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Set of marks that induce changes in gene expression without alteration of the DNA sequence. 
(Berger et al., 2009)

Adapté de docteur-eric-sebban.fr
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Epigenetics?

Each cell type is characterized by a specific gene expression pattern supported by a 

specific epigenetic state.
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CpG sites contribute to the 

differentiation of cell types

The promoter is essential for the regulation of gene expression

Methylation controls gene expression
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Epigenetic age vs chronological age
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Epigenetic age vs chronological age

https://eremid.com/blog/the-epigenetic-clock-dna-methylation-and-aging/
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Epigenetic clock
Horvath, 2013
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Objectives of the study

• To identify changes in methylation associated with age and certain 
diseases in Holstein cows.

• Exploring the association of mitochondrial DNA methylation with age 

• Explore potential epigenetic biomarkers.
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96 healthy cows

Age: 1.8 to 9.2 years

Build a model

Cross-sectional data

6 cows

(18 samples)

Age : -Newborn 4 days, 

-Weaning 77 days

-Adult 3 years

Longitudinal data

~two years later

Methylome of blood markers

Enzymatic methyl-seq (EM-seq) 

30X

Blood Sampling Sequencing

3 times
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Cross-sectional data

Age Distribution 

• Control 2.9 to 9.1 years.

Diseased Controls
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• Lameness              1.8 to 9.2 years, 

• Fertility problems        3.3 to 4.6 years, 

• Low production           1.8 to 5.6 years, 

• Mastitis                         2.8 to 7.8 years, 
• Metabolic disorders    3.0 to 5.0 years.



Cross-sectional data

Correlation with age

53 million CpG sites 

(r = –0.43) 

~ -1%
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~2 000 age-correlated CpG sites

• Young :

2.9 à 5.0 years

Correlation coefficient> 0.5, qval < 0.01 and no missing data

• Oldest:             

7.3 à 9.2 years

• Old:               

6.3 à 7.3 years 

• Middle-aged : 
5.2 à 6.2 years 
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Cross-sectional data



Correlation between chronological age and predicted age

To avoid overfitting and to assess the generalizability of the model, we applied Leave-one-Out (LOOCV) 

cross-validation. This approach involved iterative training of the model on all but one sample

Precision:

3 months and 21 days
62 CpG markers
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~8 months for previous 

studies

Cross-sectional data



• Low production: ~3.1 years 

• Metabolic disorders: ~2.4 years 

• Fertility problems: ~2.0 years 

• Lameness: ~1.5 years 

• Mastitis: ~1.3 years

the model showed a mean absolute error (MAE) of 

~2.5 years and a correlation of 0.16 in diseased 

cows

Age acceleration

Low-production cows showed the greatest acceleration in age
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Cross-sectional data



Longitudinal data

Correlation between chronological age and predicted age

35 CpG markersPrecision:

100 days

The high variability of ages was reduced through a logarithmic transformation.
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Longitudinal and Cross-Sectional DNA Methylation Markers

Adult

> 2 years

Weaning

~ 3 months
Newborn

4 days 18



Age and mitochondrial DNA methylation

Among 6k mitochondrial sites, 61 sites with a negative correlation rho = -0,77 )

Precision: 

10 months 
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10 CpG markers



197 DMRs were identified

Methylation difference > 10% and qvalue < 0.05

Differentially methylated regions (DMRs)

MAB21L1 gene contained two DMRs associated with the promoter:

First DMR: 260 bp region with 54 CpG, showing a 14.68% increase in methylation in older cows

Second DMR: 348 bp region with 63 CpG, showing a 14.55% increase in methylation in older cows20



Conclusion

• This study highlights the value of blood methylation profiles in investigating 

age and disease in cattle, paving the way for applications in genomic 

selection and precision breeding.
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Conclusion

• This study highlights the value of blood methylation profiles in investigating 

age and disease in cattle, paving the way for applications in genomic 

selection and precision breeding.

• We propose a novel integrative framework called ChronoMeth, which 

combines nuclear and mitochondrial cytosine methylation profiles to explore 

molecular signatures of aging and disease susceptibility.

• This two-level approach enables refined age prediction and offers new 

insights into the interplay between epigenetic regulation, aging processes, 

and vulnerability to disease.
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