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Figure 1. Phylogenetic tree showing the placement of the novel methanogens based on mcrA (A)and 16S rRNA
genes (B).
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Figure 2.

Proposed metabolisms of several novel methanogens within Euryarchaeota. The dark blue is the

common pathway, the brown exists in Methanonatronarchaeia, the purple only exists in Methanofastidiosa, and the

green exists in Methanomassiliicoccales.
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Table 1.

The environmental distribution of novel methanogens

Methanogen

Habitats

Methanomassiliicoccales

Methanofastidiosa

Methanonatronarchaeia Hypersaline soda lake

Bathyarchaeota Coal bed methane well

\erstraetearchaeota

Geoarchaeota Hot spring

Freshwater and marine sediments, sewer, soils digestive system (insect, animal and human)

Freshwater and marine sediments, oil reservoir, bioreactor

Freshwater sediments, oil reservoir, bioreactor, hot spring, soils
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150013142 Methanococcus aeolicus Nankai-3
373561847 Methanotorris formicicus Mc-S-70

1354835 Methanopyrus kandleri
19913449 Methanopyrus kandleri AV19

410599302 Methanobacterium sp. Maddingley MBC34
L[ s

149796 Methanothermus fervidus

44558075 Methanomassiliicoccales archaeon RumEn M2
scaffold 130 22

['hermoplasmata
scaffold 278078 1

| Methanococci

‘ Methanopyri
— scaffold 288167 _1

scaffold 643282 1

307155401 Methanolacinia petrolearia DSM 11571
scaffold 101180 _1

scaffold 117703_3
scaffold 509211 _1
scaffold 56925 3
219544946 Methanosphaerula palustris E1-9c
124362370 Methanocorpusculum labreamim Z
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Abstract: Methanogens are one kind of archaea that can use simple compounds to generate methane in anaerobic
environments. Thanks to the rapid development of the Next Generation Sequencing, metagenomics has revealed
plenty of novel potential methanogens, including Methanomassiliicoccales (RC-111), Methanofastidiosa (WSAZ2),
Methanonatronarchaeia, Bathyarchaeota, Verstraetearchaeota and Geoarchaeota. Genomic analysis shows that
ubiquitous novel methanogens harbor unique methane metabolism pathway indicating that they might play
unrecognized important roles in global carbon cycle. To better understand these novel methanogens, this review
summarizes the latest researches on the classification, phylogenetic status, methane metabolic mechanism,
ecological distribution, isolation and cultivation of these novel methanogens, highlighting their research directions
in the future.
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