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Summary
Climate change is a growing international concern and it is well established that release of
greenhouse gases (GHG) is a contributing factor. So far, within animal production, there is
little or no concerted effort on long-term breeding strategies to mitigate GHG from ruminants.
In recent years, several consortia have been formed to collect and combine data for genetic
evaluation. Discussion areas of these consortia focus on (1) What are genetic parameters for
methane (CH4) emissions, (2) What proxies can be used to assess CH4 emission, and (3) What
are the prospects of breeding for lower emitting animals? The estimated genetic parameters
show that enteric CH4 is a heritable trait, and that it is highly genetically correlated with DMI.
So far, the most useful proxies relate to feed intake, milk mid-infrared spectral data, and fatty
acid concentrations in milk. To be able to move forward with a genetic evaluation and
ranking of animals for CH4 emission, international collaboration is essential to make progress
in this area. Collaboration is not only in terms of sharing ideas, experiences and phenotypes,
but also in terms of coming to a consensus regarding what phenotype to collect and to select
for.
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Introduction
Climate change is a growing international concern and it is well established that release of
greenhouse gases (GHG) is a contributing factor. The European Union has committed to
reduce its GHG emissions by 30% by the year 2030 relative to 1990 levels. The global
livestock sector, particularly ruminants, contributes approximately 18% of total anthropogenic
GHG emissions (Steinfeld et al., 2006). In the EU, the livestock sector accounts for about
13% of total GHG emissions (Leip et al., 2010). Of the various GHG produced by ruminants,
enteric methane (CH4) is the most important contributor, with a global warming potential 28
times that of carbon dioxide (CO2).
Reduction of enteric CH4 from cattle is important. Studies have shown that natural
variation in enteric CH4 emission exists among animals (Grainger et al., 2007). This variation
can be used to breed cows with low CH4 emission, with expected progress per generation in
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terms of CH4 reduction ranging from 10 to 20% (Waghorn & Woodward, 2006). To be able to
use this potential in the long term, a database is needed with both genetic information of
individual animals (pedigree, markers) and their direct individual CH4 emission, or indirect
traits based on feed intake or milk composition (Negussie et al., 2017a).
So far, within animal production, there is little or no concerted effort on long-term
breeding strategies to mitigate GHG from ruminants. This is because successful animal
breeding strategies require measurements on a large population of animals. With the recent
successful incorporation of genomic information into breeding schemes, reliance on large
populations of phenotyped animals is relaxed. However, a reference population of several
thousand animals is still required to estimate the contribution of each genomic region to
expression of the phenotype under investigation (Calus et al., 2013).
In recent years, several consortia have been formed to collect and combine data for
genetic evaluation. One consortium is METHAGENE (COST Action FA1302) on large-scale
methane measurements on individual ruminants for genetic evaluations (www.methagene.eu).
Another consortium is the Animal Selection, Genetics and Genomics Network (ASGGN) of
the Livestock Research Group of the Global Research Alliance on agricultural greenhouse gas
emissions (GRA) (www.asggn.org). Several researchers of both consortia are also involved in
the ICAR working group on “Feed and Gas” to set guidelines for collection and storage of
data and to collate data for genetic evaluation.
An overview of progress with breeding for methane emissions will be described,
related to (1) what are genetic parameters for CH4 emissions, (2) what proxies can be used,
and what is their association with CH4 emission, and (3) what are the prospects of breeding
for lower emitting animals?

Genetic parameters for enteric methane emissions
Methane phenotype
A number of CH4 phenotypes have been defined (Herd et al., 2013); the most widely used is
CH4 production (MeP) in litres or grams per day. The obvious problem in selecting for this
trait is that it is highly correlated with feed intake and, thereby, with the ultimate breeding
goal trait in dairy cattle: milk production. Alternative phenotypes are CH4 intensity (MeI),
which is defined as litres or grams of CH4 per kg of energy corrected milk yield, and CH4
yield (MeY), which is defined as litres or grams of CH4 per kg of dry matter intake (DMI).
Residual CH4 production (RMP) is calculated as observed minus predicted CH4 production
(Herd et al., 2014; Berry et al., 2015), with predicted values based on factors such as milk
production, body weight and feed intake. At the moment, it is not obvious which of these
phenotypes is best to use; but it is important to monitor associations between the chosen CH4
phenotype and the other important traits in the breading goal (e.g. production, fertility,
longevity) to avoid unfavourable consequences.
Recording of methane emissions
Individual enteric CH4 emissions can be recorded with several devices and techniques. The
measures provided by these techniques differ with regard to unit and duration. Firstly, they
provide either measures of emitted CH4 mass per day or measures of concentration in breath.
Secondly, emitted CH4 can be recorded continuously over full circadian period or over short
periods (spot samples).
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The current ‘gold standard’ for measuring CH4 emissions is respiration chambers,
where continuous measurement of air flow and gas concentrations during full 24-hour periods
provide complete CH4 mass production values. In individual portable accumulation chambers
(PAC) small ruminants can be measured for short periods (~ 1 hour), and changes in CH4,
CO2 and O2 concentration in the chamber’s atmosphere are extrapolated to complete days
(Goopy et al., 2011). The sulphur hexafluoride (SF6) technique is used for measuring 24-hour
CH4 production thanks to the insertion of rumen boluses containing SF6 as a tracer allowing
quantification of CH4 mass production from release rate of SF6 and the CH4/SF6 ratio in
exhaled air quantifying eructed air flow (McGinn et al., 2006). The GreenFeed Emission
Monitoring (GEM) system (C-Lock Inc, Rapid City, USA) is designed for direct
measurement of air flow and CH4 concentration, i.e. CH4 mass production, during short-term
periods of 3-5 minutes when cattle visit an automated feeder fitted with a semi-enclosed head
hood in which air is continuously drawn through an air-collection pipe. Sniffer methods
automatically measure CH4 concentration in exhaled air during milking or feeding (5 to 15
minutes) either by Infrared (Garnsworthy et al., 2012; Lassen et al., 2012) or photo acoustic
(Negussie et al., 2017b) gas analysers. The laser methane detector system (LMD) entails
directing a laser beam at a cow’s nostrils for a period of time (1 to 5 minutes), to perform
highly sensitive infrared absorption measurements related to both concentration and depth of
the CH4 respiratory plume (Iseki & Miyaji, 2003; Chagunda, 2013).
Heritabilities
Genetic parameters for MeP and MeY measured in respiration chambers at fixed levels of
feed intake have been estimated. Heritability (standard error in parenthesis) for MeP was 0.29
(0.05) in sheep (Pinares-Patino et al., 2013) and 0.40 (0.11) in beef (Donoghue et al., 2013)).
Estimated heritability for MeY was 0.13 (0.03) in sheep and 0.19 (0.10) in beef cattle.
Coefficient of phenotypic variation for both CH4 traits in sheep was 0.10 to 0.13, suggesting
that genetic variation does exist (Pinares-Patino et al., 2013). Heritability estimates for CH4
emissions in dairy cows measured with sniffer methods are 0.21 (0.06) for MeP and 0.16
(0.04) for MeI (Lassen & Lovendahl, 2016).
Genetic correlations with other traits
Single country dataset
A favourable association between feed efficiency and MeP is expected given that MeP
represents a source of energy loss (Johnson & Johnson, 1995), and therefore inefficiency. In
direct contrast however, the likely improved digestive ability of more efficient animals could
result in greater MeY. Few studies, however, have enough records on both feed efficiency and
MeP to perform genetic analyses. Most studies therefore focus primarily on those aspects of
feed efficiency that are easy to record, such as milk yield and live weight. A Danish study
with dairy cattle estimated a correlation of 0.43 (0.10) between MeP and milk yield, and a
correlation of -0.18 (0.08) between MeP and live weight (Lassen & Lovendahl, 2016). The
negative correlation between MeP and live weight is, however, counterintuitive, as heavier
animals tend to eat more, and therefore emit more CH4. An Australian study with growing
beef cattle did estimate a strong positive correlation of 0.80 (0.06) between MeP and live
weight and a correlation of 0.83 (0.05) between MeP and DMI (Manzanilla-Pech et al.,
2016).
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Multiple country dataset
A phenotypic comparison between two types of equipment used simultaneously has shown
that it is possible to interchange data and analyse data from different equipment, after
correction for differences in means and variances (Difford et al., 2016). A first genetic
comparison of several types of equipment was conducted, where we aimed to enlarge the
reference population for genomic selection by combining data on methane emissions in dairy
cattle using data from 5 countries (Australia, Denmark, Ireland, the Netherlands and UK).
The total dataset consisted of 2,857 dairy cows, of which most were genotyped, but with
various kinds of SNP chips. We ended up with a uniform set of SNPs for each cow. Even
though three different types of measurement equipment (laser, sniffer and SF6) and protocols
(measuring for 3 days, 1 week, multiple weeks) were used, these data were analysed jointly to
establish genetic and genomic parameters for enteric methane. Within country and within
measurement method, heritabilities of CH4 emissions, including MeY and MeI, ranged from 0
to 0.34, indicating the existence of additive genetic variation and that it is possible to breed
for reduced CH4 emissions from dairy cows. Strong positive genetic correlations were
estimated between CH4 emissions and both milk yield and live weight. The genetic
correlations between populations were mainly positive and moderate to strong, and
heritabilities from the combined dataset had lower standard errors than the separate datasets,
indicating that it is possible to combine CH4 data from multiple sources even though different
measurement devices and protocols were used along with different production systems and
feeding strategies. This enables a world-wide collaboration to produce genomic estimated
breeding values for CH4 emissions from dairy cattle, enabling selection for a reduction in
emissions levels.

Best proxies for enteric methane emissions
As described above, several techniques have been developed for measurement of CH4
emissions from ruminants (Hammond et al., 2016), but routine individual measurements on a
large scale (a requisite for genetic selection) have proven to be difficult and expensive
(Pickering et al., 2015; Negussie et al., 2017a). Therefore, proxies that are correlated to CH4
emission, but which are easy and low-cost to record on a large scale, are an alternative.
Proxies might be less accurate than direct CH4 measurement, but could be measured
repeatedly to reduce random noise.
Proxies can range from simple and low-cost measurements, such as body weight or
high-throughput milk mid-infrared spectroscopy (MIR), to more demanding measures like
rumen morphology, rumen metabolites or microbiome profiling (Negussie et al., 2017a).
Proxies based on rumen samples are generally poor to moderately accurate predictors of CH4,
and are costly and difficult to measure routinely on-farm. Proxies related to body weight or
milk yield and composition, on the other hand, are relatively simple, low-cost, high
throughput, and are easier to implement in practice. In particular, milk MIR, along with
covariates such as lactation stage, are a promising option for prediction of CH4 emission in
dairy cows. As reviewed by Negussie et al. (2017a) no single proxy can accurately predict
CH4, so combinations of two or more proxies are likely to be a better solution. Combining
proxies can increase the accuracy of predictions by up to 15 - 35%, mainly because different
proxies describe independent sources of variation in CH4 and one proxy can correct for
shortcomings in the other(s). The most important applications of CH4 proxies are in dairy
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cattle management and breeding for reduced environmental impact. In breeding for traits of
environmental impact, single or multiple proxies can be used as indirect criteria for the
breeding objective, but care should be taken to avoid unfavourable correlated responses.
Finally, although combinations of proxies appear to improve estimates of CH4, the greatest
limitation today is the lack of robustness in their general applicability. Future efforts should
therefore be directed towards developing combinations of proxies that are robust and
applicable across diverse production systems and environments.

Breeding programmes aiming for lower emitting ruminants
Although CH4 emissions from ruminants currently do not have any direct economic value in
any country, breeding is a long-term strategy and therefore must take cognisance of the
potential economic incentives or penalties that may be enforced in the future (Wall et al.,
2010). To do so, we need to understand the genetic control of CH4 and its relationships with
production and fitness traits. As estimates of such genetic parameters become known,
selection index theory can explore how to incorporate CH4 into breeding goals. A study
within METHAGENE compared three scenarios for adding CH4 to national breeding goals of
UK, Spain & Netherlands with: 1) no restriction on CH4 emissions (i.e., current breeding
goal); 2) no genetic change in CH4, and 3) an economic value assigned to CH4 based on the
carbon price in literature. Preliminary results show that current breeding goals lead to
increased MeP by between 4 and 8.5 g/d (pers. comm. Irene Breider, Sept 2017). Restricting
CH4 genetic change to zero decreases the economic gain by between 3 and 15%. Assigning an
economic value to CH4 increases CH4, but by 11 to 15% lower than without restrictions,
whilst the overall economic gain decreases by 1 to 3%.

Conclusions
To answer the question “where have we come with breeding for methane emissions?” in
short: very far, but still a long way to go. Recent studies have shown that enteric methane is a
heritable trait, and that it is highly genetically correlated with DMI. So far, the most useful
proxies relate to feed intake, milk mid-infrared spectral data, and fatty acids in the milk. To
be able to move on with a genetic evaluation and ranking of animals for methane emission,
international collaboration is essential to make progress in this area. Collaboration is needed
both in terms of sharing ideas, experiences, protocols and phenotypes, and in terms of coming
to a consensus regarding what phenotype to collect and to select for.
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