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Induction of in vitro morphogenesis of mature zygotic embryos of Fritillaria meleagris L. was
investigated. Somatic embryogenesis and whole plant regeneration were achieved. Isolated zygotic
embryos were cultured on MS medium that contained 3% sucrose, 0.7% agar, 250.0 mg/l casein
hydrolysate, 250.0 mg/l L-proline, 80 mg/l adenine sulfate and 1.0 mg/l 2,4-dichlorophenoxyacetic acid
(2,4-D) or thidiazuron (TDZ). Embryogenic callus was derived from mature zygotic embryos after 4
weeks on TDZ containing medium. Somatic embryos at the early stages of development arose from the
surface of the embryogenic callus. Multiplication of somatic embryos, formation of bulblets and shoot
development were observed on the same medium. Scale sections prepared from the formed bulblets
were cultured on MS media supplemented with 2,4-D (0.1 to 10.0 mg/l) and TDZ (0.05 to 2.0 mg/l).
Somatic embryos and bulblets were frequently produced from the scale sections. This is a successful
report of plant regeneration through somatic embryogenesis for this very important medicinal and
horticultural plant. Histological observation revealed that plants of F. meleagris L. were regenerated via

somatic embryogenesis.
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INTRODUCTION

Fritillaria species used as garden plants is well esta-
blished and more recently it has become popular as cut
flower for interior decorations and other floral arrange-
ment. Fritillaria meleagris L., with the common name
snakehead fritillary, is a well known horticultural plant
belonging to the Lilliaceae family. Also, the bulbs of
various species of the genus Fritillaria have been used as
anti-tissuve and expectorant herbs used in traditional
Chinese medicine for more than 2000 years (Li et al.,
2000, 2001). Propagation of this plant through conven-
tional methods via bulbs cuttings is limited due to a low
survival rate. Bulb development is very slow (general 4
years of growth from initial seedling to maturity). There-
fore, there is an urgent need to look for alternative means
of propagation, which could ensure large-scale production
of plants to fulfill the growing demands. In vitro propa-
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gation is a feasible alternative for the rapid multiplication
and maintenance of germplasm. In vitro propagation
ensures the production of true-to-type plants in limited
time and space. The propagation from elite mature plants
is preferred for this purpose as they are selected on past
performances. Tissue culture studies in Fritillaria were
initiated as early a 1977 (Sun et al., 1977). Since then, an
increasing number of reports about in vitro regeneration
protocols applied to the genus have been published for a
number of Fritillaria species (Sun and Wang, 1991;
Kukulezanka et al., 1989; Gao et al., 1999; Paek, 1994;
1996; Paek and Murthy, 2002; Ozcan et al., 2007).
Somatic embryogenesis is a multistep regeneration path-
way starting with formation proembryogenic cell masses,
followed by somatic embryo formation, germination and
plant regeneration (Komamine et al., 2005). There are
two paths of somatic embryogenesis; direct and indirect,
and both can be undergone by many species (Quiroz-
Figueroa et al., 2006). The use of plant growth regulators
is useful in most species. 2,4-dichlorophenoxyacetic acid
(2,4-D) such as auxin and thidiazuron (TDZ) such as
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cytokinin are especially significant in promoting somatic
embryogenesis (Jiménez, 2005). Sometimes somatic
embryos are recognized only by their external shape and
morphology, although histological study is necessary to
confirm the identification of different developmental
phases (Yeung, 1999). Somatic embryogenesis has
already been used as a method for conserving and safe-
guarding overexploited and endangered plant species
(Nadeem, 2000). Making use of in vitro culture can provide
enough plant material to reinforce wild populations when
appropriate. The choice of explants for establishment of
in vitro culture is largely dictated by the method to be
adopted for in vitro propagation. The ability of mature
zygotic embryos to produce somatic embryos on induc-
tion medium clearly indicates that zygotic embryos are
suitable materials for in vitro regeneration of Fritillaria
species. Previous literature showed in vitro plant regene-
ration from bulb scales of Fritillaria species. The results
from this study can be compared with commonly used
bulbs as explants for in vitro regeneration. This is impor-
tant for several reasons: bulbs are usually contaminated
by pathogens; they have limited number scales and the
use of bulbs could result in the destruction of Fritillaria
natural populations (Witomska and Lukazewska, 1997).
Induction of somatic embryogenesis in F. meleagris L.
has not yet been reported. The first report of the induction
of somatic embryogenesis in the genus was for F.
imperialis (Mohammadani-Dehcheshmeh et al., 2007).
The authors reported the induction of indirect somatic
embryogenesis from the petal explants.

In this study, the induction of somatic embryogenesis
and plant regeneration in callus cultures derived from
mature zygotic embryos of F. meleagris L was investi-
gated. Also, the effect of growth regulators and light con-
dition on somatic embryos and bulblets formation from
bulb scales was investigated. Up till now, no precise his-
tological analysis of the different stages of development
has been performed during the in vitro morphogenesis of
F. meleagris L. A histological view of the developmental
stages of somatic embryogenesis of F. meleagris L is
presented in this study.

MATERIALS AND METHODS
Embryogenic callus induction from mature zygotic embryos

Seeds of F. meleagris L. were washed with running water for 1 h
and then surface sterilized in 20% bleach solution (sodium
hypochlorite) for 20 min. After sterilization, seeds were washed with
sterile deionised water 3 times for 5 min. Mature embryos were
isolated aseptically and were used as explants for embryogenic
callus induction. All media were adjusted to pH 5.8 with 1 N NaOH
and autoclaved at 121°C with 1.4 kg/cm? for 25 min. All cultures
were maintained at 24 + 2°C under fluorescent light of 40 yumol m’
251 16 h light / 8 h dark photoperiod. The basal medium (BM) con-
sisted of MS medium (Murashige and Skoog, 1962), 30 g/l sucrose,
250 mg/l casein hydrolysate, 250 mg/l L-proline, 80 mg/l adenine
sulfate and was solidified with 7 g/l agar. Isolated mature zygotic
embryos were cultured 4 weeks on three induction media:
hormones free BM, BM with 2,4-D 1.0 mg/ | and BM with TDZ 1.0

mg/l. Formed callus were cultivated on same media. Bulblet forma-
tion was observed on BM supplemented with TDZ 1.0 mg/I.

Somatic embryos and bulblets formation from bulblet scale
sections

Bulbs formed on BM supplemented with TDZ 1.0 mg/l were cut on 4
scale sections and cultured on BM that contained different
concentrations of 2,4-D in mg/l (0.1, 0.5, 1.0, 2.0, 5.0 10.0) and
TDZ (0.05, 0.1, 0.2, 0.5, 1.0 and 2.0). Hormone free medium (BM)
was used as control. Cultures were incubated for 4 weeks on light
and dark conditions at 24 + 2°C. After 4 weeks on induction media,
the number of somatic embryos was measured per the number of
embyogenic callus. Each experiment consisted of 10 explants per
culture vessel and three replicate vessels per treatment. The
experiments were repeated at least three times. Statistical analysis
was performed using StatGrafics software version 4.2 (STSC Inc.,
Rockville, Marylend, USA). Data were subjected to analysis of
variance (ANOVA) and comparisons between the mean values of
treatments were made by the least significant difference (LSD) test
calculated at the confidence level of P< 0.05. For bulblet formation,
4 weeks after initiation of culture, percentage of bulblet formation
was measured by dividing the number of explants producing
bulblets per number of cultured explants.

Rooting and acclimation

Regenerated bulbs were cultured on BM without growth regulators
for 9 weeks at 4°C. The cultures were incubated for the same time
on light conditions at 24 + 2°C and were used as control. Rooted
bulbs were transferred into soil, covered with glasses and moved to
the greenhouse. This experiment involved 80 to 100 bulbs with
three replications. After 2 weeks in the growth chamber, the
regenerants were gradually exposed to reduced relative humidity by
progressively removing the glass cover over a period of three
weeks. Plantlets survived the acclimatization and grew slow and
well.

Histological study

Ontogeny of somatic embryo development from mature zygotic
embryos was studied histologycally. Embryogenic callus and
somatic embryos were fixed in a solution of formalin, alcohol and
acetic acid (FAA), 100 ml of which contains 5.4 ml formalin (37 %),
65.5 ml ethanol (96%), 5 ml glacial acetic acid and 24 ml distilled
water (Jensen, 1962). Parts of the explants with different develop-
mental structures were cut and embedded in Histowax (Sweden).
At the beginning of this process, the samples were dehydrated in 2-
h steps through a graded series of ethanol (50, 70, 96 and 100%).
The samples were then embedded in Histowax (Histolab, Sweden)
for 72 h at 58°C. Slices (5 um) were cut at room temperature using
rotary microtome (Reichert-Vienna) equipped with type 819
microtome blades (Leica, Germany). Slices were stretched on a
drop of distilled water and mounted on slides. They were stained
with haematoxyline (Jensen 1962). Sections were mounted in DPX
before microscopic examination (Leica, Leitz DMRB, Germany).

RESULTS

Embryogenic callus induction from mature zygotic
embryos

The BM containing 1 mgl™ TDZ and hormone free medium



were the most efficient for inducing yellow-white and
compact embryogenic callus (Figure 1 a). Embryogenic
callus produced embryos on the induction medium itself
(Figure 1 b). Embryogenic callus with embryos were used
for further maturation experiments. Multiplication of
somatic embryos and bulblet formation of F. meleagris L.
were also achieved on BM containing TDZ 1 mgl™ (Figure
1c and d). In the investigation, 2,4-D had no effects on
embryogenic callus formation as well as somatic embryo
and bulbs development (data not shown).

Somatic embryos and bulblets formation from bulblet
sections

In this work, regeneration from in vitro bulblet sections of
F. meleagris L was also investigated. Formation of
somatic embryos and bulblets from sections was
analyzed under continuous dark and under 16 h light/ 8 h
dark cycle at 24 + 2°C. In the case of F. meleagris L.,
bulblet sections responded well to 16 h light / 8 h dark
growth conditions when compared to continuous dark
regime and also produced more somatic embryos bul-
blets. The BM medium without growth regulators induced
a few somatic embryos and about two bulblets per
explant. The number of developed somatic embryos was
higher in cultures grown on BM supplemented with TDZ
(Table 1, Figure 1 e, f and g) than on BM with 2,4-D on
both treatments (light/dark). The highest number of
somatic embryos was noticed on BM supplemented with
TDZ (0.2 mgl™) under light condition and with TDZ (0.1
mgl™) under dark condition. The number of somatic
embryos was concentration dependent and increased
until the concentration of TDZ was 0.2 and 0.1 mgl™
under light/dark, respectively. The number of formed
somatic embryos constantly decreased on higher con-
centrations of TDZ. The highest number of somatic
embryos on BM with 2,4-D was observed in 1 mg I*
under light and dark conditions (Table 2). The number of
somatic embryos was also concentration dependent and
decreased on higher concentrations of 2,4-D. Generally,
the number of formed bulblets was significantly smaller
than the number of formed somatic embryos on the same
media. The BM supplemented with TDZ was superior in
the induction of bulblets under light (14.93%) and dark
(3.6%) conditions. The maximum number (2.76) of bul-
blets was observed on BM supplemented with TDZ (0.05
mgl™) under light condition and maximum number (2.1) of
bulblets under darkness condition was observed on BM
with TDZ (0.5 mgl™). The number of bulblets formed on
BM supplemented with 2,4-D was small under light
condition (4.12%) as under darkness condition (2.32%).

Acclimation

The results indicated that cold treatment was suitable for
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overcoming the dormancy and rooting of the harvested
bulblets and with this treatment, 60.45% of bulblets
sprouted in ex vitro transplantation. The average number
of roots per bulb was 2 and the average length of root
was 8.49 mm (Figures 1h and i). Rooted plantlets from
each treatment were acclimatized in greenhouse condit-
ions (Figure 1j).

Histological somatic

development

analysis  of embryos

After three weeks of somatic embryogenesis induction on
BM medium with TDZ 1 mg/l, a proliferate burst in the
epidermal and subepidermal layers and the beginning of
cellular segregation was seen (Figure 2a). The intensive
periclinal division of these cells led to the formation of
distinct cell groups which could be interpreted as early
stages in embryogenesis. These were present in groups
of 6 to 8 isodiametric meristematic cells with prominent
nuclei and dense cytoplasm (Figure 2b). Cell divisions
then progressively became asynchronous and lost
periclinal orientation, thus produced compact, smooth-
surfaced and meristematic masses clearly delimited by a
protoderm (Figure 2c). Such nodular structures were also
formed deeply within the bulb or primary explant (Figure
2d). Further development of these proembryo structures
led to the formation of globular somatic embryo at the
surface of explant as shown in Figure 2e. All
developmental stages on the explant in the same time
indicated asynchronous development of somatic embryo-
s. Well-organized globular shaped structures developed
further through the characteristic heart-shaped stage to
form a cotyledonary stage embryo (Figures 2f and g).
The embryo had a shoot primordial enclosed within a pair
of cotyledons and a distinct root primordium (Figure 29).
Moreover, this advanced stage or developed somatic
embryos showed a contained provascular strand. The
developing somatic embryos had no detectable vascular
connection with primary explants. The cotyledonary node
region programmed for shoot organogenesis showed
development of a shoot primordium with a well-defined
dome shaped apical meristem (Figure 2h).

DISCUSSION

The bulbous plants reproduced vegetatively and the
process of multiplication was very low. Beside the
advantages of efficient propagation, somatic embryo-
genesis has several basic applications to biotechnology
of this plant including F. meleagris L. In this study,
morphogenic responses obtained from mature zygotic
embryos and bulblet scale explants of F.meleagris L. of
known ornamental and medicinal value are of interest
considering the potential of tissue culture for the
improvement of plant conservation methods. Somatic
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Figure 1. Differentiation of somatic embryos and bulblets of F.meleagris L. (A) Embryogenic callus
induced on the BM containing 1.0 mgl™ TDZ from mature zygotic embryos (bar = 0.5 mm); B, formation of
somatic embryos on embryogenic callus (bar = 0.5 mm); C and D, somatic embryos and bulblets
multiplication on medium with 1.0 TDZ mgl™ (bar = 0.8 mm); E, Somatic embryos on bulb section on BM
with: 0.1 mgl * TDZ under light condition (bar = 0.5 mm); F; with 0.1 mg I'* TDZ under dark condition (bar
= 0.5 mm); G, bulblets on bulb section on BM with 0.5 mgl™ TDZ under dark condition (bar = 0.5 mm); H
rooted bulb after 9 weeks cold treatment (bar = 1 cm); I, rooted plant on BM medium without hormone (bar
=1 cm); J, potted in vitro plantlets in greenhouse condition (bar = 1 cm); EC, embryogenic callus; SE,
somatic embryo; B, bulblet.
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Table 1. The effect of different concentrations of 2,4-D (mg I")on somatic embryos induction for in vitro bulblet sections of F.

meleagris L.
Growth Concentration of 2,4-D (mg ™)
condition 0 0.1 0.5 1.0 2.0 5.0 10.0
Light 4.95+0.65* | 5.07+0.53"° | 4.66+0.43"° | 5.36+0.66° | 3.77+0.37%° | 2.46+0.25% | 2.38+0.28%
Darkness | 4.62+0.59* | 3.95+0.39" 3.8+0.31° 4.21+0.44" 2.77+40.22° | 3.54+0.27% | 3.32+0.37%

Values shown are means of 3 replicates of 32 explants each. Values represent mean + SE. Means followed by the same letters within
columns are not significantly different according to LSD test at p < 0.05 probability level.

Table 2. The effect of different concentration of TDZ (mg I'*) on somatic embryos induction for in vitro bulblet sections of F. meleagris

L.
Growth Concentration of TDZ (mg ™)
condition 0 0.05 0.1 0.2 0.5 1.0 2.0
Light 4.95+0.65° | 5.96+0.64° | 6.07+0.62° | 7.31+0.95° | 6.33+0.73° | 4.11#0.36* | 4.01+0.35°
Darkness | 4.62+0.59° 3.0+0.31° 6.55+0.78° | 6.11+0.57° | 5.44+0.57™ | 4.22+0.37% | 3.20+0.31%

Values shown are means of 3 replicates of 32 explants each. Values represent mean +SE. Means followed by the same letters within columns
are not significantly different according to LSD test at p < 0.05 probability level.

embryogenesis represents a simple and very efficient
alternative means of regenerating large number of
monocotyledonous geophytes such as saffron (Ahuja et
al., 1994), Narcissus (Sage et al., 2000) and Lilium (Kim
et al., 2003).

Explant source is one of the most important factors in
the induction of morphogenetic response of in vitro cul-
tures, especially in monocots where cells diffentiate early
and quickly and so lose their morphogenetic potential
(Krishnaraj and Vasil, 1995). Only parts of the plant that
are close to meristematic tissue in vivo can respond to in
vitro treatments. Zygotic embryos are frequently used as
explants for initiating embryogenic culture and physio-
logical conditions of the explants play an important role in
the induction process. These highly regenerative organs
can be an alternative source for in vitro propagation of
rare species such as F. meleagris L. The type and
concentration of plant growth regulators in the culture
medium play an important role in induction and develop-
ment of somatic embryos. The induction of somatic
embryogenesis using only 2,4-D as a growth regulator
has been observed in many monocotyledons species
such as Allium aflatunense (Suboti¢ et al., 2006), Allium
sativum (Luciani et al., 2006) and rice (Meneses et al.,
2005). Cytokinins are known to enhance plant differen-
tiation and are mostly used in the regeneration medium in
plant tissue culture. Thidiazuron is able to induce diverse
morphogenic responses, ranging from tissue proliferation
to adventitious shoot and somatic embryo formation. Of
all the plant growth regulators used, embryo axes of
Allium magnum cultured on the media that contained only
TDZ (1.0 to 2.0 mgl™) and IAA (0.25 to 2.0 mg | ™)
produced green-yellowish and friable embryogenic calli
(Xie and Hong, 2001). Apart from its cytokinin-like

activity, TDZ has been suggested to be a modulator of
the endogenous auxin level. Of interest in this contest is
the modulation of endogenous auxin by TDZ (Hutchinson
et al.,, 1996), since the induction of somatic embryo-
genesis is commonly associated with auxins (Visser et
al., 1992). Previous in vitro culture studies of Fritillaria
thunbergii showed that addition of growth regulators to
the medium enhanced the effect on bulblet regeneration
(Sun et al., 1977; Seon et al., 1999). In F. melegris L.,
typically bulbous plant somatic embryos led to formation
of bulblets. Similar morphogenic pathways using petal
explants was reported previously for F. imperialis
(Mohammadi-Dehceshmen et al., 2007).

Bulblet scale explants are the most commonly used
primary explants for in vitro propagation of Fritillaria
species (Peak, 1996; Witomska, 2000). The results of
usage of different concentrations of 2,4-D and TDZ in
culture of bulblet scales of F. meleagris, did not only
induce somatic embryogenesis, but also stimulated the
formation of bulblet. Bulblets formation differed among
the hormone concentrations in BM medium. The results
indicated that a range of 0.05 to 0.5 mg I'* TDZ was an
optimal concentration for bulblets formation of F. melegris
L. This was low when compared with the efficiencies
reported for production of bulblets in culture of bulblets
scale of F. thunbergii (Peak and Murthy, 2002). These
authors established high frequency bulblets regeneration
using various concentrations of cytokinis and NAA. To
improve on the present results, many combinations of
2,4-D and TDZ in BM medium will be tested.

Light suppresses bulblet formation (Stimart and Ascher,
1978) and the dark was more favorable for bulblet
regeneration in Lillium (Niimi and Onozawa, 1979). A
similar effect of light/dark regimes was noticed during the



16186 Afr. J. Biotechnol.

Figure 2. Histological observation of somatic embryogenesis from bulbs culture of F. meleagris L. (a) Cross-section of
bulb showing small clumps of densely stained cells in subepidermal layer (bar = 60 um); (b) Initial periclinal divisions in
superficial layers of explant (bar = 30 ym); (c) Section showing extrusion through the epidermis of proliferating
meristematic masses (bar = 60 um); (d) Proembryogenic stages containing approximately 40 cells (bar = 120 um); (e)
Somatic embryos at the globular stages (bar = 240 um); (f) Heart-shaped embryo with procambial strands (bar = 240
pm); (g) Cotiledonary embryo with a cotyledons, procambial strands and root meristem (bar = 240 upm); (h)
Longitudinal section of somatic embryos with well developed apical meristem and leaf (bar = 120 ym); (i) Detail of

apical meristem and well developed leaf (bar = 60 pm).

growth of bulblet of Lillium longiflorum (Leshem et al.,
1982). In Hyacintus, effect of light or darkness on bulblet
regeneration from flower buds was cultivar dependent
(Kim et al., 1981). Light accelerated bulblet formation on
all types of Fritillaria imperialis explant used (Witomska
and Lukaszewska, 1997). Tissue cultures of fritillaries
also need low temperature; callus and bulblets are nor-
mally induced at standard growth room temperature but
in order to develop further growth of in vitro formed

bulblets, they need 2 to 15°C of cold treatment (Peak,
1996). Cold treatment (4°C) had great positive effect on
breaking the dormancy that resulted in the increase in
rooting and sprouting of F. meleagris bulblets formed in
vitro.

Structural analysis is an important step in the study of
in vitro somatic embryogenesis (Yeung, 1999). The histo-
logy observations suggest that the first stage of develop-
ment of somatic embryos was characterized by breaking



up of the meristematic masses. Active cell division in the
superficial layers led to the formation of clusters that were
composed of small isodiametric cells followed by the
formation of epidermis. The stages of differentiation
during somatic embryogenesis in F. melegris L. reported
in this work are in agreement with observation previously
reported in several geophytes as in the case of
Narcissus (Sage et al., 2000) and Allium sativum (Fereol
et al., 2000).

Conclusion

In vitro culture techniques are an important aid for the
multiplication of plant species, which have limitations of
conventional propagation. In this study, a protocol for
somatic embryogenesis and bulblets regeneration of F.
meleagris L. is envisaged as a means for germplasm
conservation to ensure the survival of this endangered
plant. This is an important step in for further studies of
efficient regeneration from other sources of explants as
well as genetic transformation in F. meleagris L.
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