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Why microbiome?

▪ Cattle obtain ~70% of their energy requirements from VFA produced by 
microbial fermentation. 

▪ Between 50% and 80% of their amino acid req. from microbial proteins.

▪ Microbial metabolites -> regulators in the gut-brain and gut-liver axes, 
which can influence body composition, bone density, feeding behaviour, etc. 

▪ Variations in microbial composition -> production, efficiency, emissions and 
health



Objective 1: prediction of production trait phenotypes and 
microbiome data 

Microbiome

h2

rg
Estimates of productive characteristics

Practical utility:

1) Possibility of intervening on the microbiome to improve production 
efficiency

2) Proxies for phenotypes that 
are more costly to measure (in 
money and time): application in 
breeding programmes.

Estimates of CH4

70 €/sample 
approx.



• ADG

• DMI

• IC

• CH4

• Rumen content samples (slaughterhouse)

• Illumina Hi-seq4000 DNA Sequencing 

• Data processing

• Data transformation 

Factors that may affect 

phenotypes/microbiome

• Diet

• Race

• Type of holding

Information on animals

Phenotype
s

Metagenotypes

What information do we need?

 Core Microbiome: 
3000 microbial gene abundances + 1500 
microbial genus abundances present in >70% 
samples



What predictive accuracy do we expect?

R2 ~ 0.6 -0.7
ADG, IC, RFI, DFI 

We can use the 
microbiome to predict 

various traits ...

... although the microbial predictors in each 
case are different.

Overlap between microbial genes 
chosen as predictors



Genetic value of 
productive traits

rg

1) Is the microbiome heritable h ?2

2) Is there a genetic correlation 
between microbial abundances and 
productive traits?

3) Can we use microbial information 
to estimate breeding values for 
productive traits?

Objective 2: prediction of breeding values for productive traits 
with microbiome data 

Genetic value of 
microbial 

abundances

Practicality: speeding up the 
response to screening

Hypothesis:



• Rumen content samples (slaughterhouse)

• Illumina Hi-seq4000 DNA Sequencing 

• Data processing

• Data transformation 

Factors that may affect 

phenotypes/microbiome

• Diet

• Race

• Type of holding

Information on animals

Phenotyp
es

Metagenotype
s

Genotypes / Pedigree

• BovineSNP50k Chip• ADG

• IMD

• IC

• CH4

What information do we need?



Example: ADG at different stages in beef cattle

Genetic parameters



Calculation of h2 and rg of microbial traits

Heredabilities

h2 from 0.19 to 0.44



Calculation of h2 and rg of microbial traits

Genetic correlations between microbial variables and ADGsHeredabilities
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rg between |0.21| 
to |0.42| 



Calculation of h2 and rg of microbial traits

Genetic correlations between microbial variables and ADGsHeredabilities
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rg between |0.21| 
to |0.42| 

➔Sulphur metabolism (Fe-S aa 
centres)
➔synthesis of aa: phenylalanine, 
tryptophan, arginine, cysteine, 
methionine
➔Lipopolysaccharides and 
peptidoglycans
➔F-type H+ transporting 
ATPase



Calculation of h2 and rg of microbial traits

Genetic correlations between microbial variables and ADGs Heredabilities
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32 Microbial 
Variables

Less 
redundant 
selection



Accuracy of breeding value estimates

Direct: ADG
Combined: ADG + 32 microbial characters

Training set (50%): choice of microbial traits

Accuracy Breeding Values

Testing set (50%): computer breeding values

Characte
r

Direct Combined
% 

Increm.
ADG1 0.56 0.64 15%
ADG2 0.51 0.57 11%
ADG3 0.53 0.58 11%
ADG4 0.48 0.59 21%

+11% to +22%. Strategies



Accuracy of breeding values for other production traits

Results in other characters

Characte
r

%Increase

IC 10.6
GMD 11.9
RFI 11.3
DMI 7.6
CH4 18.0

Direct vs. Combined Strategy



Critical points to 
consider in practice



Prices

Whole metagenome sequencing: 120 €/sample approx.

16S targeted sequencing: 60 €/sample approx.

Transcriptomics (3'): €150/sample approx. 

Metabolomics: 250 €/sample approx.



N = 20

Longitudinal study of the rumen microbiome at 6 sites

When do we measure the microbiome?

AbattoirSample with 
Nasal Probe

Sample with 
Nasal Probe

Sample with 
Nasal Probe

Sample with 
Nasal Probe

Measure 

CH4



Longitudinal study of the rumen microbiome at 6 sites

R 2

IC

R 2

ADG

R 2

DMI

R 2

CH4(g/kg DMI)

R2

CH4 (g/day)

T1 0.74 0.67 0.86 0.71 0.74

T2 0.71 0.65 0.81 0.61 0.73

T3 0.63 0.63 0.73 0.50 0.71

T4 0.57 0.54 0.71 0.57 0.64

T5 0.54 0.53 0.66 0.52 0.59

T6 0.53 0.39 0.53 0.49 0.52

Many of the gene and microbial 
genome abundances are not 
stable...

...but overall they show stable predictive 
capabilities!!!

When do we measure the microbiome?



What happens if the animals have been fed different diets?

Miller et al. 2023

CONCENTRATE VS. FORAGE

Clearly differentiated 
in their microbial 

composition

The log(Archaea:Bacteria) 
ratio correlated with CH4 in 

both diets.

There are microbes with 
different tendencies depending 
on the diet



Considers environmental effects (especially uncontrolled ones!)

The microbiome can be used as a proxy for productive traits and 

methane.

Take stock of benefits (you will need a lot of data)

Including microbiome traits in assessments can improve the accuracy 
of estimating breeding values.

CONCLUSIONS
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