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Abstract

Narcissus tazetta L., a bulbous plant belongs to the Amaryllidaceae family, contains alkaloid galantamine (GAL) with acetyl-
cholinesterase inhibitory activity which has been recently considered to treat Alzheimer’s disease (AD). In the current work,
the effect of photoperiod (16/8 h light/dark and 24 h dark) and various concentrations of NAA, BAP, and GA; (0, 0.5, 1 and
2 mg 17") on the in vitro mass bulblet regeneration of N. tazetta was studied. The GAL production ability of the regenerated
bulblets was assessed by HPLC-UV-MS. Light treatments significantly affected the number of bulblet and leaf, the ratio of
bulblet/leaf, and leaf length. The maximum number of bulblet (31.0+1.58) and leaf (13.3 +1.33) was recorded from the
cultures fortified with NAA and BAP (2 mg I™!) kept in 16/8 h light/dark, while the maximum leaf length (2.1+0.92 cm)
was measured on the MS medium containing 0.5 mg 17! NAA and 2 mg 1”! BAP incubated in the same photoperiod. The
average ratio of bulblet proliferation per explant was significantly different between studied photoperiod (1.1 +0.86) and 24
h dark (0.62+0.31). The regenerated bulblets contained 40 and 20 pg g~' DW GAL underexposed photoperiod and 24 h
dark, respectively. This information could be useful in the commercial production of GAL as a valuable anti-AD compound
through in vitro mass bulblet proliferation of N. fazetta.

Key message
The regenerated mass bulblets of Narcissus tazetta (Amaryllidaceae) on MS medium containing 2 mg 17! NAA and BAP
kept in 16/8 h light/dark are recommended to produce galanatamine and lycorine.
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AChE Acetylcholinesterase BAP 6-Benzylaminopurine
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SMs Secondary metabolites HPLC  High-performance liquid chromatography
PCTOC Plant cell, tissue, and organ culture LC-MS Liquid chromatography-mass spectrometry
PGRs Plant growth regulators CRD Completely randomized design
TDZ Thidiazuron
Communicated by Ali R. Alan. FW Fresh weight
DW Dry weight
P< Mohammad Hossein Mirjalili TIBA Triiodobenzoic acid
m-mirjalili @sbu.ac.ir CCC Chlorocholine chloride

Department of Agriculture, Medicinal Plants and Drugs
Research Institute, Shahid Beheshti University, G.C., Evin,
1983969411 Tehran, Iran

Department of Phytochemistry, Medicinal Plants and Drugs
Research Institute, Shahid Beheshti University, G.C., Evin,
1983969411 Tehran, Iran

@ Springer


http://orcid.org/0000-0002-9308-499X
http://crossmark.crossref.org/dialog/?doi=10.1007/s11240-020-01853-y&domain=pdf

188

Plant Cell, Tissue and Organ Culture (PCTOC) (2020) 142:187-199

Introduction

The genus of Narcissus L. belonging to the subfamily
Amaryllidoideae is one of the fifteen genera of the Ama-
ryllidaceae family, which contains 80 to 100 wild species
of perennial bulbiferous geophytes (Berkov et al. 2009;
Hanks 2002). The genus is widely distributed in the south-
west of Europe, with the Iberian Peninsula diversity center
(Spain and Portugal) and North Africa (Ito et al. 1999).
Few species of Narcissus have been developed in France
and Italy, and some are found in the Balkans and the
Eastern Mediterranean regions (Hanks 2002). The genus
members are commonly known as daffodil, daffadown-
dilly, narcissus, and jonquil throughout the world. Narcis-
sus tazetta L. is an indigenous ornamental and fragrant
plant species that is distributed from Portugal to Turkey.
The plant is also growing from central to eastern Asia
(Berkov et al. 2009; Hanks 2002). Indigenous habitats
of Narcissus species are diverse and include a range of
low-lying lands to mountainous areas as well as lawns,
shrubs, forests, and cliffs (Hanks 2002). The genus Nar-
cissus and the other genera of Amaryllidaceae family i.e.,
Ungernia Bunge, Leucojum L., Galanthus L., Zephyran-
thes Herb., Hymenocallis Salisb., and Haemanthus L. are
well-known alkaloid-containing plants, due to the pres-
ence of Amaryllidaceae alkaloids (AAs) including lycorin,
crinine, hemanthamine, narciclasine, galantamine, tazet-
tine, homolycorine, montanine, and norbelladine which
form an entirely different taxonomic and chemical group
(Bastida et al. 2006; Torras-Claveria et al. 2013).
Galantamine (GAL) is a well-known long-acting,
reversible AAs, and a competitive inhibitor for the ace-
tylcholinesterase (AChE) enzyme and a nicotine recep-
tor allosteric modifier for acetylcholine (Maelicke 2000;
Woodruff-Pak et al. 2002). GAL can cross from the blood-
brain barrier and effect on the central nervous system
(Bastida et al. 2006; Ghosal et al. 1990). Due to the abil-
ity of GAL to enhance central cholinergic function, it has
been introduced in Europe to treat Alzheimer’s disease
(AD) since 1980 (Bores and Kosley 1996). GAL-hydro-
bromide as a superior pharmaceutical profile has a higher
tolerance to the major AChE inhibitors, including phys-
ostigmine or tacrine, and is currently used in the United
States under the name Razadine®, known as Reminyl®, to
treat certain stages of AD (Grutzendler and Morris 2001;
Heinrich and Teoh 2004). Pharmaceutical demand of GAL
has dramatically increased due to its significant effect on
memory enhancement and AD control. The cost of GAL
production is determined based on the quality of plant raw
materials and their alkaloid content. The phytochemical
characteristics of the plant materials were also affected by
the extraction efficiency, which finally led to increase the
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costs of GAL production. Bulbs of Narcissus species and
the other members of the Amaryllidaceae family includ-
ing Leucojum aestivum L., Ungernia victoris Vved. ex
Artjush., and Lycorice radiata Herb. have been reported
as GAL-rich natural sources (Abou-Donia et al. 2008;
Berkov et al. 2009).

Different phytochemical patterns of plants due to the
environmental changes, low content of their secondary
metabolites (SMs), and a limitation for their materials col-
lection from the natural habitats show the need to pay atten-
tion to the production of SMs by biotechnological methods
(Ravishankar and Ramachandra Rao 2000). In the past dec-
ades, in vitro culture techniques have been used to produce
massive amounts of many SMs in a short time, especially
for types with valuable pharmaceutical effects (Malik et al.
2011). Biotechnology, through in vitro plant cell, tissue, and
organ culture (PCTOC) enables the production of plant bio-
active compounds under stable and controlled conditions
in a shorter period. Mainly, PCTOC has been assessed in
the study of plant developmental processes, physiological
changes, production, and extraction of SMs. Therefore, these
techniques can be simultaneously used for mass propagation,
cloning, and the production of SMs from cultured organs or
cells to provide the high demand for pharmaceutical indus-
tries (Bonfill et al. 2013; Malik et al. 2011; Sarmadi et al.
2019).

In a variety of plant species, especially monocotyle-
dons, callus induction and establishment of cell culture are
difficult, so the multiplication of their medicinal organs
through in vitro cultures can be alternatively used to pro-
duce a remarkable amount of target bioactive compounds.
Micropropagation of various bulbous plants has been so far
reported (Haque and Ghosh 2016; Juan-Vicedo et al. 2019;
Trujillo-Chacén et al. 2020; Ulrich et al. 1999; Zayed et al.
2011). In vitro bulb regeneration, callus induction, and
somatic embryogenesis in several species and varieties of
Narcissus have also been reported (Bergofién et al. 1996;
Chow et al. 1992; Colque et al. 2004; Abdel-Rahman et al.
2017; Malik and Bach 2017; Sage et al. 2000; Santos and
Salema 2000; Santos et al. 1998; Sellés et al. 1997; Sochacki
2008; Staikidou et al. 2005).

Our literature survey revealed that in vitro propagation
of N. tazetta and its varieties has already been reported
(Chen et al. 2005; Chen and Ziv 2005; Zhang et al. 2013;
Abdel-Rahman et al. 2017). To the best of our knowledge,
the effect of plant growth regulators (PGRs), photoperiod
and their interaction on the in vitro bulblet proliferation
of the plant has not been studied yet. In the following of
our recent work on the quantification of GAL in the Ira-
nian populations of N. tazetta (Rahimi Khonakdari et al.
2018), the present study aimed to gain insight into the
effect of photoperiod and various types and concentration
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of PGRs on bulb multiplication and biomass production Materials and methods

of the plant in culture condition in vitro. This informa-

tion can be used in the semi-industrial production of the Plant material

important anti-AD compound GAL and the other AAs

through controlled N. razetta bulblet culture. Healthy bulbs were collected from N. tazetta cultivated
in Matan Kola village, Aliabad Rural, Ghaemshabhr,

Caspian Sea

Matan Kola,
Ghaemshahr
@

Mazandaran Province

|
.
.A

AC,

Fig. 1 In vitro bulblet proliferation of Narcissus tazetta L. Map of sterile bulb used for explants excision (D), Sterile two-scale explants
collection site of the plant material studied (A), The plant used as (E), established culture (F), proliferated bulblets on the MS medium
explants source (B), The fresh and healthy bulbs (C), washed and containing NAA and BAP (2 mg ) kept in 16/8 h light/dark (G)
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Table 1 Geographical and edaphological characteristics of collection
site of Narcissus tazetta used in this study

Geographical characteristics

Latitude (N) 36°25'01" N

Longitude (E) 52°51'13"E

Altitude (m) 106

Mean Annual Temperature (°C) 17.0

Mean Annual Precipitation(mm/year) 829.6
Edaphological characteristics

N (total)% 0.15

Pava (ppm) 25.6

Kava (ppm) 405

pH 7.5

Electrical conductivity (ds/m) 0.72

Organic carbon (%) 1.83

Organic manure (%) 3.15

Sand (%) 35

Silt (%) 35

Clay (%) 30

Texture Clay loam

Mazandaran Province in November 2018 and used as
explants source (Fig. 1A—1C). Geographical and edapho-
logical characteristics of the collection site are presented
in Table 1.

Sterilization and culture establishment

The plant bulbs were cleaned and washed carefully. Outer
and dried scales were then removed and the rest bulbs
(Fig. 1D) were washed under running tap water for 48—72
h. The bulbs were then incubated for 1 h in a bath of water at
49 °C to eliminate endophytes. The bulbs were then floated
in sterile distilled water containing a few drops of Tween
80 for an hour. In the next step, the bulbs were immersed in
70% ethanol for 2 min and then washed with sterile distilled
water for 2 min. The bulbs were then immersed in a 2%
NaOCl solution containing a few drops of Twin 20 for 25
min with slow shaking. The bulbs were finally washed three
times with sterile distilled water at intervals of 2, 5, and 7
min, and placed on filter paper. Decontaminated bulbs are
divided into two-scale explants (Fig. 1E) which comprise of
two adjacent scales connected by a piece of basal plate tissue
(1 cm?) and were then placed on the MS medium containing
30 g 17! sugar and 8 g 1”! agar supplemented with different
concentrations of PGRs (Fig. 1F).

In vitro bulb proliferation.

Sterile two-scale explants of N. razetta were transferred to
the baby food jars containing prepared MS media (40 ml)
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Table 2 Different treatments used in the present study

Treatment code Plant growth regulator
and concentration (mg

)

0 GA,, NAA,, BA,

tl NAA, 5. BA 5

) NAA, . BA,

3 NAA, . BA,

t4 NAA,, BA,

t5 NAA,, BA,

t6 NAA,, BA,

7 NAA,, BA, 5

8 NAA,, BA,

9 NAA,, BA,

t10 GAys, NAAys, BAs
t11 GAys, NAA,, BA,
t12 GAy s, NAA,, BA,
t13 GA,,NAA 5, BA5
t14 GA,,NAA,, BA,
t15 GA,,NAA,, BA,
t16 GA,, NAA 5, BA5
117 GA,, NAA,, BA,
t18 GA,, NAA,, BA,

containing different concentrations (0, 0.5, 1, and 2 mg ™
of BAP, NAA, and GA; (Table 2). MS medium without
PGRs was also considered as a control. The induction of
bulblet was also studied under two light regimes including
16/8 h light/dark provided by cool-white fluorescent lamps
at a photon flux density of 40 umol m~2 s~! and 24 h dark
kept in a paper box. All cultures were incubated in a growth
chamber at 25+ 2 °C. Each baby food jar was considered as
an experimental unit, and the experiment was done in trip-
licates per treatment. In total, five jars were considered as
experimental units in each replicate. Four two-scale explants
were cultured in each jar. The number of bulblet and leaf,
the ratio of bulblet/leaf, and leaf length were measured after
four weeks (Fig. 1G).

Extraction and HPLC-DAD-MS analysis

Four-week-old proliferated bulblets comprising photosyn-
thetically active leaves (1-2 cm) were used for the extrac-
tion of alkaloids. Extraction, high-performance liquid chro-
matography (HPLC)-photo-diode array detector (DAD),
and HPLC-mass spectrometry (MS) analyses have been
conducted as described previously (Georgieva et al. 2007,
Rahimi Khonakdari et al. 2018). For instance, 15 milliliters
of methanol were added to 300 mg of completely powdered
freeze-dried bulblets and then sonicated for 15 min at room
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temperature. This stage was repeated thrice. The mixture
was then centrifuged for 15 min at 4400 rpm and passed
through the filter. The extracts were dried using a rotary
evaporator (Heidolph Instruments GmbH, Schwabach Ger-
many). The dried extract was re-dissolved in 4 ml H,SO, 3%
and defatted with 5 ml diethyl ether (n=03). After basifica-
tion to pH 9-10 with 25% ammonia, the GAL was extracted
with chloroform (3 X5 ml). The organic solvent was dried
under reduced pressure in a rotary evaporator at 40 °C. The
extracts were then dissolved in HPLC grade methanol (1
ml), filtered through a Millipore filter (0.45 mm) and used
for analysis.

Galantamine quantification proceeded on a KNAUER lig-
uid chromatography apparatus consisting of a 1000 Smart-
line Pump, a 5000 Smartline Manager Solvent Organizer and
a 2800 Smartline Photo-DAD was used for the HPLC analy-
sis. The injection was carried out through a 3900 Smartline
Autosampler injector equipped with a 100 pl loop. The tem-
perature of the column was controlled with a Jet Stream 2
Plus oven (Knauer, advanced scientific instrument, Berlin,
Germany). The separation was achieved on a 25 cm X 4.6
mm with a pre-column, Eurospher 100-5 C,z analytical col-
umn provided by Knauer (Berlin, Germany). Data acqui-
sition and integration was performed with EZchrom Elite
software. The elution was carried out in a gradient system
with acetonitrile as the organic phase (solvent A) and 1%
(w/v) ammonium acetate buffer adjusted to pH 6.6 with ace-
tic acid (solvent B) with the flow-rate of 1 ml min~'. Peaks
were monitored at 280 nm wavelength. Injection volume
was 20 ul and the temperature was maintained at 25 °C.
All injections were repeated three times (n=03). Calibra-
tion graphs were plotted subsequently for linear regression
analysis of the peak area with concentration 5, 10, 25, 50,
80, 120, 150, and 200 mg 1~ I, The standard of GAL was
purchased from Sigma (Sigma-Aldrich Corporation, MO,
USA). Methanol, HPLC grade methanol, acetonitrile, and
ammonium acetate of analytical grade were obtained from
Merck (Darmstadt, Germany). HPLC grade water was used
throughout the analysis.

HPLC-MS separations were carried out on an Agilent
series 1200 system equipped with degasser, binary high

pressure mixing pump, column thermostat, and variable-
wavelength UV-Vis absorbance detector (Agilent Tech-
nologies; Waldbronn, Germany). Using the same chroma-
tographic condition, all eluted peaks were transferred to a
Finnigan TM LCQ TM DECA instrument, comprising an
ion trap. An ionization device was used for sample analyses
(sheath gas: 80 ml/min; auxiliary gas: 20 ml min; spray volt-
age: 5 kV; capillary temperature: 300 °C; capillary voltage:
46 kV; tube lens: —60 kV). The Xcalibur 2.0 SR2 software
(copyright Thermo Electron Corporation 1998-2006) was
used.

Statistical analysis

The experiment was a factorial design in a completely rand-
omized design (CRD) with three replications. Data analysis
was performed using SAS statistical software version 1.3.1.
The means were compared using the Duncan multi-domain
test at the probability level of 0.05, and according to their
results, the charts were plotted using Excel software. The
following equations calculate the ratio of bulb production
and shoot formation indices:

Bulblet formation ratio index = number of explants/num-
ber of produced bulblets.

Shoot formation ratio index = number of explants/number
of produced shoots.

Results

In the present study, the used sterilization protocol as men-
tioned in the experimental comprising 70% ethanol, 2%
NaOCl solution, and a few drops of Twin 20 showed satis-
factory results on the control of surface contamination of the
cultured two-scale explants. Pre-treatment of the explants
with hot water before surface sterilization with sodium
hypochlorite was additionally used. The explants incubation
in hot water (49 °C) for an hour gave the best result for the
disinfection of endophytes contamination of N. fazetta bulbs.

The results of the variance analysis revealed that hormo-
nal treatments, light conditions, and their interaction had

Table 3 Variance analysis of the effect of photoperiod and different concentration of plant growth regulators on in vitro regeneration of Narcis-

sus tazetta

Variable source DF Mean of square

Number of bulblet Ratio of bulblet Number of shoot Ratio of shoot Shoot length
Photoperiod (A) 1 1093.06* 7.58* 805.34* 5.31% 10.50*
Plant growth regulator (B) 18 254.65* 1.76%* 23.46* 0.17* 0.74%*
AXB 18 130.305* 0.91* 20.38* 0.14* 0.44*
Error 74 1.21 0.01 0.59 0.005 0.02
Coefficient variability (CV) 10.53 10.76 21.34 23.07 23.70

*Significant at 0.05 level
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significant effects on the number of bulblet and leaf, the
ratio of bulblet/leaf, and leaf length of N. tazetta (Table 3).
The results showed that there was a significant difference
(P <0.05) between treatments of photoperiod (16/8 h light/
dark) and 24 h dark on the number of bulblet and leaf, and
the ratio of each of them, as well as leaf length, so that the
maximum number of bulblet (13.5 + 1.44) and number of
leaf (6.2 +0.87) were obtained under 16/8 h light/dark. It
can be concluded that photoperiod is necessary for leaf pro-
duction. The effect of light on the leaf length was also sig-
nificant, so that, in light and dark conditions, the produced
leaves were 0.86 +0.46 and 0.26 +0.22 cm, respectively.
The mean ratio of bulblet production per sample was also
significantly different between dark and photoperiod con-
ditions. The mean value for light and dark conditions was
1.1+0.86 and 0.62 +0.31 bulblet/explant, respectively.
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Fig.2 The effect of photoperiod and plant growth regulators on the
average number of bulblet (A) and shoot (B) proliferated from two-
scale explants of Narcissus tazetta. Different letters showed sig-
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In the study of the interaction effect of PGRs and light
conditions, the highest number of bulblet (31.0+ 1.6) and
leaf (13.3 +1.3) were observed in the two-scale explants cul-
tured on MS medium containing 2 mg 1™! of both BAP and
NAA (treatment no. 9) under photoperiod condition (Fig. 2),
but the highest leaf length (2.1 +£0.52 cm) was observed on
the treated explants with 2 mg 17! BAP and 0.5 mg 1! NAA
(treatment no. 3) under light condition. The highest number
of bulblet (28.6 + 1.2) in continuous dark (24 h dark) was
obtained from treatment no. 2 (0.5 mg I "' NAA and 1 mg 17!
BA). The number of the produced leaf under 24 h dark was
much less than the exposed photoperiod so that the highest
number of the leaf (2.6 +£0.92) was measured in treatments
no. 2, 6, and 7 under continuous dark (Fig. 2). No bulblet
was produced on the hormone-free medium in both photo-
period (16/8 h light/dark) and 24 h dark conditions.
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The average number of proliferated bulblet among all
studied treatments in the light condition (16/8 h light/dark)
was approximately twice than 24 h dark conditions. Among
treatments containing GA,, treatment no. 13 (1 mg 17! GA;,
0.5 mg 17! BAP, and 0.5 mg 1"! NAA) produced the highest
number of the leaf (5.3 +0.86).

The average ratio of bulblet production per explant under
24 h dark and light conditions with different hormonal treat-
ments is demonstrated in Fig. 3. In exposed photoperiod
(16/8 h light/dark) and 24 h dark, the highest ratio of bulblet
production was observed in treatments nos. 9 and 2, respec-
tively. As can be seen, the highest percentage of leaf produc-
tion ratio per explant (1.1) was in hormonal treatment no. 9
under 16/8 h light/dark, while the ratio in the treatments nos.
2, 6, and 7 under 24 h dark was up to 0.26 leaf per explant.
The maximum mean of shoot length (2.1 £0.76 cm) was
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Fig.3 The effect of photoperiod and plant growth regulators on the
ratio of bulblet (A) and shoot (B) proliferated from two-scale explants
of Narcissus tazetta. Different letters showed significant differences
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obtained from treatment no. 3 underexposed photoperiod,
while this treatment did not produce leaf in 24 h dark. The
highest leaf length (0.83 +£0.42 cm) in the dark condition
was obtained from treatment no. 2. Treatment no. 9 showed
a significant difference with other tested treatments and pro-
duced the highest leaf ratio in each explant. Among stud-
ied treatments containing GA;, the maximum leaf length
(0.86 +0.38 cm) was obtained in treatment no. 10 (Fig. 3).
HPLC-UV-MS profiling of the methanolic extract of the
regenerated bulblets of N. tazetta is shown in Fig. 4. Char-
acteristically, the standard GAL (C,;H,;NO;) yielded an
[M+H]" peak at a molecular weight of 288.6 Da (the cor-
responding exact mass for GA is 288.1594 Da). The peaks
corresponding to GAL exhibited mass-to-charge (m/z) ratios
corresponding to the molecular ions [M+H]* of authentic
GAL (at 9.77 min), confirming the presence of GAL in the
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Fig.4 HPLC-UV-MS profiling of the methanolic extract of the
regenerated bulblets of Narcissus tazetta L. HPLC-UV chromatogram
recorded at 288 nm (A), corresponding total ion current chromato-

methanolic extract of the proliferated bulblets. Extracted ion
chromatogram for 288.1594 Da (the exact mass related to
GAL) led to find an isobaric compound of GAL. According
to the LC-MS data, the presence of lycorine (C,cH,;7,NO,)
in the methanolic extract of the studied in vitro proliferated
bulblets was also confirmed. The exact mass for this com-
pound and its corresponding retention time are 288.1230
Da and 5.6 min, respectively (Fig. 4). Quantitative HPLC
determination showed that the regenerated bulblets on the
best proliferation treatment underexposed photoperiod and
24 h dark produced 40 and 20 ug g~! DW GAL, respectively,
while GAL has not been detected in the produced leaf.

Discussion
The greatest problem in the in vitro culture techniques

such as micropropagation, somatic embryogenesis, embryo
rescue, somatic hybridization, somaclonal variation, and
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PCTOC for the production of SMs is the contamination.
A wide range of microorganisms, including fungi, yeasts,
bacteria, and viruses are the main contributing factors in
the contamination of in vitro cultures mentioned above
(Langens-Gerrits and De Klerk 1999). Therefore, steriliza-
tion of the plant tissues along with other materials used in
the in vitro techniques is one of the most basic and the most
important step in the establishment of an in vitro culture.

The main challenge in this regard is the disinfection of
explants because the intrinsic contaminants of plant tissues
(endophytes) cannot be eliminated using common surface
disinfectants and methods. Although this problem cannot
be observed in meristem culture, the use of an effective
method for the disinfection of the other materials, especially
underground explants including bulbs, corms, tubers, and
rhizomes is very necessary. Similar to the other bulbiferous
plants such as Lilium and Tulips, bulbs of Narcissus contain
a wide range of endophytes which can be contaminated the
plant in vitro cultures.
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In this study, the results of the disinfection and establish-
ment of explants showed that sodium hypochlorite even at
high concentrations and longtime did not affect the elimi-
nation of endophytes contamination. Although the use of
mercuric chloride (0.1%) has been reported for the explant
sterilization of some bulbous plants as Zephyranthes gran-
diflora (Gangopadhyay et al. 2010), and Lilium polyphyl-
lum D. Don ex Royle (Taha et al. 2018), but it has not been
considered in the present study due to the toxicity and health
risk of its using. Abdel-Rahman et al. (2017) observed the
best disinfection results for the bulbs of N. tazetta “Chinen-
sis” through soaking the bulbs in 70% ethanol for 10 min
followed by soaking bulbs in 2% HgCl, for 10 min. The
bulb disinfection of Leucojum with 70% ethanol (1 min) and
domestos bleach (5% chlorine) 50% and 30% at intervals
of 30 and 10 min has been reported (Stanilova et al. 2010).
Treatments of the explants with hot water (40-50 °C for
1 to 4 h) followed by drying before sterilizing them with
hypochlorite solutions have also been suggested (Teixeira
da Silva et al. 2016). The use of hot water at 40 and 54 °C
has been reported to eliminate the internal contamination of
Lilium and Narcissus bulbous explants, respectively (Lan-
gens-Gerrits et al. 1998; Lagnes-Gerrits and De Klerk 1999).

In vitro organogenesis can be affected by several factors
such as plant genotype, storage conditions, explant type,
polar orientation of the explants, photoperiod, temperature,
composition of culture medium, and PGRs ( Chen and Ziv
2005; Abdel-Rahman et al. 2017; Begum et al. 2019; Chees-
man et al. 2010; Garcia-Fortea et al. 2020; Nasircilar et al.
2011; Sairam et al. 2003). Photoperiod and concentration of
PGRs are probably the most important influencing factors on
in vitro organogenesis in the bulbous plants. In vitro propa-
gation of Amaryllidaceae members through scale explants
comprising a piece of basal plate has also been reported
(Ault 1995; Diop et al. 2006; Fennell et al. 2004; Rice et al.
2011). It has been claimed that adventitious shoots were suc-
cessfully proliferated from tissue at the base of bulb scales in
many bulbous species (Ozel et al. 2015; Rice et al. 2011). So,
it is necessary to include the basal plate as part of the scale
explant for further bulblet proliferation. Ozel et al. (2007)
reported that the combination of BAP-NAA has a significant
effect on the proliferation of Muscaria bulbs from two-scale
explants, which is consistent with the results obtained in this
study (Ozel et al. 2007). An efficient in vitro regeneration
of N. tazetta “Chinensis” through twin-scale explants with
basal plate cultured on MS medium supplemented with 1 mg
1"'IBA + 1 mg 1! triiodobenzoic acid (TIBA) and activated
charcoal has been reported (Abdel-Rahman et al. 2017).
The highest proliferation bulbs of Muscari mirum Speta has
also been reported from four-scale explants cultured on MS
medium containing 4 mg 17! BAP and 0.25 mg 1”! NAA
(Nasircilar et al. 2011). Rice et al. (2011) reported the high-
est bulblet induction from twin-scale explants of Brunsvigia

undulata F.M. Leight cultured on hormone-free medium. In
some reports, both increasing and decreasing effects of TDZ
concentration on bulblet induction of bulbous plants have
been reported (Huetteman and Preece 1993; Thomas 2007),
which has an increasing effect when used in combination
with NAA. So, the synergistic effect of NAA in combination
with cytokinins has been claimed in the bulblet formation
of bulbous plants.

The significant effects of previous bulb storage on the
performance of twin-scales for in vitro regeneration of
N. tazetta have been reported by Chen and Ziv (2005).
They revealed that the twin-scale explants isolated from
the bulbs after three months in storage at 30 °C and a six
week cold treatment at 15 °C produced high numbers of
uniform adventitious buds. In their results, the elongated
buds regenerated from inflorescence stem discs had a wide
range of length variation when compared to adventitious
shoots regenerated from twin-scale explants. They have
also been studied the effect of polar orientation on regen-
eration of the inflorescence stem of N. tazetta which may
be due to the presence of growth substances, especially
the ratio of cytokinin and auxin within the explants. It has
been claimed that the interactions between growth sub-
stances and the polar orientation of the explants, and their
effects on the regeneration can be a complex phenomenon
(Chen and Ziv 2005).

The bulblet induction on the PGRs-free medium has
also been reported in many other Amaryllidaceae members
including Amaryllis belladonna L. (De Bruyn et al. 1992),
Pancratium maritium L. (Dragassaki et al. 2001), Crinum
macowanii Baker. (Slabbert et al. 1993), and B. undulata
(Rice et al. 2011). In this case, it can be concluded that the
explant contains a high level of endogenous PGRs to induce
bulblet formation. Although the effect of the genotype and
the size of the explant on the bulb regeneration is confirmed,
but the effect of NAA-cytokinin composition on the efficient
production of bulbs in some other bulbous plants such as Iris
sanguinea (Wang et al. 2018), Lachenalia montana (Aremu
et al. 2015), Fritillaria ruthenica Wikstr. (Muraseva and
Novikova 2018), Muscari muscarimi (Ozel et al. 2015), and
L. aestivum (Ptak et al. 2013) have also been reported. The
increasing effect of paclobutrazol and sucrose levels on the
bulblet induction of L. aestivum in culture condition in vitro
has been reported (Ptak et al. 2013). Sultana et al. (2010)
studied the effect of BAP and chlorocholine chloride (CCC)
concentrations in addition different levels of sucrose on the
bulb proliferation of Hippeastrum hybridum and showed that
the maximum bulb production was obtained on the medium
culture supplemented with 6 mg 1~! BAP, 500 mg 1! CCC,
and 90 g 17! sucrose (Sutlana et al. 2010). The increasing
effect of polyamines and methyl jasmonate on the bulb for-
mation of Tulipa has been reported by Podwyszynska et al.
(2015).

@ Springer



196

Plant Cell, Tissue and Organ Culture (PCTOC) (2020) 142:187-199

The effect of photoperiod on the regeneration of bulbs
in A. belladonna (De Bruyn et al. 1992), Lilium longiflo-
rum (Niimi and Onozawa 1979), B. undulate (Rice et al.
2011), and Eucomis zambesiaca (Cheesman et al. 2010) has
also been reported. The growth and developmental process
of plants in in vitro cultures are significantly affected by
the quality of light (color and wavelength), intensity, and
photoperiod. Light is also often a key factor in the accu-
mulation of SMs (Yang et al. 2018). The effect of different
photoperiods on the regeneration rate of Paulownia under
in vitro culture conditions has been reported (Yang et al.
2013). They approved that different light conditions can be
affected by the leaf and root induction of the plant. In the
contrary, Houllou et al. (2015) showed that photoperiod did
not effect on shoot and root development of Capraria biflora
L. while affected on the plant callus induction. The effect
of photoperiod (16/8 h light/dark) on the bulb production
from two-scale explants of B. undulata in in vitro condi-
tion has been reported (Rice et al. 2011). Cheesman et al.
(2010) showed that 24 h dark completely inhibited bulblet
formation in Eucomis zambesiaca. They have been found
that the best bulblet induction occurred in the 8 h light cycle.
Conversely, the highest bulblet regeneration in Hyacinthus
orientalis (Kim et al. 1981) and L. longiflorum (Kumar et al.
2006) has been reported in continuous darkness which is in
the opposite of our obtained results. The difference in results
observed for N. tazetta could be due to the plant genotype
and the type of explant used. Further studies on light condi-
tions (quality and intensity) on the plant need to be investi-
gated to optimize the real effect of light.

It has been revealed that environmental parameters such
as light and day length interact with PGRs to cause devel-
opmental responses in plants (Cheesman et al. 2010; Kumar
et al. 2006; Rice et al. 2011) which are in agreement with
obtained results in the present study. Notably, the bulblet
production decreased in the treatments containing GA; (No.
10-18). Thus, it can be concluded that this plant hormone
has a negative effect on bulb production in N. tazetta. This is
in agreement with obtained results by Pierik and Steegmans
(1975) in the bulb proliferation of hyacinth and E. zambesi-
aca (Pierik and Steegmans 1975).

Generally, it can be concluded that low concentration
of auxin and cytokinin is more suitable and efficient for
bulb production, while increasing concentrations of these
hormones, especially cytokinins, increased the production
of the leaf. Santos et al. (2002) reported similar results in
in vitro culture of N. bulbocodium L. using MS medium
with two different hormonal compositions (BAP 4 mg 17!
+ NAA 12 mg 17! and BAP 2 mg 1™! + IBA 1 mg 17!)
which resulted in leaf induction on explants. In the sec-
ond hormonal composition, a few small bulblets appeared
after 70 days. Growth of proliferated bulblet was carried
out with two subcultures on the same culture medium
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with an increase of 9% sucrose and with or without NAA.
They revealed that NAA has not a significant effect on the
bulblet size, but led to a better formation of the root. In
in vitro propagation of Narcissus, the effect of BAP and
NAA on the leaf induction has also been reported by Hus-
sey (1982).

Bergonon et al. (1996) showed that GAL production was
stimulated by prolonged photoperiod in the shoots culture
of N. confuses which has been reached to 2.5 mg ¢! DW in
the plant tissue culture Berkov et al. (2009) also claimed that
light is an important factor in the biosynthesis of GAL in the
shoots of L. aestivum cultured in vitro. They found that GAL
production in the light conditions is nearly twice that of dark
conditions, which is in agreement with obtained results in
the present study. The concentration of GAL in different
plant organs of L. aestivum has been reported between 0.02
and 0.60 mg g~' DW. As the other monocotyledons, callus
induction and cell suspension culture establishment in Nar-
cissus is relatively difficult. So, optimization of mass bulb
proliferation of the plant can be considered as an efficient
and alternative method for the production of medicinally
important compound GAL. So far, several attempts for the
production of GAL through in vitro cultures of the Amaryl-
lidaceae family have been done. The effect of elicitation on
the production of GAL in the shoot culture of N. confuses
has been reported (Colque et al. 2004). Quantification of
GAL in bulbs and in vitro cultures of N. papyraceus and four
varieties of N. tazetta grown in Iran using GC-MS analy-
sis has been recently reported (Tarakemeh et al. 2019). It
has been shown that the content of GAL ranged from 6 to
105 pg g~ ! DW among the studied species and varieties.
They also showed that GAL accumulation was significantly
stimulated by 4’-O-methylnorbelladine precursor in in vitro
culture samples of N. tazetta which has been reached to 1.7
and 82 ug g~! DW in the calli and bulblet cultures, respec-
tively. Production of GAL through in vitro tissue culture of
N. pseudonarcissus cv. Carlton has been currently reported
by Ferdausi et al. (2020). According to the obtained LC-MS
results comparing with the previous report (Karakoyun and
Unver-Somer 2019), lycorine, an Amaryllidaceae alkaloid,
was also found in the proliferated N. tazetta bulblets. Inter-
estingly, lycorine is a well-known natural alkaloid with a
wide range of pharmaceutical properties (Roy et al. 2018).
Antiviral activity of lycorine against severe acute respira-
tory syndrome-associated coronavirus (SARS-CoV), mea-
sles virus, coxsackie virus, poliovirus, human immunodefi-
ciency virus (HIV-1), and herpes simplex virus type 1 has
been reported (Szlavik et al. 2004; Li et al. 2005). Therefore,
further studies including optimization of medium culture
conditions, elicitation, precursor feeding, and the other
enhancement strategies can be recommended to produce this
valuable alkaloid through developed in vitro mass bulblets
culture of N. tazetta.
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Conclusions

The chemical synthesis of GAL has been successfully
reported, but the main natural source for its commercial
production is the plant materials of Amaryllidaceae mem-
bers. The biomass production rate in these plants is very
slow and time-consuming, so in vitro culture establish-
ment of the plants like N. tazetta can be a good way to
achieve maximum production of this medicinally impor-
tant compound for further pharmaceutical purposes and
commercial exploitation. Since GAL accumulation in the
bulbs of Narcissus is higher than in the shoots, therefore,
the present study focused on in vitro mass bulb produc-
tion of the plant. This study showed that two-scale bulb
explants of N. tazetta cultured on the MS medium sup-
plemented with 2 mg 17! of both BAP and NAA under
photoperiod condition produced the highest number of
bulblet. Media culture containing GA; decreased bulblet
proliferation in N. tazetta. It is worthy to note that more
bulblets obtained from the medium supplemented with
lower hormonal concentrations, which can be considered
to reduce production costs in the mass bulblet culture of
N. tazetta in the bioreactor for the commercial production
of anti-AD compound GAL and medicinally important
antiviral component lycorine as well.
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