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ABSTRACT Embryogenic callus was obtained from cotyledonary explants of Codonopsis lanceloata on
Murashige & Skoog’'s medium supplemented with 1 mg/L 2,4-D. Suspension cultures of the embryogenic calli
were grown on a shaker at 100 strokes/min, and then the calli were subcultured for 2 weeks in 2,4-D-free
medium to produce somatic embryo. In somatic embryos at the globular stage, cotyledon initials began to
differentiate themselves in the near distal end of the procambial strand. Dicotyledons, tricotyledon, tetracotyledon
and fused cotyledon were differentiated from the distal ends of two, three, four and circular procambial strands,
respectively. Nearly circular procambial strand in lower hypocotyls were independently differentiated into two,
three, four procambial tissues at cotyledonary node and cotyledons to form somatic embryos with dicotyledon,
tricotyledon, tetracotyledon. If the distal subepidermal cells of globular embryo exclusively became cotyledon
initials, the torpedo or cotyledonary embryo was characterized by somatic embryos with fused cotyledon.
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Figure 1. Developmental patterns of the cotyledons of somatic
embryos at globular stage in Codornopsis lanceloata. A,B:
Globular somatic embryos, C: Somatic embryo elongated two
parts (arrows, bar = 50 um), D: Somatic embryo elongated
three parts (arrows, bar = 80 um), E: Somatic embryo elongated
four parts (arrows, bar = 70 um), F: Somatic embryo elongated
circular ring (arrows, bar = 80 um).



Figure 2. Transverse sections of early heart-shaped embryo
with two cotyledons in cell cultures of Codonopsis lanceloata
were made from radicle to cotyledons. Procambial tissues (G,
H, I) in the radicle and lower hypocotyls are transformed into
two procambial tissues (arrow, E, H), which are run into two
cotyledons at cotyledonary node (C, D) and cotyledons (A, B).
All bars = 70 pm.

Figure 3. Transverse sections of somatic embryo with three
cotyledons in cell cultures of Codonopsis lanceloata. Nearly
circular procambial tissues (G, H) in lower hypocotyls were
transformed into three procambial tissues (arrows, C, D, E, F),
which were run into three cotyledons at cotyledonary node and
cotyledons (A, B). P, plumule, All bars = 75 pm.
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Figure 4. Transverse sections of somatic embryo with four
cotyledons in cell cultures of Codonopsis lanceloata. Nearly
circular procambial tissues (F) in lower hypocotyls were
transformed into four procambial tissues (arrows, D, E), which
were run into four cotyledons at cotyledonary node and coty-
ledons (A, B, C). P, plumule, All bars = 75 pm.
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Figure 5. Transverse sections of somatic embryo with fused
cotyledons in cell cultures of Codonopsis lanceloata. Circular
procambial tissues (E, F) in lower hypocotyls were run into the
cotyledon (A, B) through cotyledonary node (C, D) at which
the plumule (P) appear (arrows, all bars = 75 pm).
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