene clusters in DPANN, searches were
performed for the presence of additional pili-related sequences (Supplementary Datasets 17 and 20).
Most of the proteins constituting Clade 1 pili systems?® were identified. The secretion peptidase CpaF
(arC0G01819) and TadC-like protein (arCOG01811) encoded in Locus 1 and Locus 2 are components
of this system. Other Clade 1 pili sequences identified were the regulatory ATPase FleN (arCOG00589),
a potential prepilin signal peptidase (arCOG02300), and several minor pilin proteins (arCOG03821,
arCOG05787, arCOG05788); the sequences for these minor pilin proteins were distributed across the
different DPANN phyla, with Ca. Nha. antarcticus possessing homologs assigned to arCOG03821.
While InterProScan did not identify any major pili proteins with a class Il signal peptide motif in Ca.
Nha. antarcticus, the genome was shown to encode several proteins with pili domains (IPR013373)
that could represent uncharacterised major pili. In fact, all of those pili proteins have a predicted
archaeal class Ill signal peptide cleavage site based on FlaFind?®. However, Ca. Nha. antarcticus seems
to lack PilY-like adhesins, which are generally part of Clade 1 pili. It is possible that sigma-capsid-like
proteins in Ca. Nha. antarcticus represent comparable adhesins, and that at least one of these DPANN
cluster 2 Archaea gene clusters (Locus 1 and Locus 2) may mediate cell-cell interactions including
tethering of Nanohaloarchaeota to their host.

To investigate the evolutionary history of pili proteins encoded by Ca. Nha. antarcticus, pilus
genes were extracted from a set of reference archaeal and bacterial genomes (Supplementary Dataset
20) based on arCOG/COG identifiers (Supplementary Dataset 17). The topologies of the single gene
trees, that often included distinct paralogous sub-families, indicate various instances of horizontal
gene transfers, but the resolution and support for certain cladings are general low (Supplementary
Fig. 15 - 23) such that it is impossible to draw definite conclusions about the history of the various pili
gene families across archaea. However, it seems that putative HGT events are not necessarily
consistent across multiple single gene trees suggesting that transfers may affect individual genes,
rather than entire gene clusters.



Supplementary Fig. 1. Live fluorescence microscopy of Hrr. lacusprofundi. a - c, Live
fluorescence time lapse series (showing a single focal plane) of Hrr. lacusprofundi (stained
with MitoTracker Orange, represented green). Across a 70 h period, images of three
different sections of the imaging slide were recorded:a,2h—-24 h; b,24 h—-46 h;c,48 h
— 70 h. In this control experiment, without incubation with Ca. Nha. antarcticus, the Hrr.
lacusprofundi cells retained their morphology and were not observed to lyse within 70 h.
Scale bars: a—c¢, 1 um. Images were taken on a Delta Vision Elite microscope and then
deconvolved and corrected bleaching by softWoRx (enhanced Ratio algorithm with 10
number of cycles, medium noise filtering and applied correction).



Supplementary Fig. 2. CellASIC Live fluorescence microscopy control experiments. a - f, Unstained pure Hrr.
lacusprofundi cells. During O - 24 h, no lysis was observed for 407 Hrr. lacusprofundi cells; 59 cells exhibited rod
morphology (circularity < 0.8, perimeter > 5 um, ~ 15%) of which only one (~1.7% of rod-shaped population)
underwent morphological changes from rod to cocci. g - i, MitoTracker Orange (represented green) stained pure
Hrr. lacusprofundi cells. From 654 Hrr. lacusprofundi cells analyzed, 2 cells lysed (~ 0.3%) during 3-27 h; 21 cells had
rod morphology (circularity < 0.8, perimeter > 5 um), and 4 of them exhibited morphological changes (~ 19% of
rod-shaped population, from rod to cocci). The proportion of control Hrr. lacusprofundi cells that lysed (~ 0-0.3%)
or underwent morphological change (~ 1.7-19% of rod-shaped cells) was markedly lower than the number of Hrr.
lacusprofundi cells that lysed (~ 56%) or underwent morphological change (~ 36% of rod-shaped cells) after they
were incubated with Ca. Nha. antarcticus cells (Supplementary Fig. 6). The cell area of pure unstained or stained
Hrr. lacusprofundi cells gradually increased. Also see cell size characteristics in Supplementary Fig. 10. Scale bars: a
-i, 2 um. Images were taken on a Nikon TiE2 microscope and were adjusted for bleaching using histogram

normalisation in Fiji (g - i).
2



Supplementary Fig. 3. Growth curve of MitoTracker stained Hrr. lacusprofundi. Growth
characteristics of Hrr. lacusprofundi stained with MitoTracker Orange compared with
unstained Hrr. lacusprofundi. MitoTracker stained Hrr. lacusprofundi cultures (Triangle
symbols, blue line) displayed no apparent difference in growth characteristics compared
to unstained Hrr. lacusprofundi cultures (Circle symbols, red dotted line). Data points
represent average value across replicates and error bars represent standard deviation
across replicates (n = 6 cultures).



Supplementary Fig. 4. Live fluorescence microscopy showing internalisation of Ca. Nha. antarcticus signal, lysis and
morphological changes of Hrr. lacusprofundi. Live fluorescence time lapse series of Ca. Nha. antarcticus (stained with
MitoTracker DeepRed, represented magenta) and Hrr. lacusprofundi (stained with MitoTracker Orange, represented
Green) grown on an agarose pad. a & b, During the process of Ca. Nha. antarcticus signal migration and
internalisation, the short rod-shaped Hrr. lacusprofundi cell became rounder (a: 0 —19.5 h; b: 0-13.5 h) before lysing
(identified through loss of host signal) resulting in the retention of the nanohaloarchaeal signal (a: 20 h; b: 14 h). The
time taken for apparent internalisation and lysis showed variation between different observed cells (also see Fig. 1a).
¢, The host cell abruptly transited (within a 15 min window) from a rod (0 — 13 h 30 min) to a coccus (13 h 45 min — 18
h) morphology. d, Ca. Nha. antarcticus cells appeared attached to the surface of Hrr. lacusprofundi cells and possibly
internalised within Hrr. lacusprofundi cells. Across the time-course, the fluorescent regions increased in area,
consistent with Ca. Nha. antarcticus cells replicating. The Hrr. lacusprofundi cells retained their morphology,
indicating that, unlike panel a-c, The process of interactions did not destabilise Hrr. lacusprofundi cellular
morphology. e, The rod morphology of the Hrr. lacusprofundi cell gradually broadened. f, Gradual internalisation of
the nanohaloarchaeal signal (2 — 10 h), with subsequent diffusion of the signal throughout the host cell (10— 17 h).
The images are indicative of multiple Ca. Nha. antarcticus cells simultaneously attaching and their MitoTracker signal
internalising within the one Hrr. lacusprofundi cell. Scale bars: a-b, 1 um; c-f, 2 um. Images shown were captured on a
confocal laser scanning Nikon A1 microscope with “automatic” 2D deconvolution algorithms and adjusted for

bleaching using histogram normalisation in Fiji. 4



Supplementary Fig. 5. Confocal microscopy showing internalisation of Ca. Nha. antarcticus
signal. a-c, Mixed culture cells were incubated for 10 h (stained as Supplementary Fig. 4) and
then loaded on an agarose pad for imaging. a-b, 3D-orthogonal slice analysis of Hrr. lacusprofundi
cells (green) with Ca. Nha. antarcticus cells (magenta) appearing internalised. The Z-sectional
images (collected at 0.125 um intervals) showed that by increasing the stack height, the Ca. Nha.
antarcticus signals started to appear with host cell fluorescence and then disappeared with host
cell fluorescence remaining. ¢, A Hrr. lacusprofundi cell with Ca. Nha. antarcticus cells attached to
the surface or appearing located within the host cell profile. Scale bars: a-¢c, 500 nm. Images
shown were captured on a confocal laser scanning Nikon A1 microscope with “automatic” 3D
deconvolution algorithms.



Supplementary Fig. 6. Live fluorescence microscopy of Ca. Nha. antarcticus and Hrr. lacusprofundi within a cellASIC
microfluidics system. Cells were stained as Supplementary Fig. 4 (MTOrange: MitoTracker Orange; MTDeepRed:
MitoTracker DeepRed). a - e, Interactions between Ca. Nha. antarcticus and Hrr. lacusprofundi within the cellASIC
microfluidics system were consistent with those observed in agarose pad live fluorescence experiments. The Ca. Nha.
antarcticus stain appeared to disperse throughout the host cell generating locally more intense areas, before
decreasing in intensity (a & b) and host cell lysis occurring (b). a - ¢, Internalisation of Ca. Nha. antarcticus signal
within rod shaped Hrr. lacusprofundi cells was associated with a shift to a more coccoidal morphology in the Hrr.
lacusprofundi cell, consistent with observations from agarose pad live fluorescence experiments (Fig. 1a and c,
Supplementary Fig. 1 and 2). b - d, Interactions frequently led to lysis of the host cell associated with loss of host
fluorescent signal. e, In some instances interactions were not observed to result in host cell lysis during the time
series, with areas of localised dye intensity remaining, consistent with Ca. Nha. antarcticus signal being stably
internalised within host cells. Images shown are representative of 642 Hrr. lacusprofundi cells analysed during 2-23

h. Of these, 360 cells lysed (~ 56%), 33 cells had a rod-shape (circularity < 0.8, Perimeter > 5 um, ~ 5%), and 12 of the
rod-shaped cells exhibited morphological change (~ 36% of the population from rod to cocci). Scale bars represent 1
um. Images were taken on a Nikon TiE2 microscope with “automatic” 2D deconvolution algorithms in Nikon NIS-
Elements AR and were adjusted for bleaching using histogram normalisation in Fiji. Note that in these images there is
slight bleed-through of MitoTracker DeepRed signal into the MitoTracker Orange channel signal.



Supplementary Fig. 7. Live fluorescence microscopy of pre-internalisation Ca. Nha. antarcticus -
Hrr. lacusprofundi interactions. a - d, Incorporation of a cell surface stain (Concanavalin A, Blue)
shows externally attached Ca. Nha. antarcticus cells and a dead stain (RedDot 2, Red) shows

both cells are viable at this stage of the interaction. Ca. Nha. antarcticus cells are visible with
both Concanavalin A stain and MitoTracker Green (Magenta) indicating they have not yet
internalised within the Hrr. lacusprofundi cells. Hrr. lacusprofundi cells are visible in

Concanavalin A and MitoTracker Orange (Green). No cells are visible in the dead stain indicating
they are viable. Scale bars: a - d, 1 um. Note that in these images there is slight bleed-through of
MitoTracker DeepRed signal into the MitoTracker Orange channel signal.



Supplementary Fig. 8. Live fluorescence microscopy of potentially internalised Ca. Nha.
antarcticus - Hrr. lacusprofundi interactions. a - e, Cell surface stain (Concanavalin A, Blue) shows
Ca. Nha. antarcticus cells surfaces are inaccessible and a dead stain (RedDot 2, Red) shows both
cells are viable at this stage of the interaction. Ca. Nha. antarcticus cells are not visible with
Concanavalin A stain but are visible with MitoTracker Green (Magenta) suggesting they have
become internalised within the Hrr. lacusprofundi cells. Hrr. lacusprofundi cells are visible in
Concanavalin A and MitoTracker Orange (Green). No cells are visible in the dead stain indicating
they are viable. Scale bars: a - e, 1 um. Note that in these images there is slight bleed-through of
MitoTracker DeepRed signal into the MitoTracker Orange channel signal.



Supplementary Fig. 9. Live fluorescence microscopy of lysis events during Ca. Nha. antarcticus
- Hrr. lacusprofundi interactions. a - d, Hrr. lacusprofundi cell that showed strong fluorescence
for RedDot 2, indicative of loss of membrane integrity and therefore lysis. These lysis events are
associated with the presence of Ca. Nha. antarcticus cells. Lysis also corresponds to loss of both
MitoTracker Orange (Green) and Concanavalin A (Blue) signals. Retention of MitoTracker Green
(Magenta) and Concanavalin A signals by associated Ca. Nha. antarcticus cells indicates that the
nanohaloarchaeal cells remain viable during host lysis. Scale bars: a-d, 1 um. Note that in these
images there is slight bleed-through of MitoTracker DeepRed signal into the MitoTracker Orange
channel signal.



Supplementary Fig. 10. Cell size and shape characteristics. a, Fluorescent microscopy of Hrr.
lacusprofundi only (R1S1) as a control and Hrr. lacusprofundi incubated with Ca. Nha. antarcticus
(R1S1+Nha) sampled at 0, 3, 6, 9, 12, and 24 h. The Hrr. lacusprofundi cells were stained with
MitoTracker Orange (represented green) and Ca. Nha. antarcticus were stained with MitoTracker
DeepRed (represented magenta). Scale bars, 2 um. Images were taken on a Delta Vision Elite microscope
and then deconvolved by softWoRx and shown at single focal plane. b, Cell area analysis of Hrr.
lacusprofundi only and mixed culture at 0, 6, 12, and 24 h. The values of cell area value at each time point
are displayed as mean with SEM [Hlac only: 0 h (n=933), 6 h (n=971), 12 h (n=1194), 24 h (1189); Hlac +
Nha: 0 h (n=945), 6 h (n=723), 12 h (n=823), 24 h (n=1218). Statistical significance of cell area between 0
h and 24 h was calculated using the two-tailed unpaired Mann—Whitney U-test (**** : P < 0.0001; ns :

not significant).
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Supplementary Fig. 11. Cryo-CLEM of and internal nanohaloarchaeal derived structure. a, Cryo-
fluorescence microscopy images show a faintly stained Hrr. lacusprofundi cell (stained with MitoTracker
Green, coloured green) with strong diffuse signal consistent with internalisation of Ca. Nha. antarcticus
material (stained with MitoTracker DeepRed, coloured Magenta). b, Cryo-TEM micrograph of the same cells
shown in panel a used for identification of regions for tomography. ¢, Overlay of cryo-fluorescence and cryo-
TEM images. d and e, Z-slices from tomogram (Supplementary Movie 3) of internalised nanohaloarchaeal
cell showing (d) full field of view and (e) nanohaloarchaeal cell. Scale bars: a) 5 um, b and ¢) 500 nm, d and
e) 100 nm.
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Supplementary Fig. 12. Cryo-electron tomography of Ca. Nha. antarcticus — Hrr. lacusprofundi

co-cultures show internal membrane bound structures. a —f, Z-slices from tomograms (a and b:

Supplementary Movie 4, c: Supplementary Movie 5, d - f: Supplementary Movie 6) showing (a —
d) internal membrane bound structures within Hrr. lacusprofundi cells. a—b, A Hrr.
lacusprofundi cell with an intact cell membrane and multiple internal membrane bound
structures (arrows). ¢, A Hrr. lacusprofundi cell with an intact cell membrane and an internal
membrane bound structure (arrow). d —f, A Hrr. lacusprofundi cell with internal structures (e,
arrows) and a Ca. Nha. antarcticus cell that appears to be in the process of inducing structures (f
arrows indicate region where Ca. Nha. antarcticus cell appears to be partially within the Hrr.
lacusprofundi cell). Images acquired using a Titan Krios at 300 kV. Scale bars: 100 nm

’
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Supplementary Fig. 13. Cryo-tomography of radiation sensitive internal membrane bound
structures. a—d, Z-slices from tomograms (a and b: Supplementary Movie 7, c and d:
Supplementary Movie 8) showing internal membrane bound structures within Hrr.
lacusprofundi cells. Panels show both (a and c) full field of view and (b and d) internalised
membrane bound structures. a and b, A Hrr. lacusprofundi cell that has lysed (membrane break
indicated by black arrow in panel a) that contains an internal membrane bound structure (b). c
and d, A Hrr. lacusprofundi cell that appears intact with internal membrane bound structures.
Internalised membrane bound structures displayed higher radiation sensitivity during imaging
than other cellular features. Images acquired using a Titan Krios at 300 kV. All scale bars: 100 nm

13



Supplementary Fig. 14. Cryo-ET of Ca. Nha. antarcticus cells, interactions between Ca. Nha. antarcticus
and Hrr. lacusprofundi, and pure Hrr. lacusprofundi cells. a —d, Z-slices from tomograms (a:
Supplementary Movie 9, b: Supplementary Movie 10, c: Supplementary Movie 11, d: Supplementary
Movie 12) of unattached Ca. Nha. antarcticus cells showing structural features of nanohaloarchaeal cells.
Z-slices reveal that Ca. Nha. antarcticus cells show a clear repeating pattern consistent with an intact S-
layer and frequently possessed lipid droplets embedded within the bilayer that forms the cell membrane
(a—d, arrows). Nanohaloarchaeal cells were also observed with cytoplasmic membrane bound structures
likely to be PHA-like granules acquired during interactions with Hrr. lacusprofundi (c and d, arrows). e — h,
Single Z-slices taken from cryo-tomograms (e and f: Supplementary Movie 13, g and h: Supplementary
Movie 14) showing interactions between externally attached Ca. Nha. antarcticus cells and Hrr.
lacusprofundi cells. Cell membranes at contact sites show signs of localised deformation and fusion (f and
h) including an apparent direct channel between the cytoplasms of the two organisms (f). i—k, Single Z-
slices taken from cryo-tomograms (i: Supplementary Movie 15, j: Supplementary Movie 16, k:
Supplementary Movie 17) of pure Hrr. lacusprofundi cells show no evidence of internal structures
resembling the membrane bound structures observed within Hrr. lacusprofundi cells incubated with Ca.
Nha. antarcticus. Images acquired using a Titan Krios at 300 kV. Scale bars:a-c¢,andh-50nm, d, e, g, i, j,
and k - 100 nm, f - 20 nm.
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Woesearchaeota_archaeon_UBA525-GCA_002498125 — TadC H CpaF H IHHHHHHHH
Woesearchaeota_archaeon-GCA_003560545 — CpaF HH HH
Woesearchaeota_archaeon-GCA_ 007131205 — TadC H CpaF
Woesearchaeota_archaeon_CG10_big_fil_rev_8 21 14 0_10_32_9-GCA_002762915 — CpaF H— I HHHHHEDs]
Woesearchaeota_archaeon-GCA_003694805
Woesearchaeota_archaeon-GCA_002685855 — CpaF HHHH
Woesearchaeota_archaeon-GCA_002686295 — TadC H CpaF HH— HHH
PY ——— Woesearchaeota_archaeon-GCA_007116645 — TadC H CpaF
L——— Woesearchaeota_archaeon-GCA_007117065 — TadC H CpaF HH IHHHHH—
Woesearchaeota_archaeon-GCA_ 003599145
Woesearchaeota_archaeon_GW2011_AR15-GCA_000830295
Woesearchaeota_archaeon-GCA_002867475
Woesearchaeota_archaeon_CG10_big_fil_rev_8_21 14 0_10_33_12-GCA_002762865 — TadC H CpaF HHHHH
Woesearchaeota_archaeon-GCA_003695265 — TadC H CpaF
Woesearchaeota_archaeon_CG10_big_fil_rev_8 21 14 0 10 44 13-GCA_002762985 I H — TadC H CpaF T
Woesearchaeota_archaeon-GCA_003695045 —(H{ che | GroEL H FlaB -
Woesearchaeota_archaeon-GCA_003695435 — CpaF HH HerA H I
Woesearchaeota_archaeon-GCA_007116655
Woesearchaeota_archaeon_CG11_big_fil_rev_8 21 14 0 _20_43_8-GCA_002762705
Py | Woesearchaeota_archaeon_CG1_02_57_44-GCA_001871415 — TadC HH CpaF HHT EHHHH
| Woesearchaeota_archaeon_UBA94-GCA_002503425 — TadC HH CpaF HH IHHHH
Woesearchaeota_archaeon_GW2011_AR4-GCA_000806095
Woesearchaeota_archaeon_CGO07_land_8_20_14_0_80_44_23-GCA_002779235
Woesearchaeota_archaeon_UBA119-GCA_002505945
Woesearchaeota_archaeon-GCA_003650585
Woesearchaeota_archaeon-GCA 002686855 — TadC H CpaF HHH"HHHHH AsnS —
archaeon-GCA_002688925
Woesearchaeota_archaeon_GW2011_AR11-GCA_000806135
Woesearchaeota_archaeon-GCA_002687795
Woesearchaeota_archaeon_GW2011_AR3-GCA_000806075
- Woesearchaeota_archaeon_CGO08_land_8 20 _14_0_20_47_9-GCA_002763335
Woesearchaeota_archaeon-GCA_004299525
Woesearchaeota_archaeon-GCA_002688315 — TadC H CpaF HHH
Woesearchaeota_archaeon_CG10_big_fil_rev_8_21 14 0_10_45 16-GCA_002762785 — DndA HH CpaF H] HH
Woesearchaeota_archaeon_CG10_big_fil_rev_8_21_14 0 _10_32_24-GCA_002763025
Woesearchaeota_archaeon_CG10_big_fil rev_8 21 14 0 10 36_11-GCA_002762845 — Tub__ HH CpaF HHH L HHHHHH
D l Woesearchaeota_archaeon_CG_4_10_14 0_2_um_filter_33_13-GCA_002792115 —— e HHH CpaF HH IHHHHHH-
Woesearchaeota_archaeon-GCA_002688265 — TadC HH CpaF HH " IHHHHHH-
Woesearchaeota_archaeon_CG10_big_fil_rev_8 21 14 0_10_37_12-GCA_002762795 — TadC H CpaF H IRHHHHHH
—0— Woesearchaeota_archaeon-LFW_Bin_00252_3 — TadC H CpaF AsnS —
Woesearchaeota_archaeon-GCA_002687275 — TadC H CpaF H AsnS
Woesearchaeota_archaeon_GW2011_AR17-GCA_000805995 — CpaF HHH— IHHHHHHHSpovEB T HHH Mph1
Woesearchaeota_archaeon-GCA_003694495 —] TadC H CpaF HH HHHH
Woesearchaeota_archaeon_UBA489-GCA_ 002505585 — TadC H CpaF HHH - Spoves Mph1 —
Woesearchaeota_archaeon-GCA_002687815 — TadC H CpaF HEC EHHH . ™Mpht -
Woesearchaeota_archaeon_GW2011_AR20-GCA_000830315 — TadC H CpaF HHH_ I SpolveB H Mphi -
Woesearchaeota_archaeon-GCA_002688355 — TadC H CpaF H Racx HHH ]
Woesearchaeota_archaeon-GCA_002687185 — TrpS HHHHH HHHH
Woesearchaeota_archaeon_GW2011_AR18-GCA_000806155 —Tadc 1 Tadc _ HHH CpaF H CpaF R
Woesearchaeota_archaeon-GCA_002687825
Woesearchaeota_archaeon-GCA_002688095 — TadC H CpaF HH " IHHHHHHTSpolvEB THH Mph1 —
Woesearchaeota_archaeon-SCGC_AAA011-G17-GCA_000402515 — TadC H CpaF HH IHHHHHHTSpovEBTHH Mpht -
Woesearchaeota_archaeon-GCA_002688325
Pacearchaeota_archaeon-GCA_002689985
Pacearchaeota_archaeon-GCA_002731115
archaeon_BMS3Abin17-GCA_002897655
Pacearchaeota_archaeon-GCA_002686355
Pacearchaeota_archaeon_GW2011_AR1-GCA_000806055
Pacearchaeota_archaeon_ex4484_71-GCA_002254395
Pacearchaeota_archaeon_GW2011_AR13-GCA_000805965
Pacearchaeota_archaeon_GW2011_AR19-GCA_000806015
Pacearchaeota_archaeon_RBG_16_35_8-GCA_001786425
® Pacearchaeota_archaeon_RBG_19FT_COMBO_34 9-GCA_001786415
Pacearchaeota_archaeon-LFW_Bin_00273_1
Pacearchaeota_archaeon-LFW_Bin_00170_3 — TadC HH CpaF HIT— - HHH{SpolvFBH|{ MphT —
Pacearchaeota_archaeon_CG10_big_fil_rev_8 21_14 0_10_32_14-GCA_002763085
Pacearchaeota_archaeon_UBA92-GCA_002497285
Pacearchaeota_archaeon_CG_4_9 14 0_2 um_filter_39_13-GCA_002788615
Pacearchaeota_archaeon_CG_4_9 14 3 um_filter_35_19-GCA_002790905
@ Pacearchaeota_archaeon_CG10_big_fil_rev_8 21_14 0_10_35_219-GCA_002794155
Pacearchaeota_archaeon_CG10_big_fil_rev_8 21 14 0_10_34_76-GCA_002763075
Pacearchaeota_archaeon-GCA_002686195
Pacearchaeota_archaeon-GCA_002687255
Pacearchaeota_archaeon_UBA73-GCA_002496015
T Pacearchaeota_archaeon_CG10_big_fil rev_8 21 14 0 _10 30 _48-GCA_002763155 — TadC HH CpaF HH HH—
Pacearchaeota_archaeon_CG_4_10 14 _0_2_um_filter_05_32_18-GCA_002792685 — TadC HHHH CpaF HH I HHHHHSpoIvEB MphT -
<A Pacearchaeota_archaeon_CG10_big_fil_rev_8_21_14 0_10_35_13-GCA_002763035
Pacearchaeota_archaeon_RBG_13 36_9-GCA_ 001786395
...l—.'l Pacearchaeota_archaeon-GCA_002688875
Pacearchaeota_archaeon_CG10_big_fil_rev_8_21_14_0_10_34_12-GCA_002762835
Pacearchaeota_archaeon-GCA_002688415
Pacearchaeota_archaeon-LFW_Bin_00170_1 —JHHH CpaF HH I HHHHH SpoIvEEBH Mph1 —
Pacearchaeota_archaeon_CGO06_land_8_20_14_3_00_35_12-GCA_002780285 — TadC H CpaF HH . W SpolvFE HH Mphi -
Pacearchaeota_archaeon_ex4484_31-GCA_002254805 —{SpeE H CpaF HHH B Rads H  Rpal |
@ Pacearchaeota_archaeon_UBA284-GCA_ 002499185
Pacearchaeota_archaeon_CG10_big_fil_rev_8 21_14 0_10_31_59-GCA_002763115 1 TadC H CpaF Hi (-} SpolvFB 1 Mphi -
—0— Pacearchaeota_archaeon_ex4484_26-GCA_002254495
Nanobsidianus_stetteri-GCA_000387965 —] SbcC H SbeD HHHH CpaF HHH I-— GroEL H Fap7 ] —{ophz H TadC H CpaF HH EHH{ Ta0 H Tfar H GatE RadB
® Nanobsidianus_stetteri-GCA_003086415 — SbcC H SbcD HHHHH CpaF HHHE H GroEL H Fap7 |- —_Dbphz_H TadC H CpaF HH T Tatd H Tfal H GatE RadB
D L Nanopusillus_acidilobi_7A-GCA_001552015 — ShcC H ) HHHH CpaF. HHH - GroEL H Fap7 |— —{ Dphz H TadC H CpaF, HH MH{ TaDp  H Tfali H GatE RadB
PY | Nanoarchaeota_archaeon_NZ13-N-GCA_003344645 —( - GroEL H Fap7 — D2 H TadC H CpaF HH
1 ! Nanoclepta_minutus-GCA_003568775 — SheC H SbeD HHH CpaF HH - - A - GroEL H Fap? |- —[Dphz_H TadC H CpaF H W o Tral RadB
Nanoarchaeum_equitans-GCA_000008085
-0 ° —— Parvarchaeota_archaeon_UBA506-GCA_002499655
L—— Parvarchaeota_archaeon_UBA265-GCA_002503995
—— DeepParv_archaeon-GCA_007130955 -
L——— DeepParv__archaeon-GCA_007133845 —H EHHH—
DeepParv__CG10_big_fil_rev_8_21_14 0_10_43_11-GCA_002763265 — TadC H  Tadc  H CpaF GroEL - — TadC H CpaF HH HHH—
UAP1_CGO07_land_8_20_14_0_80_38_8-GCA_002779595 HH . —H T
UAP1_archaeon-GCA_003660925 — TadC H CpaF HH
Huberarchaeota (0 + 0 out of 2)
Aenigmarchaeota_archaeon_RBG_16_49 10-GCA_001784635 —{ TadC {_TadC | CpaF H (I — TadC H CpaF H— EH{HH oprs ]
Aenigmarchaeota_archaeon_CG_4_9 14 3 um_filter_37_18-GCA_002789635 —1{__Tad H Tadc H CpaF i 1 - TadC H CpaF HH EHHHHHoehs T mms i —
Aenigmarchaeota_archaeon_DRTY-7_bin_34-Ga0181641 — TadC _H  Tadc H CpaF (HHHC -] — TadC H CpaF e HHH{H{Dphs™ ]
Aenigmarchaeota_archaeon_ex4484_224-GCA_002254545 B TadC H CpaF DphS AphH Trm5
- Aenigmarchaeota_archaeon_GMQ_bin_18-1-Ga0181639 —__Tdc  H Tac Y CpaF HHH-—— — CpaF H
Aenigmarchaeota_archaeon-GCA_003663225 H —] CpaF HH -
I_._r."— Aenigmarchaeota_archaeon-GCA_003663475 q TadC  }  TadC CpaF
T Aenigmarchaeota_archaeon-GCA_003663445 — CpaF HH EH—
Aenigmarchaeota_archaeon-GCA_003663325
—0— I'O': Aenigmarchaeota_archaeon-GCA_003550625
P Aenigmarchaeota_archaeon-GCA_003554235 HHTT . — CpaF HH N
O Aenigmarchaeota_archaeon-GCA_003554845 — TadC H CpaF HH I HHH-
Aenigmarchaeota_archaeon-GCA_003663345 — TadC H CpaF HHHH IHHH-
Aenigmarchaeum_subterraneum-GCA_000405245 " Tadc  H{  TadC H CpaF HHH FlaF HH" I GroEL — — TadC H CpaF HH HHH—
archaeon_GW2011_AR5-GCA_000806115 TadC TadC__H CpaF H 1 — TadC {{ArsR] CpaF HiH I HH—
archaeon-GCA_002688965 —TadcH Tadc _H CpaF HHHI-H— — CpaF HE I —
Aenigmarchaeota_archaeon-GCA_003663355
@ —0— Nanohaloarchaea_archaeon_B1-Br10_U2g1-GCA 001563875 —Far 1 GroEL H GatE HNTPhyd}— — TadC H CpaF HH I HH-
Nanohaloarchaea_archaeon_B1-Br10_U2g19-GCA_001563905 HHHHT [ Mpg | GroEL H GatE HNTPhyd}—
Ca. Nha. antarcticus — TadC  H  Tadc  H CpaF HHHH Flak — TadC H CpaF HH IHHH-
Nanohaloarchaea_archaeon_SW_4_43_9-GCA_003009815 —Tadc M Tadc H CpaF HHH FlaF” H ™ FlaF HHT I GroEL H GatE HHNTPRyd |— B TadC  cpar | CpaF HH -
Nanohaloarchaea_archaeon_SG9-GCA_001761425 B TadC H — Tadc  H CpaF HHERiIATTHRiATTHH I H GroEL H GalE HHNTPhyd }— —] TadC H CpaF HH -
Nanohaloarchaea_archaeon_PL-Br10_U2g27-GCA_001564035 — TadC H CpaF HH IHHH-
Nanohaloarchaea_archaeon_B1-Br10_U2g29-GCA_ 001564145 — TadC ___}{ Tadc _H CpaF HHHH FlaF H —{ TadC H CpaF Hi T HHH-
o | @ Nanosalinarum_sp__J07AB56-GCA_000220355 — TadC H TadC H CpaF HH I HHH—
Nanohaloarchaeota_archaeon-GCA_003660865
_._‘_H Nanohaloarchaeota-LFW_Bin_00046 —{
Nanohaloarchaeota_archaeon-GCA_003660905
PY — UAP2-UBA490-GCA_002494525 —{ TadC H  Tadc H CpaF H il [ ] i
PY : L— Undinarchaeota_archaeon_UBA55-GCA_ 002495465 —TadC” H TadCH CpaF H (I 1 il
Undinarchaeota_archaeon UBA543-GCA 002502135 —{ Tadc __}H{ __Tadc M CpaF HH ] [] il — TadC H Cpar HH [HHHHHH
Micrarchaeota (0 + O out of 22)
..r._F. Diapherotrites (0 + 0 out of 14)
® e Altiarchaeota (O + 0 out of 12)
0.2
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Supplementary Fig. 15. Conservation of loci encoding CCP genes in Nanohaloarchaeota across Archaea. a, The maximume-likelihood phylogenetic tree was based on 51 marker proteins and 569 archaeal species. The alignment was trimmed with BMGE (alignment length, 11399
aa). A phylogenetic tree was inferred in IQ-TREE with the LG+C20+F+R model with an ultrafast bootstrap approximation (left half of bootstrap symbol) and SH-like approximate likelihood test (right half of bootstrap symbol), each run with 1000 replicates (see key for shading
indicating bootstrap support). The tree was artificially rooted between DPANN and all other Archaea. The number of species represented in each clade is shown in parentheses after the taxonomic name of the clade. Scale bar: Average number of substitutions per site. The two,
Cluster 2 DPANN loci are shown aligned to their respective sequences in the phylogenetic tree. b, ¢, Secondary structure predictions inferred with JPred4 for the CCP from Locus 1 (b) and CCP from Locus 2 (c). For further details, see Fig. 4.
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100 DPANN|Pacearchaeotalnone|none|none|none|Candidatus_Pacearchaeota_archaeon|GCA_002689985-GCA_002689985_04110-arCOG00589
DPANN|Pacearchaeotalnone|none|none|none|Candidatus_Pacearchaeota_archaeon|GCA_002731115-GCA_002731115_05060-arCOG00589
DPANN|Pacearchaeota|none|none|none|none|LFW_Bin_00170_3|LFW_Bin_00170_3-LFW_Bin_00170_3_04720-arCOG00589
DPANN|Pacearchaeota|none|none|none|none|archaeon_BMS3Abin17|GCA_002897655-GCA_002897655_12650-arCOG00589
DPANN|Pacearchaeotalnone|none|none|nonelarchaeon_GW2011_AR13|GCA_000805965-GCA_000805965_02410-arCOG00589
DPANN|Pacearchaeotalnone|none|none|none|Candidatus_Pacearchaeota_archaeon_RBG_19FT_COMBO_34_9|GCA_001786415-GCA_001786415_07080-arCOG00589
DPANN|Pacearchaeotalnone|none|none|none|LFW_Bin_00273_1|LFW_Bin_00273_1-LFW_Bin_00273_1_06240-arCOG00589
DPANN|Pacearchaeotalnone|none|none|none|archaeon_GW2011_AR1|GCA_000806055-GCA_000806055_03000-arCOG00589
DPANN|Pacearchaeota|none|none|none|none|Candidatus_Pacearchaeota_archaeon_RBG_16_35_ 8|GCA_001786425-GCA_001786425_02350-arCOG00589
DPANN|Pacearchaeota|none|none|none|none|Candidatus_Pacearchaeota_archaeon_ex4484_71|GCA_002254395-GCA_002254395_01100-arCOG00589
DPANN|Pacearchaeota|lnone|none|none|none|Candidatus_Pacearchaeota_archaeon_CG10_big_fil_rev_8 21 14 0 10 _32_14|GCA_002763085-GCA_002763085_07570-arCOG00589
100 DPANN|Pacearchaeota|none|none|none|none|Candidatus_Pacearchaeota_archaeon_CG10_big_fil_rev_8 21 14 0_10_30_48|GCA_002763155-GCA_002763155_04860-arCOG00589
@‘_:PANN|Pacearchaeota\nonelnonelnonelnonelCandidatus_Pacearchaeota_archaeon_cG_4_10_l4_0_2_um_fiIter_05_32_18|GCA_002792685—GCA_002792685_05lSO—arCOGOOSS9

100

74

(=2}

DPANN|Pacearchaeotalnone|none|none|none|Candidatus_Pacearchaeota_archaeon_CG10_big_fil_rev_8 21 14 0_10_31 59|GCA_002763115-GCA_002763115_06630-arCOG00589
100 DPANN|Pacearchaeota|none|none|none|none|Candidatus_Pacearchaeota_archaeon|GCA_002688415-GCA_002688415_07740-arCOG00589
DPANN|Pacearchaeota|lnone|none|none|none|LFW_Bin_00170_1|LFW_Bin_00170_1-LFW_Bin_00170_1_03480-arCOG00589
64 93 DPANN|Pacearchaeotalnone|none|none|none|Candidatus_Pacearchaeota_archaeon_UBA92|GCA_002497285-GCA_002497285_04330-arCOG00589
100 DPANN|Pacearchaeota|lnone|none|none|none|Candidatus_Pacearchaeota_archaeon_CG_4_9 14 0_2 um_filter_39_13|GCA_002788615-GCA_002788615_08000-arCOG00589
51 @' DPANN|Pacearchaeotalnone|none|none|none|Candidatus_Pacearchaeota_archaeon_CG_4_9 14 3 um_filter_35_19|GCA_002790905-GCA_002790905_02960-arCOG00589
77 DPANN|Pacearchaeota|lnone|none|none|none|Candidatus_Pacearchaeota_archaeon_CG10_big_fil_rev_8 21 14 0_10_35 219|GCA_002794155-GCA_002794155 05190-arCOG00589
87 DPANN|Pacearchaeotalnone|none|none|none|Candidatus_Pacearchaeota_archaeon_UBA73|GCA_002496015-GCA_002496015_10170-arCOG00589

DPANN|Pacearchaeotalnone|none|none|none|Candidatus_Pacearchaeota_archaeon_CG10_big_fil_rev_8_21 14 0_10_34_76|GCA_002763075-GCA_002763075_00250-arCOG00589
DPANN|Pacearchaeota|none|none|none|none|Candidatus_Pacearchaeota_archaeon|GCA_002687255-GCA_002687255_03220-arCOG00589
DPANN|Pacearchaeota|none|none|none|none|Candidatus_Pacearchaeota_archaeon_RBG_13_36_9|GCA_001786395-GCA_001786395_00730-arCOG00589
DPANN|Pacearchaeota|lnone|none|none|none|Candidatus_Woesearchaeota_archaeon_CG10_big_fil_rev_8 21 14 0 10 34 _12|GCA_002762835-GCA_002762835_05410-arCOG00589
DPANN|Pacearchaeota|none|none|none|none|Candidatus_Pacearchaeota_archaeon_CGO06_land_8 20 14 3 00 _35_12|GCA_002780285-GCA_002780285_02210-arCOG00589
DPANN|Woesearchaeota|none|none|none|none|archaeon_GW2011_AR17|GCA_000805995-GCA_000805995_03610-arCOG00589
DPANN|Woesearchaeota|none|none|none|none|Candidatus_Woesearchaeota_archaeon|GCA_003694495-GCA_003694495_08670-arCOG00589
68 6o 73 DPANN|Pacearchaeota|none|none|none|none|Candidatus_Pacearchaeota_archaeon|GCA_002688875-GCA_002688875_10130-arCOG00589
DPANN|Woesearchaeota|none|none|none|none|Nanoarchaeota_archaeon|GCA_002687825-GCA_002687825_01850-arCOG00589
3 DPANN|Woesearchaeota|none|none|none|none|Nanoarchaeota_archaeon_SCGC_AAA011-G17|GCA_000402515-GCA_000402515_03010-arCOG00589
70 DPANN|Woesearchaeota|none|none|none|none|archaeon|GCA_002687185-GCA_002687185_15890-arCOG00589
ot I DPANN|Woesearchaeota|none|none|none|nonelarchaeon|GCA_002687815-GCA_002687815_06580-arCOG00589
DPANN|Woesearchaeota|none|none|none|none|archaeon_GW2011_AR18|GCA_000806155-GCA_000806155_00570-arCOG00589
86 DPANN|Woesearchaeota|none|none|none|none|Candidatus_Woesearchaeota_archaeon_UBA489|GCA_002505585-GCA_002505585_01560-arCOG00589
DPANN|Woesearchaeota|none|none|none|nonelarchaeon|GCA_002688355-GCA_002688355_03720-arCOG00589
75 DPANN|Woesearchaeota|none|none|none|nonelarchaeon|GCA_002688265-GCA_002688265_05230-arCOG00589
24_|— DPANN|Woesearchaeotalnone|none|none|none|Candidatus_Woesearchaeota_archaeon_CG_4_10_14_0_2_um_filter_33_13|GCA_002792115-GCA_002792115_11510-arCOG00589

DPANN|Woesearchaeota|none|none|none|none|Candidatus_Woesearchaeota_archaeon_CG10_big_fil_rev_8_21_14_0_10_32_24|GCA_002763025-GCA_002763025_06990-arCOG00589
DPANN|Woesearchaeota|none|none|none|none|Candidatus_Woesearchaeota_archaeon_CG10_big fil_rev_8 21 14 0_10 45 16|GCA_002762785-GCA_002762785_06000-arCOG00589
DPANN|Woesearchaeota|none|none|none|none|Candidatus_Woesearchaeota_archaeon|GCA_003695265-GCA_003695265_04960-arCOG00589
DPANN|Woesearchaeota|none|none|none|nonelarchaeon|GCA_002688325-GCA_002688325_02850-arCOG00589
DPANN|Micrarchaeotalnone|none|none|none|Candidatus_Micrarchaeota_archaeon_CG10_big_fil_rev_8_21 14 0_10 59 7|GCA_002778425-GCA_002778425_05180-arCOG00589
DPANN|Woesearchaeota|none|none|none|none|Candidatus_Woesearchaeota_archaeon_CG11_big_fil_rev_8_21 14 0 20 _43_8|GCA_002762705-GCA_002762705_10690-arCOG00589
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69 L‘_ L—— DPANN]|Aenigmarchaeota|none|none|none|none|Candidatus_Aenigmarchaeota_archaeon|GCA_003554845-GCA_003554845_06910-arCOG00589
DPANN]|Aenigmarchaeotalnone|none|none|none|Candidatus_Aenigmarchaeota_archaeon|GCA_003663345-GCA_003663345_00520-arCOG00589
69 53 —— DPANN]J|Aenigmarchaeotalnone|none|none|none|Candidatus_Aenigmarchaeota_archaeon|GCA_003663475-GCA_003663475_01630-arCOG00589
100 I: DPANN]Aenigmarchaeota|none|none|none|none|Candidatus_Aenigmarchaeota_archaeon|GCA_003550625-GCA_003550625_03910-arCOG00589
DPANN]|Aenigmarchaeota|none|none|none|none|Candidatus_Aenigmarchaeota_archaeon|GCA_003554235-GCA_003554235_06420-arCOG00589
I DPANN]|Aenigmarchaeotalnone|none|none|none|Candidatus_Aenigmarchaeota_archaeon|GCA_003554845-GCA_003554845_03900-arCOG00589
65 DPANNJAenigmarchaeota|none|none|none|none|Candidatus_Aenigmarchaeota_archaeon_DRTY-7_bin_34|Ga0181641-Ga0181641_00870-arCOG00589
54 DPANN]Aenigmarchaeota|none|none|none|none|Candidatus_Aenigmarchaeota_archaeon|GCA_003663325-GCA_003663325_03080-arCOG00589
50 DPANN|Aenigmarchaeotalnone|none|none|none|Candidatus_Aenigmarchaeota_archaeon|GCA_003663345-GCA_003663345_06810-arCOG00589
DPANN]|Aenigmarchaeota|none|none|none|none|Candidatus_Aenigmarchaeota_archaeon|GCA_003550625-GCA_003550625_04170-arCOG00589
9 DPANN|Nanoarchaeota|none|Nanoarchaeales|Nanopusillaceae|Candidatus_Nanobsidianus|Candidatus_Nanobsidianus_stetteri| GCA_000387965-GCA_000387965_02180-arCOG00589
DPANN|Nanoarchaeota|none|Nanoarchaeales|Nanopusillaceae|Candidatus_Nanobsidianus|Candidatus_Nanobsidianus_stetterii GCA_003086415-GCA_003086415_02490-arCOG00589
85 DPANN|Nanoarchaeota|none|Nanoarchaeales|Nanopusillaceae|Candidatus_Nanopusillus|Candidatus_Nanopusillus_acidilobi_7A|GCA_001552015-GCA_001552015_06290-arCOG00589
65 100 1 DPANN|Nanoarchaeota|none|none|none|none|Nanoarchaeota_archaeon_NZ13-N|GCA_003344645-GCA_003344645_01300-arCOG00589
20 [ 1 ! DPANN|Nanoarchaeota|none|none|none|Candidatus_Nanoclepta|Candidatus_Nanoclepta_minutus| GCA_003568775-GCA_003568775_00040-arCOG00589
DPANN|Aenigmarchaeota|none|none|none|none|Candidatus_Aenigmarchaeota_archaeon_GMQ_bin_18-1|Ga0181639-Ga0181639_04590-arCOG00589
56 DPANN|Aenigmarchaeota|none|none|none|none|Candidatus_Aenigmarchaeota_archaeon_ex4484_224|GCA_002254545-GCA_002254545_05830-arCOG00589
100 r— Euryarchaeota|Euryarchaeota|Hydrothermarchaeota|none|none|nonejarchaeon_BMS3Bbin15|GCA_002897955-GCA_002897955_17830-arCOG00589
o7 | L Euryarchaeota|Hydrothermarchaeotalnone|none|none|none|Euryarchaeota_archaeon|GCA_003229935-GCA_003229935_02580-arCOG00589
Euryarchaeota|Hydrothermarchaeota|none|none|none|none|Euryarchaeota_archaeon|GCA_003229935-GCA_003229935_13290-arCOG00589
70 DPANN|Huberarchaealnone|none|none|Candidatus_Huberiarchaeum|Candidatus_Huberiarchaeum_crystalense| GCA_002785105-GCA_002785105_02770-arCOG00589
58 DPANN|Nanoarchaeota|none|Nanoarchaeales|Nanoarchaeaceae|Nanoarchaeum|Nanoarchaeum_equitans|GCA_000008085-GCA_000008085_01250-arCOG00589
DPANN]|Parvarchaeotalnone|none|none|none|Candidatus_Parvarchaeota_archaeon_UBA265|/GCA_002503995-GCA_002503995_04980-arCOG00589
g0 100 I- TACK]|Verstraetearchaeota|Methanomethylia|Methanomethyliales|Methanomethyliaceae|Candidatus_Methanomethylicus|Candidatus_Methanomethylicus_mesodigestum|GCA_001717005-GCA_001717005_12770-arCOG00589

100
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25 |

24

64

TACK]|Verstraetearchaeota|Methanomethylia|]Methanomethyliales|Methanomethyliaceae|Candidatus_Methanomethylicus|Candidatus_Methanomethylicus_oleusabulum|GCA_001717025-GCA_001717025_02480-arCOG00589

Euryarchaeota|Euryarchaeota|Methanomicrobia|Methanosarcinales|Methanotrichaceae|Methanothrix|Methanosaeta_sp__PtaUl_Bin112|GCA_002067705-GCA_002067705_30380-arCOG00589

TACK|Korarchaeota|none|none|none|none|Candidatus_Korarchaeota_archaeon|GCA_003661285-GCA_003661285_13190-arCOG00589

55 Asgard|Helarchaeotalnone|none|none|none|Candidatus_Helarchaeota_ ASGARD_archaeon_Hel_GB_A|GCA_005191415-GCA_005191415_29300-arCOG00589

100 ——— TACKk|Bathyarchaeota|none|none|none|none|Candidatus_Bathyarchaeota_archaeon|GCA_003604315-GCA_003604315_09100-arCOG00589

95 L TACK|Verstraetearchaeota|Methanomethylia|]Methanomethyliales|Methanomethyliaceae|Candidatus_Methanosuratus|Candidatus_Methanosuratus_subterraneum|GCA_004028775-GCA_004028775_12490-arCOG00589

62 8o 100 TACk|Bathyarchaeota|lnone|none|none|none|Candidatus_Bathyarchaeota_archaeon|GCA_005888735-GCA_005888735_16110-arCOG00589

62 ] 60 o _'—|——TACk|Bathyarchaeotalnonelnonelnonelnone|Candidatus_Bathyarchaeota_archaeon|GCA_005888735-GCA_OO5888735_16570-ar00600589
TACKk|Bathyarchaeota|none|none|none|none|Candidatus_Bathyarchaeota_archaeon|GCA_005888755-GCA_005888755_01210-arCOG00589

TACK|Thaumarchaeota|Nitrososphaeria|Nitrososphaerales|Nitrososphaeraceae|Nitrososphaera|Candidatus_Nitrososphaera_gargensis|GCA_000303155-GCA_000303155_22910-arCOG00589

Euryarchaeota|Euryarchaeota|Methanomicrobia|Methanosarcinales|Methanoperedenaceae|none|Candidatus_Methanoperedenaceae_archaeon|GCA_003104905-GCA_003104905_00750-arCOG00589

95 1s 66 | Euryarchaeota|Euryarchaeota|Methanomicrobia|Methanosarcinales|Methanosarcinaceae|Methanohalobium|Methanohalobium_evestigatum|GCA_000196655-GCA_000196655_20600-arCOG00589

71

100

TACKk|Bathyarchaeota|none|none|none|none|Candidatus_Bathyarchaeota_archaeon_B23|GCA_001593875-GCA_001593875_05000-arCOG00589
87 Euryarchaeota|Euryarchaeota|Methanoliparia|Methanoliparales|Methanollivieraceae|Candidatus_Methanolliviera|Candidatus_Methanolliviera_hydrocarbonicum|GCA_004212085-GCA_004212085_07720-arCOG00589
100 | TACK|Thaumarchaeota|Nitrososphaeria|Nitrososphaerales|Nitrososphaeraceae|Candidatus_Nitrosocosmicus|Candidatus_Nitrosocosmicus_oleophilus| GCA_000802205-GCA_000802205_09000-arCOG00589
90 il L TACK|Thaumarchaeota|Nitrososphaeria|Nitrososphaerales|Nitrososphaeraceae|Candidatus_Nitrosocosmicus|Candidatus_Nitrosocosmicus_oleophilus| GCA_000802205-GCA_000802205_17920-arCOG00589
TACK]|Verstraetearchaeota|none|none|none|none|Candidatus_Verstraetearchaeota_archaeon|GCA_004348015-GCA_004348015_05570-arCOG00589
73 | Euryarchaeota|Euryarchaeota|Archaeoglobi|Archaeoglobales|Archaeoglobaceae|Ferroglobus|Ferroglobus_placidus|GCA_000025505-GCA_000025505_08810-arCOG00589
Asgard|Heimdallarchaeota|none|none|none|none|Candidatus_Heimdallarchaeota_archaeon_LC_3|GCA_001940645-GCA_001940645_52670-arCOG00589
56 100 |9_7r DPANN|Nanoarchaeota|none|Nanoarchaeales|Nanopusillaceae|Candidatus_Nanobsidianus|Candidatus_Nanobsidianus_stetteri| GCA_000387965-GCA_000387965_05800-arCOG00589
DPANN|Nanoarchaeota|none|Nanoarchaeales|Nanopusillaceae|Candidatus_Nanobsidianus|Candidatus_Nanobsidianus_stetteriiGCA_003086415-GCA_003086415_02140-arCOG00589
98 I DPANN|Nanoarchaeota|none|Nanoarchaeales|Nanopusillaceae|Candidatus_Nanopusillus|Candidatus_Nanopusillus_acidilobi_7A|GCA_001552015-GCA_001552015_00740-arCOG00589
67 100 t DPANN|Nanoarchaeota|none|none|none|none|Nanoarchaeota_archaeon_NZ13-N|GCA_003344645-GCA_003344645_00140-arCOG00589
L DPANN|Nanoarchaeota|none|none|none|Candidatus_Nanoclepta|Candidatus_Nanoclepta_minutus| GCA_003568775-GCA_003568775_01040-arCOG00589
TACK|Crenarchaeota|Thermoprotei|Sulfolobales|Sulfolobaceae|Acidianus|Acidianus_hospitalis| GCA_000213215-GCA_000213215_15100-arCOG00589
L|_— Euryarchaeota|Euryarchaeota|Methanococci|Methanococcales|Methanococcaceae|Methanococcus|Methanococcus_vannieliilGCA_000017165-GCA_000017165_10510-arCOG00589
84 Euryarchaeota|Euryarchaeota|Methanococci|Methanococcales|Methanocaldococcaceae|Methanotorris|Methanotorris_igneus|GCA_000214415-GCA_000214415_10130-arCOG00589
100 L|— Euryarchaeota|Euryarchaeota|Methanococci|Methanococcales|Methanocaldococcaceae|Methanocaldococcus|Methanocaldococcus_fervens|GCA_000023985-GCA_000023985_13270-arCOG00589
21 60 Euryarchaeota|Euryarchaeota|Methanococci|Methanococcales|Methanocaldococcaceae|Methanocaldococcus|Methanocaldococcus_infernus|GCA_000092305-GCA_000092305_12670-arCOG00589
Euryarchaeota|Euryarchaeota|Methanococci|Methanococcales|Methanococcaceae|Methanococcus|Methanococcus_aeolicus|GCA_000017185-GCA_000017185_07500-arCOG00589
100 I TACK|Crenarchaeota|Thermoprotei|Thermoproteales|Thermofilaceae|Thermofilum|Thermofilum_pendens|GCA_000015225-GCA_000015225_07340-arCOG00589
73 L TACK]|Crenarchaeota|Thermoproteilnone|none|none|Thermoprotei_archaeon|GCA_003649305-GCA_003649305_02670-arCOG00589
85 | TACK]|Crenarchaeota|Thermoprotei|Thermoproteales|Thermoproteaceae|Vulcanisaeta|Vulcanisaeta_distributa| GCA_000148385-GCA_000148385_22710-arCOG00589
71 L TACK]|Crenarchaeota|Thermoprotei|Thermoproteales|Thermoproteaceae|Pyrobaculum|Pyrobaculum_calidifontis| GCA_000015805-GCA_000015805_07980-arCOG00589
95 |_ Euryarchaeota|Euryarchaeota|Methanococci|Methanococcales|Methanocaldococcaceae|Methanocaldococcus|Methanocaldococcus_fervens|GCA_000023985-GCA_000023985_00750-arCOG00589
Euryarchaeota|Euryarchaeota|Methanococci|Methanococcales|Methanocaldococcaceae|Methanocaldococcus|Methanocaldococcus_infernus|GCA_000092305-GCA_000092305_03500-arCOG00589
93 I Euryarchaeota|Euryarchaeota|Methanococci|Methanococcales|Methanocaldococcaceae|Methanotorris|Methanotorris_igneus|GCA_000214415-GCA_000214415_11800-arCOG00589
24 93 | TACK|Korarchaeota|none|none|none|none|Candidatus_Korarchaeota_archaeon|GCA_003661385-GCA_003661385_09740-arCOG00589
L TACK|DeepKor|none|none|none|none|archaeon|GCA_003661545-GCA_003661545_07110-arCOG00589
Euryarchaeota|Euryarchaeota|Hydrothermarchaeota|none|none|none|Candidatus_Hydrothermarchaeota_archaeon_JdFR-18|GCA_002011125-GCA_002011125_11460-arCOG00589
100 — Euryarchaeota|Euryarchaeota|Methanomicrobia|Methanocellales|Methanocellaceae|Methanocella|Methanocella_arvoryzae| GCA_000063445-GCA_000063445_16760-arCOG00589
75 L—— Euryarchaeota|Euryarchaeota|Methanomicrobia|Methanocellales|Methanocellaceae|Methanocella|Methanocella_conradii|GCA_000251105-GCA_000251105_10760-arCOG00589
10 100 | DPANN|Micrarchaeota|none|none|none|none|Candidatus_Micrarchaeota_archaeon_ARMAN-2|Ga0052122-Ga0052122 09660-arCOG00589
[ | L DPANN]|Micrarchaeota|none|none|none|none|Thermoplasmatales_archaeon_ ARMAN|GCA_002204695-GCA_002204695_02740-arCOG00589
80 Euryarchaeota|Euryarchaeota|Archaeoglobi|Archaeoglobales|Archaeoglobaceae|Ferroglobus|Ferroglobus_placidus| GCA_000025505-GCA_000025505_19590-arCOG00589
100 |—|— Euryarchaeota|EuryarchaeotalArchaeoglobi|Archaeoglobales|Archaeoglobaceae|Geoglobus|Geoglobus_acetivorans|GCA_000789255-GCA_000789255_16790-arCOG00589
o I Euryarchaeota|Euryarchaeota|Archaeoglobi|Archaeoglobales|Archaeoglobaceae|Archaeoglobus|Archaeoglobus_veneficus| GCA_000194625-GCA_000194625_18510-arCOG00589
33 100 | Euryarchaeota|Euryarchaeota|Archaeoglobi|Archaeoglobales|Archaeoglobaceae|Ferroglobus|Ferroglobus_placidus|GCA_000025505-GCA_000025505_15500-arCOG00589
— L Euryarchaeota|Euryarchaeota|Archaeoglobi|Archaeoglobales|Archaeoglobaceae|Geoglobus|Geoglobus_acetivorans|GCA_000789255-GCA_000789255_12670-arCOG00589
67 | TACK|Korarchaeota|none|none|none|none|Candidatus_Korarchaeota_archaeon|GCA_003661385-GCA_003661385_03560-arCOG00589
Euryarchaeota|Euryarchaeota|Hadesarchaea|none|none|none|Hadesarchaea_archaeon|GCA_004347835-GCA_004347835_10800-arCOG00589
97 Euryarchaeota|Euryarchaeota|Thermococci|Thermococcales|Thermococcaceae|Pyrococcus|Pyrococcus_furiosus|GCA_000007305-GCA_000007305_18790-arCOG00589
Euryarchaeota|Euryarchaeota|Thermococci|Thermococcales|Thermococcaceae|Pyrococcus|Pyrococcus_horikoshii|GCA_000011105-GCA_000011105_16910-arCOG00589
Euryarchaeota|Euryarchaeota|Thermococci|Thermococcales|Thermococcaceae|Thermococcus|Thermococcus_litoralis| GCA_000246985-GCA_000246985_02820-arCOG00589
Euryarchaeota|Euryarchaeota|Thermococci|Thermococcales|Thermococcaceae|Thermococcus|Thermococcus_profundus|GCA_002214585-GCA_002214585_15500-arCOG00589
Euryarchaeota|Euryarchaeota|Thermococci|Thermococcales|Thermococcaceae|Thermococcus|Thermococcus_thioreducens|GCA_002214545-GCA_002214545_08360-arCOG00589
Euryarchaeota|Euryarchaeota|Thermococci|Thermococcales|Thermococcaceae|Thermococcus|Thermococcus_barophilus| GCA_000151105-GCA_000151105_03920-arCOG00589
Euryarchaeota|Euryarchaeota|Thermococci|Thermococcales|Thermococcaceae|Palaeococcus|Palaeococcus_pacificus|GCA_000725425-GCA_000725425_06930-arCOG00589
2'7_1|7 Euryarchaeota|Euryarchaeota|Thermococci|Thermococcales|Thermococcaceae|Thermococcus|Thermococcus_thioreducens|GCA_002214545-GCA_002214545_21570-arCOG00589

63

100

93

Euryarchaeota|Euryarchaeota|Thermococci|Thermococcales|Thermococcaceae|Thermococcus|Thermococcus_profundus|GCA_002214585-GCA_002214585_00920-arCOG00589
Euryarchaeota|Euryarchaeota|Thermococci|Thermococcales|Thermococcaceae|Palaeococcus|Palaeococcus_pacificus|GCA_000725425-GCA_000725425_13230-arCOG00589
Euryarchaeota|Euryarchaeota|Thermococci|Thermococcales|Thermococcaceae|Thermococcus|Thermococcus_barophilus|GCA_000151105-GCA_000151105_19210-arCOG00589
Euryarchaeota|Euryarchaeota|Hadesarchaea|none|none|none|Hadesarchaea_archaeon|GCA_004347835-GCA_004347835_10060-arCOG00589
Euryarchaeota|Euryarchaeota|Hydrothermarchaeota|none|none|Hydrothermarchaeota|Candidatus_Hydrothermarchaeota_archaeon_B51_G15|B51_G15-B51_G15_02740-arCOG00589

34 76

Euryarchaeota|Euryarchaeota|Archaeoglobi|Archaeoglobales|Archaeoglobaceae|Archaeoglobus|Archaeoglobus_fulgidus|GCA_000008665-GCA_000008665_19910-arCOG00589
W Euryarchaeota|Euryarchaeota|Hadesarchaea|none|none|none|Hadesarchaea_archaeon_DG-33|GCA_001515185-GCA_001515185_08850-arCOG00589

100 Euryarchaeota|Euryarchaeota|Hadesarchaealnone|none|none|Hadesarchaea_archaeon|GCA_004347835-GCA_004347835_07600-arCOG00589

Euryarchaeota|Euryarchaeota|Hadesarchaea|none|none|none|Hadesarchaea_archaeon|GCA_003661465-GCA_003661465_03350-arCOG00589
Euryarchaeota|Euryarchaeota|Persephonarchaealnone|none|none|candidate_division_MSBL1_archaeon_SCGC-AAA261019|GCA_001549225-GCA_001549225_07910-arCOG00589

Euryarchaeota|Euryarchaeota|Methanomicrobia|Methanosarcinales|Methanosarcinaceae|Methanohalophilus|Methanohalophilus_halophilus|GCA_001889405-GCA_001889405_14110-arCOG00589
100 Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Halorubraceae|Halorubrum|Halorubrum_lacusprofundi|lGCA_000022205-GCA_000022205_26760-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Halorubraceae|Halorubrum|Halorubrum_lacusprofundilGCA_002215285-GCA_002215285_18510-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Halorubraceae|Halorubrum|Halorubrum_saccharovorum|GCA_000337915-GCA_000337915_15020-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Halorubraceae|Halorubrum|Halorubrum_halodurans|GCA_002252985-GCA_002252985_12260-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Halorubraceae|Halorubrum|Halorubrum_coriense|GCA_000337035-GCA_000337035_31060-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Halorubraceae|Halorubrum|Halorubrum_tebenquichense|GCA_000337415-GCA_000337415_13330-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Halorubraceae|Halorubrum|Halorubrum_distributum|GCA_000337335-GCA_000337335_26560-arCOG00589
i:EuryarchaeotmEuryarchaeota|Halobacteria|Haloferacales|Halorubraceae|Halolamina|Halolamina_sediminis|GCA_OO1282785—GCA_OO1282785_27750—arC0600589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Halorubraceae|Halopenitus|Halopenitus_malekzadehii|GCA_900108505-GCA_900108505_15570-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Haloferacaceae|Haloprofundus|Haloprofundus_marisrubri|GCA_001469955-GCA_001469955_34800-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Haloferacaceae|Haloplanus|Haloplanus_vescus|GCA_900107665-GCA_900107665_07070-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Halorubraceae|Salinigranum|Salinigranum_rubrum|GCA_002906575-GCA_002906575_38200-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Haloferacaceae|none|Haloferacaceae_archaeon_SYSU_A9-0|GCA_002844195-GCA_002844195_11760-arCOG00589
100 Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Haloferacaceae|Haloferax|Haloferax_volcaniil GCA_000025685-GCA_000025685_02250-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Haloferacaceae|Haloferax|Haloferax_mediterraneilGCA_000306765-GCA_000306765_02340-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Haloferacaceae|Haloquadratum|Haloquadratum_walsbyi|GCA_000237865-GCA_000237865_29010-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Haloferacaceae|Halopelagius|Halopelagius_longus|GCA_003351065-GCA_003351065_15800-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Haloferacaceae|Halobellus|Halobellus_clavatus| GCA_900107195-GCA_900107195_30950-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Haloferacaceae|Halogeometricum|Halogeometricum_borinquense|GCA_000172995-GCA_000172995_00770-arCOG00589
—— Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|none|none|Halobacteriales_archaeon_QS_6_71_20|GCA_003020945-GCA_003020945_15960-arCOG00589
l|— Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Halobacteriaceae|Halarchaeum|Halarchaeum_sp__CBA1220|GCA_003721175-GCA_003721175_07830-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|none|none|Halobacteriales_archaeon_QS_9_67_17|GCA_003023185-GCA_003023185_09560-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Halobacteriaceae|Halorussus|Halorussus_sp__RC-68|GCA_004087835-GCA_004087835_11550-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Halobacteriaceae|Halostella|Halostella_salina| GCA_003675855-GCA_003675855_05470-arCOG00589
69 Euryarchaeota|Euryarchaeota|Halobacteria|Natrialbales|Natrialbaceae|Haloterrigena|Haloterrigena_turkmenica| GCA_000025325-GCA_000025325_02820-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Natrialbales|Natrialbaceae|Natronorubrum|Natronorubrum_tibetense| GCA_000337235-GCA_000337235_42080-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Natrialbales|Natrialbaceae|Halopiger|Halopiger_xanaduensis|GCA_000217715-GCA_000217715_21010-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Natrialbales|Natrialbaceae|Natronolimnobius|Natronolimnobius_sp__AArc1|GCA_003430825-GCA_003430825_21960-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Natrialbales|Natrialbaceae|Natrinema|Natrinema_pellirubrum|GCA_000230735-GCA_000230735_08130-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Natrialbales|Natrialbaceae|Halobiforma|Halobiforma_lacisalsi|GCA_000226975-GCA_000226975_06050-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Natrialbales|Natrialbaceae|Natronobacterium|Natronobacterium_gregoryi|lGCA_000230715-GCA_000230715_13100-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Natrialbales|Natrialbaceae|Natrarchaeobius|Natrarchaeobius_halalkaliphilus|GCA_003841485-GCA_003841485_22970-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Haloarculaceae|Halorhabdus|Halorhabdus_tiamatea| GCA_000470655-GCA_000470655_02230-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Natrialbales|Natrialbaceae|Halostagnicola|Halostagnicola_larseniilGCA_000517625-GCA_000517625_01580-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Halobacteriaceae|Haladaptatus|Haladaptatus_paucihalophilus| GCA_000187225-GCA_000187225_37200-arCOG00589
54 Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Haloarculaceae|Halomicrobium|Halomicrobium_zhouii|GCA_900114435-GCA_900114435_28630-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Haloarculaceae|Haloarcula|Haloarcula_quadrata| GCA_003634715-GCA_003634715_03740-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Halobacteriaceae|Halovenus|Halovenus_aranensis|GCA_900100385-GCA_900100385_21180-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Haloarculaceae|Halomicrobium|Halomicrobium_mukohataeil GCA_000023965-GCA_000023965_10370-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Haloarculaceae|Halosimplex|Halosimplex_carlsbadense|GCA_000337455-GCA_000337455_08960-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Haloarculaceae|Halorientalis|Halorientalis_regularis| GCA_900102305-GCA_900102305_21570-arCOG00589
£|— Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Halobacteriaceae|Halanaeroarchaeum|Halanaeroarchaeum_sulfurireducens|GCA_001011115-GCA_001011115_01390-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Halobacteriaceae|Halodesulfurarchaeum|Halodesulfurarchaeum_formicicum|GCA_001886955-GCA_001886955_00870-arCOG00589
190 Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Halorubraceae|Halorubrum|Halorubrum_lacusprofundilGCA_000022205-GCA_000022205_05970-arCOG00589
o Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Halorubraceae|Halorubrum|Halorubrum_lacusprofundi|GCA_002215285-GCA_002215285_04890-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Halorubraceae|Halorubrum|Halorubrum_saccharovorum|GCA_000337915-GCA_000337915_25920-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Halorubraceae|Halorubrum|Halorubrum_halodurans| GCA_002252985-GCA_002252985_28500-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Halorubraceae|Halorubrum|Halorubrum_distributum|GCA_000337335-GCA_000337335_16360-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Halorubraceae|Halorubrum|Halorubrum_tebenquichense|GCA_000337415-GCA_000337415_21480-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Halorubraceae|Halorubrum|Halorubrum_coriense|GCA_000337035-GCA_000337035_27830-arCOG00589
1y =—— Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Halorubraceae|Halopenitus|Halopenitus_malekzadehii| GCA_900108505-GCA_900108505_18700-arCOG00589
6 Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Haloferacaceae|Haloprofundus|Haloprofundus_marisrubri|GCA_001469955-GCA_001469955_09950-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Haloferacaceae|none|Haloferacaceae_archaeon_SYSU_A9-0|GCA_002844195-GCA_002844195_15620-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Halorubraceae|Salinigranum|Salinigranum_rubrum|GCA_002906575-GCA_002906575_06000-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Haloferacaceae|Halogeometricum|Halogeometricum_borinquense|GCA_000172995-GCA_000172995_25600-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Haloferacaceae|Halopelagius|Halopelagius_longus|GCA_003351065-GCA_003351065_12420-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Haloferacaceae|Halobellus|Halobellus_clavatus| GCA_900107195-GCA_900107195_18930-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Haloferacaceae|Haloquadratum|Haloquadratum_walsbyi|GCA_000237865-GCA_000237865_04610-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Haloferacaceae|Haloferax|Haloferax_volcaniilGCA_000025685-GCA_000025685_05890-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Haloferacaceae|Haloferax|Haloferax_mediterranei|lGCA_000306765-GCA_000306765_05710-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Haloferacaceae|Haloplanus|Haloplanus_vescus|GCA_900107665-GCA_900107665_25390-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Halorubraceae|Halolamina|Halolamina_sediminis|GCA_001282785-GCA_001282785_28640-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Halobacteriaceae|Halorussus|Halorussus_sp__RC-68|GCA_004087835-GCA_004087835_19990-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Halobacteriaceae|Halostella|Halostella_salina| GCA_003675855-GCA_003675855_24020-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Halobacteriaceae|Halarchaeum|Halarchaeum_sp__ CBA1220|GCA_003721175-GCA_003721175_02830-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|none|none|Halobacteriales_archaeon_QS_6_71_20|GCA_003020945-GCA_003020945_11410-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Halobacteriaceae|Halanaeroarchaeum|Halanaeroarchaeum_sulfurireducens|GCA_001011115-GCA_001011115_05450-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Halobacteriaceae|Halodesulfurarchaeum|Halodesulfurarchaeum_formicicum|GCA_001886955-GCA_001886955_15710-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|none|none|Halobacteriales_archaeon_QS_9 67_17|GCA_003023185-GCA_003023185_21000-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|none|none|Halobacteriales_archaeon_QS_4_69_225|GCA_003020965-GCA_003020965_22070-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Haloarculaceae|Halorientalis|Halorientalis_regularis| GCA_900102305-GCA_900102305_38550-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Haloarculaceae|Natronomonas|Natronomonas_pharaonis|GCA_000026045-GCA_000026045_26110-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Haloarculaceae|Halosimplex|Halosimplex_carlsbadense|GCA_000337455-GCA_000337455_00800-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|none|none|Halobacteriales_archaeon_QH_10_67_22|GCA_003021305-GCA_003021305_17100-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Haloarculaceae|Halomicrobium|Halomicrobium_mukohataeilGCA_000023965-GCA_000023965_01320-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Haloarculaceae|Halomicrobium|Halomicrobium_zhouii|GCA_900114435-GCA_900114435_19870-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Haloarculaceae|Haloarcula|Haloarcula_quadrata| GCA_003634715-GCA_003634715_11570-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Halobacteriaceae|Halovenus|Halovenus_aranensis| GCA_900100385-GCA_900100385_01640-arCOG00589
100, Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Halorubraceae|Halorubrum|Halorubrum_lacusprofundi|GCA_000022205-GCA_000022205_02730-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Halorubraceae|Halorubrum|Halorubrum_lacusprofundi|lGCA_002215285-GCA_002215285_25160-arCOG00589
90 Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Halorubraceae|Halorubrum|Halorubrum_saccharovorum|GCA_000337915-GCA_000337915_23040-arCOG00589
8 Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Halorubraceae|Halorubrum|Halorubrum_distributum|GCA_000337335-GCA_000337335_31330-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Halorubraceae|Halorubrum|Halorubrum_tebenquichense|GCA_000337415-GCA_000337415_17470-arCOG00589
94 Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Halorubraceae|Halorubrum|Halorubrum_coriense| GCA_000337035-GCA_000337035_02210-arCOG00589
76 Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Halorubraceae|Halopenitus|Halopenitus_malekzadehii|GCA_900108505-GCA_900108505_16550-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Halorubraceae|Halorubrum|Halorubrum_halodurans|GCA_002252985-GCA_002252985_00990-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Haloferacaceae|none|Haloferacaceae_archaeon_SYSU_A9-0|GCA_002844195-GCA_002844195_12780-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Halorubraceae|Halonotius|Halonotius_sp__F13-13|GCA_003605575-GCA_003605575_24760-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Halorubraceae|Halohasta|Halohasta_litchfieldiae| GCA_002788215-GCA_002788215_19440-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|none|none|Halobacteriales_archaeon_QS_6_71_20|GCA_003020945-GCA_003020945_19620-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Haloferacaceae|Halogeometricum|Halogeometricum_borinquense|GCA_000172995-GCA_000172995_27980-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Haloferacaceae|Halopelagius|Halopelagius_longus|GCA_003351065-GCA_003351065_15090-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Haloferacaceae|Halobellus|Halobellus_clavatus|GCA_900107195-GCA_900107195_33520-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Haloferacaceae|Haloferax|Haloferax_volcaniil GCA_000025685-GCA_000025685_03220-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Haloferacaceae|Haloferax|Haloferax_mediterranei|lGCA_000306765-GCA_000306765_03130-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Haloferacaceae|Haloprofundus|Haloprofundus_marisrubri|GCA_001469955-GCA_001469955_07570-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Halorubraceae|Salinigranum|Salinigranum_rubrum|GCA_002906575-GCA_002906575_02660-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Haloferacaceae|Haloplanus|Haloplanus_vescus|GCA_900107665-GCA_900107665_27750-arCOG00589
98 Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Halobacteriaceae|Halanaeroarchaeum|Halanaeroarchaeum_sulfurireducens|GCA_001011115-GCA_001011115_13240-arCOG00589
|_|—— Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Halobacteriaceae|Halodesulfurarchaeum|Halodesulfurarchaeum_formicicum|GCA_001886955-GCA_001886955_14270-arCOG00589
| Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Halobacteriaceae|Halobacterium|Halobacterium_salinarum|GCA_000006805-GCA_000006805_07580-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Haloarculaceae|Halomicrobium|Halomicrobium_mukohataeilGCA_000023965-GCA_000023965_12750-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Haloarculaceae|Halomicrobium|Halomicrobium_zhouii|GCA_900114435-GCA_900114435_32640-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Haloarculaceae|Haloarcula|Haloarcula_quadrata| GCA_003634715-GCA_003634715_35110-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Haloarculaceae|Halosimplex|Halosimplex_carlsbadense|GCA_000337455-GCA_000337455_09470-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|none|none|Halobacteriales_archaeon_QH_10_67_22|GCA_003021305-GCA_003021305_18690-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Halobacteriaceae|Halovenus|Halovenus_aranensis| GCA_900100385-GCA_900100385_07170-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Haloarculaceae|Halorientalis|Halorientalis_regularis| GCA_900102305-GCA_900102305_20710-arCOG00589
72 ﬂ: Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Haloarculaceae|Halorhabdus|Halorhabdus_tiamatea| GCA_000470655-GCA_000470655_16900-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Haloarculaceae|Halapricum|Halapricum_salinum|GCA_000755225-GCA_000755225_29200-arCOG00589
97 91 t Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Haloarculaceae|Halorientalis|Halorientalis_regularis| GCA_900102305-GCA_900102305_27560-arCOG00589
L Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Haloarculaceae|Halapricum|Halapricum_salinum|GCA_000755225-GCA_000755225_16530-arCOG00589
26 90 | Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Haloarculaceae|Halomicrobium|Halomicrobium_zhouii|GCA_900114435-GCA_900114435_30700-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Haloarculaceae|Halorientalis|Halorientalis_regularis| GCA_900102305-GCA_900102305_21990-arCOG00589
: Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Haloarculaceae|Natronomonas|Natronomonas_pharaonis|GCA_000026045-GCA_000026045_02190-arCOG00589
99 Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Halobacteriaceae|Halanaeroarchaeum|Halanaeroarchaeum_sulfurireducens|GCA_001011115-GCA_001011115_02160-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Halobacteriaceae|Halodesulfurarchaeum|Halodesulfurarchaeum_formicicum|GCA_001886955-GCA_001886955_18610-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Halobacteriaceae|Halobacterium|Halobacterium_salinarum|GCA_000006805-GCA_000006805_16730-arCOG00589
98 Euryarchaeota|Euryarchaeota|Halobacteria|Natrialbales|Natrialbaceae|Halobiforma|Halobiforma_lacisalsi|GCA_000226975-GCA_000226975_13320-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Natrialbales|Natrialbaceae|Natronobacterium|Natronobacterium_gregoryi|lGCA_000230715-GCA_000230715_19540-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Natrialbales|Natrialbaceae|Halopiger|Halopiger_xanaduensis| GCA_000217715-GCA_000217715_13120-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Natrialbales|Natrialbaceae|Natrialba|Natrialba_magadii|GCA_000025625-GCA_000025625_14210-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Natrialbales|Natrialbaceae|Natronolimnobius|Natronolimnobius_sp__AArc1|GCA_003430825-GCA_003430825_04050-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Natrialbales|Natrialbaceae|Halostagnicola|Halostagnicola_larseniilGCA_000517625-GCA_000517625_23400-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Natrialbales|Natrialbaceae|Natrarchaeobius|Natrarchaeobius_halalkaliphilus| GCA_003841485-GCA_003841485_23990-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Natrialbales|Natrialbaceae|Haloterrigena|Haloterrigena_turkmenica| GCA_000025325-GCA_000025325_31710-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Natrialbales|Natrialbaceae|Natronorubrum|Natronorubrum_tibetense|GCA_000337235-GCA_000337235_20820-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Natrialbales|Natrialbaceae|Natrinema|Natrinema_sp__J7-2|GCA_000281695-GCA_000281695_18830-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Natrialbales|Natrialbaceae|Natrinema|Natrinema_pellirubrum|GCA_000230735-GCA_000230735_07470-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Natrialbales|Natrialbaceae|none|Natrialbaceae_archaeon_Tc-Brll_E2g8|/GCA_001564115-GCA_001564115_18170-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Natrialbales|Natrialbaceae|Halovivax|Halovivax_ruber| GCA_000328525-GCA_000328525_25250-arCOG00589
110 Euryarchaeota|Euryarchaeota|Methanopyri|Methanopyrales|Methanopyraceae|Methanopyrus|Methanopyrus_sp__SNP6|GCA_002201895-GCA_002201895_00690-arCOG00589
Euryarchaeota|Euryarchaeota|Methanopyri|Methanopyrales|Methanopyraceae|Methanopyrus|Methanopyrus_sp__ KOL6|GCA_002201915-GCA_002201915_14790-arCOG00589
Euryarchaeota|Euryarchaeota|Methanopyri|Methanopyrales|Methanopyraceae|Methanopyrus|Methanopyrus_kandlerilGCA_000007185-GCA_000007185_15260-arCOG00589
—— Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Halobacteriaceae|Halostella|Halostella_salina| GCA_003675855-GCA_003675855_06460-arCOG00589
100 —— Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Halorubraceae|Halohasta|Halohasta_litchfieldiae| GCA_002788215-GCA_002788215_10200-arCOG00589
65 — Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Halorubraceae|Halonotius|Halonotius_sp__F13-13|GCA_003605575-GCA_003605575_15980-arCOG00589
6 &:wyarchaeotalEuryarchaeotalHalobacterialHaloferacaleslHalorubraceaelSaIinigranum|SaIinigranum_rubrum|GCA_002906575-GCA_002906575_11450-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Haloferacales|Halorubraceae|Salinigranum|Salinigranum_rubrum|GCA_002906575-GCA_002906575_11440-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Haloarculaceae|Haloarcula|Haloarcula_quadrata| GCA_003634715-GCA_003634715_29520-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Haloarculaceae|Halomicrobium|Halomicrobium_zhouii|GCA_900114435-GCA_900114435_23540-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Halobacteriaceae|Halorussus|Halorussus_sp__RC-68|GCA_004087835-GCA_004087835_12220-arCOG00589
Euryarchaeota|Euryarchaeota|Halobacteria|Halobacteriales|Halobacteriaceae|Haladaptatus|Haladaptatus_paucihalophilus| GCA_000187225-GCA_000187225_37450-arCOG00589
100 Euryarchaeota|Euryarchaeota|Methanomicrobia|Methanomicrobiales|Methanomicrobiaceae|Methanoculleus|Methanoculleus_sediminis| GCA_001017125-GCA_001017125_19700-arCOG00589
Euryarchaeota|Euryarchaeota|Methanomicrobia|Methanomicrobiales|Methanomicrobiaceae|Methanoculleus|Methanoculleus_thermophilus|GCA_001571405-GCA_001571405_02530-arCOG00589
Euryarchaeota|Euryarchaeota|Methanomicrobia|Methanomicrobiales|Methanomicrobiaceae|Methanolacinia|Methanolacinia_paynterilGCA_000784355-GCA_000784355_07580-arCOG00589
Euryarchaeota|Euryarchaeota|Methanomicrobia|Methanomicrobiales|Methanomicrobiaceae|Methanoculleus|Methanoculleus_sediminis| GCA_001017125-GCA_001017125_01020-arCOG00589
Euryarchaeota|Euryarchaeota|Methanomicrobia|Methanomicrobiales|Methanoregulaceae|Methanolinea|Methanolinea_tarda| GCA_000235685-GCA_000235685_04150-arCOG00589
Euryarchaeota|Euryarchaeota|Methanomicrobia|Methanomicrobiales|Methanoregulaceae|Methanoregula|Methanoregula_formicica| GCA_000327485-GCA_000327485_10510-arCOG00589
Euryarchaeota|Euryarchaeota|Methanomicrobia|Methanomicrobiales|Methanomicrobiaceae|Methanofollis|Methanofollis_ethanolicus| GCA_001571385-GCA_001571385_09880-arCOG00589
Euryarchaeota|Euryarchaeota|Methanomicrobia|Methanomicrobiales|Methanomicrobiaceae|Methanolacinia|Methanolacinia_paynteri|fGCA_000784355-GCA_000784355_14410-arCOG00589
Euryarchaeota|Euryarchaeota|Methanomicrobia|Methanomicrobiales|Methanoregulaceae|Methanoregula|Methanoregula_formicica| GCA_000327485-GCA_000327485_10090-arCOG00589
Euryarchaeota|Euryarchaeota|Methanomicrobia|Methanomicrobiales|Methanomicrobiaceae|Methanofollis|Methanofollis_ethanolicus| GCA_001571385-GCA_001571385_10850-arCOG00589
96 Euryarchaeota|Euryarchaeota|Methanomicrobia|Methanosarcinales|Methanosarcinaceae|Methanolobus|Methanolobus_psychrophilus| GCA_000306725-GCA_000306725_07930-arCOG00589
N Euryarchaeota|Euryarchaeota|Methanomicrobia|Methanosarcinales|Methanosarcinaceae|Methanomethylovorans|Methanomethylovorans_hollandica| GCA_000328665-GCA_000328665_16910-arCOG00589
Euryarchaeota|Euryarchaeota|Methanomicrobia|Methanosarcinales|Methanosarcinaceae|Methanosalsum|Methanosalsum_zhilinae| GCA_000217995-GCA_000217995_04560-arCOG00589
93 100 I: Euryarchaeota|Euryarchaeota|Methanomicrobia|Methanocellales|Methanocellaceae|Methanocella|Methanocella_arvoryzae| GCA_000063445-GCA_000063445 22930-arCOG00589
Euryarchaeota|Euryarchaeota|Methanomicrobia|Methanocellales|Methanocellaceae|Methanocella|Methanocella_conradiilGCA_000251105-GCA_000251105_01040-arCOG00589
Euryarchaeota|Euryarchaeota|Methanomicrobia|Methanosarcinales|Methanoperedenaceae|Candidatus_Methanoperedens|Candidatus_Methanoperedens_nitroreducens|GCA_000685155-GCA_000685155_10000-arCOG00589
Euryarchaeota|Euryarchaeota|Methanomicrobia|Methanosarcinales|Methanoperedenaceae|none|Candidatus_Methanoperedenaceae_archaeon_HGW-Methanoperedenaceae-1|GCA_002839545-GCA_002839545_18470-arCOG00589
Euryarchaeota|Euryarchaeota|Methanomicrobia|Methanosarcinales|Methanoperedenaceae|none|Candidatus_Methanoperedenaceae_archaeon|GCA_003104905-GCA_003104905_29170-arCOG00589
Euryarchaeota|Euryarchaeota|Methanomicrobia|Methanosarcinales|none|none|ANME-2_cluster_archaeon_HR1|GCA_002926195-GCA_002926195_02220-arCOG00589
Euryarchaeota|Euryarchaeota|Methanomicrobia|Methanosarcinales|none|Candidatus_Syntrophoarchaeum|Candidatus_Syntrophoarchaeum_caldarius| GCA_001766815-GCA_001766815_11070-arCOG00589
Euryarchaeota|Euryarchaeota|Methanomicrobia|Methanosarcinales|none|Candidatus_Syntrophoarchaeum|Candidatus_Syntrophoarchaeum_butanivorans|GCA_001766825-GCA_001766825_07300-arCOG00589
100 Euryarchaeota|Euryarchaeota|Theionarchaealnone|none|none|Theionarchaea_archaeon_DG-70|GCA_001595795-GCA_001595795_25670-arCOG00589
— Euryarchaeota|Euryarchaeota|Theionarchaealnone|none|none|Theionarchaea_archaeon_DG-70-1|GCA_001595815-GCA_001595815_41220-arCOG00589
100 Euryarchaeota|Euryarchaeota|Methanococci|Methanococcales|Methanocaldococcaceae|Methanocaldococcus|Methanocaldococcus_fervens|GCA_000023985-GCA_000023985_07630-arCOG00589
Euryarchaeota|Euryarchaeota|Methanococci|Methanococcales|Methanocaldococcaceae|Methanocaldococcus|Methanocaldococcus_infernus| GCA_000092305-GCA_000092305_08040-arCOG00589
Euryarchaeota|Euryarchaeota|Methanococci|Methanococcales|Methanocaldococcaceae|Methanotorris|Methanotorris_igneus|GCA_000214415-GCA_000214415_16780-arCOG00589
Euryarchaeota|Euryarchaeota|Methanococci|Methanococcales|Methanococcaceae|Methanococcus|Methanococcus_vannieliilGCA_000017165-GCA_000017165_04930-arCOG00589
Euryarchaeota|Euryarchaeota|Methanococci|Methanococcales|Methanococcaceae|Methanococcus|Methanococcus_aeolicus| GCA_000017185-GCA_000017185_03570-arCOG00589
87 Euryarchaeota|Euryarchaeota|Hydrothermarchaeota|none|none|none|archaeon_BMS3Bbin15|GCA_002897955-GCA_002897955_08530-arCOG00589
i‘_[ Euryarchaeota|Hydrothermarchaeota|none|none|none|none|Euryarchaeota_archaeon|GCA_003229935-GCA_003229935_01950-arCOG00589
Euryarchaeota|Hydrothermarchaeota|none|none|none|none|Euryarchaeota_archaeon|GCA_003229935-GCA_003229935_16380-arCOG00589
Euryarchaeota|Euryarchaeota|Hydrothermarchaeota|none|none|none|Candidatus_Hydrothermarchaeota_archaeon_JdFR-18|/GCA_002011125-GCA_002011125_00260-arCOG00589
Euryarchaeota|Hydrothermarchaeota|none|none|none|none|Euryarchaeota_archaeon|GCA_003230355-GCA_003230355_14420-arCOG00589
Euryarchaeota|Hydrothermarchaeota|none|none|none|none|Euryarchaeota_archaeon|GCA_003695745-GCA_003695745_09760-arCOG00589
Euryarchaeota|Euryarchaeota|Hydrothermarchaeota|none|none|nonelarchaeon_BMS3Bbin15|GCA_002897955-GCA_002897955_08160-arCOG00589
Euryarchaeota|Hydrothermarchaeota|none|none|none|none|Euryarchaeota_archaeon|GCA_003229935-GCA_003229935_11860-arCOG00589
Euryarchaeota|Hydrothermarchaeota|none|none|none|none|Euryarchaeota_archaeon|GCA_003695745-GCA_003695745_02500-arCOG00589
i‘i_ﬂ: Euryarchaeota|EuryarchaeotalArchaeoglobilnone|none|none|Archaeoglobi_archaeon|GCA_004347825-GCA_004347825_01920-arCOG00589
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Euryarchaeota|EuryarchaeotalArchaeoglobilnone|none|none|Archaeoglobi_archaeon|GCA_004347825-GCA_004347825_03840-arCOG00589
uryarchaeota|Euryarchaeota|Archaeoglobi|Archaeoglobales|Archaeoglobaceae|Archaeoglobus|Archaeoglobus_fulgidus| GCA_000008665-GCA_000008665_07320-arCOG00589
TACKk|Bathyarchaeota|none|none|none|none|Candidatus_Bathyarchaeota_archaeon_JdFR-04|GCA_002010925-GCA_002010925_00630-arCOG00589
3 s 100 F Euryarchaeota|Euryarchaeota|Hydrothermarchaeota|none|none|nonelarchaeon_BMS3Bbin15|GCA_002897955-GCA_002897955_08550-arCOG00589

Euryarchaeota|Hydrothermarchaeota|none|none|none|none|Euryarchaeota_archaeon|GCA_003229935-GCA_003229935_01970-arCOG00589

Euryarchaeota|Euryarchaeota|Hydrothermarchaeota|none|none|none|Candidatus_Hydrothermarchaeota_archaeon_JdFR-18|/GCA_002011125-GCA_002011125_09220-arCOG00589

100 i|—_ Euryarchaeota|Hydrothermarchaeotalnone|none|none|none|Euryarchaeota_archaeon|GCA_003230355-GCA_003230355_04420-arCOG00589
Euryarchaeota|Hydrothermarchaeota|none|none|none|none|Euryarchaeota_archaeon|GCA_003695745-GCA_003695745_09870-arCOG00589

Euryarchaeota|Euryarchaeota|Methanomicrobia|Methanosarcinales|Methanoperedenaceae|Candidatus_Methanoperedens|Candidatus_Methanoperedens_nitroreducens|GCA_000685155-GCA_000685155_25860-arCOG00589

— ;E Euryarchaeota|Euryarchaeota|Thermococci|Methanofastidiosa|none|none|Arc_I|_group_archaeon_U1Isi0528_Bin055|GCA_001587715-GCA_001587715_05140-arCOG00589
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26 Euryarchaeota|Euryarchaeota|Thermococci|Methanofastidiosa|none|none|Arc_|_group_archaeon|GCA_003558335-GCA_003558335_10460-arCOG00589

Euryarchaeota|Euryarchaeotal|Thermococci|Methanofastidiosa|none|none|Arc_|_group_archaeon_BMIXfssc0709_Meth_Bin006|GCA_001587575-GCA_001587575_02450-arCOG00589
L Euryarchaeota|Euryarchaeota|Thermococci|Methanofastidiosa|none|none|Arc_l_group_archaeon_ADurb1013_Bin02101|GCA_001587595-GCA_001587595_02670-arCOG00589
88 Euryarchaeota|Euryarchaeota|Methanococci|Methanococcales|Methanococcaceae|Methanococcus|Methanococcus_vannieliilGCA_000017165-GCA_000017165_14980-arCOG00589
4q__‘—ilfuryarchaeota|Euryarchaeota|Methanococci|Methanococcales|Methanococcaceae|Methanococcus|Methanococcus_aeoli(:us|GCA_000017185—GCA_000017185_05600—arC0600589
o7 Euryarchaeota|Euryarchaeota|Methanococci|Methanococcales|Methanocaldococcaceae|Methanotorris|Methanotorris_igneus|GCA_000214415-GCA_000214415_11840-arCOG00589
45 100 E Euryarchaeota|Euryarchaeota|Methanococci|Methanococcales|Methanocaldococcaceae|Methanocaldococcus|Methanocaldococcus_fervens|GCA_000023985-GCA_000023985_08080-arCOG00589
Euryarchaeota|Euryarchaeota|Methanococci|Methanococcales|Methanocaldococcaceae|Methanocaldococcus|Methanocaldococcus_infernus| GCA_000092305-GCA_000092305_12280-arCOG00589
— Euryarchaeota|EuryarchaeotalArchaeoglobilnone|none|none|Archaeoglobi_archaeon|GCA_004347825-GCA_004347825_01760-arCOG00589
97 Euryarchaeota|Euryarchaeota|Hydrothermarchaeota|none|none|Hydrothermarchaeota|Candidatus_Hydrothermarchaeota_archaeon_B51_G15|B51_G15-B51_G15_01250-arCOG00589
Euryarchaeota|Euryarchaeota|Hydrothermarchaeota|none|none|Hydrothermarchaeota|Candidatus_Hydrothermarchaeota_archaeon_B51_G15|B51_G15-B51_G15_01690-arCOG00589
6 Euryarchaeota|Euryarchaeota|Methanobacteria|Methanobacteriales|Methanobacteriaceae|Methanothermobacter|Methanothermobacter_marburgensis|GCA_000145295-GCA_000145295_04020-arCOG00589
6 Euryarchaeota|Euryarchaeota|Methanobacteria|Methanobacteriales|Methanobacteriaceae|Methanothermobacter|Methanothermobacter_sp__MT-2|GCA_003584625-GCA_003584625_01160-arCOG00589
7¢ |96 Euryarchaeota|Euryarchaeota|Methanobacteria|Methanobacteriales|Methanobacteriaceae|Methanobacterium|Methanobacterium_paludis| GCA_000214725-GCA_000214725_17030-arCOG00589
Euryarchaeota|Euryarchaeota|Methanobacteria|Methanobacteriales|Methanobacteriaceae|Methanobacterium|Methanobacterium_subterraneum|GCA_002813655-GCA_002813655_15910-arCOG00589
Euryarchaeota|Euryarchaeota|Methanobacteria|Methanobacteriales|Methanothermaceae|Methanothermus|Methanothermus_fervidus|GCA_000166095-GCA_000166095_03090-arCOG00589
100 —— Euryarchaeota|Euryarchaeota|Methanobacteria|Methanobacteriales|Methanobacteriaceae|Methanobacterium|Methanobacterium_paludis| GCA_000214725-GCA_000214725_17020-arCOG00589
L—— Euryarchaeota|Euryarchaeota|Methanobacteria|Methanobacteriales|Methanobacteriaceae|Methanobacterium|Methanobacterium_subterraneum|GCA_002813655-GCA_002813655_15920-arCOG00589
8 Euryarchaeota|Euryarchaeota|Thermococci|Thermococcales|Thermococcaceae|Pyrococcus|Pyrococcus_furiosus|GCA_000007305-GCA_000007305_16370-arCOG00589
Euryarchaeota|Euryarchaeota|Thermococci|Thermococcales|Thermococcaceae|Pyrococcus|Pyrococcus_horikoshiilGCA_000011105-GCA_000011105_15040-arCOG00589
— Euryarchaeota|Euryarchaeota|Thermococci|Thermococcales|Thermococcaceae|Thermococcus|Thermococcus_litoralis| GCA_000246985-GCA_000246985_02270-arCOG00589
1 Euryarchaeota|Euryarchaeota|Thermococci|Thermococcales|Thermococcaceae|Thermococcus|Thermococcus_thioreducens|GCA_002214545-GCA_002214545_16780-arCOG00589
100 Euryarchaeota|Euryarchaeota|Thermococci|Thermococcales|Thermococcaceae|Thermococcus|Thermococcus_profundus|GCA_002214585-GCA_002214585_00310-arCOG00589
Euryarchaeota|Euryarchaeota|Thermococci|Thermococcales|Thermococcaceae|Palaeococcus|Palaeococcus_pacificus|GCA_000725425-GCA_000725425_09020-arCOG00589
Euryarchaeota|Euryarchaeota|Thermococci|Thermococcales|Thermococcaceae|Thermococcus|Thermococcus_barophilus|GCA_000151105-GCA_000151105_10110-arCOG00589
96 Euryarchaeota|Euryarchaeota|Hadesarchaea|none|none|none|Hadesarchaea_archaeon_DG-33|GCA_001515185-GCA_001515185_08830-arCOG00589
_|— Euryarchaeota|Euryarchaeota|Hadesarchaea|none|none|none|Hadesarchaea_archaeon|GCA_003661465-GCA_003661465_03000-arCOG00589
190 Euryarchaeota|Euryarchaeota|Methanopyri|Methanopyrales|Methanopyraceae|Methanopyrus|Methanopyrus_sp__ SNP6|GCA_002201895-GCA_002201895_05720-arCOG00589
Li Euryarchaeota|Euryarchaeota|Methanopyri|Methanopyrales|Methanopyraceae|Methanopyrus|Methanopyrus_sp__KOL6|GCA_002201915-GCA_002201915_04300-arCOG00589
Euryarchaeota|Euryarchaeota|Methanopyri|Methanopyrales|Methanopyraceae|Methanopyrus|Methanopyrus_kandleri|GCA_000007185-GCA_000007185_02230-arCOG00589
ﬁ‘i? Euryarchaeota|Euryarchaeota|Hadesarchaealnone|none|none|Hadesarchaea_archaeon|GCA_003661465-GCA_003661465_06680-arCOG00589
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Euryarchaeota|Euryarchaeota|Hadesarchaea|none|none|none|Hadesarchaea_archaeon|GCA_004347835-GCA_004347835_09290-arCOG00589
Euryarchaeota|Euryarchaeota|Hadesarchaealnone|none|none|Hadesarchaea_archaeon_YNP_45|GCA_001515205-GCA_001515205_00330-arCOG00589
Euryarchaeota|Euryarchaeota|Persephonarchaealnone|none|none|candidate_division_MSBL1_archaeon_SCGC-AAA261F19|GCA_001549215-GCA_001549215_07720-arCOG00589
98 DPANN|Diapherotrites|none|none|none|none|Candidatus_Diapherotrites_archaeon|GCA_003553825-GCA_003553825_04380-arCOG00589
100 DPANN|Diapherotrites|none|none|none|none|Candidatus_Diapherotrites_archaeon|GCA_003558235-GCA_003558235_05600-arCOG00589
4 DPANN|Diapherotrites|none|none|none|none|Candidatus_Micrarchaeota_archaeon|GCA_003660975-GCA_003660975_06980-arCOG00589
100 Euryarchaeota|Hydrothermarchaeota|none|none|none|none|Euryarchaeota_archaeon|GCA_003230355-GCA_003230355_05830-arCOG00589
100 '—: Euryarchaeota|Hydrothermarchaeota|none|none|none|none|Euryarchaeota_archaeon|GCA_003695745-GCA_003695745_01050-arCOG00589
64 I Euryarchaeota|Euryarchaeota|Hydrothermarchaeota|none|none|none|Candidatus_Hydrothermarchaeota_archaeon_JdFR-18|GCA_002011125-GCA_002011125_15390-arCOG00589
98 DPANN|Micrarchaeota|none|none|none|none|Candidatus_Micrarchaeota_archaeon_CG09_land_8_20_14_0_10_55_25|GCA_002763275-GCA_002763275_06340-arCOG00589
i'_|:DPAN N|Micrarchaeota|none|none|none|none|Candidatus_Micrarchaeota_archaeon_CG_4 10 14 _0_2 um_filter_60_11|GCA_002792915-GCA_002792915_03000-arCOG00589
DPANN]|Micrarchaeotalnone|none|none|none|Candidatus_Micrarchaeota_archaeon_CG1_02_51 15/GCA_001871495-GCA_001871495_03120-arCOG00589

DPANN|Micrarchaeota|none|none|none|none|LFW_Bin_00156_1|LFW_Bin_00156_1-LFW_Bin_00156_1_09480-arCOG00589

DPANN|Diapherotrites|none|none|none|Candidatus_lainarchaeum|Candidatus_lainarchaeum_andersonii|GCA_000402355-GCA_000402355_11050-arCOG00589

DPANN]|Diapherotrites|none|none|none|none|Candidatus_Diapherotrites_archaeon_CG11_big_fil_rev_8_21 14 0_20_37_9|GCA_002762975-GCA_002762975_04770-arCOG00589
DPANN|Diapherotrites|none|none|none|none|Candidatus_Diapherotrites_archaeon|GCA_002687735-GCA_002687735_03000-arCOG00589

DPANN|Diapherotrites|none|none|none|none|LFW_Bin_00281_4|LFW_Bin_00281_4-LFW_Bin_00281_4_10160-arCOG00589

DPANN|Diapherotrites|none|none|none|none|archaeon_GW2011_AR10|GCA_000830275-GCA_000830275_13040-arCOG00589
DPANN|Diapherotrites|none|none|none|none|Candidatus_Diapherotrites_archaeon|GCA_002688035-GCA_002688035_05960-arCOG00589

DPANN]|Diapherotrites|none|none|none|none|Candidatus_Diapherotrites_archaeon_CG10_big_fil_rev_8_21 14 0_10_31_34|GCA_002763225-GCA_002763225_05980-arCOG00589
DPANN|Diapherotrites|none|none|none|none|LFW_Bin_00252_2|LFW_Bin_00252_2-LFW_Bin_00252_2_ 05440-arCOG00589
DPANN/|Diapherotrites|none|none|none|none|Candidatus_Diapherotrites_archaeon_CG08_land_8_20_14_0_20_30_16|GCA_002779075-GCA_002779075_02100-arCOG00589
DPANN/|Diapherotrites|none|none|none|none|Candidatus_Diapherotrites_archaeon_CGO08_land_8_20_14 0_20_34_ 12|GCA_002779065-GCA_002779065_00410-arCOG00589
100 Euryarchaeota|Euryarchaeota|Thermococci|Thermococcales|Thermococcaceae|Pyrococcus|Pyrococcus_furiosus|GCA_000007305-GCA_000007305_04950-arCOG00589

Euryarchaeota|Euryarchaeota|Thermococci|Thermococcales|Thermococcaceae|Pyrococcus|Pyrococcus_horikoshiilGCA_000011105-GCA_000011105_05730-arCOG00589
81 Euryarchaeota|Euryarchaeota|Thermococci|Thermococcales|Thermococcaceae|Palaeococcus|Palaeococcus_pacificus|GCA_000725425-GCA_000725425_11240-arCOG00589
83 Euryarchaeota|Euryarchaeota|Thermococci|Thermococcales|Thermococcaceae|Thermococcus|Thermococcus_thioreducens|GCA_002214545-GCA_002214545_17050-arCOG00589

100 Euryarchaeota|Euryarchaeota|Thermococci|Thermococcales|Thermococcaceae|Thermococcus|Thermococcus_profundus|GCA_002214585-GCA_002214585_05690-arCOG00589
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Euryarchaeota|Euryarchaeota|Thermococci|Thermococcales|Thermococcaceae|Thermococcus|Thermococcus_barophilus|GCA_000151105-GCA_000151105_10480-arCOG00589
Euryarchaeota|Euryarchaeota|Thermococci|Thermococcales|Thermococcaceae|Thermococcus|Thermococcus_litoralis| GCA_000246985-GCA_000246985_18900-arCOG00589
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Supplementary Fig. 16. Phylogenetic placement of all proteins annotated with the pilus associated arCOG00589. Gene sequences were extracted from a set of reference archaeal genomes (Supplementary Dataset 13). Sequence
alignments were produced with MAFFT L-INS-i, trimmed with BMGE, and phylog