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Ultrastructural Study on Minor Veins in Watermelon Leaf Blades
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Abstract: Minor veins in watermelon leaf blades were studied by transmission electron
microscopy. The minor vein was a vascular bundle surrounded by large bundle sheath cells.
Xylem parenchyma cells and vessel elements were arranged in a linear form, whereas phloem
parenchyma cells, companion cells, and sieve elements aggregated to form the head. Two
types of companion cells can be distinguished based on their ultrastructural features. One type
(2a type) was smaller, contains larger vacuoles, and possessed few plasmodesmata, which
did not branch. The other type was located on both sides of the phloem and contacted the
vascular bundle sheath with a large area. This type was typically characterized by the
presence of abundant vesicles in cytoplasm and numerous branched plasmodesmata across
its walls. These features define the cells as intermediary cells. Therefore, it was proposed that
watermelon belongs to plants that possess two types of companion cells in the same minor
veins.
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A. Cross section of a minor vein, surrounded by large bundle sheath cells and containing a xylem with linear array of cells; B. Magnifica-
tion of central portion in Figure A, showing sieve elements, intermediary cells and 2a type companion cells. BS; Bundle sheath; 2a-CC; 2a
type companion cell; CC. Companion cell; IC; Intermediary cell; MC . Mesophyll cell; S; Sieve element; VE; Vessel element; VP Vas-

cular parenchyma cell.
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Fig. 1 Cross section of a minor vein
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A: Intermediary cell; B; Organelles and plasmodesmata(arrows) ; C: Vesicles, mitochondria,and plasmodesmata( arrows) ; D: Cross
view of plasmodesmata(arrows).ER: Endoplasmic reticula; M; Mitochondria; V: Vesicle.
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Fig. 2 Structure of intermediary cell
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Grey areas are walls, white rectangular areas are protoplasts, and connections between white rectangles are plasmodesmata. The black
pentagon indicates presumed sucrose/H* antiporter, while the black ellipse indicates sucrose/H* symporter. Double dots represent
sucrose, and triple dots indicate oligosaccharides. BS; Bundle sheath cell; CC; Companion cell; IC: Intermediary cell; MC. Mesophyll
cell; SE; Sieve element.
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Fig. 3 Phloem loading pathways in minor veins in watermelon leaf blades
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