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Abstract: During biofilm formation, the unique spatial structure formed upon active or passive
biological processes among microbial populations is called spatial organization pattern. Microbial
spatial organization patterns are ubiquitous in natural and artificial environments, such as the medical,
industrial and ecological systems and processes. They are critical for the causes and consequences of
microbial community structure, biodiversity maintenance, and ecological functions and thereby have
received extensive attention. Nevertheless, mechanistic understanding of microbial spatial organization
and ecological consequences remains elusive largely due to the extremely complex microbial
communities and limited research methodologies. The paper aims to summarize the state-of-the-art in
microbial spatial self-organization, the key determining environmental factors, and the impact on
nutrient utilization, element cycling, evolution and diversity maintenance, and ecological functions of

microbes.
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Figure 1 The process and characteristics of interfacial adhesion of microorganisms. A: Typical trajectory
characteristics of different species of microorganisms at the bulk solution; B: Characteristics of the trajectory
of bacteria near the interface, where periflagellates perform clockwise (CW) circular motion in the near
solid-liquid interface region, and their radius decreases with decreasing distance from the interface (R;>R;),
while single polar flagellates perform clockwise (CW) or counterclockwise (CCW) circular motion in the
near solid-liquid interface region, and the Brownian motion is able to change their distance from the interface
and switch trajectories at any time due to the tiny individuals; C: Distribution of adherent deposition of E.
coli under evaporation-induced coffee-ring effect (left panel) and Marangoni effect (right panel)®¥; D:
Homogeneous distribution of soil microorganisms in nutrient-rich and heterogeneous porous media becomes
inhomogeneous under the action of water flow.
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Figure 2 The schematic diagram of range expansion. A: Schematic diagram of typical range expansion of
three microbial populations with time series (results of cell model simulations); B: Pulled expansion. The
growth rate of cells in the low-density area at the edge of the community is higher than the growth rate of
cells in the center of the community, so the cells at the edge of the community are pulling the community to
expand to new areas through their own growth; C: Pushed expansion. The growth rate of cells in the
low-density area at the edge of the community is lower than the growth rate of cells in the center of the
community. The cells at the center of the community push the cells at the edge to expand to the new area by
their own growth; D: Two types of P. stutzeri with competitive relationship (green and blue indicate two
different genotypes of bacteria, respectively) or cross-feeding relationship (blue indicates the producer, which
converts NO; to NO;; green indicates the consumer, which converts NO, to N;) expand in the region of the
agar surface, scale bars are 1 000 um.
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Figure 3 Effects of flow and rough interfaces on quorum sensing communication mediated by diffusion in
biofilms. A—F: The biofilm morphology and its internal bacterial state and QS signal distribution under no
flow (A), low velocity flow (B), high velocity flow (C), periodic flow (D), long range flow (E) and constant
flow on rough interface (F), respectively. Under the action of flow, the quorum sensing signals in the outer
layer and front end of the biofilm are lost with water, and quorum sensing of the cells shut down accordingly;

Meanwhile, the inner cellular flagella of the biofilm disintegrate due to nutrient deficiency, while the outer
cells are able to contact external nutrients, and the flagella are active and able to perform rheotaxis.
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