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Rectangular pieces (1-4 mm?) excised from young sporophytes (3-5mm long) of Eisenia bicyclis
(Kjellman) Setchell were cultured at different temperatures (10-25°C) and light intensities (1000-8000 lux),
and the development and differentiation of callus were observed. A line of one or two callus-like cells were
produced on the cut edge of explants from the sporophyte after four days in liquid culture. These cells were
hemispherical and pigmented only a very little. After three weeks the callus was cut off from the original
sporophyte piece and cultured in liquid medium. In about two weeks, a part of the callus cells differen-

tiated and grew up to blade-like plantlets.

The growth of callus was optimal at 20°C and 1000

lux. Higher temperatures and light intensities were effective in the differentiation of callus cells to

blades.
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We reported that dedifferentiated young
sporophyte cells of Laminaria japonica devel-
oped into filamentous male and female
gametophytes, which produced sporophytes
after fertilization (Notoya and Aruga 1990a).
We also reported in Ecklonia cava that the cal-
lus developed spontaneously on the young blade
which was formed parthenogenetically from
female gametophyte and small cut pieces of nor-
mal young sporophyte differentiated to blade-
like thalli (Notoya and Aruga 1991a). In these
experiments cultures were not axenic, how-
ever the culture technique is easy and within
a very short period of time the callus was
formed from the excised pieces of young sporo-
phytes and the blade differentiated from the
callus. In this paper we report the result of
cultures of small pieces of tissue cut from
young sporophytes in Eisenia bicyclis.

Material and Methods

A mature sporophyte of Eisenia bicyclis

callus—development—Eisenia bicyclis— Laminariales— Phacophyta—tissue culture—

(Kjellman) Setchell was collected at Ohsaki in
Zushi, Kanagawa Prefecture, on April 10,
1990. A part of the blade surface with ma-
ture sori was cleaned up with a paper towel
and excised. The excised pieces of about 4
cm? were further cleaned several times by
sterilized seawater and a paper towel. They
were put into Petri dishes filled with sterilized
seawater for an hour. Liberated zoospores
were collected by a glass pipet and transferred
into a new Petri dish with sterilized sea-
water. They were washed three times repeat-
edly in the same manner. The zoospores
attached on the slide glass were cultured at
15°C and 40001ux (14L:10D). Modified
Grund medium (McLachlan 1973) was used
and renewed every week. From the attached
zoospores, gametophytes developed and ma-
tured within three weeks. In eight weeks
young sporophytes developed to 3-5 mm long
(Fig. 1A), from which rectangular blade
pieces 1-4 mm? were cut out for tissue cul-
ture.
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The artificial seawater “Jamarin S” (Jama-
rin Laboratory) enriched with PESI (Tate-
waki 1966) was used for culture of the sporo-
phyte pieces. The cultures were incubated
at 15°C and 4000 lux (14 L : 10 D). Separated
calluses were cultured in 40 m/ flasks with
liquid medium at 15°C and 12000 lux (14 L :
10 D). The culture medium was renewed
once a week. The illumination was supplied
by cool white fluorescent lamps.

Callus formation was examined at different
temperatures (10, 15, 20, 25°C) and light in-
tensities (1000, 2000, 4000, 8000 lux) with a
photoperiod of 14 L. : 10 D. Eight pieces of 4
mm? from the central part of young blades
were used. . The height of callus was mea-

sured with a micrometer under the micro-
scope.

Results and Discussion

Callus-like cells were produced in 1-3 cell
lines on the cut edge of a piece of single-cell-
layered blade after 4 days in culture (Fig.
1B). They were hemispherical and larger
than the original blade cell. They had a few
small pigments and were transparent and pale
yellow (Fig. 1C). These callus-like cells were
similar to the callus cells just before differenti-
ation from explants of large natural plants in
Ecklonia cava (Notoya and Aruga 1989, 1991a,
Notoya 1990), Eisenia bicyclis (Notoya and

Fig. 1.
sporophyte of Eisenia bicyelis cultured for three weeks after fertilization at 15°C and 4000 lux (14 L : 10 D). (B) A

piece of a single-layered part of young sporophyte after four days in culture.

Tissue culture from young sporophyte explants of Eisenia bicyelis (Kjellman) Setchell. (A) A young

(C) Enlarged callus-like cells

developed on the cut edge of the explant. (D) A piece of the lower part of a sporophyte cultured for a week. (E) A

piece of the lower part of a sporophyte cultured for three weeks.

sporophyte piece and cultured for a week.

(G) Primordia of blade-like sporophytes.
sporophytes three weeks after the separation of callus from the sporophyte piece.

(F) Mass of callus cells separated from the
(H) Developed young
Bars, 100 #m in (B)-(H).
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Fig. 2.

Growth of callus at different tempera-
tures and light intensities (from left to right 1000,
2000, 4000 and 8000lux at each temperature).
Columns shaded on the top indicate the formation
of blade-like sporophytes from callus. Vertical lines
for half the standard deviation.

Aruga 1990b), Laminaria japonica (Kirihara et
al. 1991) and Undaria pinnatifida (Notoya and
Aruga 1991b).

In the lower part of a blade of young sporo-
phyte tissues were partly single- and partly
multi-cell-layered. After eight days it was ob-
served that the callus-like cells were arranged
in single-cell-layer on the single-cell-layered
part and in multi-cell-layer on the multi-cell-
layered part of the blade piece (Fig. 1D). Af-
ter two weeks, massive callus cells were ob-
served to have propagated vigorously from
the multi-cell-layered part of the blade, but
not many callus cells were produced from the
single-cell-layered part of the blade (Fig.
1E). After three weeks, these clumps of cal-
lus cells were separated from the original
piece of blade explant and transferred to the
culture under a high light intensity of 12000
lux (Fig. 1F). Two weeks after separation
from the original explant, primordia of blade-
like sporophyte differentiated from the callus
(Fig. 1G). In addition, irregularly shaped
blade-like plantlets with transparent rhizoidal
cells were observed on the mass of callus (Fig.
1H).

The growth of callus at various tempera-
tures and light intensities was compared in

Fig. 2. After 4 days the height of callus was
not greatly different at each light intensity
from 10 to 20°C, while at 25°C it was smaller
than that at 10-20°C. After eight days, the
size of callus increased at 15 and 20°C, espe-
cially at 1000 lux. The highest growth of cal-
lus was attained at 20°C and 1000 lux after
sixteen days. The calluses grew well also at
10°C under all the light intensities and at
15°C and 1000 lux. The differentiation of
callus cells to blade-like plantlets was ob-
served at 15°C under 2000-8000 lux, at 20°C
under 2000-8000 lux and at 25°C under all
the light intensities. Thus, it is clear that the
growth of callus was fast at lower tempera-
tures and lower light intensities, and the cal-
lus differentiated to blade-like plantlets at
higher temperatures and higher light intensi-
ties in this species.
tained with explants from the natural materi-
al in Eisenia bicyclis (Notoya and Aruga
1990Db).

Two types of differentiation have been
reported in the tissue culture from young
sporophytes of Laminariales; sporophytes
were produced directly from the callus (Saga
et al. 1978, Notoya and Aruga 1991a) and by
fertilization of aposporously formed male and
female gametophytes (Notoya and Aruga
1990a). In the present culture experiment of
young sporophyte explants in Eisenia bicyclis
the callus differentiated directly to young
sporophytes.

The manner of differentiation of callus cells
produced from the young sporophyte explant
in the present experiment was similar to that
of callus cells produced from the explant of
natural materials of Ecklonia cava and Eisenia
bicyclis (Notoya and Aruga 1989, 1990b). In
such a way like this the callus can be produced
easily and differentiate to sporophytes in a
very short period of culture. Thus, it is sug-
gested that the present procedure for tissue
culture is useful for seed production of
Lamiariales plants.

Similar results were ob-
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