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ABSTRACT

The purpose of this study is to investigate the hemp (Cannabis sativa cv. Chungsam) seed structure and ultrastructure

of food reserves by scanning and transmission electron microscopy. We examined the seed coat and embryo consisting of

a hypocotyl-radicle axis and two cotyledons. The seed coat consisted of exotesta and endotesta. The exotesta was a mechani-

cal layer with lignified and elongated cells, while endotesta of the underlying layers of the exotesta was consisted of two

separated cell layers. The collapsed outer layer of endotesta showed the unique reticulate structures. In cotyledon cells,

protein and lipid bodies occupied most of cytoplasm. Protein bodies varied in diameter from 1.8 to 5.0 wum and possessed

a protein matrix containing electron-dense globoid crystals. Numerous lipid bodies ranged from 0.8 to 3.0 wm in diameter

were distributed around the protein bodies. During the early stages of breakdown, protein bodies rapidly changed their

shape into the granular feature, however, lipid bodies were gradually degradated and fused each other. The degeneration

process of protein bodies and lipid bodies of cotyledon cells might be correlated with the reports which hemp seeds rapidly

lose their ability to germinate.
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FIGURE LEGENDS

1a. A whole bract with numerous glandular and non-glandular trichome on the external surface.

1b. Higher magnification of a bract showing a large number of peltate glandular trichomes (PT) on the surface.

1c. An entire seed showing cupule (CP) and pericarp (PR).

1d. Proximal region of a seed bottom exhibiting fused cupules (CP) originate from the receptacle position. Note the pitted scar of a fruit
stalk (SF) on the bottom of seed.

1e. Transverse section of a seed showing parts of the hypocotyl- radicle (HY) axis and cotyledons (CO) encompassing exotesta (XT), pericarp
(PR) and cupules (CP).

1f. Transverse section of a seed showing two cotyledons (CO) surrounded with exotesta (XT).

1g. Higher magnification of a seed coat revealing the layers of the testa. Note the outer layer of pericarp and the middle thick layer of exotesta
(XT) and the inner endotesta (NT).

1h. Higher magnification of a layer of endotesta underlying exotesta having thin-walled and reticulate structure with large pits.

2a. An isolated embryo (EM) from a seed showing a part of cotyledon surface.

2b. Close-up of cotyledon surface consisting of long and short rectangular cells.

2c. Cotyledon cells containing numerous protein and lipid bodies.

2d. Higher magnification of cotyledon cells showing protein bodies (PB) and lipid bodies (L).

2e. Protein bodies consisting of a proteinaceous matrix containing one globoid crystal.

2f. Two protein bodies (PB) of a cotyledon cell consisting of protein matrix and a globoid crystal (GL). Note the difference of electron density
of periphery region between two protein bodies.

2g. A protein body containing a prominent globoid crystal (GL). A large number of lipid bodies (L) are found arround a protein body.

2h. Periphery region of the protein bodies appeared granular during the early stages of breakdown.

2i. Degeneration of storage granules and the formation of vacuoles during the later stage of breakdown.
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