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Abstract: Multicellular network analysis is a method for topological properties analysis of cells. The

functions of organs are determined by their inner cells. The arrangement of cells within organs endows

higher-order functionality through a structure-function relationship, though the organizational properties of
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these multicellular configurations remain poorly understood. Multicellular network analysis with
multicellular models established by 3D scanning of plants, will further discover the plant development
mechanism, and provide clues for synthesizing plant multicellular systems. In this paper, we review the
development of multicellular models, summarize the process of multicellular network analysis, and
describe the development and application of multicellular network analysis in plants. In addition, this

review also provides perspective on future development of plant multicellular network analysis.

Keywords: multicellular network analysis; organ development; multicellular image processing

technology; plant adaptive evolution; spatial omics
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Figure 1 Workflow used to generate and analyze

plant multicellular interaction networks!*'.
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Figure 2 Schematic illustration for topological analyses of cellular interaction networks!'®. (A-B) Degree,
immediate neighbor numbers in a cell. (C) Betweenness centrality, the number of times a cell lies upon the
shortest paths between all other pairs of cells. (D) Edge weighting, the size of cell interfaces. (E) Random
walk centrality, identification of the shortest paths using multiple random walkers. (F) Navigation centrality
identifies the near-optimal shortest paths following a gradient to a destination node.
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Figure 3 Cell type-specific topological characterization of hypocotyl cellular interaction networks from
Arabidopsis and three mutants™®®). (A) Schematic diagrams of the ecotypes of Arabidopsis, cdka; 1, mp and
laterne. (B) Surface and longitudinal section meshes of Arabidopsis, cdka; 1, mp and laterne hypocotyls, with
color denoting cell type (dark green-trichoblast, light green-atrichoblast, blue-outer cortex, yellow-inner
cortex second layer, navy blue-inner cortex third layer, pink-endodermis, cyan-vasculature). (C) Hypocotyl
meshes with false color heat maps of degree. (D) Hypocotyl meshes with false color heat maps of
betweenness centrality. (E) Normalized frequency distribution of edge BC in the interfaces between different

epidermises.
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Figure 4 Topological analysis of the Arabidopsis shoot apical meristem'>'**). (A-B) The analysis process of
Arabidopsis SAM. (C) Geometric and topological feature of non-diving, dividing and divided cells in the
SAM. (D) Computational prediction of cell division planes based on a local geometric rule, a rule that
minimizes the degree of daughter cells, and a rule that minimizes the RWC of daughter cells. (E-F) Confocal
images of the surface of wild-type SAM (E) and ktnl SAM (F). (G) Frequency distribution of cell anisotropy
and RWC in the wild-type and ktn! SAM cells.
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Figure 5 Cell type-specific topological characterization of hypocotyl cellular interaction networks from
Arabidopsis, poppy and foxglove®”). (A—C) Schematic diagrams of poppy (A), foxglove (B), and Arabidopsis
(C). (D) Surface and longitudinal section meshes of Arabidopsis, poppy and foxglove hypocotyls, with false
color denoting cell type (dark green-trichoblast, light green-atrichoblast, blue-outer cortex, yellow-inner
cortex second layer, navy blue-inner cortex third layer, pink-endodermis, cyan-vasculature). (E-F) Hypocotyl
meshes with false color heat maps of degree (E) and betweenness centrality (BC) (F). (G) Normalized
frequency distribution of edge BC in the interfaces between different epidermises.
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Figure 6 The trend of synthetic multicellular organisms in the future!

47481 (A) The synthesis steps of the

multicellular system are still in the first and second steps, and there is still a lot of room for development in
the future.(B) A morphospace of multicellular (MC) designs showing the (relative) location of several
well-known examples of natural, experimentally evolved, engineered and in silico MC systems.
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