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The rumen microbiota is a target 

trait in genomic selection to reduce 

enteric methane emissions  
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Methane

Image from www.hankkija.com

A potent greenhouse gas
Energy lost
CH4 traits are sometimes weakly correlated but…
The nature of all traits is the same 
Ruminal microbes

http://www.hankkija.com/
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MeC (ppm) with sniffersMeP (g/d) with SF6

Rumen metagenome

Cow genome

>400 Holstein dairy cows
1 research farm

>400 Holstein dairy cows
Multiple commercial farms

Prof Jennie Pryce
Agriculture Victoria

Dr Oscar González Recio
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Variance components in methane emissions

•

 

Cow genetics
•

 

Rumen microbiome
•

 

Interaction 

•

 

Holobiont model
Saborío‐Montero et al. (2021). Livestock Science,

 

250, 104538
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Cow genotype

Genomic 
relationship matrix  Interaction 

Estimation of variance 

 

components

Rumen microbiome 

 

relationship matrix 

Ruminal fluid 

Saborío‐Montero et al. (2021). Livestock Science,

 

250, 104538

Microbial genes
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Other effects

Fixed
•Cohort (11 levels)
•Dry matter intake
•Days in milk
•Energy corrected milk
•Daily body weight change during 
the experiment

Random
•Sniffer nested within farms (24 
levels) 
Fixed
•Lactation number (2 levels)
•Stage of lactation (3 levels)
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Variance in enteric methane emissions

The role of genetics is 

 
modulating the 

 
microbiome 

Consistent with the nature 

 

of the trait

Consistent with the 

 

literature
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Prediction accuracy
Theoretical Actual 

(cross-validation within population)
•Australia: ~0.40

•Spain: ~0.20

1.00

0.45

0.00
400                                 5,000                      

 

10,000
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Our proposed methodology

•

 

Agrees with the trait’s biology 

•

 

Methane is not an intrinsic trait of cows

•

 

But a “trait”

 

of the ruminal microbiome

•

 

The role of genetics is modulating this microbiome
•

 

Consistent with the literature
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Heritability and correlations
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Other effects

Fixed
•Cohort (11 levels)
•Dry matter intake
•Days in milk
•Energy corrected milk
•Daily body weight change during 
the experiment

Random
•Sniffer nested within farms (24 
levels) 
Fixed
•Lactation number (2 levels)
•Stage of lactation (3 levels)
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Selection response
3 scenarios (Martínez‐Álvaro et al. 2022. Commun. Biol, 5(1))
1.Directly selection against methane records only
2.Indirectly selecting on microbial genes only

Selection index approach (Cameron, 1997). 
microbial genes with h2

 

and rg

 

≥ 0.20
3.Combination of scenarios 1 and 2
30%

 

to 1% of the population with the lowest emissions is selected
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Response to selection -
 

Australia

h2

 

microbial genes 

rg

 

(microbial genes , MeP)
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Methane records
Microbial genes
Methane records and Microbial genes
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Response to selection -
 

Spain

h2

 

microbial genes 

rg

 

(microbial genes , MeC)

Fr
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Methane records
Microbial genes
Methane records and Microbial genes
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Agree with literature
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Ruminal metagenome 
core in all animals: 

1,032 microbial genes 

For breeding in
Spain: 

42 
microbial genes 

For breeding in
Australia: 
87 
microbial genes  

11 in 

 

common 

Microbiome connect populations with different 
emission traits …
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... and can even connect dairy and beef

Methane records
Microbial genes
Methane records and Microbial genes
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Conclusions

•

 

Rumen microbiome explain most of the variation in methane emissions

•

 

Genetics affects indirectly by modulating the microbiome

•

 

The rumen microbiome could be a target trait to reduce emissions

•

 

Microbiome could connect populations and emission traits

•

 

Microbes do not replace emissions records. They are complementary.
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Conclusions
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Before implementation

•

 

The results need validation 
•

 

Larger population

•

 

Commercial conditions

•

 

Multivariate models to estimate heritability and genetic correlations

•

 

Effect of modulating microbiome on:
•

 

Other traits

•

 

Health
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A global effort to validate a common
 

core 

of ruminal features to reduce enteric 

methane emissions is required
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Theoretical accuracy

Ross and Hayes (2022). fgen, 13


	Reducing dairy cattle enteric methane emissions using rumen metagenome 
	The rumen microbiota is a target trait in genomic selection to reduce enteric methane emissions  
	Methane
	Diapositiva numero 4
	Variance components in methane emissions
	Diapositiva numero 6
	Other effects
	Variance in enteric methane emissions
	Prediction accuracy
	Our proposed methodology
	Heritability and correlations
	Other effects
	Selection response
	Response to selection - Australia
	Response to selection - Spain
	Agree with literature
	Microbiome connect populations with different emission traits …
	... and can even connect dairy and beef
	Conclusions
	Conclusions
	Before implementation
	A global effort to validate a common core of ruminal features to reduce enteric methane emissions is required
	Acknowledgment
	Diapositiva numero 24
	Thank you
	Diapositiva numero 26
	Diapositiva numero 27
	Theoretical accuracy

