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There have been two reports of tissue cul-
ture in Undaria pinnatifida (Fang et al. 1983,
Yan 1984), in which parts of blade and stipe
were cultured in the medium containing a
synthetic plant growth regulator, sodium
naphthenate, and sporophytes were formed
directly from the cultured tissues. We report-
ed results of tissue cultures in three species
of Laminariales, Ecklonia stolonifera (Notoya
1988), Ecklonia cava (Notoya and Aruga 1989)
and Eisenia bicyclis (Notoya and Aruga
1990). In Ecklonia cava and Eisenia bicyclis
bladelets were formed directly from cultured
tissues in the medium without any synthetic
plant growth regulators. In this paper we
report the result of tissue culture from the
meristematic zone of stipe of U. pinnatifida,
in which male and female gametophyte-like
filamentous thalli and bladelets were directly
formed from the cultured tissues in the me-
dium without any synthetic plant growth
regulators.

A young sporophyte about 20 cm in blade
length of U. pinnatifida was collected at Banda,
Chiba Prefecture, on January 11, 1990. The
surface of midrib, blade and stipe was cleaned
with paper towels. Tissues for culture were
excised from various parts of the sporophyte
(Fig. 1). The sterilizing procedures of the ex-
plants were the same as described in a previ-
ous report (Notoya 1988).

Solid (1.5% bacto-agar, Difco Laborato-
ries) and liquid (artificial seawater “Jamarin
S”, Jamarin Laboratory) culture media en-
riched with PESI (Tatewaki 1966) were
used. The cultures on solid media in 60 X
10 mm Petri dishes were incubated at 15°C
and 1000 lux. The cultures in liquid media
in 40ml culture flasks were incubated at

15°C and 12000 lux. The illumination was
supplied by cool white fluorescent lamps under
a photoperiod of 14 L. : 10 D. The solid me-
dium was not renewed until tissues were trans-
ferred into liquid medium, which was renewed
at two-week intervals.

Tissues from various parts of the sporo-
phyte (Fig. 1) were cultured for regeneration
of cells on the solid medium for a month.
The tissues were greenish brown on the solid
medium within a day after sterilized, and
thereafter they gradually changed to brown.
Color of the tissues from blade (E and F) did
not change to brown within a month on the
solid medium and their cultures were taken

Fig. 1.

A young
pinnatifida (Harvey) Suringar showing the excised

sporophyte of Undaria

portions of thallus in this experiment. A and B,

midrib; C and D, stipe; E and F, blade.
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off. The tissues from midrib (A) and stipe
(D) were contaminated with endophytic fungi
and bacteria. Good outgrowth of regener-
ated cells was observed on the explants both
from midrib (B) and stipe (C). In these ex-
plants regenerated cells grew out from cut
portions (Fig. 2, A). These outgrown cells
were round with callus-like structure and
unlike the filamentous structure as observed
in Ecklonia stolonifera, Ecklonia cava and Eisenia

b

Fig. 2. Tissue culture from the stipe expiam of Undaria pz'nnaliﬁa (Harvey) Suringar. (A)r(.Jallus cells grown

bicyclis (Notoya 1988, Notoya and Aruga 1989,
1990).

After a month, the outgrown tissues were
cut in small pieces and transferred into cul-
ture flasks with the liquid medium at 15°C
and 12000 lux. After a month, the tissues
produced narrow filamentous thalli, the cells
of which had many chloroplasts and were
brown (Fig. 2, B). When the tissues with
filamentous thalli maintained for

were
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out at the cut end of the explant from stipe after a month on agar plate. (B) An enlarged part of initial filamentous
thalli (arrowhead) developed from outgrown callus in the liquid medium after a month. (C) Further developed
filamentous thalli clustered around the explant tissue two months after transferred in the liquid medium. (D) An

enlarged part of male gameophyte-like filaments.
gametophyte-like filament.

one and half months after separated from the explant tissue.

bladelets after four months in the liquid medium.

(E) Female gametophyte-like filament developed from male
(F) Mass of unpigmented callus developed from female gametophyte-like filaments
g P 8 phy!

(G) Initial growth of bladelets. (H) Developed
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another month in the liquid medium under
the same conditions, the filamentous thalli
progressively grew and covered the whole tis-
sue (Fig. 2, C). Color and shape of the fila-
mentous thalli (Fig. 2, D) were very similar
to those of the male gametophyte of Undaria
pinnatifida. The clustered filamentous thalli
were removed to the new liquid medium in a
flask. After two weeks, a part of them at-
tached to the bottom of flask. Subsequently,
broad and unpigmented filaments were
produced from the narrow filaments (Fig. 2,
E). Although the shape of narrow pigmented
or broad unpigmented filaments was similar
respectively to the male or female gameto-
phyte, they did not produce spermatangia or
eggs. After amonth, broad unpigmented fila-
ments grew gradually into masses about 0.5-
1 mm in diameter (Fig. 2, F). These masses
were similar to the callus just before differenti-
ation into bladelets of Ecklonia cava and Eisenia
bicyclis (Notoya and Aruga 1989, 1990). Af-
ter two weeks, blade-like tissues were ob-
served outgrowing from the masses (Fig. 2,
G). After longitudinal or transverse cell divi-
sions occurred in two-week culture, the blade-
like tissues became young plantlets like sporo-
phytes (Fig. 2, H).

The two types of differentiation from callus
have been reported in the tissue culture of
Laminariales plants; the formation of sporo-
phytes directly from callus (Fang et al. 1983,
Yan 1984, Notoya and Aruga 1989, 1990)
and the formation of aposporous male and

female gametophytes from which sporophytes
were fortmed by fertilization (Fries 1980, Lee
1985). In the present tissue culture from
stipe of Undaria pinnatifida, however, bladelets
differentiated directly from the male and fe-
male gametophyte-like filamentous callus
without fertilization. This is the third type of
differentiation from callus.
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