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Aims of this study

• Estimation of genetic parameters for methane as a trait

• Determination of breeding value correlations between methane 
traits and other breeding goal traits

• Carrying out genome-wide association studies (GWAS)
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• 7 dairy cow herds

• Compost bedded pack barn & cubicle housing

• Located in Hesse and Rhineland Palatinate

• 60 – 700 cows per herd

• Organic and conventional producing

• Holstein Friesian and German Black Pied Cattle

Farm descriptions
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Data recording

• 2,015 observations with Laser methane detector (LMD)

• 1,360 dairy cows

• 1,028 cows genotyped with 50K Illumina BovineSNP50 v2 BeadChip and 38614 SNPs
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Methane measurements with a LMD

• Laser methane detector mini (Crowcon Laser Methane 
Mini, Tokyo Gas Engineering Co Ltd., Tokyo, Japan)

• Original use for leck detection in piplines or mines

• Cow fixed for the duration of the measurement (three 
minutes) 

• Green visible laser is orientated towards the cow‘s nostril

• ~ 1 m distance between LMD and cow

• Measured value is expressed in ppm*m, approx. 360 
methane values per observation, 2 values/sec

• LMD connected via bluetooth to a tablet, save values as
single excel sheets for every observation

• Recording of „disturbing environmental impact“

-> Humidity, wind speed, temperature
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Trait preparation

RESPSUM
RESPMEAN

• Measured values filtered by direct emission and diffusion effect in air (low values)

low values from methane emission profiles of individual animals are not considered

• Adaptation of individual profiles to physiological aspects of methane production (Chagunda et al., 2013 & 

Berends et al., 2014) partitioning into respiration and eructation fractions

• Statistical method for this adaptation: use of quantiles to generate a threshold
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Pre-correction for environmental effects and technical effects

yijklm = RESPSUM, RESPMEAN in ppm*m 

Wi = covariable windspeed (m/s) as polynomial of 4th order

Tj = covariable temperature (°C) as polynomial of 3rd order

Hk = covariable humidity (%) as polynomial of 3rd order

Timel = fixed effect observation-time (5 classes: a 2 hours)

LMD_Om = fixed LMD*observer effect (4 classes: 2 LMD devices combined with 3 observers)

eijklm = random residual effect

Model 1: yijklm = Wi*Tj*Hk + Timel + LMD_Om + eijklm
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Estimation of genetic parameters and GWAS

yijklmnop = residuals of the methane traits (RESPMEAN, RESPSUM)

CAi = covariable calving age (month)

LAj = fixed lactation effect (1., 2., ≥ 3. lactation)

HSk = fixed herd*season effect (season 1-4*7 different farms)

CYl = fixed effect calving year (2017 – 2021)

DCm = fixed effect lactation stage (3 classes: dry cow, heifer, dairy cow)

Rn = fixed effect of feeding ration (4 classes: high energy, medium energy, low energy and 

experimental ration (ammonia/phosphorus reduced)

ao = random additive-genetic animal effect (pedigree & genomic)

pep = random permanental environment effect

eijklmnop = random residual effect

Model 2: yijklmnop = CAi + LAj + HSk + CYl + DCm + Rn + ao + pep+ eijklmnop
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Detection of candidate genes

• Results from GWAS -> significant
single nucleotid polymorphism
(SNP) above suggestive 
threshold

• Searching for potential 
candidate genes 100k ±
significant SNPs at the
chromosome

• Potential candidate genes close
to SNP are related to the
methane traits (RESPMEAN or
RESPSUM)
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Genetic parameters for methane

Trait h2 (SE) ϑa
2 (additive-genetic

variance)
ϑe

2 (residual 
variance)

rp

RESPSUM 0.024 (0.03) 1.96 179.45
0.97

RESPMEAN 0.025 (0.02) 0.04 2.47
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Breeding value correlations between CH4 and other traits

Trait RESPSUM RESPMEAN

Milk yield 0.02 0.02

ECM 0.03 0.07

SCS 0.03 0.06

Protein yield 0.11 0.12

Protein-% 0.16 0.17

Fat yield 0.05 0.07

Fat-% -0.05 0.06

Age at first calving 0.36 0.28

Time from calving to
first insemination

-0.15 -0.13 n = 126 sires with at least 5 
daughter performances
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GWAS for RESPMEAN

CILP2 (fat metabolism) 
NDUFA13 (metabolic pathways)
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GWAS for RESPSUM

B3GNT3 (metabolic pathways)
ABCA1 (cellular lipid transport, cholesterol)
NIPSNAP3A (Ketosis, BHB concentration in milk)

ZC3H14 (fat & protein production in milk)

SOX6 (feed efficiency)
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• Low heritabilities, based on measuring method with LMD, higher heritabilities possible with 
other measuring methods

• RESPSUM trait more interesting from a breeding perspective, because of quite high additive-
genetic variance

• Genetic correlations between methane traits and other breeding goal traits close to zero: 
Breeding on reduced methane no detrimental impact on production and functional traits

• GWAS: No significant SNP-effects above the strong Bonferroni-threshold: Indication that 
methane is a polygenic trait. Nevertheless, annotated potential candidate genes have functions
in metabolic pathways

• Further genomic studies should focus on the genetic architecture of the rumen microbiome

Conclusion
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