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Depends on metabolic          

processes cfgh               
Strongly modified by 
cellular activity

Needs proper environment 
to carry on
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Horizontal Visibility Graph Method

Each observation 𝑥𝑡=𝑖
corresponds to a node 𝑛𝑖
Nodes 𝑛𝑖  and 𝑛𝑗  are adjacent if:
𝑥𝑖 , 𝑥𝑗 > 𝑥𝑛 ∀𝑛 / 𝑖 < 𝑛 < 𝑗

Chromatin domains were identified as high-contrast 
regions in high-resolution microscopy images, and 
their two-dimensional trajectories were obtained by 
maximizing cross-correlation between pixel windows 
in consecutive frames.

The analysis of the 
stochastic movement of 
chromatin granules, as a 
manifestation of energy 

transport processes, can 
provide relevant 

information about 
metabolic alterations and 

physiological 
dysfunctions.

Characterizing metabolic 
state and biological activity 

in living systems remains 
challenging when only 
short-time positional 

observations are available.

To infer metabolic states, 
biological activity and 

energy transfer from short-
time chromatin granule 

dynamics by transforming 
positional time series into 

graphs and extracting 
topological descriptors.
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Two-dimensional trajectory Adjacency Matrix PHV Graph
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The PHVG maps a two-dimensional 
time series into a graph, yielding a 
lower-dimensional representation of 
the dynamics.
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• Metabolic dependence: PHVG topological metrics distinguish between the two metabolic states under 
study.

• Spatial heterogeneity: PHVG properties vary across the cell nucleus, reflecting heterogeneous nuclear 
dynamics.

• Non-equilibrium behavior and entropy production: PHVG topology reveals signatures consistent with the 
Thermodynamic Uncertainty Relation, whereby increased process precision is associated with reduced 
efficiency and higher entropy production.
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The topological properties of PHVGs capture key features of living systems:

Betweenness Centrality × 10−4 Global Efficiency × 10^2 

Figure 1. Betweenness centrality and global efficiency distributions across nuclear 
domains. Kernel density estimates with boxplots show graph-level measures at 
nuclear sampling sites, pooled by experimental group (alive, pink; fixed, gray).

Figure 2. Spatial maps of 
betweenness centrality 
and global efficiency in a 
representative live cell 
nucleus, revealing spatial 
heterogeneity in nuclear 
dynamics.
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Figure 3. Betweenness centrality–global efficiency 
correlations at the cell-averaged (top) and single-cell 
(bottom) levels for live (pink) and fixed (gray) cells, 
revealing signatures of the Thermodynamic Uncertainty 
Relation.


	Diapositiva 1

