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Formins: the key regulators of plant cell morphology and
development
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Abstract: Formins are widely distributed in eukaryotes such as fungi, plants and animals. They play crucial roles in
regulating the polymerization of actin, coordinating the synergistic interactions between actin and microtubules, and
determining cell growth and morphology. Unlike formins from fungi and animals, plant formins have been evolved into two
plant-specific types. Generally, type II formins are believed to regulate the polarized growth of cells, and type 1 formins
may regulate the cell expansion and division processes. Recent studies on the function of plant formins suggest it is
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inappropriate to classify the function of formins purely based on their structures. This review summarizes the domain
organization of formins and their corresponding functions, as well as the underpinning mechanisms. Furthermore, the unsolved
or unexplored issues along with future perspectives on plant formins are proposed and discussed.

Keywords: formin, actin, cell polarized growth, cell division
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Fig. 1 Comparison of the protein domains between formins from fungi and plants. In Saccharomyces cerevisiae, DAD
binds to DID and inhibits Bnilp, while FH3 usually overlaps with the GBD domain. Abbreviations: GBD (GTPase
binding domain, DID (Diaphanous inhibitory domain), DAD (Diaphanous auto-regulatory domain), TM (transmembrane),
PTEN (Phosphatase tensin), FH1 (Formin homolog 1), FH2 (Formin homolog 2), FH3 (Formin homolog 3).
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Fig. 2 The mode of how formins regulate actin filament elongation in fungi, animals and plants. In figure 2A, complex
1 indicates that DID-DAD binding inhibits the activity of formin-polymerized actin. Complex 2 indicates that Rho
GTPase binds to the GBD site to open the closed DID-DAD structure. Complex 3 represents the activated state of FH2
dimer. Complex 4 indicates that the activated formin FH1 domain binds to profilin and recruits G-actin (globular actin)
and profilin. Complex 5 shows that FH2 dimer binds to actin filaments, and transports G-actin through the ternary
polymer formed by the FH1 domains to promote the extension of actin filaments. Figure 2B and figure 2C show two
possible working modes of plant formins. In figure 2B, complex 1 indicates the possible inhibition state of type I
formin in the plant in the cell, complex 2 indicates the possible mode of upstream regulatory activation of type I
formin, and complex 3 indicates that type I formins form a dimer to promote actuation actin filaments. In figure 2C, 1
indicates the possible inhibitory state of formin formation in the type II model of plants in the cell, 2 indicates the
possible mode of upstream regulatory activation of type II formin formation, and 3 indicates that type Il formin
formation forms dimers to promote actuation of actin filaments. The green circles represent the dimers formed by the
protein FH2 domains, the dark yellow circles represent the actin proteins, the red squares represent the DID domains,
and the yellow squares represent the DAD domains. Colored ellipses represent: blue, the FH1 domains; pink: the small
G protein Rho GTPases; dark green: the FH1 domains interacting profilin proteins; purple: the PTEN domains; gray:
unknown proteins.
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Fig. 3 The difference of formin-involved signaling pathways between fungi, animals (A) and plants (B). Purple and
green indicate that the proteins are inhibited or activated, respectively, and red indicates unknown factors and signaling

pathways.
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Fig. 4 Polarized cell growth mediated by formin in fission yeast cell and Arabidopsis pollen tubes. (A) 1 represents the
process of microtubule elongation during cell polarity establishment, 2 represents the actin plaque formed at the tip
during cell polarized growth, and 3 represents the process of actin filament extension during cell polarity growth. (B) 1
indicates the first stage of polarization of Arabidopsis pollen tube, and a large number of actin filaments aggregate.
Complex 2 indicates the second stage of the polarized growth of Arabidopsis pollen tube, and a ring-shaped protruding

actin structure is formed.
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Fig. 5 The difference of celldivision modes between fission yeast (A) and plants (B). The red question mark indicates
unknown factors that are involved in the formin-mediated plant cell division.
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