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Abstract:  Paddy fields are one of the major sources of atmospheric methane, a strong greenhouse gas. Methanogens 
(methanogenic archaea) monopolize biological methane production in paddy field ecosystem. For the purpose of better 
understanding of methanogenic archaeal ecology and methanogenesis in paddy field soil, we investigated structures and metabolic 
activities of methanogenic archaeal communities in Japanese paddy field soils by molecular biological techniques (DGGE, real-
time PCR and clone library analyses). DGGE analysis of methanogenic archaeal 16S rDNA indicated that community structures 
of methanogenic archaea in the paddy field soils were stable during annual cycle of rice cultivation periods irrespective of flooded 
and unflooded conditions. On the other hand, the metabolic activities that were estimated by real-time PCR analysis targeting their 
16S rRNA increased during rice cultivation in summer. Clone library analysis of mcrA gene and their transcripts, encoding a key 
enzyme for methanogenesis, showed that uncultured members in the order Methanosarcinales predominantly transcribed mcrA 
genes under the flooded condition, indicating that these members mainly contributed to methane production in the paddy field 
soils. These findings suggest that methanogenic archaea sustains a stable community structure in paddy field soil, which adapts to 
the field conditions. The communities change their metabolic activities in responding to the shifts of the soil conditions and 
specific members in the stable communities contribute to methane production in the soils. Diversity of the methanogenic archaeal 
community was compared among the habitats in a paddy field ecosystem (soil, rice roots, rice straw incorporated into soil, plant 
residue and rice straw under composting process), based on the DGGE band patterns. The community in the soil was most diverse, 
evenness and stable in the paddy field ecosystem, suggesting that soil is a receptive habitat for methanogenic archaea in paddy 
field ecosystem. 
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