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Plant Regeneration via Somatic Embryogenesis in Solanum nigrum L.(black nightshade)

(Solanaceae)

ABSTRACT

Aim: To study the effect of various plant growth regulators (PGRs) for induction of somatic
embryogenesis and plantlet formation from cotyledon and leaflet explants in S.nigrum (night
shade) an important medicinal plant used in treatment of digestive problems and skin infections.

Place and Duration of study: Department of Biotechnology, Kakatiya university, Warangal.
Telangana, India, 3years.

Methodology: Cotyledon (0.8 cm?) and leaflet explants (0.8-1.0 cm?) from 3 week and 4 week
old were cultured on MS medium supplemented with 30 g/L sucrose along with different
concentrations of 0.5 mg/L BAP+NAA (0.5 - 6.0 mg/L) .

Results: Maximum percentage of somatic embryogenesis was observed in cotyledon(89%) and
leaf (98%) explants on MS medium augmented with 0.5mg/L BAP in combination with 2.0
mg/L NAA whereas the highest number of somatic embryos per explant (86 + 0.19) was formed
in leaflet explant.

Conclusion: Somatic embryogenesis was induced from both cotyledon and leaf explants. Since
it is threatened and medicinally important species S.nigrum, the present protocol can be used for
its conservation and genetic transformation experiments.

Keywords: Solanum nigrum; somatic embryogenesis; acclimatization; plantlet establishment.

ABBREVIATIONS: PGRs: Plant Growth Regulators; BAP: 6-Benzylamino purine; 2, 4-D: 2,4-
Dichlorophenoxy acetic acid; NAA: a-Naphthalene acetic acid; IAA:Indole-3-acetic acid;
GA3:Gibberelic acid; mg/L: Milligram/Liter

1. INTRODUCTION

Somatic embryogenesis provides an efficient method for plant micropropagation and
conservation of the species [1,2]. The plants regenerated via somatic embryogenesis are of single
cell origin with frue-to-type and are produced in large numbers within a short period [3.4].
Somatic embryogenesis is a preferred method for rapid in vitro multiplication of plants,
production of artificial / synthetic seeds and also for Agrobacterium tumefaciens mediated
genetic transformation and regeneration of transgenic plants [5].

Following the initial reports of Reinert [6] and Steward et al. [7], the phenomenon of
somatic embryogenesis was reported in a number of medicinal plants: Solanum melongena
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[8,9,10&11], Solanum quitoense [12] Solanum lycopersicum [13], Tribulus terrestris [14],
Psoralea corylifolia [15], S. surattense [5] and Senna alata [16].

The species Solanum nigrum (Solanaceae)is an important ingredient in traditional Indian
medicines. Infusions are used in dysentery, stomach complaints, and fever. The juice of the plant
is used onulcersand  other  skin diseases. The fruits are  used as
a tonic, laxative, appetite stimulant, and for treating asthma and "excessive thirst". Traditionally
the plant was used to treat tuberculosis. It is known as peddakasha pandla koora in
the Telangana region. The leaves are used to treat mouth ulcers that happen during winter
periods. It is known as manathakkali keerai in Tamil Nadu and kaage soppu in Karnataka, and
apart from its use as a home remedy for mouth ulcers, is used in cooking like spinach. In North
India, the boiled extracts of leaves and berries are also used to alleviate liver-related ailments,
including jaundice. In Assam, the juice from its roots is used against asthma and whooping
cough. S. nigrum is a widely used plant in oriental medicine where it is considered to be
antitumorigenic, antioxidant,  anti-inflammatory, hepatoprotective, diuretic,  and antipyretic.
S.nigrum is known to contain solasodine (a steroidal glycoalkaloid that can be used to make 16-
DPA progenitor); a possible commercial source could be via cultivating the hairy roots of this
plant [17,18].

Inview of its medicinal importance the plant has become threatened/endangered. Hence we have
developed the protocol for plant regeneration via somatic embryogenesis for conservation of the
medicinally important species S. nigrum.

2. MATERIALS AND METHODS
2.1 Plant Material:

For somatic embryo induction and plantlet formation the seeds of S.nigrum were soaked
in sterile distilled water for 24 hrs. These were sterilized with 70% (v/v) alcohol for 2-3
minutes(treatment uniform) followed by 1% (w/v) aqueous solution of sodium hypochlorite for
3-5 minutes (treatment uniform). Later, the sterilized seeds were washed thoroughly with sterile
distilled water and were germinated aseptically on MS [19] basal medium.

2.2 Culture Media and Culture Conditions:

The explants viz., cotyledon (0.8 cm?) and leaf (0.8-1.0 cm?) from 3 weeks and 4 weeks
old axenic seedlings respectively were transferred on to MS medium containing 30 g/L sucrose
along with different concentrations of NAA (0.5 — 6.0 mg/L) + 0.5 mg/L BAP.

For further proliferation the explants with somatic embryos were cultured on MS medium
augmented with 0.5 mg/L BAP + 2.0 mg/L NAA.

For germination and plantlet formation, the bipolar (torpedo-shaped) stage embryos were
transferred onto 2 strength MSO, MSO and MS medium fortified with different concentrations
of BAP (1.0 — 3.0 mg/L) + 0.5 mg/L IAA. The pH of the medium was adjusted to 5.8 prior to
addition of 0.8% (w/v) Difco-bacto agar and autoclated at 121°C for 15-20 minutes. All the
cultures were incubated under 16/8 h light / dark photoperiod at 25+2°C.
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2.3 Data Analysis:

Data were recorded after 4 weeks of culture. Each experiment was repeated at least twice
and 20 replicates were maintained for each experiment.
3. RESULTS:
The induction of direct somatic embryos and plantlet formation from cotyledon and leaf explants
was studied on MS medium augmented with 0.5 mg/L BAP in combination with 0.5-6.0 mg/L
NAA in S. nigrum. The results are presented in Tables 1-3 and shown in Fig.1.

3.1 Somatic embryogenesis from cotyledon explants:

The cotyledon explants were cultured on MS medium fortified with different
concentrations of NAA (0.5 — 6.0 mg/L) + 0.5 mg/L BAP. Cotyledon explants were swollen
after 4 days of culture and globular somatic embryos were induced from the explant after 10
days of culture (Fig.1 a, b). Somatic embryogenesis was induced from the cotyledon explants
cultured on all the concentrations of NAA + 0.5 mg/L BAP except at 6.0 mg/L NAA in which
callus was induced. High percentage (89) of somatic embryogenesis with maximum frequency
number (65£0.23) of somatic embryos formation was observed at 2.0 mg/L NAA + 0.5 mg/L
BAP. As the concentration of NAA in combination with BAP increased, the percentage of
somatic embryo induction and as well as somatic embryo number per explant were enhanced
upto 2.0 mg/L NAA (Table 1). But at high concentration of NAA + 0.5 mg/L BAP, the
percentage of somatic embryogenesis was reduced.

Globular embryos were converted into bipolar embryos on all the concentrations of NAA
used except at 4.0 & 6.0 mg/L NAA + 0.5 mg/L BAP. The embryo conversion was found to be
dependent on the level of NAA. High percentage of bipolar / torpedo-shaped embryos formation
was recorded at 2.0 mg/LL. NAA(Fig.1c-e). Less percentage of conversion and absence of
somatic embryo conversion was observed at 3.0 & 4.0 g/LL NAA respectively.

For further proliferation of somatic embryos, the explants with embryos were cultured on
MS medium supplemented with 2.0 mg/L NAA + 0.5 mg/L BAP. Further maturation of somatic
embryoids was absent even after 2" subculture on the fresh medium containing the same PGRs.
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Fig.1 a-m: Induction of somatic embryogenesis from cotyledon(a-h) and leaf(i-j) explants
of S. nigrum

a) Globular embryoids on MS + 0.5 mg/L BAP + 1.0 mg/L NAA; b) Many Globular embryoids
on MS + 0.5 mg/L BAP+2.0 mg/L NAA; c) Globular and torpedo-shaped embryos on MS + 0.5
mg/L BAP + 2.0mg/L NAA after 1st subculture; d) Globular and heart-shaped embryoids after
Ist subculture on MS +0.5 mg/L BAP +2.0 mg/L NAA; e) Various stages of embryoids (Note
the cotyledonary stage embryoid) after 6 weeks of culture; f) Cotyledonary stage and torpedo-
shaped embryoids on MS+0.5mg/L IAA+1.5mg/L BAP after 6 weeks of culture.
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TABLE — 1. Induction of somatic embryogenesis from cotyledon explants of S.nigrum on

MS+0.5 mg/L. BAP +NAA
% of cultures Average number of % of somatic
Growth regulators (mg/L) with somatic somatic embryos per | embryos conversion
embryogenesis explant (+SE)* into bipolar embryos
BAP + NAA
0.5+0.5 52 27+0.01 31
0.5+1.0 63 43+0.03 48
0.5+1.5 78 59+0.19 61
0.5+2.0 89 65+0.23 73
0.5+2.5 65 43+0.09 33
0.5+3.0 61 22+0.21 12
0.5+4.0 43 1340.11 -
0.5+6.0 Callus - -

* Mean + standard error

3.2 Somatic embryogenesis from leaf explants:

Leaf explants of S.nigrum were cultured on MS medium augmented with different
concentrations of NAA in combination with 0.5 mg/L BAP (Table 2). Somatic embryogenesis
was initiated from the explant in all the concentrations of NAA except at high concentration (6.0
mg/L NAA). As in the cotyledon explant, the somatic embryogenesis was inhibited at 6.0 mg/L
NAA + 0.5 mg/L BAP and callus was induced. Somatic embryoids were formed after 10 days of
culture. High percentage of somatic embryogenesis was observed at 2.0 mg/L NAA followed by
1.5 mg/L NAA + 0.5 mg/L BAP. Whereas maximum frequency number of somatic embryos per
explant was observed at 2.5 mg/L NAA(Fig.1i). Less number of somatic embryo induction was
recorded at 4.0 mg/L NAA. As the concentration of NAA increased, there is an increase in the
average number of somatic embryos development per explant upto 2.5 mg/L NAA.

The conversion of somatic embryos from globular to torpedo-shaped was found in all the
concentrations of NAA tested with an exception of 4.0 mg/L NAA. Maximum percentage of
bipolar embryos was recorded at 2.0 mg/L NAA + 0.5 mg/L BAP.

For further proliferation and maturation of somatic embryos, the leaf explant consisting
of somatic embryos in different stages (globular to bipolar) was transferred onto fresh medium
containing 2.0 mg/L NAA + 0.5 mg/L BAP. Bipolar somatic embryos did not mature further
even after 2" subculture on the same fresh medium, But the somatic embryos number per
explant was enhanced.
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Individual embryos developed into distinct bipolar structures and passed through each of
the typical developmental stages (globular, heart, torpedo / bipolar) after 4-6 weeks of culture.
The development of somatic embryos was asynchronous. As a result, various stages of embryo

development could be observed in the same cluster of embryos originated from the explants
(Fig.le).

TABLE - 2.Induction of somatic embryogenesis from leaf explants of S.nigrum on MS + 0.5

mg/L BAP + NAA
% of cultures Average number of % of somatic
Growth regulators (mg/L) with somatic | somatic embryos per | embryos conversion
embryogenesis explant (+SE)* into bipolar embryos
BAP + NAA
0.5+0.5 28 1740.13 22
0.5+1.0 48 32+0.01 28
0.5+1.5 83 55+0.21 35
0.5+2.0 98 77+0.13 69
0.5+2.5 79 86+0.19 38
0.5+3.0 63 44+1.3 17
0.5+4.0 10 20+0.09 -
0.5+6.0 Callus - -

# Mean + standard error

3.3 Somatic embryo germination & plantlet formation:

For germination of somatic embryos, globular, heart and torpedo-shaped embryos (a
mixture) developed from cotyledon and leaf explants were transferred on to 2 strength MS
medium, MS medium without growth regulators and MS medium supplemented with different
concentrations of BAP in combination with 0.5 mg/L TAA (Table 3). Somatic embryos did not
germinate on 2 strength MS medium and also on MS medium without PGRs.. The highest
(73.8%) frequency of embryo germination was noticed on medium containing 0.5 mg/L TIAA +
1.5 mg/L BAP. Whereas embryo germination frequency was reduced at high concentration of
BAP.
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Histological sections of embryo forming explants clearly revealed a globular-shaped
embryo, a heart-shaped embryo with a notch and two cotyledons and torpedo-shaped embryo
with shoot and root poles (Fig.1 k-m) upon transfer to a medium containing 0.5 mg/L IAA + 1.5
mg/L BAP, the embryos turned green with folded cotyledons, which subsequently developed
into whole plantlets (Fig. 1j.)

Plantlets regenerated via somatic embryogenesis were transferred to polycups containing
mixture of soil and sand in ratio of 3 : 1 with 75% survival rate. A total of 30 regenerated plants
were transferred to earthenware pots from the polycups and maintained in the research field
under shady conditions. These invitro regenerated plants via somatic embryogenesis were found
similar to donar plant.

Lm
g)A group of torpedo-shaped somatic embryoids; h)Cotyledonary stage embryos on MS + 0.5
mg/L TAA + 1.5 mg/L BAP after 6 weeks of culture; 1) Conversion of somatic embryoids into
different stages developed from leaf explants on MS+0.5 mg/L. BAP + 2.5 mg/L NAA after Ist
subculture; j) Plantlet formation of somatic embroids developed from leaf explants on MS + 0.5
mg/L TAA + 1.0 mg/L BAP. k-m: Histological sections of somatic embryogenesis showing
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different stages in S.nigrum: k) Globular, heart-shaped, torpedo-shaped embryos; 1) Single heart-
shaped embryo; m) Single torpedo-shaped embryo.

TABLE - 3. Effect of IAA + BAP on germination of somatic embryos in S.nigrum

Growth regulators (mg/L) Germination Frequency (Mean+SE)”
> MSO -
MSO -
IAA + BAP
0.5+1.0 23.3+0.13
0.5+1.5 73.8+0.17
0.5+2.0 38.0+0.72
0.5+2.5 30.0+1.2
0.5+3.0 28.0+0.05

Data scored after five weeks of culture; * Mean + standard error

4. DISCUSSION:

Somatic embryogenesis was induced directly from the cotyledon and leaf explants
in S.nigrum on MS medium fortified with different concentrations of NAA (1.0 — 6.0
mg/L) in combination with 0.5 mg/LL BAP except at 6.0 mg/L NAA. The present
investigations showed that auxins such as NAA along with cytokinins BAP are required
for inducing the somatic embryogenesis. For somatic embryogenesis the nature of PGRs
and their concentration and combinations used in the culture medium play a vital role.
The type of auxin or auxin in combination with cytokinin used in the induction medium
can greatly influence somatic embryo frequency. The requirement of cytokinin in
addition to auxin was observed in medicinal plants like Terminalia arjuna [20], and
Psoralea corylifolia [15], as it was observed in the present studies. Somatic
embryogenesis was induced on medium containing NAA alone in Solanum melongena
[21, 22, 23]. Recently, Rama swamy et al[5] have also reported the essentiality of both
auxin-cytokinin combination for inducing somatic embryogenesis in an endangered
medicinal plant S.surattense a medicinal plant.

In the present investigations, leaf explants showed maximum frequency number of
somatic embryos production and also conversion into bipolar embryos at 2.0 mg/L NAA
+ 5.0 mg/L BAP compared to cotyledon explants. Similarly it was also observed in
S.surattense [5].

BAP induced the direct somatic embryogenesis and also the number of embryos
further increased by enriching the medium with NAA in Hippeastrum hybridum [24].
Similar findings were also made by Cavillini and Natali [25] in Brimeura amethystina.
Sahrawat and Chand[15] have also observed the high frequency somatic embryogenesis
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in hypocotyl explants on MS medium supplemented with NAA (1.4 uM) + BAP (2.2
uM) in Psoralea corylifolia, whereas somatic embryogenesis was reported on medium
containing NAA alone in Solanum melongena [25].

Somatic embryo maturation is a critical step in somatic embryogenesis which
leads to the complete plantlet formation. In the present investigation both auxin and
cytokinin combination favoured the maturation and germination of somatic embryos.

This is probably because of conversion of some of the heart-shaped embryos to
torpedo or cotyledonary stage embryos and their subsequent germination in the presence
of IJAA+BAP. Thus, a combination of IAA+BAP combination seems to be necessary for
maturation and germination of bipolar somatic embryos in S.nigrum. Prakash et al [26]
have reported that TDZ (1.0 mg/L) in combination with GA; (1.0 mg/L) was found to be
comparatively more effective than BA for somatic embryo maturation in Pimpinella
tirupatiensis an endangered medicinal plant. The requirement of auxin—cytokinin
combination was also reported in S.surattense and S. Ilycopersicum for germination of
torpedo-shaped embryos[5,13] as it was noted in the present investigations.

According to Zimmerman [27] new gene products are needed for the progression
from the globular to the heart-stage and these new products are synthesized only when an
exogenous auxin is removed. But, according to our observations in S.nigrum for
induction of somatic embryos, auxins and cytokinin combination is required. At higher
concentration of auxin probably the population of embryogenic cells drops due to their
disruption and elongation and the embryogenic potential of the culture is lost [28].
Similarly, in the present investigation embryogenesis was inhibited at 6.0 mg/L
concentration of NAA + 0.5 mg/L BAP.

Whereas Garin et al [29]  reported that the entire process of induction and
maturation of the embryos was completed on the same MS medium containing auxins
and cytokinins (2,4-D + TDZ) in Capsicum annuum as it was observed the requirement
of both the hormones in the present investigations. Similarly, somatic embryos
maturation on MS medium containing the combination of auxins (NAA) and cytokinins
(BAP) was observed in Prunus avium [30].

Thus, Somatic embryogenesis always appeared to be dependent on the type of
auxin / cytokinin / auxin + cytokinin and their concentrations in the medium. The type of
growth regulator and its concentration also varies from genotype to genotype. High
concentration of auxin in combination with less concentration of cytokinin induced the
somatic embryogenesis and maturation of somatic embryos in S.nigrum. However, for
germination of somatic embryos, low level of auxins and high concentration of cytokinin
combination is required.

Regeneration via somatic embryogenesis is better for obtaining genetically
uniform plants than through organogenesis. It is evident from the present studies that the
somatic embryogenesis in this species will be useful in the conservation and
improvement of this threatened medicinally important species S.migrum. Somatic
embryogenesis is also preferred because it allows production of plants without
somaclonal variation and also used for genetic transformation [31]. These somatic
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embryoids induced in S.nigrum can also be used for development of synseed technology
for germplasm storage, conservation and also for exchange.

Thus, for induction of in vitro somatic embryogenesis the type of primary explant,
genotype and growth regulators concentration and combinations play an important role.
The protocol developed in the present investigation can be used for mass—scale
propagation of true-to-type of S.nigrum.

5.CONCLUSION: In conclusion, this is the first report of a successful procedure to regenerate
Solanum nigrum (Solanaceae) via somatic embryogenesis. The cotyledon explants were proved
to be efficient for in vitro somatic embryogenesis compared to leaflet explants in S.nigrum. MS
medium supplemented with higher amounts of auxins in combination with lower concentrations
of cytokinins favor the induction and proliferation of somatic embryogenesis. Thus, the present
reproducible regeneration protocol can be used for mass multiplication, genetic transformation,
artificial seed production and cryopreservation of the important medicinal plant S.nigrum .

Ethical: NA
Consent: NA
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