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Abstract

The present study reports on optimizing protoplast isolation and fusion in two garlic cultivars ‘Balady’ and ‘Seds 40’.
Protoplast density and viability were investigated in four different explants (etiolated and green parts of the pseudostem and
lower and upper parts of the leaves) under enzyme incubation for 1, 2, 3 and 4 h. Among different explants, used for
protoplast isolation in Balady cultivar, the upper and lower parts of the leaves produced the highest number of total
protoplasts (70 and 66 pps/0.1 ml) at 4 and 3 h enzyme incubation, respectively. However, the etiolated part of pseudostem
produced the highest number of viable protoplast in which 52.5 pps/0.1 ml were obtained at 3 h enzyme incubation. For
protoplast isolation in Seds 40 cultivar, the highest number of total protoplasts (125 and 107.5 pps/0.1 ml) as well as viable
protoplasts (105 and 107.5 pps/0.1 ml) was obtained from the etiolated and the green parts of pseudostem, respectively. The
cultivar ‘Seds 40’ yielded higher total and viable protoplasts than Balady cultivar. Isolated protoplasts of ‘Seds 40’ and
‘Balady’ were fused successfully at a protoplast density of 1 × 105 using either physical and/or electrical method.
Optimization of the source of plant material as well as protoplast isolation conditions for garlic is a crucial step towards a
successful protoplast fusion and subsequent colony formation.

Introduction
Garlic (Allium sativum L., Liliaceae) is an important and
widely cultivated crop which is known for its culinary and
medicinal use. Garlic has been cultivated vegetatively
because of its sexual sterility. Vegetative Propagation of
garlic is achieved through division of the ground bulbs
and/or aerial bulbs. Therefore, the multiplication rate is fairly
low. Many of the elite garlic cultivars are susceptible to
diseases caused by viruses, nematodes and fungi and they
suffer from insect pests (Davies, 1994; Verbeek et al., 1995).
Improvement of garlic through breeding programs is limited
due to difficulties of inducing flowering and the absence of
sexual reproduction which impoverishes garlic’s genetic
variability (Fellner, 1995; Barandiaran et al., 1999). Garlic
regeneration from protoplasts has been considered as a
prerequisite step to overcome the problems involved in
sexual reproduction. Plants of Allium genus are fastidious for
culture In vitro. Intensive studies on the protoplast culture of
the genus Allium have been reported (Wang et al., 1986;
Fellner & Havranek, 1992; Buiteveld & Creemers-Molenaar,
1994; Schum et al., 1994; Ayabe et al., 1995; Karim &
Adachi, 1997; Hasegawa et al., 2002; Song et al., 2009).
However, for garlic only a few reports have been successful
(Ayabe et al., 1995; Hasegawa et al., 2002).
Tissue physiology influences the release of viable
protoplasts, necessitating strict attention to source material
(Davey et al., 2005). The starting plant materials for the
isolation of protoplast, isolation procedure and protoplast
density are important factors influencing colony formation.
Therefore, the objective of the present study was to
determine the suitable explants and the duration of enzyme
incubation for protoplast isolation and fusion in two garlic
cultivars ‘Balady’ and ‘Seds 40’.
Materials and Methods
Plant material: Cloves of two garlic cultivars (Balady
and Seds 40-Chinese type) were surface sterilized in a
gyratory shaker at 100 rpm using 70% (v/v) ethanol for 30

sec. followed by 50% (v/v) commercial bleach clorox
(5.25% sodium hypochlorite) with a few drops of Tween
20 as a wetting agent for 20 min. The sterilized cloves
were rinsed five times with sterile distilled water and
cultured onto 375 ml jars containing half strength basal
salts of MS (Murashige & Skoog, 1962) medium. The
cultures were incubated in a growth chamber at 25 ± 1oC
with a 16 h photoperiod at 40 µ mol m-2 s-1. Regenerated
Garlic plants at 3-4 leaves stage were incubated in the
dark for 24 h at 26oC before protoplast isolation.
Enzyme preparation, cell wall digestion and protoplast
isolation: The enzyme solution was prepared by
dissolving 1% (w/v) Onozuka RS (Yakult Honsha Co.,
Tokyo, Japan) and 0.1% (w/v) pectolyase Y23 (Seishin
Pharm. Co., Tokyo, Japan) in the pre-enzyme solution
(0.6 M mannitol solution and l0 mM CaCl2). The pH of
the solution was adjusted to 5.8 and sterilized by filtration
through 0.45 µM pore size filter. One gram of each
explant was cut into small pieces and treated with ten ml
of the enzyme solution in small flasks. The flasks were
incubated at 28˚C on a gyratory shaker at 60 rpm under
dark conditions for 1, 2, 3 and 4 h. After digestion, the
obtained protoplasts were filtered through 40 µm nylon
mesh and centrifuged at 800 rpm for 5 min. Then, the
precipitant pellet was washed thrice with washing
solution, containing 0.6 M mannitol and l0 mM CaC12.
Then, they were purified by 20% sucrose using l000 rpm
centrifugation for l0 min.
Estimation of protoplasts density and viability: The
protoplasts density (number of total protoplasts per 0.1 ml)
was estimated for each treatment using a double chamber
haemocytometer (Barakat, 1999). The protoplast viability
in terms of viability percentage and the number of viable
protoplasts per 0.1 ml were determined using a fluorescein
diacetate (Wildholm, 1972; Barakat, 1999) and a
fluorescent research microscope (Reichert Microstar IV).
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Protoplast fusion: The isolated protoplasts from the best
treatment of each cultivar were used for protoplast fusion.
Physical and electrical methods were used for the fusion.
For physical fusion, 2 ml of each protoplast cultivar with
a density of 1 × 105 protoplast/ml were mixed and
centrifuged at 1000 rpm for 10 min. (Barakat, 1999).
Electrical fusion was conducted using Jasco CET-200
Continuous Electro Manipulator according to Ayabe et
al., 1995 and Barakat, 1999 in a two-step process:
a. Di-electrophoresis: The membranes of neighboring
protoplasts were brought into contact with an AC field.
Protoplasts formed transient dipoles with one side of the
cell surface negatively charged relative to the other side.
The induced charges on the cell surface caused the cells to
be drawn to regions of higher electric field strength. As the
protoplasts approached the electrodes, they tended to form
chains of protoplasts because the electrical conductivity of
the cells is greater than the conductivity of the medium
leading to locally higher electric fields at the cell poles.
This pearl chain formation brings the plasma membranes of
neighboring cells into close contact. The optimal conditions
for the induction of fusion in the first step were as follows:
AC fields, 1.0 MHz, 125 V/cm, 60 sec.
b. Cell fusion: At the points of contact between
protoplasts, the plasma membranes were broken down
electrically with a short DC pulse. Membrane
reorganization, following the DC (square-wave) pulse,
resulted in cell fusion. The optimal conditions for the
induction of fusion in the second step were as follows:
DC fields, 1,250 V/cm square-wave 50 µsec. in duration,
5 times at 1.0 sec intervals.1.0 MHz, 125 V/cm, 60 sec.
Experimental design and data analysis: The experiment
included 32 treatments which were combined of three
factors: two garlic cultivars (Balady cv. and Seds 40),
four different explants (the etiolated part of pseudostem,
the green part of pseudostem, the lower part of leaves and
the upper part of leaves) and four enzyme exposure at 1,
2, 3 and 4 h. Data were subjected to Duncan’s multiple
range test using SAS program (Version 6.12, SAS
Institute Inc., Cary, USA).
Results and Discussion
Number of total protoplasts and viable protoplasts:
The number of total protoplasts and viable protoplasts
have been greatly influenced by enzyme incubation as
well as a source of plant material in terms of explants type
and cultivar. Among different explants used for protoplast
isolation in Balady cultivar, the upper and lower parts of
the leaves produced the highest number of total
protoplasts (70 and 66) at 4 and 3 h enzyme incubation,
respectively (Fig. 1A). However, the etiolated part of
pseudostem produced the highest number of viable
protoplast in which 52.5 protoplasts were obtained at 3 h
enzyme incubation. The lowest number of viable
protoplasts was obtained from the upper part of the leaves
(Fig. 1B). For protoplast isolation in Seds 40 cultivar, the
highest number of total protoplasts (125 and 107.5) as
well as viable protoplasts (105 and 107.5) was obtained
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from the etiolated and the green parts of pseudostem,
respectively. Leaf explants produced the lowest number
of total as well as viable protoplasts (Fig. 1C, D). In
general, Seds 40 cultivar produced higher number of total
protoplast and viable protoplasts than that of Balady
cultivar. The duration of enzyme incubation has been
reported to stimulate protoplast release (Sinha et al.,
2003). In the present study, the number of total
protoplasts and viable protoplasts was increased with
increasing enzyme incubation up to 3 h and then
decreased at 4 h incubation (Fig. 1).
Previous reports have indicated that protoplast viability
is influenced by source of plant material. For garlic,
protoplasts have been isolated from tissue cultured shoot
primordia (Ayabe et al., 1995), long term shoot primordiaderived calluses (Hasegawa et al., 2002) and callus derived
from the bulbils (Song et al., 2009). It has been reported
that cotyledons from In vitro-grown seedlings of white
lupin gave higher yields compared to leaves, hypocotyls
and roots (Sinha et al., 2003). Embryogenic cell
suspensions have been the preferred source of viable
protoplasts in cereals, particularly rice (Tang et al., 2001),
rye (Ma et al., 2003), and banana (Assani et al., 2002).
Mesophyll cells were used as a source of protoplasts in
sugarcane (Aftab et al., 2002). Guard cells are a unique
source of totipotent protoplasts in sugarbeet (Hall et al.,
1996) and A. thaliana (Pandey et al., 2002).
Percentage of protoplast viability: Enzyme incubation
influenced the percentages of protoplast viability (Table 1).
For Seds 40 cultivar, enzyme incubation from 1 to 3 h
produced 100% protoplast viability from all different
explants used. However, 4 h enzyme incubation
significantly decreased the percentages of protoplast
viability. In Balady cultivar, enzyme incubation from 1 to 3
h produced the highest percentages of protoplast viability
from etiolated parts of the pseudostem. Also, incubation of
the upper part of the leaves for 1 h resulted in a 100%
protoplast viability. The optimal duration of enzyme
incubation required for isolation of garlic protoplasts has
been reported to vary from 4 to 6 h depending on explants
type and cultivar used. Enzyme incubation for 4 and 5 h
was optimal for garlic cultivars ‘Jejujaerae’ and ‘Namdo’,
respectively (Song et al., 2009). Garlic protoplasts have
been isolated from leaf primordia after 5 - 6 h enzyme
incubation (Ayabe et al., 1995), callus derived from the
pedicel and leaf tissue after 5 and 4 h, respectively (Suh &
Park, 1995). Also, 4 - 5 h incubation was optimal for
protoplast isolation from long term shoot primordia-derived
calluses (Hasegawa et al., 2002). Protoplast isolation is a
stress-inducing procedure (Papadakis & RoubelakisAngelakis, 2002), particularly during enzymatic isolation,
leading to the accumulation of peroxides and other reactive
oxygen species. Additionally, Commun et al., (2003)
reported the production of stilbene phytoalexins in
protoplasts of Vitis spp., accompanied by a decrease in
viability. Other workers confirmed that leaf protoplasts of
Brassica napus and Petunia hybrida experience stress
during isolation (Watanabe et al., 2002). The effects of
stress during isolation may be long-term and may be
associated with the subsequent recalcitrance of protoplasts
during culture (Davey et al., 2005).
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Fig. 1. Number of total protoplasts and number of viable protoplasts as affected by enzyme incubation and explant type in Allium
sativum Balady cv. (A, B) and Seds 40 cv. (C, D). Legend abbreviations (E = etiolated part of the pseudostem; G = green part of the
pseudostem; L = lower part of the leaves; U = upper part of the leaves).

Table 1. Effects of explant type and enzyme incubation on percentage of protoplast viability in
Balady and Seds 40 garlic cultivars.
Enzyme
incubation (h)

Etiolated part
of the pseudostem

Green part
of the pseudostem

Lower part
of the leaves

Upper part
of the leaves

96.9 ab

83.5 c

100.0 a

80.1 c

30.4 g

9.4 hi

Balady cv.
Z

1

100.0 a

2

99.1 a

3

100.0 a

82.2 c

48.1 ef

4.4 i

4

84.4 c

59.0 de

15.9 h

1.1 i

Seds 40 cv.

Z

1

100.0 a

100.0 a

100.0 a

100.0 a

2

100.0 a

100.0 a

100.0 a

100.0 a

3

83.9 c

100.0 a

100.0 a

100.0 a

4

62.5 d

78.7 c

45.0 f

85.9 bc

Mean separation within each column by Duncan’s multiple range test at 5% level
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Fig. 2. Protoplast isolation in garlic A) Releasing of protoplasts from leaf tissue using the enzymatic solution B) Low viability with
low density of protoplasts during protoplast isolation C) High viability with low density of protoplasts during protoplast isolation D)
High viability with high density of protoplasts during protoplast isolation.

Fig. 3. Protoplast fusion in garlic A) start of a protoplast fusion B) Chain formation and protoplasts fusion during DC stage of the
electric fusion C) Hybrid and single protoplasts.
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Protoplast density and protoplast fusion: The density of
protoplasts in the culture medium is crucial for their
sustained mitotic division. Consequently, protoplasts fail to
grow when cultured below a minimum density. In general,
the optimum plating density is 5×102 to 1×106 protoplasts
per ml, depending on the species. In the present study, a
protoplast density of 1 × 105 protoplast per ml was optimal
for the protoplast fusion of ‘Balady’ and ‘Seds 40’
cultivars. Protoplast isolation, with different density and
viability, is shown in Fig. 2. However for garlic, the
optimal protoplast density depends on the source of plant
material and cultivars. A density of 1 × 104 protoplasts per
ml was used for protoplasts derived from tissue-cultured
shoot primordia (Ayabe et al., 1995) and protoplasts
derived calluses of garlic cv. ‘Howaito roppen’ (Hasegawa
et al., 2002); 1.8×104 and 1.1×104 for protoplasts isolated
from callus derived from the bulbils of garlic cultivars
‘Jejujaerae’ and ‘Namdo’, respectively (Song et al., 2009).
The isolated protoplasts from the two cultivars ‘Balady’
and ‘Seds 40’ were fused successfully through physical
and/or electrical methods (Fig. 3).
Conclusion
In the present study, it has been found that etiolated
and/or green parts of the pseudostem rather than the upper or
lower parts of the leaves produced the highest viable
protoplasts under enzyme incubation for 3 h. The cultivar
‘Seds 40’ yielded higher total and viable protoplasts than
Balady cultivar. Isolated protoplasts of ‘Seds 40’ and ‘Balady’
were fused successfully at a protoplast density of 1×105 using
either physical or electrical methods. Optimization of the
source of plant material, as well as protoplast isolation
conditions for garlic, is a crucial step towards a successful
protoplast fusion and subsequent colony formation.
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