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In vitro regeneration of onion
through repetitive somatic embryogenesis
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Abstract

A reliable protocol for the regeneration of onion through repetitive somatic
embryogenesis was established. Embryogenic callus was derived from mature seeds
on Murashige and Skoog (MS) medium supplemented with 2 mg dm™ 2,4-dichloro-
phenoxyacetic acid (2,4-D). Somatic embryos aroused on the surface of calli cultures
and formed plantlets after the removal of 2,4-D or its substitution with 1 mg dm™
kinetin {Kin). Reculturing the somatic embryos on 2,4-D containing medium led to
sccondary embryos formation. The embryogenic cultures whlch were preserved for
five months on maintenance medium containing 2 mg dm™ 2,4-D + 0.5 mg dm” Kin
have retained their ability for regeneration, while those kept on 2.,4-I) only, failed to
form plantlets. Electrophoretic analysis of total soluble proteins revealed that the
competence for successful conversion of somatic embryos into plantlets is associated
with the expression of new set of proteins (112, 38 and 30 kD). The regenerated
plants were successfully transferred to the soil.
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Introduction

Although onion is the fourth largest vegetable crop throughout the world, there are
still limits for its introduction into tissue culture (Reynolds 1986). Proliferation of
callus from different explants of onion and subscquent plant regeneration via
organogenesis have been investigated by many workers, e.g. Dunstan and Short
(1979), Hussey and Falavigna (1980) and Phillips and Luteyn (1983). Abo-EI-Nil is
the first who reported somalic cmbryvgenesis for A, saeivien (garlic) in 1977 and
Dunstan and Short (1978) have reported somatic embryogenesis for onion, Recently,
Van der Valk et al. (1992) described a protocol for regeneration of onion through
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Abbreviation: 2,4-D - 2,4-dichlorophenoxyacetic acid; GA; - gibberellic acid; IAA - indole-3-acetic
acid; TBA - indole-3-butyric acid; Kin - kinetin; M$ - Murashige and Skoog; NAA - a-naphthalene-
acetic acid: SDS-PAGE - sodium dedocyl sulfate polyacrylamide gel electrophoresis.
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somatic embryogenesis from zygotic embryos explant and mentioned that significant
differences in regeneration potential from callus tissue existed among genotypes.
This means that the regenerative capacity of each genotypes should be individualty
investigated. Although, Schavemaker and Jacobsen (1995) developed a system for
¢yclic somatic embryogenesis regeneration system for leek, there are no reports
dealing with repetitive somatic embryogenesis in onion.

Thus, in order to ensure effective regeneration system for Egyptian onion, the aim
was to develop and optimize a method for regeneration of onion vig repetitive
somatic embryogenesis. Also, we attempted to characterize the regenerative
capacities of embryogenic cultures preserved in vitro using SDS-PAGE protein
profiles. This system has been already used to identify embryogenic cultures before
morphogenesis (Roberts ef /. 1989, Feirer and Simon 1991).

Materials and methods

Primary somatic embryogenesis: Seeds of Allium cepa L. cv. Giza 20 were obtained
from Horticulture Research Instifute, Ministry of Agriculture, Fgypt. Seeds were
surface sterilized in 70 % ethanol for 1 min followed by 50 % Clorox (5.25 %
NaOQCl) for 20 min and thoroughly washed with sterilized distilled water. Seeds were
placed onto different embryogenic media. These contained MS salts, BS vitamins
{Gamborg ef al. 1968), 0.7 % agar, 3 % sucrose and increasing levels of 2,4-D (from
0.5 to 3.5 mg dm™). pH was adjusted to 5.7 before autoclaving 20 min at 121 °C and
1.2 kg cm™. Five sceds were transforred to glass jar containing 25 em’ of
embryogenic media. Ten replicates were employed for each treatment. Cultures were
incubated in 18-h photoperiod, using cool white fluorescent lamps (irradiance of
25 pwmol w7 57y and media were refreshed at three weeks intervals. After 8 weoeks of
cultivation, percentage of explants (seeds) proliferated calli, fresh mass yield of the
protiferated calli and frequency of embryogenic calli among total proliferated calli
were recorded.

Germination of somatic embryos; Somatic embryos formed on the surface of
cembryogenic cultures were separated and planted onto conversion medium ie. MS
medium containing 1 mg dm™ Kin alone or in combination with 0.5 mg dm™ of IAA,
IBA, NAA and GA;. After 6 weeks, the percentage of germination and shoot length

were recorded.

Repetitive somatic embryogenesis: Callus pieces of 100 mg fresh mass containing
about five primary somatic embryos were recultured onto MS medium either with
2 mg dm” 2,4-D or 2 mg dm™ 2,4-D + 0.5 mg dm™ Kin (maintenance media), Five
replicates were employed for each medium. Growth rate {mg fresh mass per day) and
number of secondary embryos proliferated per piece of callus (explant) were monthly
recorded. For testing the regenerative capacity of embryogenic cultures preserved on
the two maintenance media, each month one replication was separated and
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transferred to outgrowth medium which was previously optimized and the percentage
of conversion of secondary embryos into plantlets was recorded.

Flectrophoresis: For SDS-PAGE analysis, protein of | g fresh callus tissue, taken
from the embryogenic cultures which were maintained for five months on either
2.4-D or 2,4-I> = Kin was extracted in Na-phosphate buffer, pH 6.8. Calli samples
used for protein analysis were morphologically similar. Electrophoresis was
performed according to Laemmli (1970} using 10 % acrylamide in the separating gel
and 3 % in the stacking gel. Protein samples (20 - 30 pg) in a total volume of
0.016 cm® (0.008 e¢m” of sample in extraction buffer + 0.008 cm® denaturing buffer)
were denatured for 3 min in boiling water bath; cooled; centrifuged and 0.015 cm’
was applied. Electrophoretic separation was carried out using EC mini gel unit at
60 V for 4 h. After electrophoresis, gel was stained with Coomassie brilliant blue
{R-250) and destained with high methanol solution. Molecular masses of polypeptide
bands were calculated from a calibration curve of low molecular mass marker kit of
Pharmacia (Uppsala, Sweden).

Results

Induction of somatic embryogenesis: The percentage of callus proliferation variad
between 5 % and 90 %, when the 2,4-D was added to the culture media in the range
from 0.5 to 3.5 mg dm™. The highest percentage of callus proliferation and frequency
of embryogenic callus was recorded on MS with 2 mg dm™ 2,4-D. However, the
number of somatic embryos per seed as well as the average fresh mass yield was the
highest on 3 mg dm™ 2,4-D (Table 1).

Table 1. Effect of various concentrations of 2,4-D on callus preliferation and induction of somatic
cmbryogenesis from seed explants of onion. Mean + SE: # = 10.

2413 Callus formation ~ Embryogenic callus Number of somatic  Fresh mass yield
fmg dm™] [%] [%] embryos pet seed  [g]

0.5 5 4 4£0.08 0.5+0.10

1.0 20 10 5+0.05 0.7 £0.30

1.5 50 40 8+0.11 1.0+£0.13

2.0 80 60 10+ 0.04 1.4 020

2.5 90 55 10+0.11 1.520.11

3.0 90 50 14+0.15 1.6 £0.40

3.5 77 55 15+ 009 1.3%£0.45

Conversion of somatic embryos: After cultivation of isolated somatic embryos on
different conversion media for six weeks, the highest percentage of somatic embryos
converted into plantlets (50 %) occurred in somatic embryos cultured on MS with
1 mg dm™ Kin and this percentage decreased to (40 %), when 0.5 mg dm” IAA is
added. The percentage of conversion depended on the type of auxin (IAA, NAA,
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IBA) or GA; added (Table 2). The h1ghest shoot length (6 cm) was observed on basal
MS medium. Addition of 0.5 mg dm” GA; in combination with 1 mg dm™ Kin
induced relatively high percentage of conversion (45) and shoot length (5 cm).

Table 2. Conversion of somatic embryos into plantlets, after six weeks of cultivation on different
conversion media. Mean = SE; »n=10.

Conversion Media Germination [%] Shoot length [om]
Basal MS medium 20 6.0+£0.10
MS + 0.5 mg dm™ Kin 30 3.04£005
MS + 1.0 mg dm™ Kin 50 3.5 £0.60
MS + 1.0 mg dm™” Kin + 0.5 mg dm™ IAA 40 4.0+ 0.20
MS + 1.0 mg dm” Kin + 0.5 mg dm” NAA 35 3.240.12
MS + 1.0 mg dm” Kin + 0.5 mg dm” IBA 45 454030
MS + 1.0 mg dm™ Kin + 0.5 mg dm™ GA, 45 504022

In vitre maintenance of embryogenic cultures: Primary embryos proliferated from
seed callus (embryogenic cultures) on 2 mg dm™ 2,4-D contammg medium (Fig. 1)
were subcultured on MS medium containing either 2 mg dm? 2,4-D or 2 mg dm
2,4-D + 0.5 mg dm” Kin. The growth rate of cultures on medium with 2,4-D was
higher than that of cultures on medium with 2,4-D + Kin (Table 3, Fig. 1). Similarly,
cultures on 2,4-D alone gave the highest number of secondary somatic embryos
throughout the five months of cultivation. However, the highest percentage of
somatic embryos converted into plantlets was observed in embryonic cultures
maintained on 2,4-D + Kin. The most striking observation is the failure of all
secondary somatic embryos on 2,4-D to convert into plantlets, after five months of
preservation on maintenance medium. On the other hand, 50 % of embryos preserved
for five months on 2,4-D + Kin were converted into plantlets. Generally, the
percentage of germination of somatic embryos was decreased as the period of
cultivation on maintaince medium increased.

Table 3. Effect of two maintenance media (MS with 2 mg dm™ 2,4-D or MS with 2 mg dm® 2,4-D
+ 0.5mgdm’® Kin) on the regeneration capacity of embryoegenic onion celtures preserved for five
months ir vitre (explant - primary embryos isolated from the embryogenic cultures) and growth rate
of secondary embryos. Mean + SE; n = 10.

Media MS +2,4-D MS + 2,4-D + Kin

Number of second. embryos  conversion growthrate  second. embryos conversion growth rate
subculturing, [number explant']  [%] [me(fm.) d'] [number explant’] [%] [mg(fm.)d"]
1 8 +£0.09 50 1.0 7+0.14 70 073

2 15+ 1.00 40 1.3 10£0.11 70 1.50

3 30+£0.10 34 2.7 20 0.30 63 222

4 38£0.20 10 2.6 27+0.20 60 225

5 40 £ 0.10 0 23 34 +0.90 50 2.20
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SDS-PAGE protein patterns of embryogenic cultures: The results of maintenance of
embryogenic cultures on either 2 mg dm™ 2,4-D or 2 mg dm™ 2,4-D + 0.5 mg dm™
Kin demonstrated that only somatic embryos maintained on Kin containing medium
were successfully developed into plantlets through normal outgrowth. The use of
SDS-PAGE protein patterns as a molecular marker to distinguish between the two
embryogenic cultures, illustrated that when the embryogenic culture was maintained
on MS + 2 mg dm™ 2,4-D + 0.5 mg dm™ Kin, three polypeptide bands (112, 58 and
30 kDa) were newly ecxpressed and their expression was confined to cultures

Fig. 1. Different stages of regeneration of onion plants via somatic embryogenesis: A4) Proliferation
of embryogenic callus on MS medium + 2 mg dm* 2,4-1; B,C, 13, k) Somatic embryos at ditterent
stages of development, i.c., globular (heart), torpedo, cotyledonary and multiple somatic embryos,
respectively; F) Isolated somatic embryos; G, H) Germination of somatic embryos; /) Onion plant;
J) Emhryngenic cultire maintained for five months on MS medium + 2,4-D + 0.5 Kin. Some
embryos were germinated on the maintenance medium.
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maintained on Kin containing medium (Fig. 2). Although the calli were similar in
appearance, the newly expressed proteins were not detected in cultures preserved on
2,4-D containing medium.
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Fig. 2. Protein profiles of onion embryogenic cultures preserved for § months onto maintenance
medium containing either 2 mg dm™ 2,4-D (lane 1) or 2 mg dm™ 2,4-D + 0.5 mg dm” Kin (lane 2)
and low molecular mass standard marker (lane 3). The black dots between lanes identify bands
discussed in the text.

Discussion

Previous reports dealing with regeneration in onion have been confined to either
organogenesis or direct somatic embryogenesis (Dunstan and Short 1978, Van der
Valk et al. 1992, Yassen et al. 1994, Pinto and Rodrigues 1995}, In the present study,
we have described a method for repetitive somatic embryogenesis in onien. 2,4-D at
concentration 2 mg dm® was found to be the optimum for proliferation of
embryogenic cultures, meanwhile cultures preserved on maintenance medium
contained 2 mg dm> 2,4-D + 0.5 mg dm” Kin showed the highest percentage of
secondary somatic emhryos converfed into plantlets. An obvious limitation to plant
transformation through direct somatic embryogenesis is the multicellular origin of
somatic embryos arising directly from explant (Williams and Maheswaran 1986). On
the other hand, embryos formed during repetitive emhryogensis can originate from
single cell and allows the propagation of transformed cells (Polito ef a/. 1989). The
successful role of Kin in recovering of plantlets from somatic embryos, observed
here, is in agrcement with the results of Saxena and King (1987) who found that the
frequency of somatic embryos formation is apparently enhanced by the presence of
cytokinins in callus induction medium.
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Some efforts have been made to investigate the relationship between the
biochemical status of in vitro cultured cells and tissues and their ability for
regeneration (Roberts ef af. 1989, Feirer and Simon 1991, Gybrgyey et al. 1991,
Fgertsdotter ef al. 1993). Most of previously published results identify some
categories of proteins associated with the regeneration capacity, However, it was also
stated that SDS-PAGE protein patterns did not discriminate between embryo forming
and proliferating calli (Feirer and Simon 1991). In the present study, variations in
SDS-PAGE protein patterns revealed the novel expression of high molecular mass
(112 kDa) and middle molecular mass (58 and 30 kDa) proteins by cultures on Kin
containing medium and their absence in cultures on 2,4-D containing medium. This
may be linked with successful development of somatic embryos into plantlets. Kin
may be considered the inducer of these set of proteins and or in vifro cultivation for
long time on 2,4-D may be the repressor of it. It may be concluded that the successful
germination of secondary somatic embryos preserved on Kin containing medium is
associated with the expression of new set of proteins.

Some worker observed the expression of new proteins during different
embryogenic stages. GyGrgyey er al. (1991) isolated novel 18 kDa protein during
cmbryogenic stages in alfolfa. Recently, Hendriks and Varies (1995) detected a group
of proteins (54, 47, 38, 32 and 10 kDa) in embryogenic cultures of carrot and Saker
(1995) has detected 110 and 85 kDa proteins in somatic embryos of pea produced
from immature cotyledon explants on 2 mg dm? NAA, However, somatic cmbryos
produced on 1 mg dm?® 2.4-D failed to synthesize these two proteins and failed to
develop into planlets.
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