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All these cells have the same genome
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Epigenetic regulation

Many It was years inevitable later, the scent of bitter as 
he faced the almonds always reminded firing squad, him 
of the fate Colonel Aureliano Buendía was to remember 
that distant afternoon of unrequited love
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Epigenetic regulation

Landscape 1

Landscape 2
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Epigenetic regulation of gene expression

There are several modalities of regulation of gene expression

Regulation by transcription factors

x
1

X
1

X
2

Epigenetic regulation. Based on the
restriction of access of transcription factors
to the gene’s promoter region
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Mathematical model1
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1Alarcón, Menendez, Sardanyés, Bull. Math. Biol. 88, 57 (2026)
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Mathematical model
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Results: Competition for chromatin modifiers induces tipping points in

large-scale epigenetic landscapes2
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Results: Metabolic cofactors facilitate tipping points
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Fig. 6. Summary of results. Plots (a) and (b) show the results of the CG analysis (mean-field limit and stochastic diffusion limit, respectively). This analysis in terms of
the collective observables (specifically, weighted acetylation) shows that competition for chromatin modifiers (HDACs in this specific case) induces a tipping point behaviour
(plot (c)). The analysis of CG stochastic model allows us to characterise the robustness of the stable ELs. When approaching the tipping point, the robustness of the EL
becomes vanishingly small. Note that the CG model predicts with accuracy the behaviour of the microscopic system. The microscopic system exhibits a tipping point at a
critical value of the control parameter that is accurately predicted by the CG approximation, as shown in plot (c), where the variance of the microscopic system (see purple lines)
is observed to acutely increase in the vicinity of the critical point predicted by the CG approximation (orange circles). The sensitivity analysis of the CG robustness predicts that
reduced levels of AcoA can facilitate the tipping point, as lowering AcoA levels decreases the robustness of the EL (plot (b)). This prediction is also faithfully fulfilled by the
microscopic system, as shown in plots (d)-(h).
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Conclusions

Competition for chromatin modifiers (eg sirtuins in response to DNA damage)
induces tipping points in large scale epigenetic landscapes

Metabolic cofactors of epigenetic enzymes are potential biomarkers of impending
tipping points
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