
RuminOmics Technologies and 
Methane  

a mixture of metagenomics and 
metaproteomics 



‘Meta-Omics’ 

• Characterisation of the function and composition of a microbial community 

• Environmental sample (Ruminal Digesta) 

 

• CO2  and Hydrogen producers 

• Bacteria 

• Ciliates 

 

• Reduction of CO2 to CH4 (Hydrogenotrophic) 

• Methanogenic Archaea 



 

• Metagenomics (Genes) 

• Illumina Hi Seq 

 

• Metaproteomics (Peptides/Proteins) 

• 2D SDS PAGE 

• Shotgun metaproteomics 



RuminOmics 1000 

• Sampling 
• ‘On-farm’ via gastric tube 

 

• Sample storage 
• Glycerol cryopreservation (McKain et al., 2013) 

 

• DNA Extraction 
• Repeated bead beating +column filtration (Yu and Morrison, 2004) 

 

• Selection of ‘High’ and ‘Low’  ranked CH4 emitters 
• CH4 = PMR(kg DMI) + BW 

 
• 15 samples from Finland 
• 14 samples from Italy 
• 15 samples from Sweden 

 
 



• Illumina HiSeq2000 
 

• 100bp Paired End Reads 

 

• Sequence data ranging from 10Gb to 20Gb per sample 

 

 



Finding genes 

Sample A 

Contigs 

Sample B Sample C Sample D 

Contigs Contigs Contigs 

MEGAHIT – MetaAssembly 

PROKKA – Prokaryotic genes prediction 

Gene Sequences Gene Sequences Gene Sequences Gene Sequences 

VSEARCH – Sequence Clustering 

990 000 reference genes  



Annotation 

990.000 Reference genes  

UniProt search using LAST PFAM search using HMMER 

Protein domains 

Uniprot ID mappings: 
• NCBI ID 
• KEGG ID 
• REACTOME ID 

MySQL Database for data management 



Analysis 

Sample A Sample B Sample C Sample D 

BWA – Mapping reads back to reference genes 

Gene Counts Gene Counts Gene Counts Gene Counts 

990.000 Reference genes  

Gene abundances and differential analysis 

Pathways enrichment 



• Issues 
• Data processing 

• Large amount of data per sample 
• Large number of samples 

 
• Annotation 

• 40% of predicted proteins still remain unknown 
• Functional and pathway analysis strongly depend on reliable sequence annotations 

and information in reference databases 
 

• Solutions 
• Continuing development of new assembly and sequence clustering software 
• Cataloguing the  genomes of rumen microbiota (Hungate 1000)  











(Based on McSweeny and Mackie, 2012) 

Metagenome 

Metatranscriptome 

Metaproteome 

Metabolome 

Interactome 

Phenome 

Transcription 

Translation 

Reactions 

Interactions 

Integration 



‘Large scale characterisation of the entire protein complement of an 
environmental microbiota at a given point in time’ 

(Wilmes and Bond, 2004) 

Metaproteomics 
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• Complexity of the metaproteome 

 

• Low total protein yield 

 

• Contaminants (eg. Humic compounds) 
• Cleanup unsuccessful 

 

• Sample quality 
• Dietary fibre content 

• Ruminal cannula/Gastric intubation 



 

 

• Methanobrevibacter smithii 

• Methyl coenzyme reductase subunit alpha (mcr A) 

 

 

• Methanobrevibacter ruminantium 

• Methyl coenzyme M reductase subunit beta (mcr B) 

• 5,10-methylenetetrahydromethanopterin reductase (mer) 





‘Shotgun’ Metaproteomics 
 

• Ultimate 3000 RS LC nano system 

• LQT Orbitrap Velos/Q Exactive 

• Proteome Discoverer software 



Metaproteome Summary 

 

• UniProt 
• Taxonomy  

• Function 
• Gene Ontology (GO terms) 



Metapeptidome Summary 

 

• UniPept (Mesuere et al., 2012) 



Functional Metapathways 

 

• iPath (Letunic et al., 2008) 

• High Emitters 

• Low Emitters 

 



Core metaproteome 
• UniProt KB Accession Numbers 



Finland – High Emitters 

Finland – Low Emitters 

Sweden – Low Emitters 

Sweden – High Emitters 

Proteins (UniProt KB) 



Mixing Metagenomics and Metaproteomics 

• Metagenome data can be used to generate a sample specific reference 
protein database to identify novel peptides 

 

• Metaproteome data can be used to provide evidence of gene expression 
and refine metagenome annotation 
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• RuminOmics  

• www.ruminomics.eu 

• @ruminomics 


