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Abstract

An efficient encapsulation and germplasm conservation protocol were developed for Nyctanthes
arbor-tristis L. In this study the gel matrix containing three percent sodium alginate (SA) and
100 mM calcium chloride (CaCl>' 2H>O) was found best for the formation of encapsulated seeds
from node explant of this economically valuable species. The viability of encapsulated seeds and
shoot sprouting potential was optimized. Encapsulated seeds stored at 4°C and 24 °C maintained
its viability up to 90 days and showed sprouting potential 42.89+6.04 and 33.53%7.15 percent
respectively. Node explant maintain under slow growth condition up to 180 days on one-eighth
(1/8™) strength MS medium supplemented with 0.5 percent sucrose found suitable to maintain
high span viability percent (40.28+2.04) with average number of shoots/ node (1.61+0.28) and
shoots length (1.12+0.32 cm) respectively. One-eighth (1/8™) strength MS medium
supplemented with 0.5 percent sucrose and enriched with 0.5 mg/l abscisic acid (ABA)
prolonged the viability up to 40.36+1.01 percent of explant. The best rooting response was
achieved on half (¥2) strength MS medium enriched with 4 mg/1 indole-3-acetic acid (IAA). The
rooted plant shows 65 percent survivability in open field condition. The true-to-type clonal
fidelity assessment of tissue culture recovered acclimated plants with start codon targeted
(SCoT) primer profile shows same banding mobility patterns as with source parent mother plant.
The maximum banding profile is monomorphic and consistent. Hence on this basis it confirmed
the true-to-type clonal stability among them. The protocols display the novel method for
conservation of this species under in-vitro condition and facilitate easy exchange of plant

germplasm.

Key words Nyctanthes arbor-tristis L.; Encapsulation; Start codon targeted (SCoT) primer;
Slow growth; Abscisic acid

Abbreviation:

ABA: Abscisic acid

BAP: 6-Benzylaminopurine

IAA: Indole-3-acetic acid

MS: Murashige and Skoog

SA: Sodium alginate

SCoT : Start codon targeted
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Background

Loss of biodiversity is due to deforestation, over exploitation and long-term exposure to
environmental stresses. Due to ruthless exploitation and environmental catastrophes germplasm
are continuously exposed, causing the sudden loss of valuable germplasm. The world’s
biodiversity is declining at an unprecedented rate and large number of plant species is registered
in Red List of threatened species and over 5000 plant species are critically endangered in stage
(IUCN 2017). Due to the increased scientific, commercial attention and overharvesting has
placed the medicinal plant species are at risk of extinction. The techniques of tissue culture have
focused on practical implementation and provide promising strategies to conserve the specific
medicinal plant species under controlled condition.

Encapsulation technology offers an efficient means for conservation and mass clonal
recovery of desired plant species. Encapsulation of vegetative propagules has become a
potentially cost—effective in clonal propagation system and can be used as an alternative to seeds.
Alginate encapsulation provides a viable approach for in vitro germplasm conservation as it
combines the advantages of clonal multiplication with those of seed propagation and storage. An
encapsulated seed or artificial seed consist of artificially encapsulated embryonic or non-
embryonic tissue (shoot tip and node etc.) that are capable of conversion into plantlets in vitro or
ex vitro conditions. Earlier, the concept of encapsulated seeds was traditionally based only on the
encapsulation of somatic embryos that could be handled like a real seed for transport, storage and
sowing. But, in recent years the encapsulation of non-embryogenic vegetative propagules like
shoot-tip (Arumugam et al. 2019), axillary buds (Asmabh et al. 2011), nodal explants (Prakash et
al. 2018; Kundu et al. 2018) and rhizome explant (Sharma et al. 2018) was employed as a
suitable alternative way for the maintenance of germplasm. This method is widely used for
encapsulated seeds preparation of wide range of plant species including fruits (Fathordoobady et
al. 2021), ornamental plants (Hatzilazarou et al. 2020), cardio-protective medicinal tree (Gupta et
al. 2014), other different medicinal plants (Ali et al. 2012; Islam and Bari 2012) and woody
climber (Sharma and Shahzad 2012). The recovery of plants through encapsulation of vegetative
propagules has been reported in other medicinally important plant species like Tylophora indica
(Devendra et al. 2011), Ocimum gratissimum (Saha et al. 2014) Sterculia urens (Subhashini Devi
et al. 2014) and Urginea altissima (L.f.) Baker (Baskaran et al.2018).
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Encapsulation technology is convenient and reliable technique for conservation of plant
genetic resources without apparent risk of genetic instability using minimum space, less labor,
less maintenance costs and easy in transference. In recent years, short term storage of germplasm
can be achieved by storage of encapsulated seeds at low temperature (Parveen and Shahzad
2014). An alternate method for short to medium-term storage of germplasm is to maintain the
explant under slow grwoth conditions (Zayova et al. 2017). Slow growth techniques based on the
manipulation of culture conditions and culture media (Zayova et al. 2017), which allow cultures
to remain viable under slow growth rate. Conservation under minimal growth condition
comprises reducing the incubation temperature, modifying the culture medium (Tyagi et al.
2009), and supplementing with osmotic compounds, such as sucrose (Gopal and Chauhan 2010)
to suppress shoot growth. These storage techniques are generally applicable to a wide range of
medicinal plant species and extend the ordinary subculture duration from a few weeks to several
months. These alternate conservation techniques are less costly and safe to conserve the
germplasms of valuable plant species (Epperson et al. 1997). Minimal growth storage is a very
simple technique and has been studied in laboratories in other species (Sarasan et al. 2006).
Depending on the species, these stored plants can be recovered rapidly when desired.

Nyctanthes arbor—tristis L. is an important antiviral medicinal plant of family Oleaceae.
Due to over exploitation coupled with poor seed viability and germination, it is depleted in
natural habitat (Sagar and Singh 2004). It is urgently needs to develop the suitable alternate
method for its conservation and optimize the good speedy recovery potential of this species. In
our knowledge, this is the first report on conservation by short term storage of encapsulated
seeds up to prolong duration at low temperature and their efficient, speedy recovery into
complete plantlet from encapsulated seeds. We also studied other parameter of interest by
conservation of this species under slow growth conditions. Conservation of economically
important medicinal plant N. arbor-tristis L. by maintaining the node explant under slow growth
conditions was reported first time.

The objective of present study was to prepare the encapsulated seeds from in-vitro node
explant and to optimize the efficacy of its conversion into complete plantlets. In this study we
standardized the protocol for short to medium term storage of encapsulated seeds and to maintain

the node explant under slow growth conditions. Recovery of the plants from stored explants and
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true-to-type clonal fidelity of tissue culture recovered acclimatized plants was standardized with
start codon targeted (SCoT) molecular markers.
Experimental details
Preparation and source of explant

Immature fresh green seeds of N. arbor-tristis L. were sampled from ayurvedic orchard of
Institute of Medical Sciences, Banaras Hindu University, Varanasi,Uttar Pradesh, India. The
adherents present on the surface of seeds were immediately sterilized by following the standard
procedure of surface sterilization protocol. After that, under aseptic and sterile conditions in
laminar hood, immature embryos were inoculated on growth regulator free full-strength
Murashige and Skoog (MS), (1962) nutrient medium. Further after 28 days of culture, the nodal
explant (4-8 mm long) was excised from actively growing green, young seedlings and serves as
explant source for encapsulation and slow growth conservation.
Encapsulation of nodal explants

For encapsulation, solution of different concentrations of sodium alginate (SA) (1.0, 2.0, 3.0,
4.0% w/v) (HiMedia) and calcium chloride (CaCly 2H20) (25, 50, 75 and 100 mM) (HiMedia)
was prepared using liquid MS medium. The pH of gel matrix (SA) and complexing agent
(Calcium chloride) was adjusted at 5.8 and further autoclave it at 121 °C at 1.06 kg cm™ ambient
pressure for 15 min. For encapsulation, node explant (4-8 mm long) mixed in each
concentrations (1,2,3 and 4%) of sodium alginate (SA) were poured gently with sterile pipette
tips (7mm) in the solution of different concentrations of calcium chloride (CaCl,' 2H>O)
(25,50,75,100 mM) under laminar hood in sterile condition. Node containing droplets were left
for another 20 min with continuous shaking in the calcium chloride (CaCl;' 2H>0) solution to
achieve complete polymerization and proper cross-linking of sodium alginate. After complete
polymerization and cross-linking the encapsulated isodiametric, easy-to-handled capsules were
selected and washed it 3-4 times with autoclaved distilled water and transfer to sterile filter paper
in petri-dish to remove the excess of water. These encapsulated seeds were used for further
study.
Sprouting potential of encapsulated seeds

For optimization of sprouting and shoot proliferation potential, encapsulated seeds were
inoculated on MS medium enriched with different concentrations (0.0-5.0 mg/l) of 6-

Benzylaminopurine (BAP). The medium without BAP was used as control. Data of sprouting
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potential of the encapsulated seeds were recorded at the end of 4 weeks of culture in terms of
percent sprouting frequency, number and length of sprouted shoots respectively.
Short-term storage of encapsulated seeds and its germination

Erlenmayer flasks containing solid MS medium without sucrose was used for the storage
of encapsulated seeds. Flasks containing encapsulated seeds were maintained at 4° C and 24° C
for span of different periods (30, 60, 90 and 180 days). At the end of storage duration,
encapsulated seeds were transferred from flask to germination medium (MS medium enriched
with 5.0 mg/1 BAP). The percent plantlet sprouting frequency of encapsulated seeds and number
of shoots per capsule was recorded at the end four weeks from culture initiation.
Maintenance of node explant under slow-growth conditions and its recovery

To achieve the minimal growth of axillary buds and to increase the duration of subculture
intervals, the effect of nutrients of MS medium and concentration of sucrose was evaluated.
Node explant were cultured on MS at full strength, half (Y2), quarter (%) and one-eighth (1/8)
strength MS medium enriched with different percentage (3.0, 1.5 and 0.5) of sucrose. Cultures
were incubated for different time span (30, 90, 180 days) and maintained at 24 + 2°C under a
16h/8h light/dark regime, under the illuminance of 50 pmol m2 s from white fluorescent tubes
(Phillips, India). After storage at different timespan node explant were transferred on MS
medium to evaluate their viability percent. After 180 days storage timespan mean number of
shoot buds/node and length of axillary buds/nodes was recorded. To confirm the shoot recovery
potential of node explant after 180 days storage, it was sub-cultured on shoot recovery medium
(MS+ 5.0 mg/l BAP) for regrowth. Data based on the mean number shoots/explant and average
mean length of shoots was recorded at the ends four weeks from date of culture initiation.
Effect of abscisic acid (ABA) on slow-growth storage of node explant and its recovery

To study the effect of abscisic acid (ABA), node explant were cultured on one-eighth ( 1/81)

strength MS medium containing 0.5% sucrose and enriched with various concentrations (0.0,
0.5, 1.0 and 2.0 mg/l) of ABA. Cultures were stored up-to different time span (30, 90,180 days).
The ABA was filter sterilized through 0.45um millipore filter before adding to the sterilized
medium. Cultures were incubated at 24 + 2°C under a 16h/8h light/dark regime, with the
elluminance of 50 umol m?s™! from white fluorescent tubes (Phillips, India). After the storage at
different time span node explant were transferred on MS medium to evaluate the percent

viability. After 180 days storage mean number of shoots/node and lengths of shoots were
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recorded. To confirm the shoot recovery potential of nodal explants after 180 days storage, it was
sub-cultured on shoot recovery medium (MS+ 5.0 mg/l BAP) for regrowth. Data based on the
responding frequency (%), mean number shoot/explant and mean length of shoots was recorded
at the end of four weeks from culture initiation.
In-vitro rooting and hardening and transfer out of plantlets

For in-vitro rooting, green, actively growing healthy shoots (4-5 cm) were excised from
sprouted seeds and recovered shoots developed from stored node explants which was cultured on
shoot recovery medium for regrowth and cultured individually on half strength (Y2) MS medium
enriched with 1 to 8 mg/I indole-3-acetic acid (IAA) for efficient rooting. The medium without
IAA was used as control. The root induction frequency (%), mean number of roots/shoot and
mean root length were noted at the ends of four weeks from culture initiation. The complete
plantlets with about one cm long roots were removed from rooting medium and washed gently
with sterile distilled water to remove attached media on roots and transferred to standard plastic
cups containing sterilized commercial soil-rite, mixtures of garden soil and sand. The cups
covered with clear polythene bags to maintained high humidity and irrigated daily with 1-2 ml of
sterilized MS salt solution upto six days. The plants were maintained as such in culture room at
24+2°C and 16-h/day illuminance of 20 pmol m? s from cool-white fluorescent tubes. After
two weeks the poly-bags partially covered. The acclimatized juvenile plantlets with no any
morphological abnormalities in growth characteristics was further transferred to pots containing
garden soil, soil-rite and sand in the proportion of 1:1:1 and kept in standard greenhouse with
controlled temperature and natural sunlight conditions before transfer in to the open field.
Assessment of true-to-type clonal stability

For assessment of true-to-type clonal stability, actively growing acclimated plantlets green
leaves frozen immediately in liquid nitrogen and was used for tissue grinding and DNA
extraction. Comparison between the start codon targeted (SCoT) profile of source parent mother
plant and five tissue culture recovered acclimated green actively growing plants were performed.
Doyle and Doyle, (1990) methods with modification were used to isolate DNA from leaves. The
true-to-type clonal fidelity assessed by the PCR based SCoT (Start codon targeted) primer
analysis. SCoT analysis was carried out by using 14 primers (sequence as described by Collard
and Mackill, 2009). The gel was prepared with 0.8% agarose and stained with ethidium bromide
dyes. The quality and quantity of isolated DNA was checked by Dyna Quant 200 Fluorimeter.
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The PCR reaction consists of 75 ng of template DNA, 0.5 uM primer, 2.5 mM MgCl,, 0.2 mM
dNTP (GeNeiTM, Bangalore, India) in 25 pl reaction volume, 2U Taq DNA polymerase
(GeNeiTM, Bangalore, India) along with suitable buffer (100 mM Tris-Cl; pH 9.0, 50 mM KCl,
1 percent Triton X-100). PCR amplification consisted in 35 cycle of denaturation at 94 °C for
four minutes, annealing at72 °C for 1 minute and extension at 72 °C for 8 minutes. After agarose
gel electrophoretic separation, amplicons were visualized by exposing the gel through ultra-
violet rays under Gel documentation system (Syngene Gel Doc, Syngene, Synoptics Ltd., UK)
for scoring the bands. To assess the homogeneity of band profiles, PCR amplification was
carried out in triplicate. Data analysis was carried out by scoring well marked high intensity
amplified bands. The size of the amplicons was determined by comparing them with that of 1 Kb
DNA ladder (GeNeiTM, Bangalore, India).
Statistical analysis

Experiments were conducted thoroughly and arranged in a completely randomized design
(CRD) and each experiment usually had three replicates. The data was statistically analyzed
using one way analysis of variance (ANOVA) and was applied to detect the significance of
differences among the treatment means using Duncan’s new multiple range test (DMRT) at P <
0.05 level.

Experimental outcome
Encapsulation and sprouting potential

Results revealed that lower concentrations of sodium alginate (SA) (1.0 and 2.0 % w/v)
induced fragile seeds formation which is not easy to handle, while its higher concentration
(4.0%) affect the shoot emergence from the beads. So ultimately it affects the rate of sprouting
potential and recovery of plantlets. Sodium alginate (SA) at 3.0 percent found most suitable for
smooth, easy to handle and spherical beads formation without breakage. At this concentration
sprouting frequency (55.73+1.58%) of encapsulated seeds was found to be maximum. Similarly,
25 mM calcium chloride (CaCly 2H»0) did not support good capsule formation. Capsule
prepared after polymerization in 50 and 75 mM solution of calcium chloride (CaCly 2H>0)
results low seed sprouting frequency. The calcium chloride (CaCl>2H20) at 100 mM found most
suitable for the high frequency (62.79+1.87) of encapsulated seed sprouting (Tablel). Thus,
explants mixed in 3.0 percent sodium alginate (SA) and completely polymerized in 100mM
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calcium chloride (CaCly’ 2H>O) solution found most effective for good encapsulated seeds
formation (Table 1; Fig.1A). To check the sprouting response, encapsulated seeds were
inoculated on MS medium enriched with different concentrations (0-10 mg/l) of BAP (Fig. 2).
Among them the percent sprouting responses were varied significantly and it depends on the
concentration of BAP. Medium enriched with 5 mg/l BAP as showed in vertical bar, found best
for maximum sprouting frequency (82.91+7.70) of encapsulated seed (Fig.2 A), maximum mean
number of sprouted shoots per seed (5.55+0.26) (Fig.2 B), and their average shoots length
(2.64+£0.21cm) (Fig.2C; Fig.1 B-C). The sprouting was not observed in untreated encapsulated
seeds. The encapsulated seeds stored at 4°C and 24 °C for different time span (30,60, 90 and180
days) for short-term conservation were transferred on best shoot multiplication medium (MS+5
mg/1 BAP) to test the viability of stored encapsulated seeds for its sprouting and their efficacy for
shoot recovery. The encapsulated seeds stored at 4°C for 30 days showed best sprouting response
in terms of high percent sprouting frequency (80.24+1.01) and maximum number of sprouted
shoots/seed (6.07£0.19) (Table 2; Fig.1D-F). However, when storage duration was elevated from
30 to 180 days, the viability of encapsulated seeds and sprouting response were successively
decreased. Similarly, encapsulated seeds stored at 24°C for 30 days showed best sprouting
response in terms of percent sprouting frequency (68.81+2.59) and maximum number of
sprouted shoots/ seed (5.47£0.35). The viability of encapsulated seeds and their sprouting
response were drastically decline with increasing the storage time periods from 30 to 180 days.
In general it was evident that encapsulated seeds stored at 4°C found more responsive for shoot
sprouting and conversion potential in to plantlets (Table 2). Encapsulated seeds stored up-to 180

days either at 4°C or 24°C were not responsive at all.
Slow growth conservation and recovery

The slow growth conservation of the N. arbor-tristis L. was achieved by maintaining the
node explant on MS medium containing full, half (¥2), quarter (%) and one-eighth ( 1/8M) strength
of salt and enriched with 3.0, 1.5 and 0.5 percent concentration of sucrose (Table 3). Cultures
were stored for different span of durations (30, 90 and 180 days) and maintained at 24 + 2°C.
The percentage viability of explants, number of shoots/explant and length of shoots were noted.
The percentage viability of explants and shoot regeneration efficiency differ significantly,

depends on the strength of medium and sucrose concentration. The results revealed that by
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increasing the storage span duration, the percent viability of the explants steadily decreased.
After 180 days storage, percent survival of node explant was in this order: Full strength
(30.33+4.84 to 54.00+4.00) > half (¥2) strength (26.37+3.48 to 46.49+7.61) > quarter (*4)
strength (16.81+1.07 to 39.66+1.54) > one-eighth (1/8") strength (18.28+1.27 to 40.28+ 2.04)
(Table 3). MS medium of different strength when enriched with different percentage (0.5 to 3.0)
of sucrose showed significant change in the viability of the explants. In general it was observed
that by reducing the percentage of sucrose concentration from 3.0 to 0.5 the proliferation of
explants gradually decreased. Axillary buds present in the axil of node explant, its growth into
axillary shoots and number of shoot buds/ node was affected by the media strength and
concentration of sucrose (Fig.3A-D). In this study the induction of shoot buds/ node was not
significantly affected by the medium strength and sucrose concentration, while the length of
axillary shoots was affected. Results clearly denote that length of axillary shoots gradually
decreased with reducing the media strength and sucrose concentration. Node explant maintained
on the one-eighth (1/8") strength MS containing 0.5 percent sucrose and maintained up to 180
days found most suitable for reducing the number of shoot bud development (1.61+£0.28) and

optimum length of axillary buds (1.12+ 0.32) .

The one-eighth (1/8™) strength MS medium with reduced percentage of sucrose
concentration (0.5), enriched with various concentrations (0-2mg/l) of ABA (Table 4) were used
to enhance the dormancy of axillary buds (Table 4). Media enriched with 0.5 mg/l ABA after
180 days storage showed good viability (40.36+£1.01) of the explants with reduced number of
shoot buds/ node (1.32+ 0.11) and optimum respective length (0.50+0.14 cm) of axillary buds.

To test the shoot regrowth potential of the stored nodal explants maintained on either one-
eighth (1/8") strength MS +0.5% sucrose medium and one-eighth (1/8™) strength MS +0.5%
sucrose +0.5 mg/l ABA supplemented medium were further sub-cultured on optimum shoot
induction medium (MS+ 5 mg/l BAP) (Fig. 4). At this medium the maximum responding percent
frequency for shoot regrowth from node explant was 80.26+4.26 (Fig. 4A). The maximum mean
number of shoots/node (4.67+ 1.10) (Fig. 4B) and optimum length (2.254+0.45) of axillary shoots

(Fig. 4C; Fig. 3E) was recorded on this medium after 4 weeks from culture initiation.

In-vitro rooting and hardening and transfer out of plantlets

10
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Green, healthy elongated shoots (4-5 cm) were inoculated on half (¥2) strength MS medium
enriched with different concentrations (1-8 mg/l) of indole-3-acetic acid (IAA) (Table 5).The
green microshoots cultured on half (%2) strength MS medium without IAA unable to root
induction. Result revealed that percent frequency (%) of root induction, number of roots/shoot
and root length was depends on the concentration of IAA. The best rooting response with
maximum percent root induction efficiency (54.00+£3.05), mean number of roots/shoot
(3.254£0.14) and optimum average root length (1.11+0.05cm) was achieved on half (¥2) strength
MS medium enriched with 4 mg/l IAA (Fig. SA, B). Higher concentration of IAA induced green
color compact callus at the base of microshoots with no root formation. The untreated green
microshoot fails to root induction. The in-vitro well rooted healthy plants were recovered from
the culture vials washed gently with water and transferred into plastic cups filled with mixture of
garden soil, soil-rite and sand for hardening. These cups were kept for proper acclimatization of
plants under green house (Fig.5C, D) and further transfer in the open field. These plants in the

field showed 65 percent survival rate under full sun.

Assessment of true-to-type clonal stability

The true-to-type clonal stability of the plants transferred in to field was assessed using SCoT
markers. For confirmation of true-to-type clonal stability, five tissue culture recovered
acclimatized plants were selected randomly from the open field along with source parent mother
plant (P) and subjected to the genetic stability analysis. The data suggests that no any genetic
variation and deformity were observed and banding profiles of recovered plants was similar to
the parent mother plant and showed complete monomorphism (Fig. 6). The total seventy eight
distinct bands were scored from 14 SCoT primers (SCoT 5, 6, 8, 9, 10, 11, 24, 25, 26, 27, 28, 29,
30 and SCoT 31). The number of scorable band was exists in the range of 2 to 8 per SCoT
primers. The total of 444 bands amplified from SCoT primers (Table 6). The maximum bands
are consistent, uniform with least variability and no any remarkable differences were observed
with source parent mother plant. The identical banding pattern revealed the genetic homogeneity
among the recovered plants with source parent mother plant (P). A genetic similarity index was
analyzed based binary matrices data on SCoT profile of presence (1) or absence (0) of bands and
subjected to cluster analysis by unweighted pair group method and arithmetic averages

(UPGMA) clustering method. The Jaccard’s average similarity coefficient 0.92-0.99 (Fig.7) with

11
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the mean value is 0.96 in two clustered group were shown through UPGMA matrix based
phenogram.
Discussion

Successful germplasm conservation of elite species is routed through encapsulation and also
based on selection of suitable plant part as the starting plant material, the critical evaluation of
factors that affects the gel matrix formation and optimization of germination process for plant
retrieval. Encapsulation protocol was influenced by the concentration of sodium alginate (SA)
and calcium chloride (CaCly' 2H>O). Calcium alginate capsule with entrapped node differed
morphologically in texture, shape, and transparency. The three percent sodium alginate (SA) and
100 mM calcium chloride (CaCl>.2H»0) was found best suitable for formation of capsule and
favorable for conversion into plantlets. The similar concentration was also suitable in other
species of Picrorhiza kurrooa (Mishra et al. 2011), Ruta graveolens (Ahmad et al. 2012)
respectively and fully supports our results. Higher concentration (4%) of sodium alginate (SA)
inhibits the conversion of encapsulated seeds into plantlets, due to its hardness. It suppressed the
proper emergence of shoot. Sodium alginate (SA) at lower concentrations (1-2%) became
unsuitable for encapsulation, probably due to reduction in the gelling capacity. It caused the
formation of fragile calcium alginate beads and it became difficult to handle. Lower
concentration (25mM) of calcium chloride (CaCl,.2H>O) not only prolonged the ion exchange
(polymerization) duration but also favor for fragile beads formation. Encapsulated seeds
prepared after polymerization in 50 and 75mM calcium chloride (CaCl,.2H>O) solution was
unsuitable for good germination in this species. In another report of Sphagneticola calendulacea
(L.) Pruski (Kundu et al. 2018) 75mM calcium chloride (CaCl,.2H,O) was considered for
encapsulated seed preparation. In case of N. arbor-tristis L. 100 mM calcium chloride
(CaCl2.2H20) was used for the preparation of good encapsulated seeds, which supports highest
frequency of sprouting of encapsulated seeds. This concentration of calcium chloride (CaCly
2H>0) was focused by other worker in desert date tree (Balanites aegyptiaca Del.) (Varshney
and Anis 2014) for preparation of encapsulated seeds. For encapsulation of vegetative buds
gelling matrix (sodium alginate) and complexing agent (calcium chloride), play important role in
the complexation and hardness of beads (Saeed et al. 2018). Similar type of studies was reported
in Punica granatum (Naik and Chand 2006). Conversion of encapsulated seeds into plantlets

depends on the species. Singh et al. (2006) reported that conversion of shoot tip encapsulated
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seeds of Withania somnifera (L.) Dunal. into complete plantlets was achieved on MS medium
without cytokinin, while in N. arbor-tristis L. MS medium supplemented with BAP supports
sprouting from encapsulated seeds. Growth regulator (BAP) supplemented media supports
recovery of multiple shoots from encapsulated seeds and influenced the developmental process
under in vitro condition. A similar finding was reported in Viburnum dentatum (Hatzilazarou et
al. 2020) in which BAP is a very common affordable cytokinin which supports high frequency
shoot recovery from encapsulated explant.

Short term storage of encapsulated seeds for germplsm conservation was used by other
worker (Bhattacharyya et al. 2018). These storage periods may be from few months
(Bhattacharyya et al. 2018) to a year (Kaminska et al. 2018). Earlier, low temperature storage of
encapsulated propagules has been demonstrated by other worker in Olive (Olea europaea L.)
cultivars (Ikhlaq et al. 2010). Encapsulated seeds were stored at 4'C was most favorable for the
recovery of plantlets of Pseudostellaria heterophylla (Ma et al. 2011). This was probably due to
low temperature which slows down the metabolic activities of the encapsulated seeds; hence they
remained in quiescent state and are helpful for preservation of nutritive reservoir in the
encapsulated seeds during cold storage. The decline in plant recovery from stored encapsulated
propagules may be due to oxygen deficiencies in the sodium alginate (SA) bead and its rapid
drying as well as dehydration of explant (Faisal and Anis 2007; Ahmad and Anis 2010).
Retrieval of plantlets from encapsulated seeds stored at higher temperature (24°C) was gradually
decreased. In present study recovery of plants from encapsulated seeds stored at 4°C was better
than seeds stored at higher temperature (24°C). Nieves et al. (2003) observed that hydrated
encapsulated seeds were difficult to store at room temperature because they lack quiescence and
deplete nutritive reservoir which results to low germination potential. The most desirable feature
of encapsulated propagules is their capability to retain viability after storage for a reasonable
period required for exchange of germplasm between laboratories (Micheli et al. 2007).

Due to economic potential of this species, it was indiscriminately harvested from wild. So,
it is urgent need to take the suitable measures for conservation of this species for its sustainable
use. In vitro conservation of germplasm was employed by slow growth procedures by other
worker in mediterranean globe artichoke Cynara cardunculus var scolymus L. (Tavazza et al.
2015). Slow growth is usually achieved by modifying culture media with supplements of osmotic

agents and growth inhibitors as well as by reducing the culture temperature. For inducing
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minimal growth of axillary buds and to increase the subculture intervals node explant of N.
arbor-tristis L. were maintained on MS basal medium with varying salt concentrations (Full, half
(Y2) , quarter (Y4) and one eighth (1/8") strength) supplemented with various concentration of
sucrose and stored for different time periods (30, 90 and 180 days).

Variation of media strength found effective for maintaining the explant as such for longer
period in pear (Ahmed and Anjum 2010) and in Elettaria cardamomum (Tyagi et al. 2009). The
reduced concentration of sucrose in the culture medium affects the proliferation percentage in
other plant species (Jo et al. 2009). Sucrose is a major component of most tissue culture media. It
functions as carbon energy source and osmotic agent (Yaseen et al. 2013). By modifying sucrose
level in the media, in vitro growth of tissue cultured plant was modified as reported by other
worker (Jo et al. 2009). The other osmoticum like mannitol, sucrose, and sorbitol (El-Bahr
2016), were reported to be good materials to lengthen the storage life of in vitro grown tissues.
Interaction of medium with reduced concentration of sucrose clearly indicates that it is highly
effective for promoting the dormancy of axillary buds and maintaining the high level of viability

of node explant stored up to 180 days of N. arbor-tristis L.

Generally, ABA acts as an endogenous growth retardant and inhibits the functions of auxin
and cytokinins (Sah et al. 2016). ABA is involved in controlling developmental and
physiological processes of plants such as stomata closure, dormancy, seed germination, and leaf
senescence (Vishwakarma et al. 2017). It is used for in vitro growth reduction (Cid et al. 2008).
ABA induced stomata closure and caused the low metabolic energy utilization (Albert et al.
2017). During culturing shoots with ABA, plants still engaged in photosynthesis that caused the
synthesis of storage proteins and lipids. It supports the best growth after recovery. Gopal et al.
(2005) succeeded in conserving the nodal segments of potato (Solanum tuberosum L.) for over
18 months by the addition of 2.11 mg/l of ABA. Results revealed that in N. arbor-tristis L. ABA

is also effective for in vitro slow-growth conservation.

Hardening and transfer out of the recovered plantlet after tissue culture is very crucial step
for their growth and survival. It is the process of slowly adaptation of plant. So they need step
wise acclimatization to successfully re-establish them in the natural environment. When tissue
culture plant are systematically transferred from lab environment to natural soil they are exposed

to different abiotic stress, like altered temperature, intensity of light, humid condition of
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environment and biotic stress like soil micro-flora (Teixeira da Silva et al. 2017). The ultimate
success of tissue culture plants depend on its ability to transfer the complete plants from a
controlled, aseptic environment to open field successfully while maintaining a low cost with
good survival rate. In this study the acclimatized and hardened plants in the field condition

showed sixty-five percent survival rates.

True-to-type clonal fidelity is extremely important for planning conservation strategies
because some abnormalities can be possible due to long term exposure of culture under in-vitro
condition, by repeated sub-culturing. In this direction several DNA based molecular markers
were recommended to prove true-to-type clonal genetic uniformity and stability of regenerates.
Molecular markers have been utilized for variety of purposes including examination of genetic
relationships between individuals and soma-clonal variations (Kalia et al. 2011). Among various
markers, Start codon targeted polymorphism (SCoT) analysis was the simplest methods and used
to assess the phenotypic and cytogenetic uniformity and are highly discriminative and reliable
(Seth et al. 2017). In present communication recovered plants, showed true-to-type clonal
fidelity with source parent mother plant (P) and it was proved by SCoT marker with none of the
band showed polymorphism. The similarity coefficient revealed that in vitro recovered plants
were true-to-type with the source parent mother plants and no any genetic variations induced
under in-vitro condition. Start codon targeted DNA polymorphism (SCoT) is a type of DNA
marker based on the conserved region flanking translation start codon ‘ATG’ (Collard and
Mackill 2009). The assessment of true-to- type clonal stability by SCoT marker has been
extensively studied in other medicinal plants such as Cleome gynandra (Rathore et al. 2014),
Citrullus lanatus (Vasudevan et al. 2017) and Tecomella undulate (Chhajer et al. 2017) by

different workers.

Conclusion

In summary, the result shows the best protocol for germplasm conservation of this economically
important antiviral medicinal plant species. The germplasm in the form of encapsulated seeds
maintain under low temperature and node explant maintained under slow growth condition up to
prolong duration shows the good viability and better plantlet recovery potential. The abscisic

(ABA) enhance the dormancy of the axillary buds and prolong the survival viability of node
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explant. The good rooting is achieved when 4-5 cm green elongated juvenile actively growing
shoots were culture on half (¥2) strength MS medium supplemented with 4.0 mg/I indole-3-acetic
acids (IAA).Well rooted juvenile plants acclimatized properly with standard protocol under well
maintained green-house condition. Acclimated plant showed 65 percent survivability in open
field under full sun. The acclimated plants show true-to-type clonal fidelity with no any physical
abnormalities with source parent mother plants. True-to-type clonal fidelity among recovered
plants by SCoT primers confirmed that the developed protocol did not induced genetic changes
under in-vitro condition. Thus in conclusion the outcome of optimized protocol provides new
insight and has better suitability for short term conservation of germplasm of this value added
economical antiviral plant. Thus, the finding proved effectiveness to protect this species in

feasible way from habitat loss and other catastrophically degraded environment.
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Table 1 Establishment of sodium alginate (SA) and calcium chloride (CaCly 2H>O)
concentrations for encapsulated seeds preparation and sprouting frequency of encapsulated seeds

of N. arbor-tristis L.

Sodium alginate Sprouting frequency Calcium chloride Sprouting frequency
concentration (%) (%) concentration (mM) (%)
1 Fragile beads 25 Fragile beads
2 Fragile beads 50 26.44+1.73°¢
3 55.73+1.58% 75 42.31+2.81°
4 44.11+1.82° 100 62.79+1.87%
CD 5.92 CD 2.53

Each mean is calculated from three replicates and represented as Mean+SE. Different letters in
the columns depicts the significant differences from each other (Duncan’s multiple range tests, P

< 0.05). Critical Difference (CD) at 5.0 percent level.
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Table 2 Response of storage temperature and duration of encapsulated seeds and its sprouting

potential after sub-culture on MS medium enriched 5.0 mg/l 6-Benzylaminopurine (BAP).

Storage temperature Storage span Sprouting potential Number of sprouted
(&) duration (%) shoots/ capsule
(Days)

4 30 80.24+1.01* 6.07+0.19%
60 68.03+1.51° 4.43+0.40%
90 42.89+6.04% 2.68+0.09¢
180 0.0 0.0

24 30 68.8142.59° 5.47+0.35%
60 47.69+1.38°¢ 3.13£0.38%
90 33.53+7.15¢ 1.80+0.25¢
180 0.0 0.0
CD 6.10 0.86

Each mean is calculated from three replicates and represented as Mean+SE. Different letters in
the columns depicts the significant differences from each other (Duncan’s multiple range tests, P

< 0.05). Critical Difference (CD) at 5.0 percent level.
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MS medium Sucrose Percent survival span (Days) Average number Average length of
strength concentration 30 90 180 of shoot/node shoots (cm)
(%)

Full 3.0 94.13+1.87% 80.56+0.46" 30.33+4.84% 2.49+0.53% 1.81+0.49?
1.5 95.07+2.82% 74.88+1.25% 44.0043.45%¢ 1.95+0.26* 1.70+0.47?
0.5 89.71+2.31%¢ 76.62+0.85% 54.00+4.00% 1.94+0.37* 1.42+0.30?
Half (*2) 3.0 94.09+1.69% 76.25+0.80% 26.3743.48 2.17+0.30* 1.75+0.68*
1.5 84.68+2.20% 81.66+9.27% 36.33£2.96 1.93+0.37% 1.31+0.39*
0.5 90.84+2.54%® 77.22+4.93% 46.49+7.61%° 1.90+0.38% 1.1240.34%
Quarter (%) 3.0 95.14+2.76% 75.03+1.48% 16.81+1.07"% 1.95+0.26% 1.83+0.43%
1.5 76.59+1.31¢ 46.35+3.47° 33.38+3.71% 1.76+0.25% 1.68+0.37%
0.5 94.39+2.88* 79.58+2.44% 39.66+1.54>4 1.40+0.20* 1.56+0.49%
One-eighth (1/8™) 3.0 88.88+0.69 53.76+1.88° 18.28+1.27% 1.89+0.44% 1.71£0.35%
1.5 87.30+0.51% 79.38+2.06% 15.00+0.57" 1.61+£0.28* 1.38+0.26%
0.5 83.92+0.90° 70.58+1.54% 40.2842.04% 1.61+£0.28* 1.12+0.32%

CD 3.50 5.84 6.01 0.60 0.71

Mean value is calculated from three replicates and represented as Mean+SE. Different letters in the columns depicts the significant

differences from each-other. (Duncan’s multiple range test, P < 0.05).Critical Difference (CD) at 5.0 percent level.
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Table 4 Response of node explant stored for different time span on one-eighth (1/8") MS

medium containing 0.5 percent sucrose with different concentrations of abscisic acid (ABA).

Abscisic acid Percent survival span (Days) Average Average
(ABA) number of length of
concentration 30 90 180 shoots shoots (cm)
mg/l

0.0 76.00+2.84° 50.22+1.76% 0.0 2.30+0.46% 1.30+0.08*
0.5 84.66+2.35% 55.00+2.88% 40.36£1.01% 1.3240.11° 0.50+0.14°
1.0 74.3342.35° 35.00£1.60° 28.70+1.75° 1.4620.08° 0.50+0.08°
2.0 53.96+1.88° 34.16+2.20° 26.88+1.68° 1.91+0.16% 0.57+0.12°
CD 4.39 4.58 2.15 0.25 0.23

Mean value is calculated from three replicates. Different letters in the columns depicts the

significant differences from each other (Duncan’s multiple range tests, P < 0.05). Critical

Difference (CD) at 5.0 percent level.

Table 5 Rooting of green, actively growing microshoots cultured on half (¥2) strength MS

medium supplemented with different concentrations of Indole-3-acetic acid (IAA).

Concentration of IAA Response
(mg/l) Rooting frequency (%) Mean number of Average length of roots
roots/shoot (cm)
0.0 0.0 0.0 0.0
1.0 31.66+4.40° 1.74+0.29°¢ 2.13+0.07°
2.0 43.22+2 .43% 1.82+0.09°¢ 1.87+0.19%
4.0 54.00+£3.05° 3.25+0.14° 1.11£0.05°¢
6.0 45.00+£2.88? 4.66+0.56% 1.29+0.27%
8.0 Callus Callus Callus
CD 6.17 0.62 0.33

Mean value is calculated from three replicates and represented as Mean+SE. Different letters in

the columns depicts the significant differences from each other (Duncan’s multiple range test, P

< 0.05).Critical Difference (CD) at 5.0 percent level.

25



664  Table 6 Details of SCoT primer, sequence of primer, annealing temperature (°C), number of scorable

665  and total amplified bands for true-to-type clonal fidelity analysis.

S No. | SCoT Sequence (5°-3°) Tm (°C) Amplified Total bands
Primer number of
scorable
bands/primer
1 SCoT 5 CAACAATGGCTACCACGA 54 6 36
2 SCoT 6 CAACAATGGCTACCACGC 56 8 46
3 SCoT 8 CAACAATGGCTACCACGT 54 2 12
4 SCoT 9 CAACAATGGCTACCAGCA 54 6 36
5 SCoT 10 CAACAATGGCTACCAGCC 56 6 34
6 SCoT 11 AAGCAATGGCTACCACCA 50 4 20
7 SCoT 24 CACCATGGCTACCACCAT 56 5 28
8 SCoT 25 ACCATGGCTACCACCGGG 61 6 34
9 SCoT 26 ACCATGGCTACCACCGTC 58 8 44
10 SCoT 27 ACCATGGCTACCACCGTG 58 5 30
11 SCoT 28 CCATGGCTACCACCGCCA 61 8 46
12 SCoT 29 CCATGGCTACCACCGGCC 63 5 30
13 SCoT 30 CCATGGCTACCACCGGCG 63 4 22
14 SCoT 31 CCATGGCTACCACCGCCT 61 5 26
Total 78 444
666
667
668
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Fig.1 Encapsulated seeds of N. arbor-tristis L. and its sprouting potential (A) Encapsulated seeds
(B) Encapsulated seeds cultured on sprouting medium (C) Sprouted shoots from encapsulated

seeds, (D-E) Sprouting in stored encapsulated seeds, (F) Elongation of shoots.
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Fig.2 Picture in vertical bar showed the sprouting response of encapsulated seeds cultured on MS

medium enriched with 6-Benzylaminopurine (BAP). Each mean is calculated from three

replicates. Different letters above the bar indicate the significant differences from each other

(Duncan’s multiple range tests, P < 0.05).Critical Difference (CD) at 5 percent level
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Fig. 3 Photographs showed the conservation of N. arbor-tristis L. under slow growth condition
(A) Node explant maintained on full strength MS+0.5 percent sucrose medium, (B) Explant
maintain on half (%2) strength MS+0.5 percent sucrose (C) Explant maintain on quarter (%4)
strength MS+0.5 percent sucrose (D) Node explant maintained on one-eighth (1/8") MS+0.5

percent sucrose (E) Recovery of multiple shoots.

29



729

(A) (B)
. 100+ 8-
S E3 0.0 mg/l 0.0 mg/I
5 804 B 5.0 mg/l — B3 5.0 mg/l
= °cg 64
3 g =
g %
S 22 4
2 404 g S
- ~ 2
: 2,
g 204
E

0- 0-

BAP(mg/l) BAP(mg/l)

©

0.0 mg/l

_|_
5. J_ 03 5.0 mg/l

Average length of shoots
(cm)

0 T

BAP(mg/1)
730

731

732 Fig. 4 Vertical bar picture showed mean morphogenic recovery potential from stored nod explant
733 on 6-Benzylaminopurine (BAP) enriched MS medium. (A) Responding frequency, (B) Average

734 mean number of shoots/ explant, (C) Average length of shoots (cm).
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Fig.5 (A) Picture of in- vitro rooting of green actively growing shoot on half (%2) strength MS
medium enriched with 4 mg/l Indole-3-acetic acid (IAA), (B) Rooted plant, (C) Hardened
plants, (D) Hardened healthy plant ready to transfer in to field. Bar 5.0 mm.
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Fig.6 Gel picture depicts SCoT amplification banding pattern. In photograph, an alphabetical
letter (L) represents 1Kb ladder, letter (P) denotes the source parent mother plant of N. arbor-
tristis L., and numeric number 1 to 5 denotes bands of tissue culture recovered acclimatized

hardened plants
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786
787  Fig. 7 Picture of maximum likelihood tree based on Jaccard’s average similarity coefficient
788  originated through UPGMA matrix of tissue culture recovered acclimatized plants of N. arbor-

789 tristis L.
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