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STRATEGY (Gigantic chloroplasts, including bizonoplasts, are common in shade-
adapted species of Selaginellaceae)
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(Gigantic cupped or bilobed chloroplasts with multilayered
ultrastructure help capture light)
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Most vascular plants with chloroplasts have a population of small chloroplasts in each
photosynthetic cell (usually mesophyll cells). Gigantic single chloroplast per dorsal epidermal




cell (monoplastidy) only found in Selaginella truly stands out among vascular plants. These
giant chloroplasts (up to 40 ¢ m) are cup-shaped, bilobed or giant disc-like. Furthermore, some
giant chloroplasts, further equipped with an upper zone with parallel layers of 3-stacked
thylakoids above normal chloroplast ultrastructure, are bizonoplasts (Fig. 1).

Bizonoplasts (cupped or bilobed) are located at the bases of funnel-shaped dorsal
epidermal cells surrounded by intercellular space. The refractive index inside a dorsal epidermal
cell (n cen = 1.425, Gausman et al., 1974) is higher than air (n air = 1), which means that some
portion of the light striking base of the cell, depending on its angle, will be reflected back into
the bizonoplast increasing the amount of light absorbed (Fig. 2). This particular feature of a
bizonoplast, however, is shared with other monoplastids that do not have a layered structure in
the upper zone. The layered structure of the upper zone of a bizonoplast may additionally
interfere with the light waves, with the potential to enhance absorption and reflection depending
on the wavelengths and light angles (Jacobs et al., 2016).
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“Unique among vascular plants, some species of Selaginella have single giant chloroplasts
in their epidermal or upper mesophyll cells (monoplastidy, M), varying in structure between
species. Structural variants include several forms of bizonoplast with unique dimorphic
ultrastructure.” (Liu et al., 2020)

“The chloroplast ultrastructure of 76 Selaginella species .... We delineated five chloroplast
categories: ME (monoplastidy in a dorsal epidermal cell), MM (monoplastidy in a mesophyll
cell), OL (oligoplastidy), Mu (multiplastidy, present in the most basal species), and RC (reduced




or vestigial chloroplasts). Of 44 ME species, 11 have bizonoplasts, cup-shaped (concave upper
zone) or bilobed (basal hinge, a new discovery), with upper zones of parallel thylakoid
membranes varying subtly between species. Monoplastidy, found in 49 species, is strongly
shade associated. Bizonoplasts are only known in deep-shade species (< 2.1% full sunlight).”
(Liu et al., 2020)

“Multiplastidic chloroplasts are most likely basal, implying that monoplastidy and
bizonoplasts are derived traits, with monoplastidy evolving at least twice, potentially as an
adaptation to low light.” (Liu et al., 2020)
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