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H I G H L I G H T S

• A microbiota-functionality nexus is
revealed by 138 samples out of 20 AD
reactors.

• A core bacterial microbiota prevailed
across all the six types of AD reactors.

• The core bacterial microbiota strongly
correlates with the biogas pro-
ductivity.

• The analysis of a decomplexified OTU
network shows apparent community
divergence.

• The AD microbiotas are neither func-
tionally redundant or plastic.
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A B S T R A C T

Anaerobic digestion (AD) has been commercially operated worldwide in full scale as a resource recovery
technology underpinning a circular economy. However, problems such as a long start-up time, or system in-
stability, have been reported in response to operational shocks. These issues are usually linked to the dynamics of
the functional microbiota in AD. Exploring the microbiota-functionality nexus (MFN) could be pivotal to un-
derstand the reasons behind these difficulties, and hence improving AD performance. Here we present a sys-
tematic MFN study based on 138 samples taken from 20 well-profiled lab-scale AD reactors operated for up to
two years. All the reactors were operated in the same lab within the same period of time using the same
methodology to harvest physio-chemical and molecular data, including key monitoring parameters, qPCR, and
16S sequencing results. The results showed a core bacterial microbiota prevailing in all reactor types, including
Bacillus, Clostridium, Bacteroides, Eubacterium, Cytophaga, Anaerophaga, and Syntrophomonas, while various me-
thanogens dominated different communities due to different inocula origins, reactor temperatures, or salinity
levels. This core bacterial microbiota well correlated with biogas production (Pearson correlation coefficient of
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Abbreviations: AD, anaerobic digestion; END, the anaerobic digesters treating enzymatically pre-treated bio-solids; EGSB, expanded granular sludge bed; DAnMBR,
dynamic anaerobic membrane bio-reactor; UASB, upflow anaerobic sludge blanket; HSD, the anaerobic digesters treating high-salinity wastes; FSD, the anaerobic
digesters treating sewage fine sieved fraction; OLR, organic loading rate; SLR, sludge loading rate; sCOD, soluble chemical oxygen demand; SMA, specific metha-
nogenic activity; PBS, phosphate buffer saline
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