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Supplementary Methods
16S ribosomal RNA gene-based phylogenetic tree reconstruction
16S ribosomal RNA gene sequences were obtained from the National Center for Biotechnology Information (NCBI) database and RIM-DB [1]. The phylogenetic tree was reconstructed by using a web based NGPhylogeny server (https://ngphylogeny.fr/) [2, 3]. In this web server, a semi-automatic pipeline was chosen and FastME/OneClick workflow was selected. In the FastME/OneClick workflows, Multiple Alignment using Fast Fourier Transform (MAFFT), Block Mapping and Gathering with Entropy (BMGE), FastME, and Newick display were used for multiple sequence alignment, alignment curation, tree reconstruction, and tree rendering, respectively. Once DNA sequences were uploaded as input data, the parameter for FastME was changed to include bootstrap branch supports with the number of replicates of 1000. MAFFT, BMGE, and Newick display were set to default parameters. The phylogenetic tree was visualized using FigTree v1.4.4 (http://tree.bio.ed.ac.uk/software/figtree/). 
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Figure S1. A multiple sequence alignment of hypervariable regions of the 16S ribosomal RNA genes of select methanogenic archaea. A 16S ribosomal RNA (rRNA) gene-based alignment was constructed following a protocol described in the Supplementary method. The nine hypervariable regions of V1 through V9 span nucleotides 69-99, 137-242, 433-497, 576-682, 822-879, 986-1043, 1117-1173, 1243-1294, and 1435-1465, respectively [4, 5]; numbering is based on the E. coli rRNA genes [4]. V9 region was not detected in all sequences. The names highlighted in yellow represent rumen-associated methanogens. The black bars under the multiple sequence alignment represent the consensus sequences. A higher black bar indicates a high degree of sequence conservation. Primers as shown with horizontal arrows and names target specific regions of 16S rRNA gene [6].



Supplementary Tables
Table S1. Methanogens associated with high and low methane-emitting animals.
	Classifying parameter
	Gene marker 
	Methane emission phenotype
	Study description 
(Dairy/Beef, number of animals, feed) 
	Ref.

	
	
	High (Inefficient)
	Low (Efficient)
	
	

	CH4–IR  
	V4-16S rRNAa
	Methanobrevibacter SGMT clade, Mbb. gottschalkii 
	Methanobrevibacter RO clade, Mbb. ruminantium; and unclassified Methanomassilicoccales  
	Dairy, 73, silage (timothy, fescue, perennial ryegrass, red clover) and concentrate 
	[7]

	CH4-RC
	ssrRNA, 16S rRNAb
	Mbb. gottschalkii 
	Methanosphaera spp.
	Sheep, 22, pelleted lucerne (alfalfa) diet 
	[8]

	 CH4-RC  
	16S rRNAb
	Not reported
	Methanosphaera spp.

	Sheep, 118, pelleted lucerne 
	[9]

	 CH4-RC  
	16S rRNAc
	Methanobrevibacter spp. (94%), Methanobacterium, Methanococcus, Methanoculleus  
	Candidatus Methanomethylophilus 
	Beef, 50, two diets: high and low forage
	[10]

	 CH4-RC  
	16S rRNAd
	Methanobrevibacter spp, Methanosphaera spp 
	 Not reported
	Beef, 72, two diets: high and medium concentrate
	[11]

	CH4-RC  
	16S rRNAe
	Methanobrevibacter spp
	Methanosphaera spp 
	Dairy, 10, silage- and concentrate-based TMR
	[12]

	Classifying parameter
	Gene marker 
	Residual Feed Intake (RFI
	Study description 
(Dairy/Beef, number of animals, feed) 
	Ref.

	
	
	High (Ineffficient)
	Low (Efficient)
	
	

	RFI
	16S rRNAf
	Msp. stadtmanae, Methanobrevibacter sp. AbM4, Methanobrevibacter sp. 30Y-like, Mbb. wolinii-like, Methanobacteriales-like 
	Mbb. smithii SM9-like, Mbb. smithii PS-like, and Methanobrevibacter sp. FM1-like 
	Beef, 58, high concentrate oats-based diet
	[13]

	 RFI  
	16S rRNAg
	Methanobrevibacter spp 
	Methanomicrococcus spp 
	Beef, 27, high forage
	[14]

	RFI
	16S rRNAh
	Methanobrevibacter ruminantium
	Methanomassiliicoccales spp.
	Beef, 180, high energy diet (oats, barley, alfalfa pellets, and feedlot supplement)
	[15]


CH4-IR or CH4-RC, methane emission activity measured using an infrared-based analyzer or respiratory chamber, respectively; RFI, residual feed index [13, 14, 16, 17].

aPrimer (name): forward (515′F), 5’-GTGBCAGCMGCCGCGGTAA-3’; reverse (805R), 5’-GGACTACHVGGGTWTCTAAT-3’ [13]
bPrimer (name): forward (Ar915aF), 5′-CCATCTCATCCCTGCGTGTCTCCGACTCAGTCAGGAATTGGCGGGGGAGCAC-3′; 
           reverse (Ar1386R), 5′-CCTATCCCCTGTGTGCCTTGGCAGTCTCAGNNNNNNNNNNNNCAGCGGTGTGTGCAAGGAGC-3′ [18]
cAnalysis was performed using shotgun metagenomic dataset and sequences were aligned to Greengenes and Kraken databases [10].
dPrimer (name): forward (UniF), 5’-GTGSTGCAYGGYYGTCGTCA-3’; reverse (UniR), 5’-ACGTCRTCCMCNCCTTCCTC-3’ [19]
ePrimer (name): forward (i958aF), 5′-AATTGGAKTCAACGCCKGR-3′; reverse (i378aR), 5′-TGTGTGCAAGGAGCAGGGAC-3′ [12]
fPrimer (name): forward (Met 86f), 5’-GCTCAGTAACACGTGG-3’; reverse (Met 915r), 5’-GTGCTCCCCCGCCAATTCCT-3’ [20, 21]
gPrimer (name): forward (Ar915aF), 5’-AGGAATTGGCGGGGGAGCAC-3’; reverse (Ar1386R), 5’-GCGGTGTGTGCAAGGAGC-3’ [13]
h16S rRNA sequences were assembled from RNA-Seq data and then mapped to a custom reference database for the V6-V8 regions for rumen-specific archaea [15]


























Table S2. Isolates and genomes of rumen methanogen and close relatives.
	Methanogen Species
	Available isolate
	Gold ID, 
NCBI ID
	Genome Completion Status
	Genome Size (Mbp)
	Mean relative abundance in ruminants [22]
	Data type/
Origin
	Ref(s)

	Family: Methanobacteriaceae
	
	
	
	
	
	
	

	Genus: Methanobrevibacter (Mbb)
	
	
	
	
	
	16S rRNA and MAGs
	[23]

	Mbb sp.
	Abm4*,

	Gp0021414, CP004050.1 
	F

	2
	
	Genome/Sheep abomasal isolate
	[24]

	Mbb ruminantium
	M1 or DSM1093, 
YE286
	Gp0002311, CP001719.1
Gp0035230, NA
	F
P
	2.9,
1.8
	27.1%
	16S rRNA, MAGs, transcriptome, and qRT PCR
	[22, 25-28]

	Mbb boviskoreani
	JH1
	Gp0035818, BAGX00000000.2
	P
	2
	0.9%
	16S rRNA, and MAGs
	[22, 25, 26, 29]

	Mbb millerae
	SM9,
DSM 16643 or ZA-10,
HW02
	Gp0007703, CP011266.1 Gp0087971, SAMN02910315
Gp0096056, PRJNA252037 (no available sequence)
	F
P
I
	2.5,
2.7,
-
	
	16S rRNA
	[30],
[25, 31],
-

	Mbb olleyae
	YLM1, 
DSM 16632 or KM1H5-1P
	Gp0007263, CP014265.1
Gp0087972, SAMN02910297
	F
P

	2.2,
2.12
	
	16S rRNA
	[32],
[25, 31]

	Mbb gottschalkii
	HO or DSM11977*,
PG or DSM11978*
	Gp0290545, SAMN10363317
Gp0127403, SAMN05216439
	P
P
	1.87,
1.86
	46.7%
	16S rRNA, transcriptome
	[22, 25, 26]


	Mbb thaueri
	CW or DSM11995*
	Gp0113775, NA
	P
	2.2
	
	 16S rRNA
	[25, 33]

	Mbb wolinii
	SH*
	Gp0047017, SAMN02744021
	P
	2
	1.0%
	16S rRNA
	[22, 25]

	Mbb acididurans
	DSM 15163*
	Gp0115253, NA
	P
	6.1
	0%
	16S rRNA
	[22]

	Mbb smithii
	DSM 2375*,
F1 or DSM 2374*
	Gp0003638, SAMN00008835
Gp0003674, SAMN00008834
	P
P
	1.7,
1.7
	0.5%
	16S rRNA and qRT PCR
	[22, 25]

	Mbb woesei
	GS or DSM11979*
	Gp0113776, NA
	P
	1.5
	
	16S rRNA and transcriptome
	[25]

	Mbb sp.
	YE315
	Gp0118019, CP010834  
	P
	2.27
	
	16S rRNA
	[25, 34]

	

	
	
	
	
	
	
	

	Genus: 
Methanosphaera (Msp)
	
	
	
	
	
	
	

	Msp sp.
	Group 5**,
 A4, 
ISO3-F5,
RUG761 [23]**,
WGK6**,
BMS**
	-,
-,
-,
Gp0304284, ONYO00000000.1
Gp0107741, SAMN03108761
Gp0119560, CP014213
	


P, M
P
P
	-,
-,
-,
1.6,
1.7,
2.8
	2.1%,
0.1%,
5.7%,
-,
-,
-
	MAGs, 16S rRNA
	[22, 23, 26, 35]

	Msp stadtmanae
	DSM 3091*
	Gp0000406, CP000102.1
	F
	1.7
	
	16S rRNA and qRT PCR
	

	Msp cuniculi
	1R-7*
	Gp0322644, SAMN04229037
	P
	1.9
	0.2%
	16S rRNA; Rabbit intestinal tract isolate
	[22, 36]

	
	
	
	
	
	
	
	

	Genus:
Methanobacterium (Mb)
	
	
	
	
	0.6%
	
	[22]

	Mb formicicum
	BRM9
	Gp0007264, CP006933.1
	F
	2.4
	0%
	16S rRNA 
	[22, 37, 38]

	Mb bryantii
	M.o.H or DSM 863,
YE299
	Gp0322642, SAMN04229035
	P
	3.45
	
	
	[36]

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Family: Methanosarcinaceae
	
	
	
	
	
	
	

	Genus: Methanosarcina
	
	
	
	
	
	
	

	Methanosarcina mazei
	Go1 or DSM 3647*
	Gp0000684, AE008384.1
	F
	4
	0%
	16S rRNA
	[22]

	Methanosarcina sp.
	Ms 97 or DSM 11855*
	Gp0087973, SAMN02910340
	P
	3.1
	
	
	[39]

	Methanosarcina horonobensis
	HB-1*,
JCM 15518*
	Gp0074649, CP009516.1
Gp0093132, SAMD00000526
	F
P
	5,
4.9
	0%
	16S rRNA
	[22]

	Methanosarcina barkeri
	CM1
	Gp0007672,  CP008746 
	F
	4.5
	
	
	[25, 38, 40]

	
	
	
	
	
	
	
	

	Genus: Methanimicrococcus
	
	
	
	
	
	
	

	Methanimicrococcus blatticola
	PA*,
DSM 13328*
	Gp0156044, NA
Gp0251965, SAMN08769569
	P
P
	1.77,
1.78
	0.6%
	16S rRNA
	[22, 26]

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Family: Methanomicrobiaceae
	
	
	
	
	
	
	

	Genus: Methanoculleus
	
	
	
	
	
	
	

	Methanoculleus sp.
	-
	-
	-
	-
	0%
	16S rRNA
	[22]

	Methanoculleus bourgensis or olentangyi [41]
	KOR-2
	-
	-
	-
	
	
	[42]

	
	
	
	
	
	
	
	

	Genus:
Methanomicrobium
	
	
	
	
	
	
	

	Methanomicrobium mobile
	BP, DSM1539
	Gp0047018, SAMN02745537
	P
	1.7
	0.7%
	16S rRNA
	[22, 25, 38, 43]

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Family: Methanomassiliicoccaceae
	
	
	
	
	
	
	

	Candidatus Methanomethylophilus alvus
	
	Gc0042696
	F
	1.66
	0.8%
	16S rRNA
	[22]

	Candidatus Methanomethylophilus
	RUG779,
hRUG898
	Gp0304284, SAMEA104154002
Gp0326514, SAMEA104567052
	M, P
M, P
	1.26,
1.38
	
	
	[23]

	Methanomassiliicoccaceae Group 4
	MpT1
	-
	-
	-
	1.0%
	16S rRNA
	[22]

	Methanomassiliicoccaceae Group 10
	
	-
	-
	-
	3.0%
	16S rRNA and MAGs
	[22, 26]

	Methanomassiliicoccaceae Group 11
	ISO4-G1
	Gp0139499, CP013703.1
	P
	1.59
	0.2%
	16S rRNA and MAGs
	[22, 25, 26, 35, 44]

	Methanomassiliicoccaceae Group 11
	CRM1
	-
	-
	-
	0.2%
	16S rRNA
	[22]

	Methanomassiliicoccaceae Group 12
	ISO4-H5
	Gp0125684, CP014214
	F
	1.9
	6.5%
	16S rRNA and MAGs
	[22, 25, 26, 45]

	Thermoplasmatales archaeon
	BRNA1
	Gp0045376, CP002916.1
	F
	1.46
	0%
	16S rRNA and MAGs
	[22, 25, 26, 35]

	Methanomassiliicoccales archaeon
	RumEn M1***
	Gp0139355,
GCA_001421185.1
	D
	2.12
	0%
	Metagenome
	[46]

	Methanomassiliicoccales archaeon 
	RumEn M2***
	Gp0139355,
GCA_001421175.1
	D
	1.28
	0%
	Metagenome
	[46]

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Family: Methanotrichaceae
	
	
	
	
	
	
	

	Genus: Methanothrix
	
	
	
	
	
	
	

	Methanothrix (Methanosaeta) concilii
	
	-
	-
	-
	0%
	16S rRNA
	[22]

	
	
	
	
	
	
	
	



*, non-rumen; **, MAG; ***, metagenome. Each of the Gold ID showed an available genome sequence of a rumen methanogen strain with the following genome completion status: P, permanent draft; F, finished; D, Draft; I: incomplete; MAG: metagenome-assembled genome. Rumen isolate information can be found in Table 1.











Table S3. Rumen methanogen abundance as affected by various diets. 
	Diet composition item (% value)
	Cattle
type
	Methods and markers used
	Methanogen abundance (%)
	Ref

	
	
	
	Methanobrevibacter
	Methanosphaera
	Mcm
	Thr
	Un
	

	
	
	
	SGMT clade
	RO clade
	Other species
	
	
	
	
	

	
	
	
	M. smi
	M. got
	M. mil
	M. tha
	M. rum
	M. oll
	M. wol
	M. woe
	M. sp
	M. std
	Ms. sp
	
	
	
	

	Corn silage (24.5), alfalfa hay (16.7), corn meal (16.6), soybean meal (10.7), beet pulp (3.5), DDGS (3.5), molasses (3), mineral/vitamins (6.3)
	Dairy
	Sequencing V3-V4 region of archaeal 16S rRNAa and qPCR analysis targeting a ~800 bp segment of mcrAb
	
	
	
	
	
	
	
	
	86.9
	
	0.8
	10.4
	0.4
	
	[47]

	Corn silage (51.2), haylage (8.3), hay (13.4), concentrate (27.2)
	Dairy
	Sequencing of V1-V3 region of archaeal 16S rRNAc,d
and qPCR targeting a ~350 bp segment of mcrAe
	28.55
	0.04
	10.99
	30.70
	26
	
	
	2.12
	
	
	0.41
	
	
	
	[48]

	Corn silage (35), second-cut haylage (33), hay (72), canola meal (13.2), and soybean meal (19.8)
	Dairy
	Sequencing of a ~1260 bp of methanogen specific 16S rRNAf
	
	
	
	
	96
	
	1
	
	
	2
	
	
	
	
	[49]

	Wheat straw-based diet comprised of roughage (60), concentrate (40)
	Beef
	Sequencing of a ~1260 bp segment of 16S rRNAf and a ~470 bp  segment of mcrAg
	
	
	
	
	
	
	
	
	>83
	
	
	
	
	
	[50]

	Perennial Ryegrass, white clover
	Beef
	Sequencing of the V6-V8 (∼492 bp) segment 16S rRNAh
	
	43
	
	
	33
	
	
	
	
	
	14
	
	
	
	[51]

	Spring barley (21.8), rape seed cake (22.2), clover grass silage (30.4), corn silage (24.5)
	Dairy
	  Sequencing random 200 and 220 bp subsegments of 16S rRNAi
	
	
	
	
	
	
	
	
	37.85
	
	2.84
	
	52.3
	7
	[52]

	Rhodes grass/Chloris gayana (15) and a sorghum high-grain mixture (85)
	Beef
	Sequencing of V6 to V8 regions of 16S rRNA segmentsi
	74.95
	11.72
	
	
	
	
	
	
	
	
	[16]



aPrimer (name): forward (Arc915af), 5′-AGGAATTGGCGGGGGAGCAC-3′; reverse (Arc1386R), 5′-GCGGTGTGTGCAAGGAGC-3′ [13]
bPrimer [conserved amino acid sequence element targeted]:  forward [FGGSQR], 5′-TTCGGTGGATCDCARAGRGC-3'; 
                                                                                                 reverse [GFYGYDL], 5′-GBARGTCGWAWCCGTAGAATCC-3'  [18]
c,dPrimer (name): forward (Met86F), 5’-GCTCAGTAACACGTGG-3’; reverse (Met471R), 5′-GWRTTACCGCGGCKGCTG-3′ [53, 54]
ePrimer (name) [conserved amino acid sequence element targeted]:  forward (mcrA-F) [FGGSQR], 5′-TTCGGTGGATCDCARAGRGC-3’; 
                                                                                                             reverse (mcrA-F) [GFYGYDL], 5′-GBARGTCGWAWCCGTAGAATCC-3’ [19]
fPrimer (name): forward (Met86F), 5’-GCTCAGTAACACGTGG-3’; reverse (Met1340R), 5′-CGGTGTGTGCAAGGAG-3′ [54]
gPrimer: forward, 5′- GGTGGTGTMGGATTCACACARTAYGCWACAG -3'; reverse, 5′- TTCATTGCRTAGTTWGGRTAGTT -3' [20]
hPrimer (name): forward (Ar915aF), 5′-CCATCTCATCCCTGCGTGTCTCCGACTCAGTCAGGAATTGGCGGGGGAGCAC-3′; 
                           reverse (Ar1386R), 5′-CCTATCCCCTGTGTGCCTTGGCAGTCTCAGNNNNNNNNNNNNCAGCGGTGTGTGCAAGGAGC-3′ [21]
iGenerated via RNA-Seq

Methanobrevibacter species: M. smi, Mbb. smithii; M. got, Mbb. gottschalkii; M. mil, Mbb. millerae; M. tha, Mbb. thaueri; M. rum, Mbb. ruminantium; M. oll, Mbb. olleyae; M. wol, Mbb. wolinii; M. woe, Mbb. woesei; M. sp, Methanobrevibacter sp.; Methanosphaera species: M. std, Msp. stadtmanae; Ms. sp, Methanosphaera sp.; Other methanogen species: Mcm, Methanocorpusculum; Thr, Thermoplasma; Un, Unclassified methanogen.
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Methanobrevibacter ruminantium M1 cTcal cac@Tee cc c G @ccBccdcEe ccooclec G 6ce ABETCEEGAGAGE GceeTAc cccleee G cTG cc Goolee ce GACBETEAGE
Methanobrevibacter smithii PS CTCAB CACBTGG cc c G GCCBCCBCee CCBBCABC G GCG AGATCGGGAGAGG GAGGTACTCCCAGGG G cTG CCTGGGAGS ce GACGGTG
Methanomicrobium mobile BP CTCAB CACBTGG c c G GCCcBCCcBCcee cCBBCBeCcTCEAG GCG BGACCGGGAGAGG GAGGTACTTCABGGG G cCTG CCTTGAGGS cBeelc GACAGTG
Methanosarcina barkeri CM1 CTCAG CACGTGG cc c G GCCBCCBCEe CCBBCBGCCCEAL GGG GAACCGGGAGAGG GAGGTACTACAGGGG G G CCCTETEGE GGG GACGGTG
Methanobrevibacter olleyae KM1H5-1P CTCAG CACGTGG cc c G GCCGCCGCGE CCGGCAGC G GCG GGTCGGGAGAGG GCGG c CCC.GGG G G CCTGGGAGG cG GACGGTG
Methanobrevibacter boviskoreani JH1 CTCAG CACBTGG cc c G GCCBCCBCEe CCBBCAGC G GCG AGATCGGGAGAGG GAGGTACTCCTEGGG G G CCTAGGAGG ce GACGGTG
Methanobrevibacter millerae SM9 CTCAG CACBTGG cc c G GCCBCCBCBE CCBGCAGC G GCG AGACCGGGAGAGG GAGGTACTCCCAGGG G G CCTGGGAGS cee GACGGTG
Methanobrevibacter millerae ZA-10 CTCAG CACBTGG c G GCCBCCBCBE CCBGCABC G GCG AGACCGGGAGAGG GAGGTACTCCCAGGG G G CCTGGGAGS CGG GACGGTG
Methanosphaera sp. 1S03-F5 CTCAG CACBTGG c G GCCBCCBCBE CCBBCABC G GCo GTCGGGAGAGG GAGGTACTACCEBGGG G CCTGGGAGS A ce CGGTG
Methanobrevibacter gottschalkii HO CTCAB CACGTGG c G GCCBCCBCEE CCBBCABC G GC6G AGACCGGGAGAGG GAGGTACTCCCAGGG G CCTGGGAGS CGG GCCBGTG
Methanogenic archaeon culture 1SO4-H5 CTCAG CACBTGG .. ..BGCBC c G ccccce GCCBCCBCEE CCCBICABCCCBAG 6 BGATCGGGAGAGG GAGGTACTTCABGGG CCTTGGAGS ce G
Methanogenic archaeon culture 1S04-G11 .. ..BBCBC c G ccccce GCCBCCBCBE CCTBCABCCCAAG 6 BGBGACCBGBAGBAGBGCTAGAGGTACTTCTGGGE CCTAGAAGG G c6e G
Methanogenic archaeon culture 1S04-G1 .. ..BBCBC c G ccccce GCCBCCBCBE cccBcABcccBAs 6 BGGATCGGGAGAGG GAGGTACTTCAGGGG CCTTGOAGS ce G
Methanobrevibacter thaueri CW CTC c c G ccC GCCGCCGCGG CCGGCAGCTC G GCG GACCGGGAGAGG GAGG CTCCCAGGG G CCTGGG Gl- CGG G
Methanobrevibacter woesei GS CTC c c G ccC CCGCCGCEGEG CCG.C GCTC G GCG G CGGGAGAGG GAGG CTCCCAGGG G CCTGGGAGG cCG G
Methanobrevibacter wolinii SH cTC c c G cc GCCBCCBCBE CCBGCAGCTCTAG GCG AGATCGGGAGAGG GAGGTACTCCTEGGG G CCTAGGAGS ce G
Methanobacterium bryantii MoH cTC c G cc GCCBCCBCBE CCBGCAGCTCAAG GCG AGGCCGGGAGAGG GGGGTACTCCCAGGG G CCTGGGAGS CBGACCTG G
Methanocaldococcus jannaschii JAL-1 cTC c G GCAGCCBCGG CCBGCEGCCCAAL GC6G BGACCGEGAGAGGCCEEGEGTACCCCABGGG G GATCCCTGGEGG GGG G
Methanotorris igneus K15 cTC c G GCAGCCBCGE ccBBCABCCcCcBAG GC6G GGACCGGGAGAGGGCGGGGGTACTCCEGGGE G GATCCCCBGAGG GGG G
Methanococcus maripaludis S2 cTC c G GCABCCGCGG ccBAcCBGEccceAs GCG BGGACCGGGAG eelc‘eee CTTCAGGGG G GATCCTTGAAGG GGG G
Methanothermococcus okinawensis IH1 CTCAB c G GCAGCCGCGG CCBBCBGCCCEAB GC6G BGGACCGGGAGAGGACGAGGBGTACTCCAGGGG G GATCCCTGOAGG GGG G
Methanopyrus kandleri AV19 CTCAB c G ceeccclce GCCcBCCcBCcee @ceececclcaas GBG GGACCGGGAGAGGCCGBABGTACCCCCGBGG G GTCATCCCGGGOGG CBGGTCCH G
Methanothermobacter thermautotrophicus AH G T C A c G CBBCCTACC GCCBCCBCEE ccBBCcABCTCAAG GCG AGGTCGGGAG GG*G GG chccleee G G cclieolee CBAACCTG G
Methanosarcina acetivorans C2A CTCAG c G CG-CC GCCGCCGCGG CCGGCGGCCCGAG GGG G CCGGGAGAGG GAGG c ClGGGG G G cCCcCcC G.GGG CGGG () G
Methanothermus fervidus V24S CTCAG c G cB6cc GCCBCCBCee CCBBCAGCCCEAG GCG GGGCCGEGAGAGGCCBBABGTACCCCCEEEE G G CCCEGEGGE ceeGCcCcCo G
Methanospirillum hungatei JF-1 CTCAB c GTTG ceeccc GCCBCCBCee cceeclec G GGG GGACCGGGAGAGGTGABAGBGTACTECCGGGG G G CCCEBTGGE CGGETCCE G
Methanocorpusculum parvum Xl| CTCAG c GTTGGCGGGG ceeccc : GCCBCCBCee CCBBCTEC G GCG BGAACTGGGAGAGG CCBTACTTCEGGEG G G CCTCBAGGE CAGCTTCG G
Methanoregula boonei 6A8 CTCAG c GTTGTTGGGG ceelccc GCCBCCBCee CCBBCBGC G GC6G BGOGACCGBAAGAGG GGTACTCCAGGGG G G CCTTGGGGG ceecTcce G
Methanocalculus halotolerans SEBR4845 CTCAB c GTTGTTGGGG ceelccc GCCBCCBCee CCBBCTEC G GC6G BAACCGGGAGAGG CBTACTTCEGGGE G G CCCCBAGGS CBEGCTTCE G
Methanosaeta concilii GP6 CTCAB c GTAG GGGIG GCBTACC GCCBCCBCee CCBBCBGC G GGG AGGCCGGGAGAGG GGTACTTCAGGGG G G 0016 GG CBGACCTG GG
Methermicoccus shengliensis ZC-1 CTCAG c GTAGTGGGTG CBCACC GCCBCCBCee CCBBCBGC G GCG BGACCGGGAGAGG GGTACCTCAGGGG G G CCCTGAGGS CGEeTCCE GG
Methanocella paludicola SANAE CTCAB c GACBCCGOTG CBTACCGBCE GCCcBCCBCcee CCBBCBeC G GGG GGACTGGGAGAGG GGTACTCGGGGGG G G cclcceeee CABGTCCG
Desulfurococcus amylolyticus Z-1312 cTEAG c GTTGGCGGGG ceecccece TCAGCCGCCECEE CC-@CCCCBCEAL GCG GAGGCGGTAGAGG GGTACTACAGGGG G c CCTGGGAGE C-ACCCCEG

Consensus Sequence

CTCAGTAACACGTGGATAACCTACCCTTAGG TAGGC+ATGATTCCTGGAATGGTTTTTTGTTGAAAGGTTTTTTTCGCCTAAGGATGGGTCTGCGGCCCGATTAGGTAGTTGGTGGGGTAACGGCCCACCAAGCCTAT CGGTGCCAGCCGCCGCGGTAACACCGGCAGCTCGAGTGGTGGCCGCTTTTATTGGGCCTAAAGCG GGACCGGGAGAGGTTAGAGGTACTCCCGGGGTAGGGGTGAAATCCTGTAATCCTCGGGAGGACCACCTGTGGCGCAAGGCGTCTAACTGGAACGGGTCCGACGGTGAGG
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Methanobrevibacter ruminantium M1 cCGC c G CCCACGCCC G CCG GCCCCG CCCCTGGGC CGCCCTC GCTGG GCG G CGCGTG cCGC
Methanobrevibacter smithii PS cCGC GGCGGGGGAGC c CGCGTGG G cccC G CCG GCCCCG CCTCTGGGC CGCGGGC CG-C c GCTGG GCG G CGCGTG cCGC
Methanomicrobium mobile BP CGC GGCGGGGGAGC c CGGGTGG G ccc G CAGC GCCCCG CCGGGC CGCGGGC Cc CGCCCAC GCTGG CCG G CGCG GC
Methanosarcina barkeri CM1 CGC GGCGGGGGAGC c CGGGTGG G G CAG GCCCCG CCCGGGC CGCGGGC CGCCCTCG GCTGG CCG G CGCG GC
Methanobrevibacter olleyae KM1H5-1P cCGC GGCGGGGGAGC c CGCGTGG G -CC G CCG GCCCCG GGGC CGCGGGC CGCCCTC GCTGG GCG G CGCG cCGC
Methanobrevibacter boviskoreani JH1 cCGC GGCGGGGGAGC c CGCGTGG G cccC G CCG GCCCCG GGGC CGCGGGC CGTCCTC GCTGG GCG G CGCG cCGC c I c d
Methanobrevibacter millerae SM9 cGcC GGCGGGGGAGC c CGCGTGG G cccC G CCG GCCCCG GGGC CGCGGGC cCG CiliC GCTGG GCG G CGCG GC O or O e
Methanobrevibacter millerae ZA-10 cCGC GGCGGGGGAGC c CGCGTGG G cccC G CCG GCCCCG GGGC CGCGGGC cCG CiliC GCTGG GCG G CGCG GC
Methanosphaera sp. ISO3-F5 cCGC GGCGGGGGAGC c CGCGTGG G cccC G CCG GCCCCG GGGC CGCGGGC CGCCCTC GCTGG GCG G cCGC CCG.
Methanobrevibacter gottschalkii HO CGCG GGCGGGGGAGC C.CG GG G cccC G CCG GCCCCG GGGC CGCGGGC CG-C c GCTGG GCG G CGCG GC G C
Methanogenic archaeon culture ISO4-H5 cGC GGCGGGGGAGC CGGGAGG ccc GCCCIG GGGC CGCGCGC GGGCGG CACCCTCAC GCTGG CCG G CGCEG CiTC
Methanogenic archaeon culture ISO4-G11 cGcC GGCGGGGGAGC CGGGAGG ccce GCCCCG GGGC CGCGCGC GGGCGG CACCCTCATBAABC - - - - -« « & & e e e e e e e e e e e e e e e e e
Methanogenic archaeon culture ISO4-G1 ceC GGCGGGGGAGC CGGGAGG ccce GCCC.G GGGC CGCGCGC GGGCGG CACCCTCACBAAG - - - - - - - o o e e ittt e e
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Methanobrevibacter thaueri CW cCGC GGCGGGGGAGLT CGCGTGG ccc G GCCCCG GGG CGCGGGC GGCTG cG c
Methanobrevibacter woesei GS cCGC GGCGGGGGAGC CGCGTGG ccc G GCCCCG GGG C CGCGGGC GG G cG c
Methanobrevibacter wolinii SH cCGcC GlCGGGGG GC CGCGTGG ccc G GCCCCG GGG C CGCGGGC GGCAG CGTCC
Methanobacterium bryantii MoH cCGC GGCGGGGGAGC CGCGTGG cccC G GCCCCG GGG C CGCGGGC GGC ccGcCccc
Methanocaldococcus jannaschii JAL-1 cCGC GGCGGGGGAGC CGGGTGG CCCG.GCCCC G GCCCCG GGG C CGCGGGC GGCCGG cGCCcC
Methanotorris igneus KoI5 cGcC GGCGGGGGAGC CGGGTGG cccececccc G GCCCCG GGG C CGCGGGC GGCTGG cGéccc
Methanococcus maripaludis S2 cCGC GGCGGGGGAGLCT CGGGTGG CCCGIGCCC G GCCCCG GGG C CGCGGGC GGC G cGccc
Methanothermococcus okinawensis IH1 ICGC GGCGGGGGAGC CGGGTGG CCCGeTG&CcCC G GCCCCG GGGC CGCGGGC GG GG cGccc
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Methanopyrus kandleri AV19 CGC GGCGGGGGAGC CCEGGTGG cccccgcCcccegc GCCCCG CCCCCEGGGC CGCGGGC GGCGGG c CGCcccgcC
Methanothermobacter thermautotrophicus AH C& C GGCGGGGGAGC CGCGTGG CCC.CGCCC GCCCCG CCCC.GGGC CGCGGGC GGCC.G CCGCCCTCEG
Methanosarcina acetivorans C2A CGC GGCGGGGGAGC CGGGTGG CCCG.G-CC c GCCCCG CCCGGGC CGCGGGC G GG CGCCCTC
Methanothermus fervidus V24S cCGC GGCGGGGGAGC CGCGTGG cccecgcccc GCCCCG CCCCCEGGGC CGCGGGC GGCCGG c CGCCCTCG
Methanospirillum hungatei JF-1 cCGC GGCGGGGGAGC CGGGTGG GCCCCG CCGGGC CGCGGGC GGIC.G G CACCCGC
Methanocorpusculum parvum Xl cCGC GGCGGGGGAGC ClGG GG GCCCCG CCGGGC CGCGGGC GGACGG GC CACCCGC
Methanoregula boonei 6A8 cCGC GGCGGGGGAGC CGGGTGG GCCCCG CCGGGC CGCGGGC GGGTGG GC CGCCC.C
Methanocalculus halotolerans SEBR4845 cCGC GGCGGGGGAGC CGGGTGG GCCCCG CCGGGC CGCEGGGC GG GG GC CGCccecC
Methanosaeta concilii GP6 CGC GGCGGGGGAGC CGGGTGG GCCCCG CCCGGGC CGCG.GC GG GG| GC céccc

Methermicoccus shengliensis ZC-1 CGC GGCGGGGGAGC CGGGTGG GCCCCG CCCCCEGGGC CGCGGGC GG GG GC céccc
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Consensus Sequence

GACGGTAGGTCCGTATGCCCCGAATCCCCTGGGCTACACGCGGGLCTACAATGGCTGG GTAACTCGCCCTCATGAAGCTGGAATCCGTAGTAATCGCGT+ TCACAATCGC
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