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Objectives: assess the contribution of epigenetic biomarkers to phenotypic
variation in cows
1) % variance explained by methylation
2) Impact on the accuracy of predictions in a validation population

The DNA methylation BeadChip (EpiChip), developed in the H2020 
RUMIGEN project
A powerful tool to explore how epigenetic factors influence dairy cow
performance
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4,943 Holstein cows with EpiChip methylation data

Born between 2013 and 2023 & from 262 French farms

Milk production (n=3,592)

Udder health (n=3,592)

Fertility (n=4,271)

Morphology (n=1,896)

Blood methylation
EpiChip

4,484 with
genotypes
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» 5% of methylation
marks showed little or 
no variability
between cows

Mean vs SD
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Marks with < 20% missing data

44,053 marks

Methylation corrected for leucocyte composition, age of cow, 
and plate position 

Methylation
matrix (M)

% methylation for 
mark i and 
individual j

40,933 marks

4,484 cows

Cows with < 20% missing data

4,461 cows

Marks with SD > 0.01

39,166 marks
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50k genotypes
similarity matrix

Methylation
similarity matrix

33 adjusted phenotypes (YD)

Relationship matrices

2. Quantify gain in prediction
accuracy

1. Quantify % variance explained by 
genotypes and methylation

Bayesian generalized regression (BGLR 
R package)
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Genetics (1) vs Genetics + Epigenetics (2) 

Model h² % variance 
explained by genetics

me² % variance explained
by methylation
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Adjusted
phenotypes
(YD = Yield
deviations)

Fixed effect
of birth year

Random genetic
effects (genotypes)  
0(2, 4)*+)

Random methylation
effects 0(2, 6)/,+ )

Random residual
effects 0(2, 7),+)
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Model with only genetics: 
8.6% < h² < 91.7%

Phenotypes = YD

Model with both genetics and epigenetics: 
6.0% < h² < 87.4%

6.0% < me² < 19.6%

10% < h² + me² < 94%

For all traits, more variance is explained by combining genetics and epigenetics 



Click To Edit Master Title StylePrediction accuracy

Ex. Milk production

TRAINING 80% VALID 20%
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Cow’s birth year

3,150 cows 788 cows
305 sires 145 sires

70 sires had daughters in TRAINING & VALID

TRAINING 85% VALID 15%

3,074 cows 538 cows

Separate sire families in TRAINING & VALID

283 sires 87 sires

TRAINING VALID
Milk production 3074 538
Udder health 3070 539
Fertility 3572 662
Morphology 1592 304
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Gain in accuracy for 16 traits: +0.2% to +5.6%

Milk traits
+1% 

(0.2% to +1.6%)

SCS 
+0.8%

Stature 
+2%

Udder morphology traits 
1.2% 

(0.6% to +1.7%)

Other morphology traits 
+3.5%

(0.8% to +5.6%)

Model (1) ! = #$+&'( +)*++
Model (2) ! = #$+&', + +
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Thanks to RUMIGEN, EpiChip usable to large scale
Adding methylation data in prediction models:

improves the total % of variance explained for all the 33 traits
improves the accuracy of predictions for 16 traits

Not all questions were addressed in RUMIGEN:
Which stage of measurement / tissue are the best for predictions ?
From EpiChip data: imputation of methylation for missing marks ?
… 

Some of them will be addressed in ongoing projects (e.g., ADAAPT)
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