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Figure S1. Obsidian Pool (mini-)metagenomics pipeline and dataset. (A) Mini-metagenomic
sequencing. (B) 5-mer-based contig clustering with tSNE, obsidian 3; mini-metagenomic (orange)
and metagenomic (blue) contigs shown. (C-F) Obsidian Pool samples 2,4,5,6 resp., showing contigs of
archaeal (red), bacterial (blue) and unknown (gray) origin. (G) Phylogenomic tree of OP archaea (red)
and publicly available reference genomes (gray) based on a concatenated alignment of 56 marker
genes. (H) Fraction of archaeal (red) or bacterial (blue) bins based on sequencing method. (l,J)
Phylogeny vs. number of high-quality bins, phyla containing novel phylogeny are indicated with (*).



Table S1. Yellowstone National Park, Obsidian Pool, sample information

Sample #1 Sample #2 Sample #3 Sample #4 Sample #5
Sample area Obsidian Pool, mud volcano area
Sample type sediment
Location 4461N,11044 W
Location type hot spring
Temperature (C) 79 79 79 65 78
pH 5 5 5 5 5
IMG genome 1D 3300017482 3300017562 3300017469 3300017461 3300017696
Shotgun number of reads (millions) 44 20 49 6.56 104
Mini-metagenomic number of reads (millions) 323 148 146 191 151
reads per microfluidic chamber (millions) 1.68 1.61 1.59 2.08 1.64
Number of contigs mini-m (>5 kbp) 1318 1994 164 2427 16
Number of contigs total (>5 kbp) 6956 6010 4931 4401 7170
Table S2. List of genes used for methanogenesis pathway reconstruction.
gene subunits name pathway
atp ABCDEF archaeal lype H+ATPase energy metabolism
mer ABGCD methyl coenzyme M reduclase methanogenesis
mtr ABCDEGH methyl-HAMP T coenzyme M methyltransferase methanogenesis
hdr ABCDE heterodisulfide reductase methanogenesis
fip D methyl-viologen-reducing hydrogenase methanogenesis
fae formaldehyde activating enzyme methanogenesis
cdh ABGDE CO dehydrogenase/acetyl-CoA synthase WLP
frh ABGD Fa20-reducing hydrogenase WLP
fwrd ABCDE formylmethanofuran dehydrogenase WLP
ftr formylmethanofuran: HAMPT formyliransferase WLP
mech Methenyltetrahydromethanopterin cyclohydrolase WLP
mitd F420-dependent mathylenetetrahydromethanopterin dehydrogenase WLP
mer methylene tetrahydromethanopterin reductase WLP
eha ABCEFGHM energy converting hydrogenase A energy conservation (methanogenesis related)
ehb ABCOHILMNPQ energy converting hydrogenase B energy conservation (methanogenesis related)
nth SLG Ni,Fe hydrogenase |l energy conservation (methanogenesis related)
nuo ABCDEFGIJKLMN NADH-ubiquinone oxidoreductase ferredoxin regeneration (methanogenesis related)
mimB monomethylamine methy transferase methylotrophic methanogenesis related
mibC dimethylamine methyltransferase methylotrophic methanogenesis relaled
mitB Trimethylamine: corrinoid methyltransferase methylotrophic methanogenesis related
mtaB methanol-cobalamin methyltransferase methylotrophic methanogenesis related
rayr reverse gyrase thermophilicity marker
heo Al heme-copper cylochrome oxidase aerobic melabolism marker
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Figure S2. Obsidian pool genome metabolic reconstruction.
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Figure S3. Genes related to energy conservation in methanogenic and related orders (extension of
Fig. 2).
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Complete KEGG modules

M00015 Proline biosynthesis
M00022  Shikimate pathway
M00201 a-Glucoside transport system

Methanomethyliales Methanohydrogenales
M00212  Ribose transport system
M00222 Phosphate transport system

0 MO00184 RNA polymerase, archaea
—_ M00186 Tungstate transport system
_ M00189  Molybdate transport system
M00336 Twin-arginine translocation (Tat) system
M00242  Zinc transport system MO00378 F420 Biosynthesis
M00422  Acetyl-CoA pathway, CO, => acetyl-CoA
\ M00580 Pentose phosphate pathway, archaea,
— :, ﬁf

M00423  Molybdate/Tungstate transport system

M00250 Lipopolysaccharide transport system
M00439  Oligopeptide transport system fructose 6P => ribose 5P

Methanomediales MO00401  Sec61 complex

Figure S5. Complete KEGG modules unique to the 3 verstraetearchaeotal orders.
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Fig S6. Pairwise average nucleotide identity (ANI) of the Verstraetearchaeota. 16S rRNA is not
present in OP bin 008 and OP bin 54, partially present in JZ bin 38 (bp 1-512) and V4 (bp 890-1500).
All other genomes have full length 16S rRNA.
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Figure S7. Presence of genes associated
with methanogenesis and the WLP for all
methanogenic orders, Archaeoglobales,
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shown as a fraction of the number of
genomes in a clade containing the genes.



Bath,
Bami’archaeota archagp,
arc) nJ
Yarchaeota archaegy Jg}éﬁ—ﬂ

Obs2 genome 008
JZ bin 38

Methanopyrales
Methanobacteriales
Methanomicrobiales
Methanococcales
Methanocellales
Methanosarcinales

Bathyarchaeota

Methanohydrogenales
el Treescale:1 °®

AN BEEE NN

Fig S8. Gene tree of MtrG

Bathyarchaeota archaeon JdFR-11

Bathyarchaeota archaeon JdFR-10

Methanopyrales
Methanobacteriales
Methanomicrobiales
Methanococcales
Methanocellales
Methanosaicinales

Bathyarchaeota
Tree scale: 0.1 —

BN EEENC NN

MEthanohydrogenales

Figure S9. Phylogeny of MtrB.



2730004
261 Archag, I
2730005 s i
026 Archaeogfobus Sp. JUFR-37

2718417802 Unclassified Bathyarchaeota JZ bin 32

ota archaeon JdFR-11

didatus Bathyarchae ;
2730029508 Cani o e prii

chae
720093085 CandioaS ®
24
X PR %,
jobus S win 3
naeod! i

30033178 AC quene®” G2

PRI~

gt

7184 A g
e o \
55 @% o /
6017' o \}“G\aﬁﬁ“\ e&“! q.e;ﬂ“ > @?PQ D Methanomicrobiales
gl 30 ; & &
2% a9 & ¢ #
T ,ﬁ\?)' 0 @#&\ & j&b - Methanococcales
> N & ,,v?\
P & & ¥ Bl vethanocellales
% G 5@?@& d:‘g
N L 3
P r§,\-‘> .;5‘5\% B vethanosarcinales
o5 0
5 L

'{,\q’&} .—{}q’ - Archaecglobales

- Methanomethyliales

- Bathyarchaeota

- Methancmediales, Methanohydrogenales
m Desulfurococcales - Ignisphaera

D Desulfurococcales - other
Tree scale: 1

.

Figure S10. Phylogeny of mtrH



Methanopyrales
Methanobacteriales
Methanomassilliicoccus
Methanomicrobiales
Methanococcales
Methanocellales

Methanosarcinales

Methanomethyliales

Bathyarchaeota

EEE EEECOEEN

<

Obs3 genome 054 Methanohydrogenales

X :a th yarchaeafa BA1
yarchaeota Baz

—
Tree scale: 0.1

Fig S11. Phylogeny of McrA

Methanomediales I:I Desulfurococcales - other

Methanocaccales Methanomicrobiales

Methanopyrales Methanocellales Bathyarchaeota

Methanosarcinales Methanchydrogenales

Methanobacteriales

EEEN

Methanomassillicoccales Desulfurococcales - lgnisphagra

BEEE
ERN0

Archaeoglobales

OP bin 008 &
[t
JZbin 37, JZbin 38 o

i

;
Bathy. JdFR-10 ¢
JdFR-11 J

by
s 3 OP bil’\ 10
7
5
JZbin 30 Aige Ba""’““’-"a%
: %am 92 bip g,
M2z,
12 ‘I‘le
OP bin42
Tree scale: 0.1+ BA1, BA2

Fig. S12. Tree of CdhD.



Tree scale: 1 pe————

OP bins 13, 14

20 JZ bin 37

JdFR-11, JdFR-12

cdhG

9 OP bin 008
. N9 JZbin38
BA1, BAZ OF bins ™,

1042 Unciassifed Bathyarchasoia 12 bin 32

JZbins3

o
s

30 21 JZbin30

Fig. S13. Tree of CdhG.

CODH/ACS all subunits

I Ignisphaera sp. MG_2505679052
! *Qbs2_gename_030
| 'i = Obs2_genome 022
‘I i Obs2_genome_031
- unclassified Crenarchaeota J7 bin 35 IMG_2721755436
« unclassified Crenarchaeota JZ bin 20 IMG_2721755434
*Obs2_genome_ 020
1 Chs? genome 023
b unclassified Crenarchaeota JZ bin 30 IMG_27 217 55200
Geothermarchaeota archason JdFR-13 IMG_2728369311
Crenarchaeota group archaeon SMTZ1-55 IMG_ 2654588079
Bathyarchaeota archasan JdFR-04
Bathyarchaeota archagan JdFR-09
Obs2_genome_010
Obs3_genome 042
unclassified Crenarchaeota JZ bin 37 MAG_27 21755437
— unclassified Crenarchaeota JZ bin 38 IMG_2721755438
Obs2?_genome_008
Methanococcoides burtonii DSM 6242 IMG_2606217276
_:- Methanosarcina bakeri fusaro DSM 804 IMG_2605217506
L—" Obs2_genoma 013
Obs2_genome_014

Obs2_genome_004 (deltaprotenbacteria)

B

—
0.32

Figure S14. Phylogeny of Obsidian Pool genomes containing
concatenated alignment of the subunits.

Adgarchagota archason 161 MDM2 IJNZ-1-N15

Methanococcales
Methanopyrales
Methanobacteriales
Archaeoglobales
Methanemicrebiales
Methanosarcinales
Methanomassilliicoccales
Methanomediales
Bathyarchaeota

Methanohydrogenales

]
i
[]
i)
]
|
]
]
=
i

afpyde

Desulfurococcales - Ignisphaera

Desulfurococcales

[ Methanomediales

Bathyarchaeota

Methanahydrogenales

Euryarchaeota

Cdh, as calculated from the



GGGE9L09C

o w
E 2
[ 2
* 5 . Tritiathyiai
2 2 % rimethylamine
= % o
% 3 S 2 methyltransferase (MttB)
@ @ £l
¥ %, 5 2 % 3
% X z 2 g g
2 = 3. 2 = g
%, % % b} 8 -
% % 3 3 %
) - = = o w
e % 5 g % 3
% %, % 9 2 o
% % D g ° 8
L % % S | g
% % 2 3 3 £
% %, Q = z T
O, w® « a P
35: 5, <. ) = S
St % 2 = 5
3, % 2 < ® 3 2
9. 2 < e 3 = = Methanomediales
Yo B ) % T 0w 3 8 JZbin 30
St %, %, % % & 2 8 MCG SMTZ-80
@0?.9/; 7 S, ) . 5 Z 5 Bathyarchaeota RBG 16 57 9
o, E” . ®, 2 E g
% sy %, "’o\v - L T Bathyarchaeota RBG 13 38 9
i
15'905§ ey, . "%, s Methanomethyliales V2
s oy 34 =)
(2 9, Cd "
7 8y ;
g, i, T, OP bin 010
SSif o, s
: o, s, o,
5340, iy, N JAFR-11
Stangy, is
o0hiyg o < JAFR-10 A1
S eup, ’
g l0bj; Ui OP bin 042
5! .
270556440 Methanohy OP bin 006
alophily
IS euhafumus we Mg
2706248322 Methanohalophilus euhalobius DSMZ 10369
L1 5219
Jophilus mahit SLP DSM 52
% sthanohalophiit=
646707737 M€
o calen™"
=
onatoe™ 19%%
el e
BMO% e oo™ 1
210 s 5
¥ o
e\“gx\ Y ‘e\rg‘.-
b G G 2/
b & & S
e o &
& o & 2
o & & A
© o W &
o & S &5 g 3 i i
we o ¢ g F 5 L8 =23 3
o © & & 5 ~ r =@ B [}
3 & & & & a @ 5] 2
i ¥ & & S 2 2 @ >
il > & & 5 = £ = & =8
1S o> & & & & s @ Q =
& & £ o s s a B z
B & & S = £ o z ™,
* & & g ¢ 8 £ § 3
N (3 s o @ = 2 3,
& P4 & 3 5 5 g 3
AV & S IS} 2 = 2 [
- ~ ¢ & 3 2 2 2
N A & & o ] )
& 4 &) g g 2 ) 2
v § & 5 § & g &
& & 0 S g = ®
& & g £ 3 4 2
*r\' I s ~ 2 @ El
v o © @ - ) 2
% g Q g 5 e
L N S =] 5
3 g Q z
* 5 £ 2 >
& L = 2
v (5] ™
2 2 Tree scale: 1 —
g
2
2
B
&
*

Figure S15. Gene tree of trimethylamine methyltransferase (MttB). The Euryarchaeota

(Methanosarcinales (pink) and Methanomassilliicoccales (red)) form a tight clade, whereas members
of the TACK superphylum are more divergent. Shown are Methanomediales (green),
Methanomethyliales (purple), Bathyarchaeota (blue), Ignisphaera (yellow, bold), other
Desulfurococcales (yellow) and other Crenarchaeota (brown). Amino acid sequences containing
pyrrolysine (O) are indicated with a *.



