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ABSTRACT

Immature intlorescences and young seedlings of onion were
used as sources of explants for callus formation and plant regeneration
in vitro. Inflorescence explants were cultured on Murashige and
Skoog's (1962) medium (MS) containing 0.0, 0.3, 0.6 or 1 mg/] of
benzyladenine (BA), kinetin or isopentenyladenine (2iP) with 0.01
mg/l naphthaleneacetic acid (NAA). Florets were cultured on MS
medium containing 1.5 mg/l BA. Callus was induced from
inflorescence  explants and florets on callus-induction medium
composed of MS containing 2 mg/l 2.4 ichlorophenoxyacetic acid
(2,4-D) , 0.5 mg/I NAA, 0.5mg/l kinetin, 200 mg/I casine hydrolysate
(CH). 200 mg/l glutamine and 5 mg/l silver nitrate. Callus was
produced from onion seedlings which were germinated on callus-
induction medium and from roots which were excised from young
seedlings that were germinated on MS medium. All produced callus
was transferred into shoot-regeneration medium composed of MS
containing 0.3 mg/l BA. These shoots produced roots in MS medium
containing 0.1 mg/l indolebutyric acid (IBA). Bulb induction was
investigated using MS medium containing 30, 60 or 90 g/l sucrose; 20
mg/l salicylic acid (SA); 5 mg/l jasmonic acid (JA)and 1000 mg/l
CH. Rooted shoots and produced bulbs were transferred into soil and
normal phenotypic plants were successfully established in soil.
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1. INTRODUCTION

Onion (Allium cepa L.) 1s considered one of the most
important vegetable crops which is cultivated all over the world
(Yamaguchi, 1983). Egypt is one of the leading countries in onion
production, most of the production is exported. Tissue culture has the
potential to improve plant characteristics through callus formation and
plant regeneration.

Onion inflorescences are excellent materials for plant
regeneration, since they are easier to surface sterilize compared to
under-ground parts (Mohamed-Yasseen, 1999). Dunstan and Short
(1979) were the first to use inflorescence of onion in tissue culture.
Mohamed-Yasseen et al., (1993, 1995) produced multiple shoots from
*Sweet Spanish’using thidiazuron. This paper describes the effect of
three different cytokinins, BA, kinetin and 2iP, on organogenesis from
inflorescence explants obtained from ‘Red Behiri’, an Egyptian
cultivar. In addition, it investigates callus induction from
inflorescence, roots and seedlings as well as plant regeneration from
produced callus.

2. MATERIALS AND METHODS

2.1. Source of explants

Onion seeds of the Egyptian cv. Red Behiri were obtained
from the Horticultural Research Center at Giza. Onion plants were
grown in a shadehouse at the Genetic Engineering and Biotechnology
Research Institute, Sadat City. Minufiya. Immature inflorescences
were collected in April and May, 1999, 2000 and 2001. All
experiments were conducted at the above menticned institute.

2.2. Explant preparation

Immature inflorescences were surface-sterilized with 0.79%
(v/v) sodium hypochlorite, with two drops of Tween, for 15-20 min
then rinsed three times in sterile distilled water. Each inflorescence
was trimmed about 6-§ mm above the peduncle stem and divided
longitudinally into four equal sections, herein called explants, prior
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culture in vifro. For callus formation from florets, they were excised
from immature inflorescence with approximately 0.3 mm of pedicel
prior culture on callus-induction medium.

Onion seeds were surface sterilized with 0.1% (w/v) mercury
chloride, with two drops of Tween, for 10-12 min then rinsed in sterile
distilled water. Seeds were, thereafter, surface-sterilized with 0.79%
(v/v) sodium hypochlorite for 15-20 min and rinsed three times in
sterile distilled water.

2.3. Culture in vifro

Inflorescence explants were placed on 25 ml of culture media in
55-ml culture tubes and sealed with clear plastic polypropylene lids
(Sigma, Saint Louis, MO). Produced shoots were then separated and
placed on 25 ml of culture in 150-or 300-ml jars and sealed with clear
plastic polypropylene lids. For callus formation, all explants were
cultured on callus-induction medium in 150-or 300-ml jars and sealed
with clear plastic polypropylene lids.

2.4. Direct shoot formation from inflorescence explants

Shoot-induction medium was composed of MS medium
supplemented with 30 g/l sucrose, 8 g/l agar (Bacto-agar, Difco,
Fisher, Chicago, IL) and supplemented with 0.0, 0.3, 0.6, 1.0 mg/l BA
with 0.01 mg/l NAA; 03, 0.6, 1.0 mg/l kinetin with 0.01 mg/l NAA or
0.3, 0.6, 1.0 mg/l 2iP with 0.01 mg/l NAA. Explants were also
cultured on MS supplemented with 90 g/l sucrose alone or with 5g/l
activated charcoal (AC). Shoots were produced from inflorescence
explants after six to eight.weeks from culture. Produced shoots were
then separated and used for bulb induction, rooting or further
proliferation. Shoot proliferation medium was composed of MS
medium supplemented with 30 g/l sucrose, 8 g/l agar and 0.5 mg/l
BA.

2.5. Two-step shoot formation from inflorescence explants
Inflorescence-explants were first cultured on callus-induction
medium composed of MS medium supplemented with 30 g/l sucrose,
2 g/l gelrite, 2 mg/l 2,4-D, 0.5 mg/l NAA, 0.5mg/] kinetin, 200 mg/l
CH. 200 mg/l glutamine and 5 mg/l silver nitrate. Explants were
maintained in the dark on callus-induction medium for 10-12 weeks.
Produced callus was then transferred into shoot-induction medium
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composed of MS supplemented with 30 g/ sucrose, § ¢/l agar and 0.2
mg/l BA,

2.6. Direct shoot formation from florets
Florets were cultured on MS medium supplemented with 30 ¢/1
sucrose, 2 ¢/l gelrite and 1.5 mg/l BA.

2.7. Two-step shoot formation from florets

Florets were cultured on callus-induction medium. Callus was
maintained for 12-14 weeks in the dark prior transfer to shoot-
induction medium.

2.8. Callus induction and shoot regeneration from seedlings
2.8.1. Direct callus formation from seedlings

Onion seeds were germinated directly on callus-induction
medium.

2.8.2. Callus induction from seedling roots

Onion seeds were germinated in 55-ml culture tubes, each
containing 25 ml of MS medium supplemented with 30 g/l sucrose.
and 8 g/l agar. Roots were excised from 35-7 week old scedlings.
Roots were cut into small segments, approximately 20-30 mm in
length, and cultured on callus induction-medium.

2.9. Bulb induction

Bulb-induction medium was composed of MS supplemented
with 30, 60, 90 g/l sucrose, 1 mg/l BA. 20 mg/1 salicylic acid, 5 mg/l
jasmonic acid, 60 g/l sucrose and 1 mg/lBA, 60 g/l sucrose and 20
mg/l salicylic acid, 60 g/l sucrose and 5 mg/l jasmonic acid and 60 o/l
sucrose and 1000 mg/1 casein hydrolysate.

2.10. Media and cuiture conditions

Media pH was adjusted to 5.7 with potassium chloride after
adding growth regulators but before adding agar. Growth regulators
were added before sterilization in an autoclave at 121 °C and 98 KPa
for 20 min. Cultures were maintained underan 18 hr photoperiod
(cool white fluorescent light, 40 umolm-2s-1) and 28 °C except callus
cultures which were maintained in the dark.
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7.11. Rooting and transfer to soil

Produced shoots were rooted in root-induction medium
composed of MS supplemented with 30 g/l sucrose. 8 g/l agar and |
mg/l TAA.

Rooted shoots were planted in 165 cm” plastic pots filled with
autoclaved commercial potting soil (Agro Mix no. 2; Conard Fafard.
Springfield. Mass) and covered with glass beakers for 7-10 days.
Produced bulbs can be transferred  directly to soil without
acclimatization or may be stored under 4 °C for several months until
needed.

2.12. Experimental design

All experiments were analysed using a completely randomized
design. Twenty explanis were used in each experiment and each
experiment was repeated at least twice. Treatment means wcre
evaluated using Duncan’s Multiple Range Test (Duncan, 1955).

3. RESULTS AND DISCUSSION

Shoot proliferation occurred from onion inflorescence after
culture on MS medium without any additives or by the addition of
cytokinine.  The aumbers of produced shoots, shoot length and
percentage of explants producing shoots were generally influenced by
cytokinine type and concentration (Table 1). All explants produced
shoots even in the absence of cytokinine. The number of shoots
increased by increasing cytokinine concentration. The highest number
of shoots was obtained with 0.6 and 1 mg/l BA followed by 1 mg/l
kinetin. Number of shoots was medium with 0.3 mg/1 BA, 0.6 mg/l
Kinetin and 0.3 mg/l Kinetin. Shoots reached its lowest number on
media containing 2iP or free of growth regulators. Increasing sugar
concentration to 90 g/l considerably reduced shoot length. This might
be due to the increase of osmotic pressure of nutrient medium. The
highest percentage of explants producing shoots occurred with 0.6 and
1 mg/l BA and 1 mg/l kinetin. All concentations of 2iP and low
concentrations of kinetin gave a low percentage of explants that
produced shoots. High sugar concentration seemed to increase the
frequency of shoot proliferation from inflorescence explants.

Shoots were also produced from inflorescence through a two-
step process (Table 2). Inflorescence-explants were first cultured on
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callus-induction medium for 10-12 weeks prior transfer to the shoot-
induction medium. Inflorescence-callus produced high number of
shoots ( average3 +0.8 SD shoots/explant) upon transfer to shoot-
induction medium. However, the frequency of shoot regeneration
from inflorescence-callus was twenty percent. Shoot regeneration
from inflorescence derived-callus was a slow procedure and had less
frequency than the direct shoot proliferation. Nevertheless, shoot
formation from callus, has several beneficial applications such as
production of somaclonal variations and selection of plants with
desirable traits.

Table (1): Effect of type and concentration of cytokinine on shoot
proliferation from inflorescence of onion cv. Red Behiri.

Shoot Shoot % Explants

|

length producing
Medium composition number {cm) shoots
MS alone 14e? 1032 30
MS + 90 g/l sucrose 2.0 cd 6.3 be 70
MS + 90 ¢/l sucrose + 3 mg/l AC 2.0¢cd 45¢cd 70
MS + 0.3 mg/l BA+ 0.01 mg/l NAA 3.2 be 82a 50
MS + 0.6 mg/t BA+ 0.01 mg/l NAA 46a 7.5ab 100
MS + Img/l BA +0.01 mg/l NAA 48a 7.1ab 100
MS + 0.3 mg/] kinetin + 0.01 mg/Il NAA 3.0be 88a B0
MS + 0.6 mg/l kinetin + 0.01 mg/i NAA 3.1 be 8la 90
MS + 1mg/l kinetin + 0.01 mg/l NAA 42ab 72 ab 100
MS + 0.3 mg/1 2P + 0.01 mg/l NAA 1.8 de 89a 70
MS + 0.6 mg/l 2iP + 0.01 mg/l NAA 22cd 85a 70
MS + 1 mg/1 2iP + 0.01 mg/l NAA 26cd 82a 80
Z Means having the same lefiers are 0ot v different according 0 Duncan’s multipl

range test, P=0.05.

Shoots were produced from florets through callus formation on
BA or 2.4-D contzining medium. Florets produced green callus and
shoot primordia atter 8-10 weeks from culture under light prior transfer
to shoot-induction medium. Low perceniage of explants (1-3%)
produced shoots (Table 2). Although the frequency of shoot formation
was very low, flower culture had the potential for production of haploid
plants (Campion ef al., 1992) through gynogenesis. Moreover, cach
inflorescence of onion usually contains high numbers of flowers (30-45



flower per inflorescence).

Table (2): Callus formation and shoot regencration from inflorescence, florets and seedlings
of enion ¢v. Red Behiri. Data are presented as the mean (+ SE) based on twen ty
explanis per treatment.

_CuE-e _m?]ium Shootfexplant_m"/n_ﬁixaéhts o
producing shoots

Epe oi‘expl.ant

Inflorescence  callus induction medium

30208

20
Florets BA containing medium 1.5+0.2 3
Florets callus induction medium 1.0+0.3 I
Scedlings callus induction medium 1.2+02 5
Roots callus induction medium 0.0 0.0

Callus Wwas produced from onion seedli ngs germinated directly
on callus-induction medium and from root explants. Seediings
produced pale yellow callus, from root and basal stem areas, afier 12-
14 weeks from culture in the dark.Produced callus was transferred into
shoot-induction medium. Percentage of callus formation from
germinated seedlings on callus induction medium was 100 percent.
Produced callus was nodular and of an embryo-like structure,
however, only five percent of the callus produced shoots. Callus was
produced from root explants after 12-14 weeks from cuiture in the
dark. Percentage of callus formation from root explants was 15 and
shoot regeneration did not occur from root callus.

Bulb formation from onion shoots was affected by several factors
(Table 3). Bulb weight reached its maximum when sucrose
concentration was 60 and 90 g/l. The addition of BA did not seem to
have a significant effect on bulb weight, while SA and JA reduced bulb
weight.  SA and JA inhibited shoot and root length which could explain
the reduced bulb weight. CH did not increase bulb weight but increased
shoot and root length. High sucrose concentration 1s known to induce
bulb formation (Mohamed-Yasseen and Splittstoesser, 1992). SA and
JA were reported to induce bulb formation in garlic (Zel et al., 1997;
Xiong et al, 1999), however they showed no stimulatory effect on
onion bulb formation.
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Table (3): Effect of sucrose, BA, SA, JA and CH on onion bulb induction.

Mediam cor-position Bulb weight Shoot length Root length
{mg) {mmy} (rmm)

MS alone 140 ¢ 108 a 78 a4

MS + 60 g/l sucrose 445 b iTe 42¢

MS + 90 g/l sucrose 622a 22¢ 30d

MS + | mg/l BA 78 d 28¢ 35d

MS + 20 mg/l SA 92d 2o¢c 15e

MS +5 mg/lia 83d 24¢ 12¢

MS + 60 g/l sucrose ~ [ mg/l BA 330b 32c 284d

MS + 60 g/l sucrose + 20 mg/l SA 125¢ iBe l6e

MS + 60 g/l sucrose + 5 mg/l JA 87d 27c by

MS + 60 g/l sucrose + 1000 mg/I CH 338 b 75h 57h

Z peans having the same letters are not significantly different according to Duncan’s multiple
range test, P =0.05

Produced shoots from inflorescences, florets and seedling callus

were transferred to rooting medium and virtually all shoots produced

roots. Rooted shoots were transferred to soil and normal phenotypic

fertile plants were produced. Some shoots were also transferred to

bulb-induction medium. Bulbs can be stored for several months or
transferred directly to the soil.
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