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Talk outline 

• Project motivation and background 

• Metagenomics and carbon cycling 

• Study site, sampling plan, 

biogeochemistry 

• Methane production 

• Sequence-based analyses 

• 16S rRNA pyrotag profiling 

• Shotgun metagenomics 

 

 



DOE-JGI User Programs 

Plants Fungi Microbes Metagenomes 
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Genomics 

Microbial community 

Metagenomics 

What is metagenomics? 



Carbon Cycling & Environment Genomics 

Micromonas sp. 

Phaeodactylum 

(diatom) 

Lake Washington Methylotrophs 

Prairie soil metagenome 

Deep subsurface ecosystem 

(Science) 

(Science) (Nature) 
(Nat Biotech) 

Permafrost metagenome 



Why study wetlands? 

Wetlands store a lot of carbon (IPCC, 2000) 

…but their sequestration potential is uncertain (USGS, 2010) 



Peat island subsidence 



Wetland “carbon farming” 
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(talk Tues pm) 



Major microbial processes in wetland sediments  

• Plant biomass decomposition 

• Denitrification  

• Mn(IV) reduction 

• Fe(III) reduction 

• Sulfate reduction  

• Methanogenesis 

• Methane oxidation  

    (aerobic or anaerobic) 

 

Laanbroek, Annals of Botany 

How do these processes impact “carbon farming”? 



Sampling site 

Study Site: Twitchell Island 

West pond: 25 cm deep  

East pond: 55 cm deep  

Farm  

Farm 



Sampling site gradients 
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Site A B C/L 

Does microbial community composition change with nutrient  

gradients, primary production and methane release? 



Sample Collection 

Caffrey & Kemp 1991 



Anaerobic Mesocosm Incubations 

 CO2 Flux 

 

 Bulk < Cattail ≈ Tule  

CH4 Flux 

 

Site A < Site B ≈ Site L  

- Data from Mark Waldrop, USGS  



In situ flux by chamber measurement 

- Data from the USGS team 

 Net CO2 Uptake 

 

 Site A > Site B ≈ Site C  

 

Net CH4 Emission 

 

Site A ≈ Site B < Site C  

www.ibp.ethz.ch/research/ 
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Illumina shotgun 
 sequencing 

Shotgun Metagenome 

Community composition 

454 Titanium  
Pyrotag sequencing 

Functional analysis 

Sequencing strategy 



Wetland microbial communities 

-Sampling site is major driver of 

community composition 

-Sample type is next largest factor 

-Depth effect is subtle 

Site L 

High biomass 

accumulation 
Site A 

Low biomass 

accumulation 

Site B 

Medium biomass 

accumulation 

February 2011 

Shaomei He 

-Similar results 

in August 



Example Indicator OTUs for Sites 

A, B, L 

A Thiobacillus denitrificans OTU A Desulfobacteraceae OTU 

Dechloromonas OTU Methanoregula OTU 

Archaeal methanogen  

Correlates with CH4 production 

170X coverage in one  

metagenome dataset 

Denitrifying Betaproteobacterium 

Correlates with nitrate abundance 

Autotrophic denitrifier / 

Anaerobic sulfur oxidizer 

Betaproteobacterium 

Correlates with nitrate abundance 

Sulfate reducer 

Deltaproteobacterium 

Correlates with sulfate abundance 



Metagenome Sequencing and Assembly 

 More complex 

community, less 
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Shannon diversity index from 16S 
pyrotag 

Shotgun 

data 

Assembly 

Contigs 

Singlets 



Relative gene family abundances 

Samples with more 

methanogenesis 

genes have less 

dissimilatory 

sulfate/nitrate 

reduction genes  

 

Methane oxidation 

genes were more 

abundant in rhizomes 

 

Difference between 

replicate cores can be 

large 
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Single-copy phylogenetic marker COGs in finished 

Methanomicrobial genomes 

High coverage and low redundancy of the draft genome 



Methanogenesis Pathways 

Hydrogenotrophic Acetoclastic Methylotrophic 

Red: present in wetland Methanoregula 

Grey: absent in wetland Methanoregula 



Conclusions / future directions 

• Conclusions 
• Microbial community composition varies with location 

within the site, sample type, and depth 

• Higher methane production is reflected in higher 
abundance of archaeal methanogens and 
methanogenesis genes; similar patterns for other 
functional guilds 

• Future directions 
• Analyzing metagenome data to reconstruct metabolic 

pathways on the organism and community level 

• Metatranscriptome sequencing to identify active 
pathways 

• Characterizing community succession in newly 
restored wetlands 
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Community Sequencing Program (CSP) 

jgi.doe.gov/CSP 

The focus of this Community Sequence Program (CSP) includes: 
 

•Plant and Plant-Microbe interactions 

•Microbial emission and capture of greenhouse gases 

 

And exploit JGI’s capabilities in: 

•Single-Cell Genomics 

•DNA Synthesis 

 

CSP Microbial quarterly call: 

•Bacterial and Archaeal isolates and single cells  

•Bacterial and Archaeal resequencing  

•Bacterial and Archaeal RNA sequencing  

Upcoming deadlines: 

•June 12, 2012 

•September 11, 2012 

 



JGI Visiting Scientist Program &  

Distinguished Postdoctoral Fellow in Genomics 

 

 

 

• Spend your sabbatical at JGI 

• Gain direct access to: 
• DNA datasets 

• Analysis pipelines 

• New technologies 

• JGI personnel 

• Flexible length of stay 

• Can also accommodate students 

&/or post-docs  
 jgi.doe.gov/whoweare/visiting-scientist-program.html 

Distinguished Postdoctoral Fellow in Genomics 
The ideal applicant would directly leverage JGI experimental and/or 

computational resources for massive-scale genomic research and 

sequence-based science of relevance to the DOE.  The fellowship allows 

recent graduates with a Ph.D. (or equivalent) to acquire further scientific 

training at one of the leading facilities for genomic research and to 

develop professional maturity for independent research.  


