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Genetic transformation of graminaceous plants has been mainly conducted by directly introducing
foreign genes into their protoplasts by means of electroporation” or polyethylene glycol treatment.'®
In these methods, plant regeneration from protoplasts is a prerequisite for producing transgenic plants.
However, the inability of protoplasts of many monocotyledonous plants to regenerate into plants makes
it difficult to generalize these methods in a broad range of monocotyledonous species. Therefore, the
substitutive method such as a microprojectile bombardment® has been developed and applied to direct
delivery of foreign genes into monocotyledonous plant materials.?*® Recently the authors reported the
transient expression of foreign gene introduced into barley coleoptile cells by microinjection and discus-
sed the possible application of coleoptile tissues to a production of transgenic barley.® In the present
paper, therefore, callus induction and plant regeneration from coleoptile tissues are described in order
to complete the coleoptile system of barley. The progress of these methods would make it possible to
produce transgenic plants in a broad range of monocotyledonous species in which protoplast regeneration
is difficult.

Seeds of barley (Hordeum wulgare L. cv. Kobinkatagi) were soaked in 70% ethanol for 30 sec,
followed by 2% sodium hypochlorite for 2 min with continuous shaking, and rinsed several times with
sterile distilled water. Surface-sterilized seeds were germinated at 20°C on water-moistened filter paper
in a Petri dish. Germinating seedlings were transferred to agar-solidified plates supplied with sterile
chemical fertilizer (1000-fold diluted Hyponex) and incubated at 20°C under a continuous illumination
of 5,000 lux. After 10 days of incubation, coleoptiles were excised from primary leaves and transferred
to Murashige-Skoog® (MS) medium supplemented with various concentrations of growth regulators, and
adjusted to be pH 5.8 with 0. 1 N NaCl before autoclaving. The regulators used in the present study
were 2, 4-dichlorophenoxyacetic acid (2,4-D) and a-naphthaleneacetic acid (NAA) as auxin, and 6-
benzylaminopurine (BA) and kinetin (K) as cytokinin. To evaluate the role of auxin and cytokinin
on callus induction and plant regeneration, an experiment was designed with all 54 possible combina-
tions of nine different concentrations (0, 0.1, 0.5, 1.0, 1.5, 2.0, 3.0, 5.0, and 10. 0 gg/ml) of auxin
and six concentrations (0, 0.01, 0.05, 0.1, 0.5, and 1.0 ug/ml) of cytokinin.

It has been generally recognized that synthetic auxin such as 2, 4-D or NAA is effective for inducing
callus tissues from different explants of graminaceous species.!’” In the present study, therefore, the
effects of mainly 2, 4-D and NAA were examined. Callus induction from coleoptile tissue was observed
in a broad range of 2,4-D concentrations (1.0-10.0 gg/ml), with no relation to concentrations of K
or BA combined, and even in the absence of cytokinin. Vigorous growth of callus tissues was obser-
ved especially when they were cultured with 1. 0-0. 05, 1. 0-0. 1, 1. 5-0. 5, 2. 0-0. 1, 3.0-0. 1, 3.0-0. 5,
5.0-0. 05, and 10.0-0.05 pg/ml of 2,4-D and K. Callus tissues were not induced, however, when
coleoptile explants were cultured with the medium in which 2,4-D was replaced with NAA.

Jelaska et al.®® and Rengel and Jelaska® examined the regeneration of callus tissues derived from
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mesocotyl and apical meristem of barley, and reported that a transfer of 2, 4-D-induced callus tissues
to a regeneration medium containing 2, 3, 5-triiodobenzoic acid was necessary to initiate the shoot forma-
tion. In the present study, however, the transfer of callus tissues to a regeneration medium was not
an essential step. Induced callus tissues were cut into small pieces (5 mm diameter), transferred to the
fresh same medium at an interval of 20 days, and subcultured till some morphological changes were
observed. Greening spots were frequently formed when callus tissues were subcultured for 3-4 passages
with 3.0 gg/ml 2,4-D and 0.1 gg/ml K. Under this condition, 2-3 greening spots were formed in
80-85% of callus tissues excised. Greening spots differentiated shoots after incubation of a further
10-15 days (Fig. 1 A). The regenerative capability of coleoptile-derived callus tissues was stably main-
tained during successive subcultures for at least 3 months.

Root initiation was observed by transferring leaf-developing shoots to growth-regulator-free MS me-
dium (Fig. 1B). Regenerated plants were transplanted to soil and acclimated in a moist chamber
for a few days. Figure 1 C shows regenerants forming ears under the field condition. These regener-
ants produced and maturated viable seeds 2 months after planting. v

The present study demonstrated that the combination of 2, 4-D and K is effective for plant regenera-
tion of coleoptile-derived callus tissue of barley. In addition, the authors evaluated the effect of these

Fig. 1. Plant regeneration of callus tissues induced from barley (F. vulgare L.
cv. Kobinkatagi) coleoptile.
A : Shoot differentiation from greening spot formed in callus tissues
(with MS medium containing 3. 0 gg/ml 2, 4-Dand 0. 1 ug/ml K). Arrow
indicates greening spot which does not differentiate shoot. B: Root
formation of shoot in growth-regulator-free MS medium. C: Regene-
rated plant forming ear under the field condition.
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growth regulators on the callus induction and plant regeneration from explants obtained from different
tissues. With the present combination of both growth regulators, callus tissues were similarly induced

from mature embryo and germinating seeds, and regenerated into shoots. These results suggest that
different tissues of Kobinkatagi would be commonly depend on 2, 4-D and K to produce callus tissues
and redifferentiate shoots.
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<FOXEH>

I LFTEBH NV A D OEDIEREE
BEWFHE, NHBR, WMEREA ek, BRI
hxREF, MEEE BREA, FHEL, KAKE
A RS
AFAXOFEREAER EL, 20024 OMMERBNHEEZRMLI MS BHITHERLT,

H oV REEDEERFEED I D OREBEHEEBE Ule, £0RE, FENIOONIVAFHFEL, 2,4-D &
HAXFVERE L DBRETRMUCERR THEIN, s & O BRENTERES & Tk
/N 5D shoot FEERICIE, 3.0 ug/ml @ 2,4-D & 0.1pug/ml DA A 2 F VEMAEDSE - &
SBRITTH -7, HVAHBOEMEBEIEHARBKA U E O HELUTRE S h, RIBIERREE
WEARMUBWERCBET 2 2 ETCEBICHFEES N, REF CEICEAUERE, JHLEEED
TEBELETTERICEEL, FNMor 0 ABETAELENTE.



