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Why same genetics perform different in 
different environment?
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What we learnt in RUMIGEN about 
epigenetics

What challenges we did not fully 
solve

What role will epigenetics play in 
future cattle breeding programs

Final message



What we have learnt

Direct methylation 
sequencing

Select CpG for EpiChip

methylation status ~54,000 CpGs

New sequencing and genotyping technologies



GENETICS
• Susceptibility to methylation at birth is heritable
• This is different from epigenetic inheritance or transgenerational epigenetics

CpG methylation 
heritability

CpG_Methylation/ = µ + birth_season + u + e

o 450 newborn calves
o Single Step GBLUP

What we have learnt

ENVIRONMENT
• The environment plays a crucial role in modelling the epigenome in dairy cattle
• From embryo development to adulthood
• Although mainly dynamic, some of these epigenetic changes remain for a substantial period of time 
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h2=0.14
Liability to methylation

Simulation Estimates from models traditional and omics
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ENVIRONMENT
• The environment plays a crucial role in modelling the epigenome
• From embryo development to adulthood
• Although mainly dynamic, some of these epigenetic changes remain for a substantial period of time 

GENETICS
• Susceptibility to methylation at birth is heritable
• This is different from epigenetic inheritance or transgenerational epigenetics
• Epigenetic information needs to be treated accordingly in statistical models / mediator trait
• Additive variance in traditional models captures part of epigenetic variance (in simulations)
• No relevant increase in predicting true breeding value using omics models (in simulations)

What we have learnt



ENVIRONMENT
• Strategies to reverse methylation status
• Other factors affecting the methylation – exposome

GENETICS
• In depth study of stability of methylation marks across life stages and their heritability
• Impact on important productive traits
• Genetic correlation between liability to methylation and relevant traits
• Performance of developed statistical method models on real data

What challenges remain

- phenomics



What role will epigenetics play in 
breeding programs

Replacement born from primiparous cow – better epigenetic profile
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What role will epigenetics play in 
breeding programs

Replacement born from primiparous cow – better epigenetic profile
Primiparous cows – lower EBV reliability

ØGenomic information becomes more relevant to plan replacement

ØGenomics à Epigenetics
Tips:
üPromote genomic selection in underdeveloped breeding programs

üStablished breeding programs àEarly stage for adoption. Need further research 
for commercial implementation (high TRL)



What role will epigenetics play in 
breeding programs

Replacement born from primiparous cow – better epigenetic profile
Primiparous cows – lower EBV reliability

ØGenomic information becomes more relevant to plan replacement

ØGenomics à Epigenetics

ØEpigenetics à Novel traits
üLiability to methylation in genomic regions associated to traits of interest
üEpigenetic age: functional longevity and welfare



What role will epigenetics play in 
breeding programs

Final message: 

Start creating a reference population with epigenetic  
information with the RUMIGEN Epichip

or

begin the path, and learn from our mistakes
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