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Subsequent to this work being published it was discovered that 3 (out of 67) of the scaffolds (totaling 93 kb) in one of the Hadesarchaea 
bins (YNP_45) are actually contaminants. Table 1 has been modified to reflect the removal of these scaffolds. The presence of these 
contaminating sequences does not alter the major conclusions drawn; the carbon fixation, hydrogen and CO oxidation pathways as 
well as proteins used for phylogenetic analyses are not included in the contaminants. However, one of the nitrite reductases (c552) 
mentioned in the paper is on one of them (the other nitrite reductase (in bin YNP_N21) is not). Accordingly, the main text and 
Figure 3 have been modified to remove reference to c552 and Supplementary Figure 7 has been removed. The relevant sequences have 
been removed from Genbank. 

© 2016 Macmillan Publishers Limited. All rights reserved



	

	 1	

Supplementary	information	for:	
	

Genomic	 inference	 of	 the	 metabolism	 of	 cosmopolitan	
subsurface	Archaea,	Hadesarchaea	
	5	
Brett	 J.	 Baker1*,	 Jimmy	 H.	 Saw2,	 Anders	 E.	 Lind2,	 Cassandre	 Sara	 Lazar3,	 Kai-Uwe	
Hinrichs3,	Andreas	P.	Teske4,	and	Thijs	J.	G.	Ettema2	
	
1	Dept.	of	Marine	Science,	University	of	Texas	Austin,	Marine	Science	 Institute,	Port	Aransas,	TX	78373,	
USA;	 2	 Department	 of	 Cell	 and	Molecular	 Biology,	 Science	 for	 Life	 Laboratory,	 Uppsala	 University,	 SE-10	
75123	 Uppsala,	 Sweden;	 3	 MARUM	 Center	 for	 Marine	 Environmental	 Sciences,	 University	 of	 Bremen,	
Bremen,	Germany;	4	Department	of	Marine	Sciences,	University	of	North	Carolina,	Chapel	Hill,	NC,	USA	
	
*email	acidophile@gmail.com,	phone	+1-361-749-6774.	To	whom	correspondence	should	be	addressed.	
  15	

SUPPLEMENTARY INFORMATION
ARTICLE NUMBER: 16002 | DOI: 10.1038/NMICROBIOL.2016.2

NATURE MICROBIOLOGY | www.nature.com/naturemicrobiology 1

© 2016 Macmillan Publishers Limited. All rights reserved

http://dx.doi.org/10.1038/nmicrobiol.2016.2


	

	 2	

 
	
Supplementary	Table	1.	Assembly	statistics	for	N21	SAG	alone,	metagenomic	bin,	and	
co-assembly.	 Completeness,	 contamination,	 and	 strain	 heterogeneity	 are	 based	 on	
checkM	outputs1.	5	
 
Assembly N21 SAG N21 metagenomic bin Co-assembly Co-assembly 

(manually checked) 
Contigs (>5 
kbp) 

24 108 64 40 

Total assembly 
size (bp) 

271,966 1,572,974 1,467,263 1,301,138 

Largest contig 27,345 83,223 91,850 91,850 
Average G+C% 48.63 48.64 48.72 48.61 
Number of 
markers 
identified 

56 189 189 189 

Completeness 8.33 84.13 84.92 80.6 
Contamination 0.00 21.83 10.79 10 
Strain 
heterogeneity 

0.00 21.74 8.82 9.09 
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Supplementary	 Figure	 1.	 Overview	 of	 the	 four	 Hadesarchaea	 genomic	 bins	
reconstructed	 in	 this	 study.	Domain-level	taxonomic	top	hits	of	ORFS,	GC	distribution,	
percentage	of	COG	functional	categories,	and	the	molecular	weight	(kDa)	vs	pI	plots	are	5	
shown	on	the	top.		All	of	the	contigs	that	makeup	the	bins	are	shown	on	the	bottom	and	
the	locations	of	the	ribosomal	proteins	are	marked	with	“+”	symbols.	
	

	

	 4	

 
Supplementary	 Figure	 1.	 Overview	 of	 the	 four	 Hadesarchaea	 genomic	 bins	
reconstructed	 in	 this	 study.	Domain-level	taxonomic	top	hits	of	ORFS,	GC	distribution,	
percentage	of	COG	functional	categories,	and	the	molecular	weight	(kDa)	vs	pI	plots	are	5	
shown	on	the	top.		All	of	the	contigs	that	makeup	the	bins	are	shown	on	the	bottom	and	
the	locations	of	the	ribosomal	proteins	are	marked	with	“+”	symbols.	
	

4 NATURE MICROBIOLOGY | www.nature.com/naturemicrobiology

SUPPLEMENTARY INFORMATION DOI: 10.1038/NMICROBIOL.2016.2

© 2016 Macmillan Publishers Limited. All rights reserved

http://dx.doi.org/10.1038/nmicrobiol.2016.2


	

	 4	

 
Supplementary	 Figure	 1.	 Overview	 of	 the	 four	 Hadesarchaea	 genomic	 bins	
reconstructed	 in	 this	 study.	Domain-level	taxonomic	top	hits	of	ORFS,	GC	distribution,	
percentage	of	COG	functional	categories,	and	the	molecular	weight	(kDa)	vs	pI	plots	are	5	
shown	on	the	top.		All	of	the	contigs	that	makeup	the	bins	are	shown	on	the	bottom	and	
the	locations	of	the	ribosomal	proteins	are	marked	with	“+”	symbols.	
	

	

	 4	

 
Supplementary	 Figure	 1.	 Overview	 of	 the	 four	 Hadesarchaea	 genomic	 bins	
reconstructed	 in	 this	 study.	Domain-level	taxonomic	top	hits	of	ORFS,	GC	distribution,	
percentage	of	COG	functional	categories,	and	the	molecular	weight	(kDa)	vs	pI	plots	are	5	
shown	on	the	top.		All	of	the	contigs	that	makeup	the	bins	are	shown	on	the	bottom	and	
the	locations	of	the	ribosomal	proteins	are	marked	with	“+”	symbols.	
	

	

	 5	

Supplementary	Figure	2.	Phylogenetic	analysis	of	16	concatenated	ribosomal	proteins	
(rpL2,	 3,	 4,	 5,	 6,	 14,	 15,	 16,	 18,	 22,	 24	 and	 rpS3,	 8,	 10,	 17,	 19)	 generated	 from	3298	
unambiguous	 characters	 using	 RAxML	 in	 the	 ARB	 software	 package.	 Closed	 circles	
represent	bootstrap	values	were	generated	using	UFBoot2	with	1000	 replicates,	 those	5	
that	are	>98	are	shown	with	closed	circles	and	those	>75	are	open	circles.	Bacteria	were	
used	as	the	outgroup	(not	shown).	The	numbers	of	sequences	present	in	the	collapsed	
wedges	are	labeled.	
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Supplementary	 Figure	 3.	 Maximum	 Likelihood	 phylogeny	 using	 48	 concatenated	
arCOGs.	These	are	the	same	sequences	that	were	used	to	generate	Figure	2	(main	text).	
The	maximum	likelihood	phylogeny	was	inferred	by	IQ-TREE	with	C60+LG	mixture	model	
and	 using	 1000	 rapid	 bootstraps.	 “Loki2”,	 “Loki3”,	 and	 “Lokiarchaeum”	 are	5	
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Lokiarchaeota	genomes	from	Spang	et	al3.	Branches	with	“archaeon	GW…”	are	DPANN	
genomes	from	Castelle	et	al.4.	
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Supplementary	Figure	4.	Phylogenetic	analysis	of	type	III	RubisCO	proteins.	We	did	not	
identify	this	gene	in	bin	DG-33.	

	
Supplementary	 Figure	 5.	 Phylogenetic	 analysis	 of	 bins	 YHNP_45	 and	 YNP_N21	 type	
sulfohydrogenase	proteins.	5	

YNP SAGMEG bin N21

YNP SAGMEG bin 45
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Supplementary	Figure	6.	Phylogenetic	analysis	of	bin	YNP_45	catalytic	subunit	(CooS)	of	
carbon	monoxide	dehydrogenase	protein.	
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 carbon-monoxide dehydrogenase catalytic subunit [uncultured Acetothermia bacterium] >gi|374855037|db... 
 carbon monoxide dehydrogenase [Thermoanaerobacter kivui] >gi|694166983|gb|AIS53154.1| carbon-monoxid... 
 carbon monoxide dehydrogenase [Desulfurobacterium thermolithotrophum] >gi|325065065|gb|ADY73072.1| c... 

 carbon monoxide dehydrogenase [Methanotorris igneus] >gi|333750765|gb|AEF95844.1| carbon-monoxide de... 

 carbon monoxide dehydrogenase [Methanospirillum hungatei] >gi|88188018|gb|ABD41015.1| carbon-monoxid... 

 carbon monoxide dehydrogenase [Thermodesulfobium narugense] >gi|332177999|gb|AEE13688.1| carbon-mono... 

 carbon monoxide dehydrogenase [Acetohalobium arabaticum] >gi|302203834|gb|ADL12512.1| carbon-monoxid... 

 carbon monoxide dehydrogenase [Candidatus Korarchaeum cryptofilum] >gi|170174457|gb|ACB07510.1| carb... 

 carbon monoxide dehydrogenase [Thermoanaerobacter kivui] >gi|694165820|gb|AIS51991.1| carbon monoxid... 

 carbon-monoxide dehydrogenase catalytic subunit [Persephonella marina] >gi|225645259|gb|ACO03445.1| ... 

 carbon-monoxide dehydrogenase, catalytic subunit [Ferroglobus placidus DSM 10642] 
 carbon monoxide dehydrogenase [Ferroglobus placidus] 

 carbon monoxide dehydrogenase [Deferrisoma camini] 

 carbon monoxide dehydrogenase [Clostridium cellulovorans] >gi|302578285|gb|ADL52297.1| carbon-monoxi... 

 carbon monoxide dehydrogenase [Thermofilum carboxyditrophus] >gi|742685640|gb|AJB41920.1| carbon mon... 

 carbon monoxide dehydrogenase [Thermoanaerobacter sp. YS13] >gi|735664226|gb|KHO62865.1| Ni-dependen... 
 carbon monoxide dehydrogenase [Caldanaerobacter subterraneus] >gi|806646644|gb|KKC29462.1| carbon mo... 

 carbon monoxide dehydrogenase [Methanosaeta concilii] >gi|328929435|gb|AEB69237.1| carbon-monoxide d... 

 RecName: Full=Carbon monoxide dehydrogenase; Short=CODH >gi|19886936|gb|AAM01751.1| carbon monoxide ... 
 carbon monoxide dehydrogenase catalytic subunit [Methanopyrus kandleri] 

 carbon monoxide dehydrogenase [Methanotorris igneus] >gi|333750834|gb|AEF95913.1| carbon-monoxide de... 

 carbon monoxide dehydrogenase [Pelobacter carbinolicus] >gi|77544581|gb|ABA88143.1| carbon monoxide ... 

 hypothetical protein VR72_20595 [Clostridiaceae bacterium BRH_c20a] 

 carbon monoxide dehydrogenase [Methanolinea tarda] 
 hypothetical protein [uncultured bacterium] 

 carbon monoxide dehydrogenase [Methanolacinia paynteri] 

 Carbon monoxide dehydrogenase 1 [Candidatus Magnetoglobus multicellularis str. Araruama] 
 carbon monoxide dehydrogenase [Desulfarculus sp. SPR] >gi|759807010|gb|KIX13448.1| carbon monoxide d... 

 carbon monoxide dehydrogenase [Desulfatirhabdium butyrativorans] 
 carbon monoxide dehydrogenase [Syntrophobacter fumaroxidans] >gi|116699364|gb|ABK18552.1| carbon-mon... 

 carbon-monoxide dehydrogenase catalytic subunit [Desulfococcus multivorans] >gi|523463393|gb|EPR3533... 

 carbon monoxide dehydrogenase [Clostridium arbusti] 
 carbon-monoxide dehydrogenase catalytic subunit [Clostridium pasteurianum] >gi|440219768|gb|ELP58979... 

 carbon monoxide dehydrogenase [Desulfotomaculum acetoxidans] >gi|257779246|gb|ACV63140.1| carbon-mon... 
 carbon monoxide dehydrogenase [Peptococcaceae bacterium BRH_c4b] 

 carbon monoxide dehydrogenase [Desulfobacterium autotrophicum] >gi|223694117|gb|ACN17400.1| Cdh2 [De... 
 carbon monoxide dehydrogenase catalytic subunit CooS [Desulfotignum phosphitoxidans] >gi|474489795|g... 

 carbon monoxide dehydrogenase [Methanocaldococcus sp. JH146] >gi|672366660|gb|AIJ05997.1| CO dehydro... 

 hypothetical protein [Candidatus Methanoperedens nitroreducens] >gi|630830636|gb|KCZ72347.1| carbon-... 

 carbon monoxide dehydrogenase [Desulfotomaculum ruminis] >gi|334093185|gb|AEG61525.1| carbon-monoxid... 

 carbon monoxide dehydrogenase [Methanolacinia petrolearia] 
 carbon-monoxide dehydrogenase, catalytic subunit [Methanolacinia petrolearia DSM 11571] 

 carbon monoxide dehydrogenase [Desulfospira joergensenii] 
 carbon monoxide dehydrogenase [delta proteobacterium NaphS2] >gi|300441152|gb|EFK05537.1| carbon-mon... 

 carbon monoxide dehydrogenase [Desulfonatronovibrio hydrogenovorans] 
 carbon monoxide dehydrogenase [Desulfovibrio alcoholivorans] 

 carbon monoxide dehydrogenase [Desulfonatronospira thiodismutans] >gi|298510140|gb|EFI34044.1| carbo... 

 carbon-monoxide dehydrogenase catalytic subunit [Desulfovibrio sp. X2] >gi|523471376|gb|EPR43174.1| ... 

 carbon monoxide dehydrogenase [Desulfovibrio sp. L21-Syr-AB] 

 carbon monoxide dehydrogenase [Thermococcus sp. AM4] 
 Carbon monoxide dehydrogenase CooS [Thermococcus sp. AM4] 

 carbon monoxide dehydrogenase 1 [Thermacetogenium phaeum DSM 12270] 
 carbon monoxide dehydrogenase [Thermacetogenium phaeum] 
 Bifunctional carbon monoxide dehydrogenase/acetyl-CoA synthase (CODH) [Syntrophaceticus schinkii] 
 carbon monoxide dehydrogenase [Syntrophaceticus schinkii] 

 carbon monoxide dehydrogenase [Methanosarcina acetivorans] 

 carbon monoxide dehydrogenase [Methanosarcina thermophila] >gi|805329933|gb|AKB11886.1| Carbon monox... 

 carbon monoxide dehydrogenase [Thermosediminibacter oceani] >gi|302199546|gb|ADL07116.1| carbon-mono... 

 carbon monoxide dehydrogenase [Caldanaerobius polysaccharolyticus] 

 hypothetical protein SY88_05410 [Clostridiales bacterium PH28_bin88] 
 hypothetical protein VR68_01680 [Peptococcaceae bacterium BRH_c4a] 

 carbon monoxide dehydrogenase [Desulfotomaculum reducens] >gi|134051220|gb|ABO49191.1| carbon-monoxi... 
 Carbon monoxide dehydrogenase [Desulfotomaculum hydrothermale] >gi|411453926|emb|CCO08751.1| Carbon ... 

 carbon monoxide dehydrogenase [Acetonema longum] >gi|337274067|gb|EGO62640.1| carbon-monoxide dehydr... 

 carbon monoxide dehydrogenase [Natranaerobius thermophilus] >gi|179350175|gb|ACB84445.1| carbon-mono... 

 carbon monoxide dehydrogenase [Methanofollis liminatans] >gi|395441311|gb|EJG06068.1| carbon-monoxid... 

 carbon-monoxide dehydrogenase, catalytic subunit [Methanosaeta thermophila PT] 

 carbon monoxide dehydrogenase [Ferroglobus placidus] >gi|288894949|gb|ADC66486.1| carbon-monoxide de... 

 carbon monoxide dehydrogenase [Desulfobulbaceae bacterium BRH_c16a] 
 carbon monoxide dehydrogenase [Desulfovibrio desulfuricans] >gi|219867960|gb|ACL48295.1| carbon-mono... 

 Ni-dependent carbon monoxide dehydrogenase precursor [Desulfovibrio africanus] >gi|459318251|gb|EMG3... 

 carbon monoxide dehydrogenase [Desulfonatronum thiodismutans] 
 carbon monoxide dehydrogenase [Desulfonatronum lacustre] 

 carbon monoxide dehydrogenase [Desulfohalobium retbaense] >gi|257797585|gb|ACV68522.1| carbon-monoxi... 
 carbon monoxide dehydrogenase [Desulfonatronovibrio magnus] 

 carbon monoxide dehydrogenase [Desulfovibrio longus] 

 carbon monoxide dehydrogenase [Thermococcus barophilus] 
 carbon monoxide dehydrogenase CooS-like protein subunit [Thermococcus barophilus MP] 

 carbon monoxide dehydrogenase [Thermococcus onnurineus] >gi|212009124|gb|ACJ16506.1| carbon-monoxide... 

 carbon monoxide dehydrogenase [Methanosarcina soligelidi] 

 carbon monoxide dehydrogenase [Methanotorris formicicus] 
 carbon-monoxide dehydrogenase, catalytic subunit [Methanotorris formicicus Mc-S-70] 

 carbon monoxide dehydrogenase [Desulfotomaculum acetoxidans] >gi|257779795|gb|ACV63689.1| carbon-mon... 
 carbon monoxide dehydrogenase [Desulfotomaculum gibsoniae] >gi|488456560|gb|AGL02454.1| carbon-monox... 

 carbon monoxide dehydrogenase [Sporomusa ovata] >gi|530349053|gb|EQB25014.1| carbon monoxide dehydro... 

 carbon monoxide dehydrogenase [Alkaliphilus transvaalensis] 

 carbon-monoxide dehydrogenase catalytic subunit [Methanoculleus bourgensis MS2] 
 carbon monoxide dehydrogenase [Methanoculleus bourgensis] 

 carbon-monoxide dehydrogenase catalytic subunit [Archaeoglobus sulfaticallidus] >gi|484592584|gb|AGK... 

 carbon monoxide dehydrogenase [Desulfurobacterium sp. TC5-1] 

 carbon monoxide dehydrogenase [Methanococcus voltae] >gi|297377705|gb|ADI35860.1| carbon-monoxide de... 

 carbon monoxide dehydrogenase [Desulfovibrio africanus] >gi|332554111|gb|EGJ51155.1| carbon-monoxide... 
 carbon monoxide dehydrogenase [Desulfovibrio africanus] 

 carbon-monoxide dehydrogenase, catalytic subunit [Thermococcus paralvinellae] 
 carbon monoxide dehydrogenase [Thermococcus paralvinellae] 

 carbon monoxide dehydrogenase [Methanosarcina mazei] >gi|814797788|gb|KKG77064.1| carbon monoxide de... 
 RecName: Full=Carbon monoxide dehydrogenase 1; Short=CODH 1 >gi|20904457|gb|AAM29817.1| Carbon monox... 
 carbon monoxide dehydrogenase [Methanosarcina mazei] >gi|452098644|gb|AGF95584.1| Carbon monoxide de... 

 carbon monoxide dehydrogenase [Methanocaldococcus vulcanius] 
 carbon-monoxide dehydrogenase, catalytic subunit [Methanocaldococcus vulcanius M7] 
 carbon monoxide dehydrogenase [Methanocaldococcus sp. FS406-22] >gi|288939363|gb|ADC70118.1| carbon-... 

 RecName: Full=Carbon monoxide dehydrogenase; Short=CODH >gi|2826314|gb|AAB98724.1| carbon monoxide d... 

 carbon monoxide dehydrogenase CooS [Clostridium saccharoperbutylacetonicum] >gi|451788520|gb|AGF5948... 
 carbon monoxide dehydrogenase [Clostridium beijerinckii] 

 carbon monoxide dehydrogenase [Clostridium akagii] 

YNP_45

 carbon monoxide dehydrogenase [Geoglobus acetivorans] >gi|728874873|gb|AIY89184.1| carbon monoxide d... 

 carbon monoxide dehydrogenase [Desulfurobacterium thermolithotrophum] >gi|325065467|gb|ADY73474.1| c... 

 carbon monoxide dehydrogenase [Methanosarcina barkeri] >gi|805407448|gb|AKB56611.1| Carbon monoxide ... 
 Carbon monoxide dehydrogenase CooS subunit [Methanosarcina barkeri MS] 
 carbon monoxide dehydrogenase [Methanosarcina barkeri] 
 carbon monoxide dehydrogenase catalytic subunit CooS1 [Methanosarcina barkeri CM1] 

 carbon monoxide dehydrogenase [Methanosarcina barkeri] >gi|72398121|gb|AAZ72394.1| carbon monoxide d... 
 Carbon monoxide dehydrogenase CooS subunit [Methanosarcina barkeri str. Wiesmoor] 

 Carbon monoxide dehydrogenase CooS subunit [Methanosarcina vacuolata Z-761] 

 carbon-monoxide dehydrogenase catalytic subunit [Clostridium pasteurianum] >gi|488451338|gb|AGK98040... 

 hypothetical protein P22_1588 [Propionispora sp. Iso2/2] 
 carbon monoxide dehydrogenase [Propionispora sp. Iso2/2] 

 carbon monoxide dehydrogenase [Pelosinus sp. UFO1] >gi|664789644|gb|AIF52317.1| carbon-monoxide dehy... 

 carbon monoxide dehydrogenase [[Clostridium] purinilyticum] >gi|909778012|gb|KNF08168.1| carbon mono... 

 carbon monoxide dehydrogenase [Methanosarcina barkeri] >gi|72398307|gb|AAZ72580.1| carbon-monoxide d... 

 carbon monoxide dehydrogenase [Methanosarcina sp. MTP4] >gi|805343438|gb|AKB24278.1| acetyl-CoA deca... 

 carbon monoxide dehydrogenase [Geoglobus ahangari] >gi|820777477|gb|AKG91135.1| carbon-monoxide dehy... 
 carbon monoxide dehydrogenase [Archaeoglobus fulgidus] >gi|38257355|sp|O28429.1|COOS_ARCFU RecName: ... 

 carbon monoxide dehydrogenase [Thermovibrio ammonificans] 
 carbon-monoxide dehydrogenase, catalytic subunit [Thermovibrio ammonificans HB-1] 

 carbon monoxide dehydrogenase [Carboxydothermus ferrireducens] 
 carbon monoxide dehydrogenase [Carboxydothermus hydrogenoformans] >gi|77995321|gb|ABB14220.1| carbon... 

 MULTISPECIES: carbon monoxide dehydrogenase [Methanosarcina] 
 Carbon monoxide dehydrogenase CooS subunit [Methanosarcina sp. Kolksee] 

 carbon monoxide dehydrogenase [Clostridium arbusti] 
 carbon-monoxide dehydrogenase catalytic subunit [Clostridium pasteurianum] >gi|488448458|gb|AGK95160... 

 carbon monoxide dehydrogenase [Gottschalkia acidurici] >gi|407049672|gb|AFS77717.1| carbon monoxide ... 

 carbon monoxide dehydrogenase [Halonatronum saccharophilum] 
 carbon monoxide dehydrogenase [Orenia marismortui] 

 carbon monoxide dehydrogenase [Syntrophorhabdus aromaticivorans] 
 carbon monoxide dehydrogenase [Syntrophorhabdus aromaticivorans] 

 carbon-monoxide dehydrogenase catalytic subunit [Methanomethylovorans hollandica] >gi|433662195|gb|A... 

 carbon monoxide dehydrogenase [Methanosarcina barkeri] >gi|805404244|gb|AKB54050.1| acetyl-CoA decar... 
 carbon monoxide dehydrogenase [Methanosarcina barkeri] >gi|805408712|gb|AKB57875.1| acetyl-CoA decar... 

 carbon monoxide dehydrogenase [Thermosinus carboxydivorans] >gi|121306861|gb|EAX47781.1| carbon-mono... 

 carbon monoxide dehydrogenase [Pelosinus fermentans] 
 carbon-monoxide dehydrogenase, catalytic subunit [Pelosinus fermentans JBW45] 
 MULTISPECIES: carbon monoxide dehydrogenase [Pelosinus] >gi|392443453|gb|EIW20994.1| carbon-monoxide... 
 carbon monoxide dehydrogenase [Pelosinus fermentans] >gi|392451419|gb|EIW28413.1| carbon-monoxide de... 

 carbon monoxide dehydrogenase [Clostridium tetani] >gi|28203288|gb|AAO35730.1| carbon monoxide dehyd... 
 carbon monoxide dehydrogenase subunit beta [Clostridium tetani] >gi|557255861|emb|CDI49234.1| carbon... 

 carbon monoxide dehydrogenase [Alkaliphilus metalliredigens] >gi|149948857|gb|ABR47385.1| carbon-mon... 
 carbon monoxide dehydrogenase [Dethiobacter alkaliphilus] >gi|225170123|gb|EEG78918.1| carbon-monoxi... 

 carbon monoxide dehydrogenase [Pseudobacteroides cellulosolvens] >gi|913266986|gb|KNY27185.1| carbon... 

 carbon-monoxide dehydrogenase catalytic subunit [Methanolobus tindarius] >gi|563512673|gb|ETA68047.1... 

 acetyl-CoA decarbonylase/synthase complex subunit alpha [Methanosarcina sp. Kolksee] 
 carbon monoxide dehydrogenase [Methanosarcina sp. Kolksee] 

 carbon monoxide dehydrogenase [Methanosarcina vacuolata] 
 acetyl-CoA decarbonylase/synthase complex subunit alpha [Methanosarcina vacuolata Z-761] 

 carbon monoxide dehydrogenase [Desulfitibacter alkalitolerans] 

 carbon monoxide dehydrogenase [Thermosediminibacter oceani] >gi|302199957|gb|ADL07527.1| carbon-mono... 

 carbon monoxide dehydrogenase [Methanolobus psychrophilus] 
 carbon monoxide dehydrogenase [Methanolobus psychrophilus R15] 

 MULTISPECIES: carbon monoxide dehydrogenase [Methanosarcina] >gi|805338401|gb|AKB19683.1| acetyl-CoA... 

 carbon monoxide dehydrogenase [Methanosarcina sp. 2.H.A.1B.4] >gi|814727316|gb|KKG10061.1| carbon mo... 

 carbon monoxide dehydrogenase [Methanosarcina horonobensis] >gi|805383648|gb|AKB79525.1| acetyl-CoA ... 

 carbon monoxide dehydrogenase [Methanosarcina mazei] >gi|805364985|gb|AKB62259.1| acetyl-CoA decarbo... 
 carbon monoxide dehydrogenase [Methanosarcina mazei] >gi|805361173|gb|AKB40962.1| acetyl-CoA decarbo... 
 hypothetical protein, partial [Methanosarcina mazei] >gi|814853142|gb|KKH29669.1| carbon monoxide de... 
 carbon monoxide dehydrogenase, partial [Methanosarcina mazei] 
 carbon monoxide dehydrogenase [Methanosarcina mazei Tuc01] 
 carbon monoxide dehydrogenase [Methanosarcina mazei] 

 carbon monoxide dehydrogenase, partial [Methanosarcina mazei] >gi|814736285|gb|KKG18579.1| carbon mo... 
 MULTISPECIES: carbon monoxide dehydrogenase [Methanosarcina] >gi|38257671|sp|Q8PUN1.1|COOS2_METMA Re... 
 carbon monoxide dehydrogenase [Methanosarcina mazei] >gi|805368483|gb|AKB65595.1| acetyl-CoA decarbo... 

 carbon monoxide dehydrogenase [Peptococcaceae bacterium BICA1-8] 
 carbon monoxide dehydrogenase [Clostridiaceae bacterium BRH_c20a] 

 MULTISPECIES: carbon monoxide dehydrogenase [Thermincola] >gi|296032221|gb|ADG82989.1| carbon-monoxi... 
 carbon monoxide dehydrogenase [Clostridiales bacterium PH28_bin88] 

 carbon-monoxide dehydrogenase catalytic subunit [Halobacteroides halobius] >gi|433670366|gb|AGB41181... 

 carbon monoxide dehydrogenase [Syntrophobotulus glycolicus] >gi|324966305|gb|ADY57084.1| carbon-mono... 

 carbon monoxide dehydrogenase [[Clostridium] cellobioparum] 
 carbon-monoxide dehydrogenase catalytic subunit [[Clostridium] termitidis] >gi|474476939|gb|EMS70873... 

 carbon monoxide dehydrogenase [[Clostridium] josui] 

 carbon monoxide dehydrogenase [Methanosarcina lacustris] 
 acetyl-CoA decarbonylase/synthase complex subunit alpha [Methanosarcina lacustris Z-7289] 

 MULTISPECIES: carbon monoxide dehydrogenase [Methanosarcina] >gi|814732612|gb|KKG15092.1| carbon mon... 

 carbon monoxide dehydrogenase [Methanosarcina acetivorans] >gi|38257683|sp|Q8TR73.1|COOS2_METAC RecN... 

 carbon monoxide dehydrogenase [Desulfurispora thermophila] 

 carbon monoxide dehydrogenase [Acetivibrio cellulolyticus] 

 carbon monoxide dehydrogenase [[Clostridium] cellulolyticum] >gi|220000611|gb|ACL77212.1| carbon-mon... 

 carbon monoxide dehydrogenase [Methanosarcina sp. 1.H.A.2.2] >gi|814872197|gb|KKH47752.1| carbon mon... 
 carbon monoxide dehydrogenase [Methanosarcina sp. 1.H.T.1A.1] >gi|814928047|gb|KKI00212.1| carbon mo... 

 carbon monoxide dehydrogenase [Methanosarcina siciliae] >gi|805355504|gb|AKB35575.1| acetyl-CoA deca... 

 carbon monoxide dehydrogenase [Desulfotomaculum alkaliphilum] 

 carbon monoxide dehydrogenase [[Clostridium] clariflavum] >gi|359824464|gb|AEV67237.1| carbon-monoxi... 

 carbon monoxide dehydrogenase [[Clostridium] papyrosolvens] >gi|325985569|gb|EGD46406.1| carbon-mono... 

 acetyl-CoA decarbonylase/synthase complex subunit alpha [Methanosarcina siciliae HI350] 
 carbon monoxide dehydrogenase [Methanosarcina siciliae] >gi|805347017|gb|AKB27639.1| acetyl-CoA deca... 

 carbon monoxide dehydrogenase [Desulfotomaculum gibsoniae] >gi|488456263|gb|AGL02157.1| carbon-monox... 

 carbon monoxide dehydrogenase [[Clostridium] viride] 
 similar to carbon monoxide dehydrogenase CooS subunit [[Clostridium] straminisolvens JCM 21531] 

 carbon monoxide dehydrogenase [Clostridium cylindrosporum] >gi|870995066|gb|KMT21040.1| carbon monox... 

 MULTISPECIES: carbon monoxide dehydrogenase [Clostridium] >gi|300435087|gb|ADK14854.1| carbon monoxi... 
 carbon monoxide dehydrogenase [Clostridium argentinense] >gi|745734931|gb|KIE44462.1| carbon-monoxid... 

 carbon monoxide dehydrogenase [Clostridium sp. BNL1100] >gi|373946885|gb|AEY67806.1| carbon-monoxide... 
 carbon monoxide dehydrogenase [[Clostridium] papyrosolvens] >gi|523373447|gb|EPR08047.1| carbon mono... 

 carbon monoxide dehydrogenase [Desulfotomaculum carboxydivorans] >gi|333749724|gb|AEF94831.1| carbon... 
 carbon monoxide dehydrogenase [Desulfotomaculum nigrificans] 

 carbon-monoxide dehydrogenase catalytic subunit [[Clostridium] sordellii] >gi|529071944|gb|EPZ56109.... 
 carbon-monoxide dehydrogenase [[Clostridium] sordellii] 

 Carbon monoxide dehydrogenase [ [[Clostridium] sordellii] >gi|770668209|emb|CEO23996.1| carbon-monox... 
 carbon-monoxide dehydrogenase [ [[Clostridium] sordellii] >gi|829472544|gb|KLR54015.1| carbon-monoxi... 

 carbon monoxide dehydrogenase [Sedimentibacter sp. B4] 
 carbon monoxide dehydrogenase [Clostridium sp. 12(A)] 
 carbon monoxide dehydrogenase [[Clostridium] aerotolerans] 
 carbon monoxide dehydrogenase [Clostridium sp. ASBs410] >gi|589400498|gb|EXG85224.1| carbon-monoxide... 

 carbon monoxide dehydrogenase [Desulfosporosinus acidiphilus] >gi|391354071|gb|AFM39770.1| carbon-mo... 
 carbon monoxide dehydrogenase [Desulfosporosinus acididurans] >gi|835414801|gb|KLU64069.1| carbon mo... 

 carbon monoxide dehydrogenase 2 [Peptococcaceae bacterium CEB3] 
 carbon monoxide dehydrogenase [Peptococcaceae bacterium CEB3] 

 carbon monoxide dehydrogenase [Desulfitobacterium metallireducens] >gi|570735197|gb|AHF06228.1| carb... 

 carbon monoxide dehydrogenase [[Clostridium] saccharolyticum] >gi|302195969|gb|ADL03540.1| carbon-mo... 

 carbon monoxide dehydrogenase [Desulfosporosinus sp. HMP52] >gi|695881993|gb|KGK87815.1| carbon mono... 
 carbon monoxide dehydrogenase [Desulfosporosinus meridiei] >gi|402252230|gb|AFQ42505.1| carbon-monox... 

 carbon monoxide dehydrogenase [Desulfitobacterium dichloroeliminans] >gi|430783170|gb|AGA68453.1| ca... 

 carbon monoxide dehydrogenase [[Clostridium] methoxybenzovorans] 
 MULTISPECIES: carbon monoxide dehydrogenase [Lachnoclostridium] 

 carbon monoxide dehydrogenase [Desulfosporosinus sp. OT] >gi|344329709|gb|EGW41042.1| carbon-monoxid... 
 carbon monoxide dehydrogenase [Desulfosporosinus sp. I2] >gi|778264062|gb|KJR49263.1| hypothetical p... 

 carbon monoxide dehydrogenase [Desulfosporosinus sp. BICA1-9] 
 carbon monoxide dehydrogenase [Desulfosporosinus youngiae] >gi|374415197|gb|EHQ87632.1| carbon-monox... 
 carbon monoxide dehydrogenase [Desulfosporosinus orientis] >gi|357211507|gb|AET66125.1| carbon-monox... 

 carbon monoxide dehydrogenase [Desulfitobacterium dehalogenans] >gi|390523835|gb|AFL99565.1| carbon-... 
 carbon monoxide dehydrogenase [Desulfitobacterium sp. PCE1] 
 carbon monoxide dehydrogenase [Desulfitobacterium hafniense] 

 carbon monoxide dehydrogenase [Desulfitobacterium hafniense] >gi|219537486|gb|ACL19225.1| carbon-mon... 
 Carbon monoxide dehydrogenase 2 [Desulfitobacterium hafniense] 

 carbon monoxide dehydrogenase [Desulfitobacterium hafniense] 
 carbon monoxide dehydrogenase [Desulfitobacterium hafniense Y51] 
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Supplementary	Figure	4.	Phylogenetic	analysis	of	type	III	RubisCO	proteins.	We	did	not	
identify	this	gene	in	bin	DG-33.	

	
Supplementary	 Figure	 5.	 Phylogenetic	 analysis	 of	 bins	 YHNP_45	 and	 YNP_N21	 type	
sulfohydrogenase	proteins.	5	

YNP SAGMEG bin N21

YNP SAGMEG bin 45
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Supplementary	Figure	6.	Phylogenetic	analysis	of	bin	YNP_45	catalytic	subunit	(CooS)	of	
carbon	monoxide	dehydrogenase	protein.	
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 carbon-monoxide dehydrogenase catalytic subunit [uncultured Acetothermia bacterium] >gi|374855037|db... 
 carbon monoxide dehydrogenase [Thermoanaerobacter kivui] >gi|694166983|gb|AIS53154.1| carbon-monoxid... 
 carbon monoxide dehydrogenase [Desulfurobacterium thermolithotrophum] >gi|325065065|gb|ADY73072.1| c... 

 carbon monoxide dehydrogenase [Methanotorris igneus] >gi|333750765|gb|AEF95844.1| carbon-monoxide de... 

 carbon monoxide dehydrogenase [Methanospirillum hungatei] >gi|88188018|gb|ABD41015.1| carbon-monoxid... 

 carbon monoxide dehydrogenase [Thermodesulfobium narugense] >gi|332177999|gb|AEE13688.1| carbon-mono... 

 carbon monoxide dehydrogenase [Acetohalobium arabaticum] >gi|302203834|gb|ADL12512.1| carbon-monoxid... 

 carbon monoxide dehydrogenase [Candidatus Korarchaeum cryptofilum] >gi|170174457|gb|ACB07510.1| carb... 

 carbon monoxide dehydrogenase [Thermoanaerobacter kivui] >gi|694165820|gb|AIS51991.1| carbon monoxid... 

 carbon-monoxide dehydrogenase catalytic subunit [Persephonella marina] >gi|225645259|gb|ACO03445.1| ... 

 carbon-monoxide dehydrogenase, catalytic subunit [Ferroglobus placidus DSM 10642] 
 carbon monoxide dehydrogenase [Ferroglobus placidus] 

 carbon monoxide dehydrogenase [Deferrisoma camini] 

 carbon monoxide dehydrogenase [Clostridium cellulovorans] >gi|302578285|gb|ADL52297.1| carbon-monoxi... 

 carbon monoxide dehydrogenase [Thermofilum carboxyditrophus] >gi|742685640|gb|AJB41920.1| carbon mon... 

 carbon monoxide dehydrogenase [Thermoanaerobacter sp. YS13] >gi|735664226|gb|KHO62865.1| Ni-dependen... 
 carbon monoxide dehydrogenase [Caldanaerobacter subterraneus] >gi|806646644|gb|KKC29462.1| carbon mo... 

 carbon monoxide dehydrogenase [Methanosaeta concilii] >gi|328929435|gb|AEB69237.1| carbon-monoxide d... 

 RecName: Full=Carbon monoxide dehydrogenase; Short=CODH >gi|19886936|gb|AAM01751.1| carbon monoxide ... 
 carbon monoxide dehydrogenase catalytic subunit [Methanopyrus kandleri] 

 carbon monoxide dehydrogenase [Methanotorris igneus] >gi|333750834|gb|AEF95913.1| carbon-monoxide de... 

 carbon monoxide dehydrogenase [Pelobacter carbinolicus] >gi|77544581|gb|ABA88143.1| carbon monoxide ... 

 hypothetical protein VR72_20595 [Clostridiaceae bacterium BRH_c20a] 

 carbon monoxide dehydrogenase [Methanolinea tarda] 
 hypothetical protein [uncultured bacterium] 

 carbon monoxide dehydrogenase [Methanolacinia paynteri] 

 Carbon monoxide dehydrogenase 1 [Candidatus Magnetoglobus multicellularis str. Araruama] 
 carbon monoxide dehydrogenase [Desulfarculus sp. SPR] >gi|759807010|gb|KIX13448.1| carbon monoxide d... 

 carbon monoxide dehydrogenase [Desulfatirhabdium butyrativorans] 
 carbon monoxide dehydrogenase [Syntrophobacter fumaroxidans] >gi|116699364|gb|ABK18552.1| carbon-mon... 

 carbon-monoxide dehydrogenase catalytic subunit [Desulfococcus multivorans] >gi|523463393|gb|EPR3533... 

 carbon monoxide dehydrogenase [Clostridium arbusti] 
 carbon-monoxide dehydrogenase catalytic subunit [Clostridium pasteurianum] >gi|440219768|gb|ELP58979... 

 carbon monoxide dehydrogenase [Desulfotomaculum acetoxidans] >gi|257779246|gb|ACV63140.1| carbon-mon... 
 carbon monoxide dehydrogenase [Peptococcaceae bacterium BRH_c4b] 

 carbon monoxide dehydrogenase [Desulfobacterium autotrophicum] >gi|223694117|gb|ACN17400.1| Cdh2 [De... 
 carbon monoxide dehydrogenase catalytic subunit CooS [Desulfotignum phosphitoxidans] >gi|474489795|g... 

 carbon monoxide dehydrogenase [Methanocaldococcus sp. JH146] >gi|672366660|gb|AIJ05997.1| CO dehydro... 

 hypothetical protein [Candidatus Methanoperedens nitroreducens] >gi|630830636|gb|KCZ72347.1| carbon-... 

 carbon monoxide dehydrogenase [Desulfotomaculum ruminis] >gi|334093185|gb|AEG61525.1| carbon-monoxid... 

 carbon monoxide dehydrogenase [Methanolacinia petrolearia] 
 carbon-monoxide dehydrogenase, catalytic subunit [Methanolacinia petrolearia DSM 11571] 

 carbon monoxide dehydrogenase [Desulfospira joergensenii] 
 carbon monoxide dehydrogenase [delta proteobacterium NaphS2] >gi|300441152|gb|EFK05537.1| carbon-mon... 

 carbon monoxide dehydrogenase [Desulfonatronovibrio hydrogenovorans] 
 carbon monoxide dehydrogenase [Desulfovibrio alcoholivorans] 

 carbon monoxide dehydrogenase [Desulfonatronospira thiodismutans] >gi|298510140|gb|EFI34044.1| carbo... 

 carbon-monoxide dehydrogenase catalytic subunit [Desulfovibrio sp. X2] >gi|523471376|gb|EPR43174.1| ... 

 carbon monoxide dehydrogenase [Desulfovibrio sp. L21-Syr-AB] 

 carbon monoxide dehydrogenase [Thermococcus sp. AM4] 
 Carbon monoxide dehydrogenase CooS [Thermococcus sp. AM4] 

 carbon monoxide dehydrogenase 1 [Thermacetogenium phaeum DSM 12270] 
 carbon monoxide dehydrogenase [Thermacetogenium phaeum] 
 Bifunctional carbon monoxide dehydrogenase/acetyl-CoA synthase (CODH) [Syntrophaceticus schinkii] 
 carbon monoxide dehydrogenase [Syntrophaceticus schinkii] 

 carbon monoxide dehydrogenase [Methanosarcina acetivorans] 

 carbon monoxide dehydrogenase [Methanosarcina thermophila] >gi|805329933|gb|AKB11886.1| Carbon monox... 

 carbon monoxide dehydrogenase [Thermosediminibacter oceani] >gi|302199546|gb|ADL07116.1| carbon-mono... 

 carbon monoxide dehydrogenase [Caldanaerobius polysaccharolyticus] 

 hypothetical protein SY88_05410 [Clostridiales bacterium PH28_bin88] 
 hypothetical protein VR68_01680 [Peptococcaceae bacterium BRH_c4a] 

 carbon monoxide dehydrogenase [Desulfotomaculum reducens] >gi|134051220|gb|ABO49191.1| carbon-monoxi... 
 Carbon monoxide dehydrogenase [Desulfotomaculum hydrothermale] >gi|411453926|emb|CCO08751.1| Carbon ... 

 carbon monoxide dehydrogenase [Acetonema longum] >gi|337274067|gb|EGO62640.1| carbon-monoxide dehydr... 

 carbon monoxide dehydrogenase [Natranaerobius thermophilus] >gi|179350175|gb|ACB84445.1| carbon-mono... 

 carbon monoxide dehydrogenase [Methanofollis liminatans] >gi|395441311|gb|EJG06068.1| carbon-monoxid... 

 carbon-monoxide dehydrogenase, catalytic subunit [Methanosaeta thermophila PT] 

 carbon monoxide dehydrogenase [Ferroglobus placidus] >gi|288894949|gb|ADC66486.1| carbon-monoxide de... 

 carbon monoxide dehydrogenase [Desulfobulbaceae bacterium BRH_c16a] 
 carbon monoxide dehydrogenase [Desulfovibrio desulfuricans] >gi|219867960|gb|ACL48295.1| carbon-mono... 

 Ni-dependent carbon monoxide dehydrogenase precursor [Desulfovibrio africanus] >gi|459318251|gb|EMG3... 

 carbon monoxide dehydrogenase [Desulfonatronum thiodismutans] 
 carbon monoxide dehydrogenase [Desulfonatronum lacustre] 

 carbon monoxide dehydrogenase [Desulfohalobium retbaense] >gi|257797585|gb|ACV68522.1| carbon-monoxi... 
 carbon monoxide dehydrogenase [Desulfonatronovibrio magnus] 

 carbon monoxide dehydrogenase [Desulfovibrio longus] 

 carbon monoxide dehydrogenase [Thermococcus barophilus] 
 carbon monoxide dehydrogenase CooS-like protein subunit [Thermococcus barophilus MP] 

 carbon monoxide dehydrogenase [Thermococcus onnurineus] >gi|212009124|gb|ACJ16506.1| carbon-monoxide... 

 carbon monoxide dehydrogenase [Methanosarcina soligelidi] 

 carbon monoxide dehydrogenase [Methanotorris formicicus] 
 carbon-monoxide dehydrogenase, catalytic subunit [Methanotorris formicicus Mc-S-70] 

 carbon monoxide dehydrogenase [Desulfotomaculum acetoxidans] >gi|257779795|gb|ACV63689.1| carbon-mon... 
 carbon monoxide dehydrogenase [Desulfotomaculum gibsoniae] >gi|488456560|gb|AGL02454.1| carbon-monox... 

 carbon monoxide dehydrogenase [Sporomusa ovata] >gi|530349053|gb|EQB25014.1| carbon monoxide dehydro... 

 carbon monoxide dehydrogenase [Alkaliphilus transvaalensis] 

 carbon-monoxide dehydrogenase catalytic subunit [Methanoculleus bourgensis MS2] 
 carbon monoxide dehydrogenase [Methanoculleus bourgensis] 

 carbon-monoxide dehydrogenase catalytic subunit [Archaeoglobus sulfaticallidus] >gi|484592584|gb|AGK... 

 carbon monoxide dehydrogenase [Desulfurobacterium sp. TC5-1] 

 carbon monoxide dehydrogenase [Methanococcus voltae] >gi|297377705|gb|ADI35860.1| carbon-monoxide de... 

 carbon monoxide dehydrogenase [Desulfovibrio africanus] >gi|332554111|gb|EGJ51155.1| carbon-monoxide... 
 carbon monoxide dehydrogenase [Desulfovibrio africanus] 

 carbon-monoxide dehydrogenase, catalytic subunit [Thermococcus paralvinellae] 
 carbon monoxide dehydrogenase [Thermococcus paralvinellae] 

 carbon monoxide dehydrogenase [Methanosarcina mazei] >gi|814797788|gb|KKG77064.1| carbon monoxide de... 
 RecName: Full=Carbon monoxide dehydrogenase 1; Short=CODH 1 >gi|20904457|gb|AAM29817.1| Carbon monox... 
 carbon monoxide dehydrogenase [Methanosarcina mazei] >gi|452098644|gb|AGF95584.1| Carbon monoxide de... 

 carbon monoxide dehydrogenase [Methanocaldococcus vulcanius] 
 carbon-monoxide dehydrogenase, catalytic subunit [Methanocaldococcus vulcanius M7] 
 carbon monoxide dehydrogenase [Methanocaldococcus sp. FS406-22] >gi|288939363|gb|ADC70118.1| carbon-... 

 RecName: Full=Carbon monoxide dehydrogenase; Short=CODH >gi|2826314|gb|AAB98724.1| carbon monoxide d... 

 carbon monoxide dehydrogenase CooS [Clostridium saccharoperbutylacetonicum] >gi|451788520|gb|AGF5948... 
 carbon monoxide dehydrogenase [Clostridium beijerinckii] 

 carbon monoxide dehydrogenase [Clostridium akagii] 

YNP_45

 carbon monoxide dehydrogenase [Geoglobus acetivorans] >gi|728874873|gb|AIY89184.1| carbon monoxide d... 

 carbon monoxide dehydrogenase [Desulfurobacterium thermolithotrophum] >gi|325065467|gb|ADY73474.1| c... 

 carbon monoxide dehydrogenase [Methanosarcina barkeri] >gi|805407448|gb|AKB56611.1| Carbon monoxide ... 
 Carbon monoxide dehydrogenase CooS subunit [Methanosarcina barkeri MS] 
 carbon monoxide dehydrogenase [Methanosarcina barkeri] 
 carbon monoxide dehydrogenase catalytic subunit CooS1 [Methanosarcina barkeri CM1] 

 carbon monoxide dehydrogenase [Methanosarcina barkeri] >gi|72398121|gb|AAZ72394.1| carbon monoxide d... 
 Carbon monoxide dehydrogenase CooS subunit [Methanosarcina barkeri str. Wiesmoor] 

 Carbon monoxide dehydrogenase CooS subunit [Methanosarcina vacuolata Z-761] 

 carbon-monoxide dehydrogenase catalytic subunit [Clostridium pasteurianum] >gi|488451338|gb|AGK98040... 

 hypothetical protein P22_1588 [Propionispora sp. Iso2/2] 
 carbon monoxide dehydrogenase [Propionispora sp. Iso2/2] 

 carbon monoxide dehydrogenase [Pelosinus sp. UFO1] >gi|664789644|gb|AIF52317.1| carbon-monoxide dehy... 

 carbon monoxide dehydrogenase [[Clostridium] purinilyticum] >gi|909778012|gb|KNF08168.1| carbon mono... 

 carbon monoxide dehydrogenase [Methanosarcina barkeri] >gi|72398307|gb|AAZ72580.1| carbon-monoxide d... 

 carbon monoxide dehydrogenase [Methanosarcina sp. MTP4] >gi|805343438|gb|AKB24278.1| acetyl-CoA deca... 

 carbon monoxide dehydrogenase [Geoglobus ahangari] >gi|820777477|gb|AKG91135.1| carbon-monoxide dehy... 
 carbon monoxide dehydrogenase [Archaeoglobus fulgidus] >gi|38257355|sp|O28429.1|COOS_ARCFU RecName: ... 

 carbon monoxide dehydrogenase [Thermovibrio ammonificans] 
 carbon-monoxide dehydrogenase, catalytic subunit [Thermovibrio ammonificans HB-1] 

 carbon monoxide dehydrogenase [Carboxydothermus ferrireducens] 
 carbon monoxide dehydrogenase [Carboxydothermus hydrogenoformans] >gi|77995321|gb|ABB14220.1| carbon... 

 MULTISPECIES: carbon monoxide dehydrogenase [Methanosarcina] 
 Carbon monoxide dehydrogenase CooS subunit [Methanosarcina sp. Kolksee] 

 carbon monoxide dehydrogenase [Clostridium arbusti] 
 carbon-monoxide dehydrogenase catalytic subunit [Clostridium pasteurianum] >gi|488448458|gb|AGK95160... 

 carbon monoxide dehydrogenase [Gottschalkia acidurici] >gi|407049672|gb|AFS77717.1| carbon monoxide ... 

 carbon monoxide dehydrogenase [Halonatronum saccharophilum] 
 carbon monoxide dehydrogenase [Orenia marismortui] 

 carbon monoxide dehydrogenase [Syntrophorhabdus aromaticivorans] 
 carbon monoxide dehydrogenase [Syntrophorhabdus aromaticivorans] 

 carbon-monoxide dehydrogenase catalytic subunit [Methanomethylovorans hollandica] >gi|433662195|gb|A... 

 carbon monoxide dehydrogenase [Methanosarcina barkeri] >gi|805404244|gb|AKB54050.1| acetyl-CoA decar... 
 carbon monoxide dehydrogenase [Methanosarcina barkeri] >gi|805408712|gb|AKB57875.1| acetyl-CoA decar... 

 carbon monoxide dehydrogenase [Thermosinus carboxydivorans] >gi|121306861|gb|EAX47781.1| carbon-mono... 

 carbon monoxide dehydrogenase [Pelosinus fermentans] 
 carbon-monoxide dehydrogenase, catalytic subunit [Pelosinus fermentans JBW45] 
 MULTISPECIES: carbon monoxide dehydrogenase [Pelosinus] >gi|392443453|gb|EIW20994.1| carbon-monoxide... 
 carbon monoxide dehydrogenase [Pelosinus fermentans] >gi|392451419|gb|EIW28413.1| carbon-monoxide de... 

 carbon monoxide dehydrogenase [Clostridium tetani] >gi|28203288|gb|AAO35730.1| carbon monoxide dehyd... 
 carbon monoxide dehydrogenase subunit beta [Clostridium tetani] >gi|557255861|emb|CDI49234.1| carbon... 

 carbon monoxide dehydrogenase [Alkaliphilus metalliredigens] >gi|149948857|gb|ABR47385.1| carbon-mon... 
 carbon monoxide dehydrogenase [Dethiobacter alkaliphilus] >gi|225170123|gb|EEG78918.1| carbon-monoxi... 

 carbon monoxide dehydrogenase [Pseudobacteroides cellulosolvens] >gi|913266986|gb|KNY27185.1| carbon... 

 carbon-monoxide dehydrogenase catalytic subunit [Methanolobus tindarius] >gi|563512673|gb|ETA68047.1... 

 acetyl-CoA decarbonylase/synthase complex subunit alpha [Methanosarcina sp. Kolksee] 
 carbon monoxide dehydrogenase [Methanosarcina sp. Kolksee] 

 carbon monoxide dehydrogenase [Methanosarcina vacuolata] 
 acetyl-CoA decarbonylase/synthase complex subunit alpha [Methanosarcina vacuolata Z-761] 

 carbon monoxide dehydrogenase [Desulfitibacter alkalitolerans] 

 carbon monoxide dehydrogenase [Thermosediminibacter oceani] >gi|302199957|gb|ADL07527.1| carbon-mono... 

 carbon monoxide dehydrogenase [Methanolobus psychrophilus] 
 carbon monoxide dehydrogenase [Methanolobus psychrophilus R15] 

 MULTISPECIES: carbon monoxide dehydrogenase [Methanosarcina] >gi|805338401|gb|AKB19683.1| acetyl-CoA... 

 carbon monoxide dehydrogenase [Methanosarcina sp. 2.H.A.1B.4] >gi|814727316|gb|KKG10061.1| carbon mo... 

 carbon monoxide dehydrogenase [Methanosarcina horonobensis] >gi|805383648|gb|AKB79525.1| acetyl-CoA ... 

 carbon monoxide dehydrogenase [Methanosarcina mazei] >gi|805364985|gb|AKB62259.1| acetyl-CoA decarbo... 
 carbon monoxide dehydrogenase [Methanosarcina mazei] >gi|805361173|gb|AKB40962.1| acetyl-CoA decarbo... 
 hypothetical protein, partial [Methanosarcina mazei] >gi|814853142|gb|KKH29669.1| carbon monoxide de... 
 carbon monoxide dehydrogenase, partial [Methanosarcina mazei] 
 carbon monoxide dehydrogenase [Methanosarcina mazei Tuc01] 
 carbon monoxide dehydrogenase [Methanosarcina mazei] 

 carbon monoxide dehydrogenase, partial [Methanosarcina mazei] >gi|814736285|gb|KKG18579.1| carbon mo... 
 MULTISPECIES: carbon monoxide dehydrogenase [Methanosarcina] >gi|38257671|sp|Q8PUN1.1|COOS2_METMA Re... 
 carbon monoxide dehydrogenase [Methanosarcina mazei] >gi|805368483|gb|AKB65595.1| acetyl-CoA decarbo... 

 carbon monoxide dehydrogenase [Peptococcaceae bacterium BICA1-8] 
 carbon monoxide dehydrogenase [Clostridiaceae bacterium BRH_c20a] 

 MULTISPECIES: carbon monoxide dehydrogenase [Thermincola] >gi|296032221|gb|ADG82989.1| carbon-monoxi... 
 carbon monoxide dehydrogenase [Clostridiales bacterium PH28_bin88] 

 carbon-monoxide dehydrogenase catalytic subunit [Halobacteroides halobius] >gi|433670366|gb|AGB41181... 

 carbon monoxide dehydrogenase [Syntrophobotulus glycolicus] >gi|324966305|gb|ADY57084.1| carbon-mono... 

 carbon monoxide dehydrogenase [[Clostridium] cellobioparum] 
 carbon-monoxide dehydrogenase catalytic subunit [[Clostridium] termitidis] >gi|474476939|gb|EMS70873... 

 carbon monoxide dehydrogenase [[Clostridium] josui] 

 carbon monoxide dehydrogenase [Methanosarcina lacustris] 
 acetyl-CoA decarbonylase/synthase complex subunit alpha [Methanosarcina lacustris Z-7289] 

 MULTISPECIES: carbon monoxide dehydrogenase [Methanosarcina] >gi|814732612|gb|KKG15092.1| carbon mon... 

 carbon monoxide dehydrogenase [Methanosarcina acetivorans] >gi|38257683|sp|Q8TR73.1|COOS2_METAC RecN... 

 carbon monoxide dehydrogenase [Desulfurispora thermophila] 

 carbon monoxide dehydrogenase [Acetivibrio cellulolyticus] 

 carbon monoxide dehydrogenase [[Clostridium] cellulolyticum] >gi|220000611|gb|ACL77212.1| carbon-mon... 

 carbon monoxide dehydrogenase [Methanosarcina sp. 1.H.A.2.2] >gi|814872197|gb|KKH47752.1| carbon mon... 
 carbon monoxide dehydrogenase [Methanosarcina sp. 1.H.T.1A.1] >gi|814928047|gb|KKI00212.1| carbon mo... 

 carbon monoxide dehydrogenase [Methanosarcina siciliae] >gi|805355504|gb|AKB35575.1| acetyl-CoA deca... 

 carbon monoxide dehydrogenase [Desulfotomaculum alkaliphilum] 

 carbon monoxide dehydrogenase [[Clostridium] clariflavum] >gi|359824464|gb|AEV67237.1| carbon-monoxi... 

 carbon monoxide dehydrogenase [[Clostridium] papyrosolvens] >gi|325985569|gb|EGD46406.1| carbon-mono... 

 acetyl-CoA decarbonylase/synthase complex subunit alpha [Methanosarcina siciliae HI350] 
 carbon monoxide dehydrogenase [Methanosarcina siciliae] >gi|805347017|gb|AKB27639.1| acetyl-CoA deca... 

 carbon monoxide dehydrogenase [Desulfotomaculum gibsoniae] >gi|488456263|gb|AGL02157.1| carbon-monox... 

 carbon monoxide dehydrogenase [[Clostridium] viride] 
 similar to carbon monoxide dehydrogenase CooS subunit [[Clostridium] straminisolvens JCM 21531] 

 carbon monoxide dehydrogenase [Clostridium cylindrosporum] >gi|870995066|gb|KMT21040.1| carbon monox... 

 MULTISPECIES: carbon monoxide dehydrogenase [Clostridium] >gi|300435087|gb|ADK14854.1| carbon monoxi... 
 carbon monoxide dehydrogenase [Clostridium argentinense] >gi|745734931|gb|KIE44462.1| carbon-monoxid... 

 carbon monoxide dehydrogenase [Clostridium sp. BNL1100] >gi|373946885|gb|AEY67806.1| carbon-monoxide... 
 carbon monoxide dehydrogenase [[Clostridium] papyrosolvens] >gi|523373447|gb|EPR08047.1| carbon mono... 

 carbon monoxide dehydrogenase [Desulfotomaculum carboxydivorans] >gi|333749724|gb|AEF94831.1| carbon... 
 carbon monoxide dehydrogenase [Desulfotomaculum nigrificans] 

 carbon-monoxide dehydrogenase catalytic subunit [[Clostridium] sordellii] >gi|529071944|gb|EPZ56109.... 
 carbon-monoxide dehydrogenase [[Clostridium] sordellii] 

 Carbon monoxide dehydrogenase [ [[Clostridium] sordellii] >gi|770668209|emb|CEO23996.1| carbon-monox... 
 carbon-monoxide dehydrogenase [ [[Clostridium] sordellii] >gi|829472544|gb|KLR54015.1| carbon-monoxi... 

 carbon monoxide dehydrogenase [Sedimentibacter sp. B4] 
 carbon monoxide dehydrogenase [Clostridium sp. 12(A)] 
 carbon monoxide dehydrogenase [[Clostridium] aerotolerans] 
 carbon monoxide dehydrogenase [Clostridium sp. ASBs410] >gi|589400498|gb|EXG85224.1| carbon-monoxide... 

 carbon monoxide dehydrogenase [Desulfosporosinus acidiphilus] >gi|391354071|gb|AFM39770.1| carbon-mo... 
 carbon monoxide dehydrogenase [Desulfosporosinus acididurans] >gi|835414801|gb|KLU64069.1| carbon mo... 

 carbon monoxide dehydrogenase 2 [Peptococcaceae bacterium CEB3] 
 carbon monoxide dehydrogenase [Peptococcaceae bacterium CEB3] 

 carbon monoxide dehydrogenase [Desulfitobacterium metallireducens] >gi|570735197|gb|AHF06228.1| carb... 

 carbon monoxide dehydrogenase [[Clostridium] saccharolyticum] >gi|302195969|gb|ADL03540.1| carbon-mo... 

 carbon monoxide dehydrogenase [Desulfosporosinus sp. HMP52] >gi|695881993|gb|KGK87815.1| carbon mono... 
 carbon monoxide dehydrogenase [Desulfosporosinus meridiei] >gi|402252230|gb|AFQ42505.1| carbon-monox... 

 carbon monoxide dehydrogenase [Desulfitobacterium dichloroeliminans] >gi|430783170|gb|AGA68453.1| ca... 

 carbon monoxide dehydrogenase [[Clostridium] methoxybenzovorans] 
 MULTISPECIES: carbon monoxide dehydrogenase [Lachnoclostridium] 

 carbon monoxide dehydrogenase [Desulfosporosinus sp. OT] >gi|344329709|gb|EGW41042.1| carbon-monoxid... 
 carbon monoxide dehydrogenase [Desulfosporosinus sp. I2] >gi|778264062|gb|KJR49263.1| hypothetical p... 

 carbon monoxide dehydrogenase [Desulfosporosinus sp. BICA1-9] 
 carbon monoxide dehydrogenase [Desulfosporosinus youngiae] >gi|374415197|gb|EHQ87632.1| carbon-monox... 
 carbon monoxide dehydrogenase [Desulfosporosinus orientis] >gi|357211507|gb|AET66125.1| carbon-monox... 

 carbon monoxide dehydrogenase [Desulfitobacterium dehalogenans] >gi|390523835|gb|AFL99565.1| carbon-... 
 carbon monoxide dehydrogenase [Desulfitobacterium sp. PCE1] 
 carbon monoxide dehydrogenase [Desulfitobacterium hafniense] 

 carbon monoxide dehydrogenase [Desulfitobacterium hafniense] >gi|219537486|gb|ACL19225.1| carbon-mon... 
 Carbon monoxide dehydrogenase 2 [Desulfitobacterium hafniense] 

 carbon monoxide dehydrogenase [Desulfitobacterium hafniense] 
 carbon monoxide dehydrogenase [Desulfitobacterium hafniense Y51] 

0.2

Clostridium spp.
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Supplementary	 Figure	 7.	 Phylogenetic	 analysis	 of	 bin	 YNP_N21	 type	nitrite	 reductase	
proteins.	
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Supplementary	 Figure	 8.	 Tetranucleotide-based	 ESOM	 mapping	 of	 metagenomic	
fragments	 from	 the	methane-rich	 layer	of	White	Oak	River	 sediments.	The	SAGMEG	
genomic	bins	have	been	labeled.	
	5	

	
Supplementary	 Figure	 9.	 Emergenet	 Self-Organizing	 Map	 (ESOM)	 of	 Yellowstone	
metagenome	 assembly.	 The	 genomic	 bins	 presented	 in	 this	 study	 as	 label	 at	 their	
locations	 on	 the	maps.	Genome	bins	 YNP_N21	 and	bin	 YNP_45	 can	be	 seen	near	 the	
lower	left	corner	of	the	map.	10	
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Supplementary	 Figure	 10.	 Comparison	 of	 YNP_N21	 assemblies	 before	 and	 after	 co-
assembly	 with	 the	 metagenomic	 bin.	 (A)	 MUMMER	 comparison	 of	 SAG	 contigs	 and	
metagenomic	 bin.	 (B)	 MUMMER	 comparison	 of	 metagenomic	 bin	 and	 co-assembled	
contigs	 (after	manual	 removal	 of	 contaminants).	 Contigs	 are	 ordered	 from	 largest	 to	5	
smallest	 and	 shown	 in	 alternating	 positions	 for	 improved	 visibility.	 Matching	 regions	
between	contigs	(MUMMER	identities	larger	than	99.5%	at	the	DNA	level)	are	shown	in	
green.	
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