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Epigenetics and DNA methylation
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DNA methylation changes with age
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Machine learning algorithms sift through ~850,000 methylation sites in thousands of samples
and select a few hundred methylation sites as a robust biomarker of age



Epigenetic clocks predict age with very high
accuracy In independent validation data
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DNAm Predicted Age

Epigenetic clocks predict aging outcomes
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The Unknowns
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The Unknowns
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Big problem: DNA methylation data IS VERY noisy
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Age-related DNA methylation changes are widespread

3001 Red = 353 CpGs in Horvath multi-tissue clock
(Accounts for 111 of the 41,357 significant CpGSs)

Methylome-wide
significance
P=1.057x 107
(Bonferroni)

.0.006 -0.004 -0.002 0.000 0.002 0.004 0.006
Slope (change in beta-value per year)



Principal component analysis (PCA) bolsters reliability
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Principal component-based clocks are highly reliable
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We applied this method to 6 commonly-used clocks with similar improvements.



Longitudinal trajectories
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Results are similar for other PC clocks



PC clocks reduce sample size needed for clinical trials
utilizing epigenetic clocks as surrogate endpoints
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Results are similar for other PC clocks



In vivo epigenetic aging Is recapitulated in vitro
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Results are similar for other PC clocks



New technologies needed to investigate mechanism
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* Principal component-based clocks for clinical trials, longitudinal
tracking, and cell culture (Higgins-Chen 2021, Biorxiv)

* Single cell epigenetic clocks (Trapp 2021, Nature Aging)
 Pan-mammalian clocks (Lu 2021, Biorxiv)
 Ultra-low-cost epigenetic clocks (Griffin 2021, Biorxiv)

* DNA methylation editing with CRISPR (Nunez 2021, Cell)
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