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Callus induction and in vitro regeneration from barley mature embryos
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Abstract

We have assayed different combinations of nutrient media and growth regulators to induce callus and plant regeneration
from explants of root, shoot and leaf, complete seed, and isolated mature embryo of barley (Hordeum vulgare L.
cv. Hassan). The best results were obtained with mature embryo in J25-8 medium supplemented with 2.0 mg dm™
2,4-dichlorophenoxyacetic acid where about 75 % developed friable calli. Some 80 - 85 % of these calli regenerated
barley plants in the same J25-8 medium supplemented with 1.0 mg dm™ indole-3-butyric acid and 0.1 mg dm™ kinetin.
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A large number of plant species (monocotyledonous and
dicotyledonous) have been introduced into tissue culture.
Callus cultures capable of somatic embryogenesis are
possible in graminaceous plants when the explants
employed are “embryonic” in nature (Vikrant and Rashid
2003). Besides an embryonic explant, another
prerequisite for the initiation of an embryogenic callus
culture is relatively high concentration of a synthetic
auxin such as 2,4-D (Vikrant and Rashid 2003). Tissue
culture has several potential uses in barley and is an
important part of successful transformation procedures
(Wan and Lemaux 1994). However, one current
limitation in barley transformation is the poor
regeneration of modern cultivars (Bregitzer et al. 1998)
and most of graminaceous crops have problems in
establishing regenerable tissue cultures (Koprek et al.
1996).

Callus derived from immature embryo was
successfully employed to yield regenerated plants
(Bregitzer et al. 1998). However, regeneration from
embryo-derived callus from barley is controlled by
several genes (Komatsuda et al. 1989, Mano et al. 1996,
Bregitzer et al. 1998) and there is a large variability of
responses among different genotypes (Bregitzer 1992,
Baillie et al. 1993). Mature embryo has not been
investigated in detail because of the difficulty to obtain
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tissue cultures with high rates of plant regeneration. The
aim of the present work was to optimize the culture
conditions (medium, growth regulators) for callus
induction and regeneration of plants from different
explants of barley.

We have assayed the induction of callus from
complete seed, isolated embryo, and explants of root,
shoot and leaf of 7 and 14-d-old barley (Hordeum vulgare
L. cv. Hassan) grown on vermiculite in a growth chamber
(Martin et al. 1986). For each culture condition, 200
explants, 100 complete seeds (embryo with endosperm)
of no more than 3-year-old and 100 mature embryos
(from seeds previously sterilized and cut through the
root-shoot axis under sterile conditions to remove
endosperm) were sown.

Explants and seeds were washed in distilled water,
and then shaken in a 20 % (v/v) aqueous solution of
Domestos® (Lever Bros, London, UK) for 20 and 30 min,
respectively. After three washes in sterile water, explants,
seeds and mature embryos were sown on the solid culture
media: MS (Murashige and Skoog 1962), Bs (Gamborg
etal. 1968), Ny (Chu 1978), SH (Schenk and Hildebrand
1972) and J25-8 (Jensen 1977). Unless otherwise noted,
the media were supplemented with 250 mg dm™ casein
hydrolysate, 30 g dm™ sucrose and 0.8 % (m/v) agar. The
pH was adjusted to 5.8. Cultures were maintained
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at 25 °C under a 16-h photoperiod with irradiance of
20 W m* (white light) or in the dark. We have studied the
morphogenetic effects on these explants of different
combinations of growth regulators: a-naphtalene acetic
acid (NAA) and kinetin (KIN) (1.0 and 2.0 mg dm” for
each one), and 2,4-dichloro-phenoxyacetic acid (2,4-D)
(1.0, 2.0 and 3.0 mg dm”). In a few cases, the
concentration of growth regulators in the medium was
0.5 mg dm™.

No significant differences on callus induction were
found between light and dark incubation (data not
shown). Table 1 shows the percentages of callus
induction of cultures in the dark only for those growth

regulator applications that induced callus in at least one
plant material. Ny and SH media did not induce callus in
any of the material assayed. No culture conditions
induced callus in leaf explants that became chlorotic 48 h
after sowing.

The MS medium supplemented with 2.0 mg dm™
2,4-D allowed the induction of callus from root (28.5 %),
shoot (23 %), seed (27 %) and mature embryo (35 %).
When MS medium was supplemented with NAA
(1.0 mg dm™) and KIN (2.0 mg dm™), callus was only
induced from root (18 %) and seed (20%). Although MS
medium with appropriate growth regulators was very
efficient in callus induction during the first two weeks of

Table 1. Effects of 2,4-D and NAA + KIN on callus induction from root, shoot, seed and mature embryo of barley on MS, Bs and
J25-8 media. The cultures were grown in dark. Indicated values are percentages of callus induced in respect of the number of samples

sowed (200 for explants and 100 for seeds and mature embryos).

Medium Growth regulators Root Shoot Seed Embryo
[mg dm”] [%0] [%0] [%0] [%]
MS 22,4-D 28.5 23 27 35
1 NAA + 2 KIN 18 0 20 0
Bs 224-D 0 0 19 0
324-D 12.5 0 0 0
J25-8 224D 35 0 37 75
Fig. 1. Establishment of callus and regeneration of barley plants from mature embryos in the dark (1: eight-day callus,

2 - 6: regenerated plants after 4, 6, 7, 9 and 10 weeks, respectively).
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culture, growth did not continue for more than four
weeks. On the other hand, Bs medium supplemented with
3 and 2 mg dm” of 2,4-D was efficient to induce
microcallus from root (12.5 %) and seed (19 %),
respectively (Table 1), but these cultures did not grow
more than one week. The highest percentage of callus
induction was obtained with J25-8 medium supplemented
with 2.0 mg dm™ 2,4-D. In these conditions, roots (35 %)
and complete seeds (37 %) were able to produce callus.
However, these calli grew slowly, they have barely
duplicated their masses after two months. When mature
embryos were placed on the J25-8 medium supplemented
with 2.0 mg dm™ 2,4-D callus induction was 75 % after
10 d of culture (Table 1). These conditions induced rapid
and green friable callus at white light and albino friable
callus in the dark. 3.0 and 4.0 mg dm™ 2,4-D further
increase callus induction and growth (results not shown).
However, to reduce the negative effect of high
concentrations of 2,4-D on plant regeneration (Gamborg
et al. 1968), we worked with 2.0 mg dm™ 2,4-D. Dark
and light grown calli were regularly subcultured after
4 weeks for at least 2 years.

To regenerate barley plants from callus obtained from
mature embryo, we assayed different combinations of
growth regulators. The highest percentage of regeneration
was obtained with IBA + KIN (1:10) supplemented to
J25-8 medium. Friable calli (4-week subcultured up to
2 years) were placed on J25-8 supplemented with
1.0 mg dm™ IBA and 0.1 mg dm™ KIN at 25 °C under a
16-h photoperiod (20 W m™; white light) or in the dark.
After one week rhizogenesis was detected in both albino
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