WHAT CAN ANIMAL GENETICS DO TO REDUCE
EMISSIONS FROM LIVESTOCK?

Author: Oscar Gonzalez-Recio.

Affiliation: Senior Research Scientist at Dpt Animal Breeding, INIA-CSIC. Ctra. La Corufa
km 7.5 28040 Madrid (Spain)

During the last years the scientific community of FABRE TP has been investigating how to
reduce methane emissions from ruminants through animal breeding. There are two
sources of genetic information that can be utilized in breeding programs

1) the animal genome (the genetic information) and
2) the genome of the microorganisms in the rumen (also known as the metagenome).

Methane is produced by some of the microorganisms in the rumen during feed digestion.
Accordingto our results, animals with a reduced number of certain protozoa and archaea
in the rumen showed a lower methane emission level, because they also host a lower
abundance of methanogens, which are more difficult to detect.

The study of the composition and functions of this complex community of
microorganisms and its relationship with the genome of the animal (the cow) represent a
huge amount of new knowledge. Animal breeding and, in particular genomic selection
can focus on detecting those genes that modulate the rumen population of
microorganisms (microbiome) to reduce the number of methanogenic microorganisms
(those producing methane).

Saborio-Montero et al. (2021,2022) showed that the relative abundance of rumen
microorganisms is controlled by some genes, with heritabilities between 10-40%, and
that they are genetically correlated with enteric methane. This is the contribution of
genetics to the differences between animals for the relative abundance of these
microorganisms in the rumen: animals within the same family have more similar
microbiota composition than between families, and genomic variants in the cow genome
explain part of these differences between them (differences on their phenotype, what
they look like). Some of these genes (or close-by genes) are influencing methane
production. This means that selecting animals that favor the growth of certain
combinations of microbes will also reduce enteric methane production in the next
generations. Some of these microbes are also associated to an improved feed efficiency
and production traits, promoting a more efficient digestion of feed and its transformation
to milk.

Genetic selection towards lower emissions



In order to include methane in animal breeding schemes, it is necessary to register
individual methane measurements (Figure 2) at least in a large enough proportion of the
population (called reference population). Then, genomic selection can be applied using
phenotypes and genotypes in the population. Continuous or periodical methane
recording in part of the population facilitates calculating genetic and phenotypic
progress. Then, it needs to be included in the breeding programs, as a new goal.
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Figure 3. Methane concentration measured with a non-dispersive infrared detector from
eructation events in Holstein cattle.

Gonzalez-Recio et al. (2020) showed that reduction through breeding of total methane
production and methane intensity per unit of productis possible mainly due to selection
for higher production, better longevity and feed efficiency, needing fewer cows to
produce the same amount of milk.

However, a large reduction (>20%) in 10 years is only possible if a large weight in the
selection indices is applied on methane traits. And as usual, when new breeding goals
and traits are included in breeding programs, the balance between them needs to be
adapted. This is what modern animal breeding is, a responsible combination of different
goals (Figure 3).
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Figure 4. The 6 pillars of balanced and responsible breeding in line with EFFAB’s Code
EFABAR



Conclusions

Animal-sourced products are part of a healthy diet. Livestock contributes to rural vitality,
and development and maintains the environment. Strategies to reduce methane
emissions from livestock must be considered carefully, and they may be case-
specific, taking into account all possible consequences, including those as a result
from reducing the nhumber of animals. Ruminants play an important role in resilient
food systems, by recycling non-edible material and by-products.

Animal breeding is an efficient tool to mitigate methane emissions and is readily
available. However, efforts are needed to measure methane at a large scale. Once it
is included in the breeding programs, considering the particularities of each
population, it is important to evaluate and monitor changes in the rumen microbiota
to keep a healthy and efficient pseudo-organ.
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