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Abstract An accelerated, unique and efficient alginate-
encapsulation (synthetic seed)-based genetically true-to-
type mass propagation system in stevia (Stevia rebaudiana
Bert.) was successfully developed. Multiple shoot cultures
in stevia were initially established from shoot tip explants
cultured on Murashige and Skoog (MS) semi-solid me-
dium supplemented with 0.5 mg/l N°-benzyladenine.
Synthetic seeds were developed from individual shoot tips
(obtained from in vitro multiple shoots) using 3% (w/v)
sodium alginate and 75 mM calcium chloride solutions. In
comparison with non-encapsulated in vitro shoot tips,
alginate-encapsulated ones (i.e. synthetic seeds) exhibited
accelerated germination (in the form of fresh shoot emer-
gence) (~ 2 days), higher shoot proliferation rate and
elongation (9.47 shoots with 10.94 mm length, and 64.33
leaves) as well as quicker root initiation (~ 9 days),
multiplication and elongation (~ 13 roots with 38 mm
length) after 30 days of inoculation in filter paper (M-
bridge)-immersed half-strength MS liquid medium without
plant growth regulator. Non-encapsulated in vitro shoot
tips failed to initiate roots and showed reduced shoot
growth. Synthetic seed-regenerated complete plantlets
were successfully acclimatized in cocopeat. Clonal fidelity
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analysis of synthetic seed-regenerated plantlets was per-
formed using ten inter-simple sequence repeats primers
that exhibited monomorphic banding pattern, ensuring no
genetic variations among the plantlets as well as with their
mother plant. The present protocol will be beneficial not
only for the smooth exchange of germplasms but also as an
alternative approach for accelerated-cum-enhanced in vitro
mass propagation of stevia.

Keywords Alginate encapsulation - Germination -
Germplasm exchange - ISSR - Mass propagation -
M-bridge - Synthetic seed

Abbreviations
BA N®-benzyladenine
MS Murashige and Skoog (1962)

MSL  MS liquid medium

ISSR  Inter-simple sequence repeats

RAPD Random amplified polymorphic DNA
Introduction

Stevia rebaudiana Bert. (2n = 22), popularly known as
“Candy leaf”, is indigenously native to Paraguay. It is a
perennial small herbaceous short-day plant belonging to
the family Asteraceae that grows up to 65-80 cm in height.
The genus Stevia approximately consists of 150-200 spe-
cies that are extensively cultivated in many parts of Asian
countries, viz., Malaysia, Singapore, Taiwan, China, South
Korea and Thailand (Gantait et al. 2015). It is widely
distributed all around the world, from the USA to Argen-
tina and the Brazilian part, across Mexico and to the South
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American Andes and the Central American areas (Gantait
et al. 2018).

High demand of this plant as a natural sweetener, ulti-
mately drove for its large-scale cultivation (Das et al.
2005). The production of stevia increased extensively in
China, and the chief market is located in Japan. The leaves
of this plant contain non-caloric ent-kaurene diterpene
glycosides (rebaudioside and stevioside), which are 300
times sweeter than sucrose. It acts as natural sugar and is an
alternative to many of the artificially produced sugar sub-
stitutes. Traditionally, stevia is propagated via seeds and
cuttings, but such practices have major drawbacks, i.e. self-
incompatibility of seeds, poor seed setting and germination
(Gantait et al. 2018). In addition, there is a high chance of
genetic variation that ultimately not only may reduce the
quantity and quality of pharmaceutically important ste-
vioside content but also delimit the rapid mass propagation
of this plant (Das et al. 2011). Since recent past, in many
countries, stevia has been familiarized for its ethnophar-
macological properties (Gantait et al. 2015). Still, large-
scale mass propagation techniques are yet being optimized
to increase the quality and quantity of stevioside level in
selected elite clones. In such circumstances, alginate-en-
capsulation-based synthetic seed production is an effective
procedure for the storage and exchange of these elite
clones.

Synthetic seed production technique acts as an alterna-
tive to in vitro mass propagation by reducing the cost of
production, useful for short- to mid-term storage of elite
germplasms as well as a higher rate of multiplication
(Kikowska and Thiem 2011). Among different explants
used for encapsulation, shoot tip was found to be best
explant for rapid regeneration response in the case of sev-
eral other medicinal plants (Gantait et al. 2015). In addition,
the frequently used basal nutrient medium improves ger-
mination and plays a significant role in regeneration of
alginate-encapsulated explant (synthetic seed) into com-
plete plantlet. In this context, liquid basal medium is pre-
dominately preferred over semi-solid medium since
the liquid form significantly provides more nutrients to the
explant than solid form of media. Although several media
combinations have been widely used for regeneration of
synthetic seeds, but to date, there is no report on use of
liquid medium provided with filter paper bridge for regen-
eration of synthetic seeds or mass propagation in stevia.
Gantait et al. (2017a,b) reported half-strength Murashige
and Skoog liquid (%2MSL) basal medium (Murashige and
Skoog 1962) provides an optimal level of nutrients for
improved germination of the synthetic seeds in case of other
medicinal plants like R. serpentina and T. indica. Faisal
et al. (2012) and most recently Gantait et al. (2022) further
reported the effectiveness of liquid medium provided with
filter paper M-bridge during simultaneous shooting and/or

rooting from synthetic seeds of R. serpentina. Recently,
Catana and Boboc (2021) reported the use of sponge like
structure of Luffa cylindrica as a supportive material instead
of filter paper in the liquid medium for mass propagation of
stevia; however, therein an adverse effect was observed
during root initiation.

So far, there is no report on usage of filter paper (M-
bridge) immersed in '2MSL basal medium for the
improvement of germination efficiency of synthetic seeds
as well as mass propagation of stevia. The eventual success
of any in vitro propagation system lies on effective
acclimatization; in this context, merely two reports from
Lata et al. (2013) and Shaafi et al. (2021) are available on
acclimatization of synthetic seed-derived in vitro regener-
ants of stevia.

For an effective synthetic seed production with the
objective of germplasm storage and exchange, confirma-
tion of genetic integrity is a mandatory step. Yet, there is
merely one report confirming the genetic integrity of
regenerated synthetic seeds of stevia to date. That is also
not comprehensive with fewer primers and resultant bands
(loci) (Lata et al. 2016). Inter-simple sequence repeats
(ISSR) markers were the most commonly used amid sev-
eral PCR-based molecular systems to detect the clonal
fidelity (Gantait et al. 2017a) because they are cost-effec-
tive, simple and easily accessible. As it requires less
quantity of DNA and is more convenient, this technique is
deemed more advantageous for clonal fidelity screening
(Gantait et al. 2017a).

Based on backdrop mentioned above, the present study
deals with the establishment of in vitro multiple shoot
cultures, development of synthetic seeds from shoot tips,
their accelerated germination ensuring enhanced growth
and proliferation (required for germplasm exchange),
acclimatization of synthetic seed-derived plantlets and
evaluation of genetic fidelity of the regenerants using ISSR
primers.

Materials and Methods

Plant Material and Establishment of In vitro
Multiple Shoot Cultures

Actively emerging shoot tips (2-3 cm in length) from two-
months-old stevia plants (Fig. 1A) were used as explants
for establishment of in vitro multiple shoot cultures. The
explants were sterilized according to the method described
by Gantait and Sinniah (2013). The disinfected explants
were then briefly dried on blotting paper (Fig. 1B). The
explants were trimmed to ~ 1.5 cm before they were
inoculated on MS semi-solid medium containing 0.44%
(w/v) MS salt (Himedia Laboratories Pvt. Ltd., India), 3%
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Fig. 1 Establishment of
multiple shoot cultures of Stevia
rebaudiana Bert. A Two-
month-old ex vitro growing
mother plant (source of
explants), B isolated and surface
disinfected shoot tips for
inoculation, C shoot initiation
from shoot tip after 2 weeks of
inoculation on Murashige and
Skoog semi-solid medium
supplemented with 0.5 mg/l N°-
benzyladenine, D initiation of
multiple shoot after 4 weeks of
culture, E proliferation and
elongation of multiple shoots
after 6 weeks of culture, F mass
multiplication in culture vessels
after 8 weeks of culture

(Bar = 10 mm)

(w/v) sucrose (Merck Life Sciences Pvt. Ltd., India), 0.7%
(w/v) agar (Sisco Research Laboratories Pvt. Ltd., India)
supplemented with 0.5 mg/l N6—benzyladenine (BA)
(Fig. 1C). The medium was attuned to pH 5.8 by adding
0.1 N NaOH or 0.1 N HCI before addition of agar and was
autoclaved for 20 min at 1.1 kg/cm?® (121 °C) pressure.
After 8 weeks of culture, freshly developed multiple shoots
were isolated and shoot tips were encapsulated for the
development of synthetic seeds (please refer ‘Development
of synthetic seeds and assessment of their regeneration’
section). 2MSL medium was used to study regeneration
response of encapsulated shoot tips. All the cultures were
maintained at 25 & 1 °C temperature and 60% relative
humidity under 16-h photoperiod with 60 pmol/m*/s pho-
tosynthetic photon flux density provided by cool fluores-
cent tubes (Philips Lifemax, PHILLIPS, India).

Development of Synthetic Seeds and Assessment
of Their Regeneration Efficiency

The shoot apices from in vitro shoots of stevia were
encapsulated according to Gantait et al. (2017a) using
autoclaved solutions of 3% (w/v) sodium alginate (Sisco
Research Laboratories Pvt. Ltd., India) dissolved in 2aMSL
medium and 75 mM of calcium chloride (CaCl,.2H,0)
(Merck Specialties Pvt. Ltd., India). Shoot tips (3—4 mm
long size) were isolated from the multiple shoot clumps
(Fig. 2A) and plunged in sodium alginate solution for
about 10 min (Fig. 2B) inside laminar airflow chamber.
Next, a little quantity of sodium alginate, each comprising
one shoot tip, was drawn in and then gently dropped in
calcium chloride solution under sterile condition or
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aseptically. Sodium alginate containing the shoot apex was
kept immersed as such in calcium chloride solution for
30 min (Fig. 2C) in order to allow complete polymeriza-
tion that finally lead to the formation of translucent isodi-
ametric beads (i.e. synthetic seeds) (Fig. 2D-E). The
synthetic seeds were washed gently with autoclaved water,
blotted dry and inoculated on 2MSL medium provided
with M-bridge filter paper (ensuring that synthetic seeds
were in contact with culture medium) (Fig. 2F) and kept
under above-mentioned culture conditions. Data on various
parameters such as period required for germination of
synthetic seeds (initiation of fresh shoot and root initiation
in regenerated shoots) as well as length (mm) of regener-
ated shoots and roots, and number of leaves per synthetic
seed were recorded.

Acclimatization

The well-rooted plantlets regenerated from synthetic seeds
were washed thoroughly in running tap water without
damaging the roots and transferred to cocopeat substratum
for acclimatization. Intermittent spraying of water was
done regularly in order to maintain sufficient moisture
level. Throughout the entire acclimatization step, an aver-
age of (28 £ 2) °C temperature under 12-h photoperiod of
200 pmol/m?/s photosynthetic photon flux density at 80%
relative humidity was maintained for growth and survival
of plantlets.
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Fig. 2 Development of
synthetic seeds of Stevia
rebaudiana Bert. using in vitro-
regenerated shoot tips.

A isolation of uniform sized
shoot tips from multiple shoot
clusters, B drenching of isolated
shoot tips in 3% sodium
alginate, C dropping of sodium
alginate-drenched shoot tips in
75 mM calcium chloride
solution, D calcium-alginate
polymerization of beads,

E well-developed synthetic
seeds, F inoculation of synthetic
seeds in 2Murashige and Skoog
liquid medium supported with
filter paper M-bridge

(Bar = 10 mm)

Clonal Fidelity Assessment Using Molecular
Markers

Detection of the fidelity of plantlets regenerated from
synthetic seeds among themselves as well as with their
mother plant was carried out with 10 ISSR primers.
Genomic DNA was extracted from 6 randomly selected
acclimatized plantlets and the source/mother plant using
GSure® Plant Mini (DNA extraction) Kit [GCC Biotech
(India) Pvt. Ltd., Kolkata]. Polymerase chain reaction
(PCR) was carried out in a thermocycler system (Pro-
Flex™ Applied Biosystems® by Life Technologies™,
Singapore). Each 25 pl PCR reaction contained 12.5 uM
PCR master mix, 40 ng of template DNA and 0.1 puM of
primer. The PCR programme consisted of initial denatu-
ration step of 5 min at 94 °C followed by 35 cycles of
1 min at 94 °C, 1 min at (41°-55 °C) (annealing temper-
ature varied according to T,, of primers), extension of
1 min at 72 °C and final extension of 7 min at 72 °C. The
PCR products were resolved on 1.5% (w/v) agarose gel
stained with ethidium bromide in 1X Tris—borate-EDTA
buffer. The size of amplicons was estimated using 100 bp
ladder. The gels were then examined under UV light in the
UVP® Gel Doc system (Cambridge, UK). The data were
noted as ‘1’ for the presence of the band and ‘0’ for the
absence of band for each of the synthetic seed-regenerated
plantlets and their mother plant. All amplification reactions
with ISSR primers were repeated at least three times to
check the reproducibility.

Collection of Data and Statistical Analysis

In the present study, the experiments were performed using
completely randomized design (CRD). For synthetic seeds
germination, 15 replicates (each replica consisted of 5
samples) (with three repeated experiments) were taken to
minimize the error. Recorded data was statistically anal-
ysed for analysis of variance (ANOVA). Statistical sig-
nificance was calculated using SPSS (version 17.0, SPSS
Inc., Chicago, IL, USA) software. Further, significant
variation amid the treatment data (mean =+ standard error)
was formulated using Tukey’s test at P = 0.05 level of
significance.

Results and Discussion
In vitro Multiple Shoot Cultures

In the present study, multiple shoot cultures of stevia were
established from actively growing ex vitro shoot tips cul-
tured on MS semi-solid medium supplemented with
0.5 mg/l BA (Fig. 1A, B). Such low concentration of BA
was substantially effective wherein the explants showed
initiation of regeneration after 2 weeks (Fig. 1C) and
multiple shoot initiation after 4 weeks of inoculation
(Fig. 1D). Multiple shoots were further proliferated and
elongated within 8 weeks of inoculation (Fig. 1E, F) in the
same medium. Promotional effect of BA as the widely used
sole cytokinin source proved to be effective in case of
stevia as reported earlier (Rafiq et al. 2007; Hassanen and
Khalil 2013; Tiwari et al. 2013; Nower 2014; Aziz and Al-
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Taweel 2019). Nonetheless, earlier report suggested that
higher concentrations of BA resulted in decreasing multi-
ple shoot formation in stevia (Sivaram and Mukundan
2003). It was noteworthy to observe that such a low con-
centration (0.5 mg/l) of BA proved to be significantly more
efficient that its lower (0.25 mg/l) or higher (1 mg/l) con-
centrations during multiple shoot culture establishment of
medicinal plant species like goji berry (Lycium barbarum
L.) (Karakas 2020).

Development of Synthetic Seeds via Alginate
Encapsulation

The development of synthetic seeds from in vitro-regen-
erated shoot tips using 3% sodium alginate and 75 mM
calcium chloride solutions was successfully attained
according to the protocol of Gantait et al. (2017a)
(Fig. 2A-D). The complexation of gel as well as consis-
tency of capsule depends upon most appropriate exchange
of Na™ and Ca”" ions. The aforementioned encapsulating
agent and gelling matrix combination was found to be
effective, resulting in isodiametric, firm and translucent
beads of uniform shape and size (Fig. 2E). The length of
shoot tips ~ 3 mm was proved to be effective wherein this
explant size ensured ideal-shaped synthetic seed formation
and resulted in quick germination and subsequent high-
frequency regeneration than non-encapsulated shoot tips.
The effective use of 3% sodium alginate and 75 mM cal-
cium chloride for synthetic seed development was reported
in like Withania somnifera (L.) Dunal (Singh et al. 2006),
Ocimum basilicum (Siddique and Anis 2009), Tuberaria
major (Coelho et al. 2014), and several other herbaceous
medicinal plant species (reviewed by Gantait et al. 2015).
According to Gantait et al. (2015), 3% sodium alginate and
optimum concentration of calcium chloride might have
facilitated useful ion exchange between Na™ and Ca®™,
developing translucent, condensed and isodiametric syn-
thetic seeds. Lower or higher concentrations than 3%
sodium alginate reported to be inefficient resulting in either
asymmetrical and fragile in shape or very hard forms of
synthetic seeds, respectively.

Germination of Synthetic Seeds and Mass
Propagation

Synthetic seeds (encapsulated shoot tips) and non-encap-
sulated shoot tips were cultured on 2MSL medium pro-
vided with filter paper (M-bridge) according to the
procedure optimized by Gantait et al. (2022) to study their
regeneration and multiple shoot proliferation response.
Encapsulated shoot tips showed accelerated rate of ger-
mination (in the form of fresh shoot initiation within
~ 2 days, shoot multiplication and elongation (on an
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average 9.47 shoots with 10.94 mm length, and 64.33
leaves/synthetic seed) as well as root initiation in shoots
(~ 9 days), multiplication (13.20) and elongation
(38.1 mm) at 30 days of inoculation (Fig. 3, 4A-C), and
complete plantlet development was observed within
30 days of inoculation (Fig. 4E).

On the other hand, non-encapsulated shoot tips showed
delayed shoot initiation (~ 7 days) and fewer shoots with
reduced growth after 30 days of inoculation (Fig. 3, 4F-G)
in the same media. Superior performance of encapsulated
shoot tips, in terms of growth and development, may be
due to better availability of nutrients from the alginate rich
2MSL encapsulation as well as 2MSL medium supported
with filter paper (M-bridge) that in turn provided higher
surface area for contact of synthetic seeds with the nutrient
solution. It was noteworthy to mention that non-encapsu-
lated shoot tips did not produce roots and exhibited
regression in shoot initiation because of less availability of
nutrients due to absence of alginate encapsulation.

Till date, there is no such report on multiple shoot
proliferation in stevia with simultaneous shoot and root
development in the same media. Inclusion of filter paper
(M-bridge) as support material in MSL medium was found
to be effective for the enhancement of rooting response in
in vitro shoots obtained from synthetic seeds of R. ser-
entina. However, the utilization of substrata (such as filter
paper or cotton bed) for complete plantlet regeneration
wasn’t performed substantially (Faisal et al. 2012; Gantait
et al. 2022). In addition to this, Gantait et al. (2017a, b) also
reported the positive influence of 2MSL medium for
efficient germination and the growth of synthetic seeds in
case of R. serpentina and T. indica. The efficiency of
2MSL medium for improved germination of synthetic
seeds was also highlighted by Kundu et al. (2018) in
Sphagneticola calendulacea; nonetheless, in contrary to the
present study (involving sole use of “2MSL medium) they
reported the supplementation of a-naphthalene acetic acid
and BA in /2MSL medium.

The present study reports for the first time an efficient
multiple shoot proliferation protocol with simultaneous
shoot and root development (monophasic protocol) from
synthetic seeds of stevia cultured on 2MSL medium sup-
ported with filter paper (M-bridge).

Acclimatization

The in vitro regenerated plantlets from the synthetic seeds
were successfully acclimatized (with 90% survival rate) in
cocopeat (Fig. 4H). Emergence of new leaves was
observed with no phenotypic variations during their vege-
tative growth period. According to Subrahmanyeswari
et al. (2022), cocopeat provides optimal water retention and
enhanced aeration ensuing in ideal nutrient supply for
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Fig. 4 Influence of alginate encapsulation (synthetic seeds) on
growth and proliferation of shoot tips of Stevia rebaudiana Bert.
A Initiation of germination (bud break) within ~ 2 days of inocu-
lation in '2Murashige and Skoog liquid medium supported with
M-bridge, B multiple shoot initiation after 7 days of inoculation,
C root initiation and shoot elongation after ~ 9 days of inoculation,
D mass multiplication, elongation and proliferation of shoots and

growth and development of the plantlets in addition to
minimizing the chance of soil-borne root and fungal dis-
eases. There were merely few reports available on
acclimatization of in vitro synthetic seed-derived plantle-
ts of stevia. Lata et al. (2013) reported acclimatization of
well-developed plantlets (with 87% survival rate) regen-
erated from alginate-encapsulated nodal segments of ste-
via. Recently, Shaafi et al. (2021) also reported
acclimatization of shoots regenerated from encapsulated
lateral buds of stevia in three different substrata like
cocopeat, perlite and potting soil.

Assessment of Clonal Fidelity of Regenerants

A total of 10 ISSR primers that showed positive reaction
were used to detect the genetic integrity of in vitro
regenerants produced from encapsulated shoot tips (syn-
thetic seeds) among themselves as well as with the mother
plant. It was found that all the regenerants produced from
encapsulated and non-encapsulated shoot tips obtained
from mother plant produced monomorphic bands. Ampli-
fication with all 10 ISSR primers produced total 57 bands
per sample with 5.7 as the average number of scorable
bands per primer with band size ranging from 220 bp (in
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foliage after 20 days of inoculation, E complete plantlet development
at 30 days of inoculation, F delayed fresh shoot initiation from non-
encapsulated shoot tips after 7 days of inoculation, G fewer shoots
with reduced growth from non-encapsulated shoot tips after 30 days
of inoculation, H acclimatization of synthetic seed-derived complete
plantlets in cocopeat. (Bar = 10 mm)

case of ISST-4, ISST-10) to 2300 bp (ISST-2) (Table 1).
ISST-4 primer amplified with maximum number of 10
bands per sample. A total of 342 scorable monomorphic
bands were produced from encapsulated shoot tips and
mother plant that displayed 100% genetic integrity without
deviation in the banding pattern (Fig. 5). List of all the 10
ISSR primers along with their sequences, Tm, number of
scorable bands per primer per sample, total number of
bands and their molecular sizes are given in Table 1.
Gantait et al. (2017a) reported genetic fidelity (based on 97
monomorphic bands using 10 ISSR primers) of in vitro
regenerants produced from the synthetic seeds of R. ser-
pentina. Likewise, the sole report on stevia by Lata et al.
(2016) affirmed the genetic integrity of germinated artifi-
cial seeds. However, it was less comprehensive, with a
fewer number of bands (only 41) using 8 ISSR primers.
There are other reports on molecular marker-based (chiefly
random amplified polymorphic DNA; RAPD and ISSR)
genetic fidelity assessment of synthetic seed-regenerated
plantlets of several medicinal plant species such as on
Hedychium coronarium using 7 RAPD and 8 ISSR primers
(Behera et al. 2020), on Bacopa monnieri using ISSR
primers (Pramanik et al. 2021), and most recently, on R.
serpentina using 10 RAPD primers (Gantait et al. 2022).
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Table 1 List of inter-simple sequence repeats (ISSR) primers used for assessment of genetic fidelity of regenerants obtained from synthetic

seeds of Stevia rebaudiana Bert.

Primer(s) Sequence (5'-3") T, (°O) Number of scorable bands /primer /sample Total number of bands Size range (bp)
ISST-1 (CA)GT 54 5 30 320-950
ISST-2 (CA)AG 54 4 24 750-2300
ISST-3 (CA)RAC 54 6 36 400-1200
ISST-4 (AC)y T 50 10 60 220-1100
ISST-5 (GGA)g 52 6 36 300-750
ISST-6 (GTC)s 53 7 42 380-1250
ISST-7 (CA)6GT 42 5 30 280-1100
ISST-8 (CA)6AG 42 6 36 320-1300
ISST-9 (CAC);GC 45 4 24 350-1400
ISST-10 CGC(GATA), 45 4 24 220-450
Total 57 342 220-2370

Fig. S Representative photographs of ISSR profiles of mother plant
(P) and regenerants from synthetic seeds (C1—Cs) of Stevia rebau-
diana Bert. exhibiting monomorphic banding pattern with 6 ISSR
primers, Lane 1: 100 bp ladder, Lane 2: DNA banding pattern of

Conclusion

In the present study, a simple protocol for multiple shoot-
root regeneration of stevia is developed with a minimal
concentration (0.5 mg/l) of BA. Most significantly, for the
first time in stevia, we report an efficient, reproducible and
a systematic procedure for enhancing regeneration of
synthetic seeds and their subsequent growth and prolifer-
ation (required for germplasm exchange) in MSL

B M REC G Cl@1Es

C RPR@1 C2 €G3 G4 Ch

mother plant, Lane 3-7: DNA banding pattern of regenerants from
synthetic seeds. A ISST-1 [(CA)gGT], B ISST-2 [(CA)sAG], C ISST-
3 [(CA)sAC], D ISST-4 [(AC)sT], E ISST-5 [(GGA)s], F ISST-6
[(GTC)s]

basal media provided with M-bridge filter paper. The
above-mentioned protocol eventually provides proper
availability of nutrients to the synthetic seeds and helps in
enhancement in regeneration as well as mass propagation
of stevia. In addition, successful acclimatization and
molecular marker-based genetic fidelity of synthetic seed-
derived plantlets affirms the utility of such protocol. Our
findings suggest that synthetic seed technology not only
serves as a technique for germplasm storage and exchange
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but can also enhance in vitro mass production of elite
genotypes.
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