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Microbial community responses to decadal drainage on a 
Siberian floodplain

Drainage induced by permafrost thaw considerably transforms terrestrial
landscapes and ecosystem characteristics in the Arctic. There have been
continuous studies on the effects of drainage on greenhouse gas (GHG) flux and
soil geochemistry, but the mechanistic links of microbial processes to GHG
dynamics have not been well elucidated. We examined changes in microbial
communities using shotgun metagenomics on an Arctic floodplain subject to
decadal drainage, and linked microbial metabolism to GHG flux (CO2 and CH4)
and soil geochemistry.

 Decadal drainage resulted in marked shifts in both microbial taxonomic and
functional structure

 Genes involved in methanogenesis and methane oxidation decreased in the
drained site, paralleling the reduction of Methanoregula and Ca.
Methanoflorentales and the conversion of Type I: Type II MOB ratio.
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Metagenome-assembled genomes

Modified from Kwon et al.(2018) 

 The study site is located near Chersky, Russia, and consists of two sites – one that has 
been drained since 2004 and the other that has not received any treatment 

 Five soil cores down to the permafrost table were taken from each control and drained 
site during the growing season in 2014

 Decadal drainage lowered water tables by ca. 20 cm at the peak of the growing season, 
and it has changed dominant plant species from Eriophorum angustifolium to Carex
spp and shrubs

Methods
 Soil geochemistry (pH, WC, TC, TN, sulfate, nitrate, etc.)
 in situ CO2 and CH4 flux measurement

 Shifts in community composition of bacteria, archaea, and fungi

 Shifts in microbial community functions (using KEGG level 4)
 Genes involved in methanogenesis are enriched more in control site

Drained Control

Total DNA

MiSeq amplicon sequencing (bacterial 
16S V4-V5, archaeal 16S V6-V8, and 

fungal ITS2 region)

Shotgun metagenome sequencing 
(HiSeq 2x150bp, 442Gb in total)

+ De novo assembly
(MEGAHIT and IDBA-UD)

Community analysis 
(DADA2 and mothur)

Functional gene profile 
(GraftM, MEGAN6, dbCAN2)

rRNA gene extraction 
(SortMeRNA)

Quantitative PCR (bacteria, 
archaea, fungi)

+

 DNA-based microbial community analysis

Reads mapping 
(HISAT2)

Binning/dereplication
(MetaBAT2 and dRep)

Annotation 
(Prokka)

Genome taxonomy 
(GTDB_tk)

 Metagenomic coverage (27-72% on average of 44%)
 119 non-redundant MAGs (110 bacteria and 9 archaea)

Coverage (Nonpareil3)
Average genome size 

(MicrobeCensus)

 Differences in (a) daily CO2 and (b) CH4 flux rates between drained vs. control sites

 Fungal:bacterial (top) and archaeal:bacterial (bottom) ratio between drained vs. control sites

 Differences in methane oxidation gene abundance between drained vs. control sites

Organic layer

Mineral layer

Soil depth (cm)

Conclusions

 Subtree of novel Methanoregula and Ca. Methanoflorentales
bins (ML tree using concatenated 122 archaeal marker genes)

 Novel syntrophic association with 
hydrogenotrophic methanogens

97.8-99.7% ANI

97.1-98.9% ANI

97.2-98.3% ANI

Soil coring sites

 Relative abundance of Alphaproteobacteria and Acidobacteria as well as
fungal:bacterial ratio increased in the drained site due to changes in soil
environment from anoxic to oxic conditions
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 Differences in methanogenecis (mcrA) gene abundance between drained vs. control sites
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 Relative abundance of bacterial phyla 
between drained vs. control sites
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