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Rumen: A complex microbial ecosystem

 Importa nce in digesting fibrous pla nt ma teria l
 Key groups: Ba cteria , Archa ea , Protozoa , Fungi
 Archa ea  (metha nogens) uses hydrogen, a  byproduct, a nd 

produces metha ne
 Va ria bility in Metha ne Emission
 Feed composition: High fiber vs. low fiber
 Microbia l popula tion
 Anima l fa ctors: Age, hea lth, a nd genetics
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Co-evolution of cows and their rumen microbiome

 C ow-Microbiome intera ctions
 Host systems (immune) sha ping microbia l popula tions
 G enetic va ria nts linked to microbiome structure a nd 

function 
 Tools for studying rumen microbiome a nd host genetics
 Meta genomics a nd 16S rRNA sequencing
 Herita bility of microbia l tra its 
 G W AS

 Selective breeding to optimize microbia l composition
 Reduce metha ne emission
 Increa se feed efficiency
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Host (cow) genetics control rumen microbiome

• Results la ck consistency
• Low sa mple sizes
• La rge non-genetic va ria tion
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Objectives

 Understa nding on rumen microbiome a nd host genetics intera ction
 Developing tools for microbiome study a nd routine use
 Developing genomic prediction model for metha ne a nd feed 

efficiency including meta genome a nd other omics da ta
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Data-1: 500 Holstein cow from one farm 
• Rumen sa mples

• Meta genome sequenced
• 16S rRNA
• Rumen meta bolites

• Blood
• Meta bolites
• Tra nscriptome

• Phenotypes
• Metha ne – sniffer
• Feed inta ke – C FIT
• All ‘routine’ phenotypes

• G enotypes imputed to W G S
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Data-2: 200 cows on feed additive treatments

• 200 first la cta tion cows

• 50 ea ch will be followed 
in 2nd a nd 3rd la cta tion
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Data-3: Intensive study
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Data-4: Long read sequencing for annotation

HiFi metagenomics

High-quality MAGs

Reads

Contigs

Binning, QC, ID

Assembly

Short-read metagenomics

Draft -quality MAGs

Contigs

Reads

Binning, QC, ID

Assembly



EAAP 2024 G OUTAM SAHANA

3 SEPTEMBER 2024 SENIOR RESEARC HER
TECHNICAL SCIENCES

AARHUS
UNIVERSITY

Computational workflow -  MetaG

Quality 
Control

Raw Data

Trimming

Clean Host Metagenome Assembly

Co-
assembly

Single 
Assembly

Abundance 
Estimation

Mapping reads to 
assembly

Binning

Evaluate Bins

Redundance

Database 
Creation

Annotation

Proteome 
Analysis

Abundance 
Estimation
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Computational workflow -  MetaT
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Model development
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Methane phenotyping

• 16000 da iry cows recorded
• Da ily mea surements from 14 fa rms (5 C FIT) 
• Metha ne registra tions from ~3300 cows / da y
• 38 sniffers 

58.14 G enetic pa ra meters of Metha ne emission in Da nish Jersey da iry cows
Rikke Krogh Nielsen



EAAP 2024 G OUTAM SAHANA

3 SEPTEMBER 2024 SENIOR RESEARC HER
TECHNICAL SCIENCES

AARHUS
UNIVERSITY

Statistical model development
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Novel species from intensive study

185 dra ft genome

57 novel species compa red to 
Rumiref (W a tson, Mick. 2018 ) 
a nd Mgnify (Lorna  Richa rdson, 
2023)
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 Sa mpling compa rison

o Flora  scoop vs. C a nula

o Liquid fra ction vs. Solid fra ction 
vs. Mix

Sampling method – intensive study
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Sequecing Approach

The estima tion a gree, but Meta genomic da ta  five more deta il 
ta xonomy a nnota tion.

Meta genomic 16S rRNA
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Work is in progress
1. Pipelines for bioinforma tics a na lysis rea dy
2. Long rea d sequencing for a nnota tion
3. Understa nding pa thwa ys for H2 utiliza tion
4. 16S rRNA vs. meta genomics  
5. C ompa rison of meta bolites from blood a nd rumen

1. Indica tor tra its?
6. Prediction of metha ne a nd feed inta ke using 

1. G enome + meta genome
2.  G enome + meta genome + omics (meta bolites, tra nscriptom)

​ 
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