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An efficient method for plant regeneration from suspension cultures of onion was studied. For callus induc-
tion, sterilized seeds were inoculated on solid MS medium supplemented with 50 4M 4-FPA, 1 M 21iP, 1g/!
casein hydrolysate and 0.1 M sucrose. For suspension culture, callus was mechanically disaggregated and
transferred into liquid MS medium with 10 mM MES added, and placed on a rotary shaker. Suspension cultures
were routinely subcultured, After pre-culture in liquid medium which increased sucrose concentration to 0. 2 M,
two types of cell clumps developed, a deep yellow, small type, and a light yellow, large type. The large type
showed higher regenerative ability than the small type. Frequent regeneration of plantlets occurred on solid
MS medium supplemented with 1-5 xM 2 iP. Regenerated plantlets developed to whole plants.

Introduction

In many crops, establishment of efficient techniques for plant regeneration through cell suspension
cultures are important for future breeding based on somaclonal variation, cell selection, cell fusion
and DNA transfer.

In the genus Allium, including many important vegetable crops, there are several reports of plant
regeneration from suspension cultures of many important vegetable crops, such as garlic(A.
sativum) P, Chinese chives(A. tuberosum)®, Welsh onion(A. fistulosum)*®, and A. fistulosum X A.
cepa interspecific hybrid®. Furthermore, Buiteveld and Creemers-Molenaar®, and Schum et al.”
reported plant regeneration from protoplasts isolated from suspension cultures of leek (A. porrum).

However, in onidn(A. cepa), there has been no report of successful whole plant regeneration from
suspension cultures. Fridborg®, Nandi ef «/.”, and Nakashima'® reported the formation of only
roots, whereas Song and Peffly® reported the formation of only shoots from suspension cultures.
Likewise, Hansen et al.'” also reported shoot formation from suspension culture-derived proto-
plasts as well as suspension cultures; in no case have whole plants been recovered.

In the present study, we report whole plant regeneration from suspension cultures of onion.

Materials and Methods

Mature seeds of onion(Allium cepa L.)c.v. ‘Momiji’ (Shippo Seed Co., Ltd.) were used for callus
induction. Seeds were surface sterilized in 709 ethanol for 10 min. followed by agitation in 3. 5%
sodium hypochlorite for 15 min. and rinsed 3 times in sterile distilled water. The seeds were
inoculated on MS'? medium supplemented with 50 M 4-fluorophenoxyacetic acid (4-FPA), 1 M
N¢(2-isopentenyl) adenine (2 iP), 0. 1 M sucrose, 1 g// casein hydrolysate and 0.2% Gellan Gum.
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The hormone treatments in this medium were founded on preliminary experiments. The cultures
were placed under continuous fluorescent light (below 1, 000 1x)at 25°C.

After 2 months of culture, calli have formed and were cut into pieces. Using a stainless steel
mesh (1 mm) placed on the top of a funnel, the callus pieces were strained by mashing with a spatula.
Approximately 400-500 mg of strained callus were transferred to 100 m/ Erlenmeyer flasks with 30
m/ of liquid MS medium supplemented with 50 xM 4-FPA, 1 M 2iP, 0. 1 M sucrose, 1 g// casein
hydrolysate and 10 mM 2,- (N -morpholino) -ethane sulfonic acid(MES). MES was used for the
pH stability'®. The cultures were placed on a rotary shaker at 100 rpm under the same conditions
as before. The suspension cultures were routinely strained and subcultured every 20 days. After
1-3 subcultures, cell clumps were transferred to 200 m/ Erlenmeyer flasks containing 80 m/ of liquid
pre-culture medium, with the sucrose concentration increased to 0. 2 M. The cultures were again
placed on a rotary shaker under the same conditions.

After 30 days of pre-culture, cell clumps with 1-3 subcultures were transferred to test tubes
containing MS regeneration medium, which was supplemented with 1 ¢M 2iP, 0. 1 M sucrose, 1 g/
[ casein hydrolysate, 10 mM MES and 0. 2% Gellan Gum. To investigate the effects of cytokinins
on plantlet regeneration, various concentrations of cytokinins [2iP, 6-benzyladenine (BA)or 6-
furfurylaminopurine (kinetin) Jwere added to hormone free MS medium supplemented 0.1 M su-
crose, 1g/l casein hydrolysate, 10 mM MES and 0.2% Gellan Gum, then cell clumps with one
subculture were transferred onto those regeneration media. They were cultured under continuous
fluorescent light (3, 000 Ix)at 25°C.  After 12 weeks of culture on regeneration media, the number
of cell clumps with regenerated plantlets was counted. Frequency of plantlet regeneration was
defined as the percentage of cell clumps with plantlets per total number of cell clumps counted.

The regenerated plantlets were transferred to 500 m/ culture bottles containing hormone free
solid MS medium supplemented with 0. 1 M sucrose. After 3-5 weeks, well developed regenerants
were transferred to pots containing vermiculite. - The plants were covered with polyethylene bags
to keep the humidity high. After 4-5 days, the bags were partly opened and 2 weeks later the bags
were removed. The acclimatized plants were then transferred to a greenhouse.

All media were adjusted to pH 5. 8 prior to autoclaving (121°C; 15 min.). Cytokinins were added
prior to sterilization, 4-FPA was filter sterilized and added to the media after autoclaving.

Results

Callus formation was initiated around the radicle after seed germination on MS dedifferentiation
medium. The frequency of callus formation was 569 (No. of calli induced per No. of seeds
inoculated). The callus induced was light to moderate yellow in color (Fig. 1-A), and not friable
enough for liquid culture. In a preliminary experiment, it was found that in liquid culture calli did
not disintegrate to form free cells or small cell clumps. Similar reactions of callus in liquid culture
of onion were reported by Fridborg® and Nandi et a/.® To get small clumps, callus had to be
mechanically disaggregated by strainning (Fig. 1-B).

After 20 days of suspension culture, the increase in cell volume was approximately 2.5 fold.
After 30 days of pre-culture, two types of cell clumps had developed, a deep yellow and small (about
2 mm diameter)type (DS type), and a light yellow and large (about 5 mm diameter) type (LL type)
(Fig. 1-C). Both types of clumps were transferred onto regeneration medium (the LL type clumps
were then broken into 2-4 pieces, and one piece was transferred to each test tube.).

Table 1 shows how the clump type and the duration of subculture affects plantlet regeneration.
Plantlets were regenerated directly from both types of clumps on the regeneration medium. The
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Fig.1 A : Callus formation after 2 months of culture.
B : Suspension culture initiation.
C : Two types of cell clumps developed after 30 days of pre-culture(1: DS type clumps;
2: LL type clumps).

D : Plantlets regenerated from suspension cultures.

E : Well developed regenerants in the 500 m/ culture bottle.

F : Acclimatized plants growing in the green house.

Bars in photographs indicate 1 cm.
regeneration frequencies of LL type clumps were higher than that of DS type clumps, and the most
frequent plantlet regeneration(73. 3%) was observed in the LL type subcultured only once. In DS
type clumps, there was no significant difference in regeneration frequency during 1-3 subcultures.
However, in LL type clumps, successive subculturing lowered the regeneration frequency (28. 09 for
3 subculturing).

Table 2 shows how cytokinins affected plantlet regeneration from suspension cultures(LL type
clumps with one subculture were used in this investigation). For plantlet regeneration, 2 iP was
superior to BA and kinetin, and the highest regeneration (75%)was observed at 1-5 M 2 iP.

When the clumps with regenerated plantlets (Fig. 1-D)were transferred to hormone free MS
medium in 500 m/ culture bottles, regenerants were well developed (Fig. 1-E). A total of 117 well-
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Table 1. Effects of cell clump type and frequency of subculture on
plantlet regeneration from suspension cultures.

Frequency of plantlet

Number of subcultures*! regeneration (%) **

DS*3 LL*B
1 9.3a* 73.3a
2 17. 3a 53. 3ab
3 12. 0a 28.0b

Each treatment consisted of 3 replicates, and each replicate consisted of

25 test tubes containing one cell clump.

*1 Cell clumps were subcultured every 20 days.

*2 (Number of cell clumps with plantlets/total number of cell clumps) X
100.

*3 DS: deep yellow and small type clumps.
LL: light yellow and large type clumps.

*4 Values within column followed by different letters are significantly
different at 5% level by Duncan’s multiple range test.

Table 2. Effects of cytokinins at variable concentration on the regeneration
of plantlets from suspension cultures.

Frequency of plantlet

Cytokinins Concentration (M) repeneration (%) **
Hormone free 0 50. Obc*?
2iP 1 75. 0a

5 75. 0a
10 60. 0abc
BA 1 66. 6ab
5 58. 3ab
10 38. 3¢
Kinetin 1 43. 3c
5 48. 3bc
10 55. 0abc

The LL type clumps with one subculture were transferred to each regeneration

medium.

Each treatment consisted of 3 replicates, and each replicate consisted of 20 test

tubes containing one cell clump.

*1 (Number of cell clumps with plantlets/total number of cell clumps) X 100.

*2 Values within column followed by different letters are significantly different at
5% level by Duncan’s multiple range test.

developed regenerated plants derived from 50 cell clumps were transferred to pots in the culture
room for acclimatization. Ninety-one plants were successfully transferred to a greenhouse, and
these regenerants showed normal growth and appearance (Fig. 1-F). After 4-6 months, the bulbs
of regenerants were harvested.

Discussion

Fridborg®, Nandi et al.”, Nakashima'®, Ping and Peffley®, and Hansen et a/.'? used 2, 4-dichloro-
phenoxyacetic acid(2, 4-D)as the auxin source in onion tissue culture, but they did not obtain
regenerated whole plants through liquid culture. On the other hand, Phillips and Luteyn'* reported
that picloram was superior to 2, 4-D for callus culture and subsequent plant regeneration of onion.
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In preliminary experiments, we also used picloram for callus induction and suspension cluture.
However, the frequency of plantlet regeneration from suspension cultures was low(data not
shown). In these experiments, 4-FPA was used for callus induction and suspension culture of
onion, which led to a high frequency of plantlet regeneration from suspension clutures. Thus, 4-
FPA is considered to be the auxin of choice for onion tissue culture.

The frequency of plantlet regeneration varied remarkably depending on cell clump type and the
frequency of subculture. The LL type clumps showed higher regenerative ability than DS type
clumps. However, the ability of LL type clumps to regenerate plantlets decreased with successive
subcultures. In many higher plants, it is generally true that the ability of cultured cells to
differentiate decrease with increasing duration of subculture. However, Ozawa and Komamine!®
reported for certain rice (Oryza sativa)cultivars that the ability of cultured cells for differentiation
was maintained by improvement of culture conditions. Therefore, it may be possible to maintain
the regenerative ability of onion cells in tissue culture.

Cytokinin was not necessary for plant regeneration, but the addition of 1-5 #M 2iP to the
regeneration medium stimulated the regeneration of plantlets. In previous reports, Fridborg®, and
Dunstan and Short'® obtained shoots regenerated from onion callus on the differentiation medium
containing 21iP. Thus, we suggest that 2 iP is an effective cytokinin for regeneration in onion.

In this paper, we demonstrate successful whole plant regeneration from suspension cultures of
onion. This method of plant regeneration from suspension cultures may be useful for mutant
selection. Furthermore, the suspension cultures may be a good starting material for the isolation
of totipotent protoplasts. )
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