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with their dynamic regulation by environmental and host conditions, make it difficult to achieve predictable, targeted
control and engineered utilization of naturally formed microbiomes. Synthetic microbial communities, also known as
SynComs, are assembled according to defined design principles and possess clearly characterized microbial
compositions and functional traits. They can be applied to integrated environmental pollution remediation and
agricultural productivity enhancement, and can also serve as controllable experimental systems for elucidating
ecological rules and emergent functions. With the continuous increase in culturable microbial strain resources, the
expansion of strain resource banks, and the deepening understanding of strain functions and traits, a central task and
key challenge for the standardization and engineering application of synthetic microbial communities is how to
effectively utilize these valuable microbial strain resources. Specifically, it is necessary to quantitatively identify key
interactions within candidate strain sets and achieve rational assembly, so that community-level functional outputs and
ecological stability can be predictably balanced. Here, we propose a strain-resource-bank-driven framework for
identifying interactions and assembling communities. This framework is based on systematic strain resource banks and
standardized metadata, takes quantitative characterization of microbial interactions as the core basis for assembly rules,
and incorporates an iterative design-build-test-learn, or DBTL, workflow to optimize the trade-off between community
function and stability. In this way, it supports rapid adaptation to personalized application scenarios. Meanwhile, the
establishment of shared infrastructure platforms integrating strains, data, and methods will promote resource
interoperability and the accumulation of quantitative evidence, enhance the comparability of results across laboratories,
and provide foundational support for biosafety assessment and large-scale translation. Oriented toward application
needs such as pollution remediation and soil health improvement, this framework aims to advance synthetic microbial
communities from empirical trial-and-error approaches toward predictable, rational design based on quantitative

evidence.
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quantitative, quantitative, and parametric levels, which support model-based analysis of microbial community interactions.
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Table 2 Common roles of models and computational frameworks in SynCom interaction quantification
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