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Common microecosystem modeling methods

Microecosystem modeling based on causality theory

Prior knowledge Prior knowledge network

Correlation/

statistical analysis
Causal inference

Microbial interaction Microecosystem model 

discovery inference
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NASHNormal

Intervention

Pathogenesis

Steady state Steady state
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𝑥𝑖
′ = 𝑥𝑖𝑓𝑖 𝑋 + ∆𝑋 ≠ 0

Interve microbiome by ∆𝑋 :

Pathogenic factor ∆𝑋

𝑥𝑖
′ = 𝑥𝑖𝑓𝑖 𝑋 = 0

𝑥𝑖
′ = 𝑥𝑖𝑓𝑖 𝑋 + ∆𝑋 ≠ 0

Dynamic intervention simulation Dynamic changes during intervention
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Decreased abundances in family:

• Lachnospiraceae

• Ruminococcaceae

Abundance changes of the gut microbial species in obesity and NASH.
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Results
Distinct patterns of the microbial interactions in the gut of normal, obese and NASH subjects.

The gut microbiome of normal, obese and 

NASH groups exhibited distinct patterns of 

microbial interactions.
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Results
Keystone species of NASH drive the changes of the diseased gut microbiome toward a normal microbiome.
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Keystone species of NASH drive the changes of the diseased gut microbiome toward a normal microbiome.
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Results
Potential mechanisms for the keystone species to impact the NASH microbiome.
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Summary

• The dysbiosis of butyrate-producing bacteria is a critical factor contributing to the development of NAFLD.

• Causal algorithm intergraded with ecological theory and dynamic intervention simulation could mine microbial

keystone species from metagenomic data.

• Keystone species of NASH, such as P. loveana, A. indistinctus and D. pneumosintes, provided potential precise

intervention strategies for NAFLD treatment.
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