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Research progress in construction of functional microbial communities
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Abstract: Study on functional microbial communities has become a hotspot with development of synthetic biology
and microbiome. Comparing to single organism, functional microbial communities have several advantages in their
robustness when facing environmental interference and for higher yields when producing complex products. This
article introduces the research progress in studies on functional microbial communities from aspects: 1) the original
motivation of functional microbial community research and the advantages and difficulties in design compared with
single organism engineering, 2) the “bottom-up” and “top-down” strategies in the functional microbial community

LRI

design process, and 3) analysis tools for functional microbial communities, such as “metagenomics”, “multi-omics”
and related data processing procedures and software. The main history of environmental microbial analysis is reviewed,
and the main concepts of meta-omics is introduced. The major software which is used to process meta-omics data is

also commented. In addition, challenges for the functional microbial community construction are highlighted based on
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the design strategy and analysis tools. The “bottom-up” strategy is not suitable for constructing a complicated microbial

community, while the biosafety needs to be considered for developing the “top-down” strategy. Finally, the

development of microbial communities with “intelligent design” as the core is prospected: first, using an interpretable

spatiotemporal data model for temporal-spatial relationship mining of functional microbial communities; second,

combining neural network and multi-modal learning methods to establish a multi-omics community analysis process;

third, computational design of distributed metabolic circuits in the functional microbial community through

reinforcement learning.

Multi-Meta-Omics

Bottom-Up Design

J

Top-down design

J Intelligent Design \‘

Keywords: functional microbial community; bottom-up; top-down; meta-omics; multi-omics; intelligent design
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Fig.2 “Top-Down” strategy for construct functional

microbial communities
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