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ABSTRACT

Biotechnological tools are useful for true-to-type propagation. Shoot tips encapsulation is potential
for plant development from pre-existing meristematic tissue. MS medium fortified with 1 and 2 mg/L
of BAP (6-bezylaminopurine) was found to be suitable for in vitro mass-multiplication of plantlets
(10.18 and 13.05 plantlets/explant, respectively) of Citrus jambhiri from nodal segments. Nodal
segments were more appropriate than the shoot tips for in vitro multiplication of plantlets. Synthetic
seeds were prepared using 2.5% sodium alginate dropping into 3.0% CaCl, solution. Maximum
germination was recorded when beaded shoot tips were cultured on MS medium fortified with 1
and 2 mg/L of BAP (96.67 and 100.00%, respectively). However, the germination of synthetic
seeds was found to be comparatively high than the earlier findings. The results support the use of
encapsulated unipolar explants for synthetic seed preparation. These type of capsules could be
useful in exchange of sterile material between laboratories, germplasm conservation and direct
plant propagation.
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1. INTRODUCTION

Synthetic seed is produced by enclosing viable
plant materials such as somatic embryos,
androgenic embryos [1,2], pro-embryos [1],
embryos-like-structure  [1], protocorms [3],
protocorm-like-bodies [4], axillary buds [5],
meristem [6], shoot segments [7] and shoot tips
[8]. in alginate with nutrient sources. For
encapsulation, plant propagules are mixed with
sterilized sodium alginate (3% wi/v), which is
prepared in tissue culture basal medium
supplemented with sucrose. Propagules are then
picked up individually and dropped into sterilized
aqueous solution of 3% (w/v) calcium salt
solution [CaCl, or (CaNOj),] with occasional
agitation [2]. Calcium alginate beads are formed
within  15-30 minutes. lon-exchange reaction
occurs and sodium ions are replaced by calcium
ions forming calcium alginate beads or capsules
surrounding the embryo/bud. The size of the
bead depends on the inner diameter of the
pipette nozzle.

Shoot tips are most suitable for encapsulation for
preparation of synthetic seeds as they
produce  true-to-type planting materials.
Commercial preparation of synthetic seeds using
shoot tips helps in minimizing the cost of micro-
propagation [9]. Shoot tips converts into plantlet
directly  without callus formation  which
reduces the risk of somaclonal variation [10] and
making the plantlets available round the year
[11].

Citrus is one of the important plant genus
worldwide which provides many species suitable
for different uses. Citrus as fruit (Citrus sinensis
(L.) Osbeck, Citrus limetta Risso, Citrus paradisi
Macf. etc.), table purpose (Citrus limon (L.)
Osbeck, Citrus assamensis R. M. Dutta &
Bhattacharya etc.), pharmaceutical use (Citrus
medica L., Citrus jambhiri etc.). Citrus bear
recalcitrant seeds and wusually it is being
asexually propagated. Plant tissue culture tools
are useful for true-to-type propagation and this
technology can be used for mass-multiplication.
C. jambhiri (Rough lemon) is preferred for
rootstock for lemons, oranges, mandarins, grape
fruits and kinnows, because of its high vigour and
well adaptation ability. In this communication
effort was taken to standardize protocol for in
vitro mass-multiplication of C. jambhiri and
subsequently preparation of synthetic seeds from
shoot tips of in vitro grown plantlets.
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2. MATERIALS AND METHODS
2.1 Plant Materials

Mature fruits of C. jambhiri were cut with sharp
knife and seeds were extracted manually. Seeds
were surface sterilized with 0.1% HgCl, for 10
minutes followed by 3-5 times washing with
sterilized distilled water. Surface sterilized seeds

were de-coated under laminar air flow
cabinet and inoculated on basal Murashige and
Skoog (MS) [12]. For germination and

establishment of seedlings, the culture bottles
were incubated in culture room at 25+2°C with
16/8 h light and dark phases. After six weeks of
inoculation, the in vitro grown seedlings were
used as explants.

2.2 Medium Preparation

Medium was prepared using the individual
chemical compounds listed by Murashige and
Skoog [12]. Individual stock solutions were
prepared and stored in separate bottles for
ready-to-use during the preparation of culture
media. MS medium was prepared with 3%
sucrose and 0.8% agar. The pH of the
medium was adjusted to 5.8. The media were
sterilized by autoclaving at 121°C under 104 kPa

for 15 minutes. The sterilized nutrient MS
medium was used for in vitro multiple shoots
regeneration from shoot tips and nodal
segments.

2.3 Shoots Regeneration

About 30 ml medium composing MS fortified with
different combinations and concentrations of
plant growth regulators (Table 1) was dispensed
into culture bottles for multiple shoots
regeneration and plantlet growth. The media
were autoclaved at 121°C under 104 kPa for 15
minutes for sterilization. Explants were prepared
from in vitro grown seedling (Fig. 2A). Shoot
portion of the seedlings were cut into small
pieces keeping 1 or 2 nodes (Fig. 1A, B & C).
Shoot tips of the seedlings were also used for
regeneration of multiple plantlets (Fig. 1D, E &
F). Two explants were inoculated per culture
bottle and a total of 30 explants were inoculated
for each treatment. The experiment was
repeated two times. The inoculated -culture
bottles were kept in culture room at 25+2°C with
16/8 h light and dark phases at optimum
photosynthetic flux provided by cool fluorescent
lamps for multiple plantlet regeneration.
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Fig. 1. Multiple shoots regeneration from nodal sections and shoot tips (modified from Roy
[13]. A) Nodal section; B) Nodal sections inoculated on MS medium supplemented with
different concentrations and combination of plant growth regulators; C) Sprouting of buds on
inoculated nodal section; D) Shoot tip; E) Shoot tips inoculated on MS medium supplemented
with different concentrations and combination of plant growth regulators; F) Sprouting of buds
on inoculated shoot tips; G) Multiple shoots regeneration

2.4 Synthetic Seed Production

Sodium alginate (Sigma Chemical) solution
(2.5% w/v) was prepared by mixing with liquid
MS fortified with 3% sucrose. In a separate
conical flask, 3.0% aqueous solution of calcium
chloride (Sigma Chemical) was prepared [2,13].
Both the solutions were autoclaved at 121°C
under 104 kPa pressure for 15 minutes for
sterilization. Individual nodal segment of shoot tip
were isolated from the clusters (Fig. 2B & C) in
vitro regenerated multiple plantlets.

Grown up plantlets were selected for preparation
of propagules. Shoot tips of the plantlets were
cut in laminar air flow cabinet. Those shoot tips
were used as propagules for preparation of
synthetic seeds. The shoot tips were mixed with
sodium alginate solution. Individual propagule
was picked up with suitable dropper and dropped
in a sterile aqueous solution of calcium chloride
with occasional agitation. Calcium alginate beads
were formed within 15-20 minutes. Beads were
taken out by decanting off the CaCl, solution,
washed with sterile double distilled water, and
surface dried with sterilized blotting paper.
Freshly prepared beads were directly cultured on
MS medium fortified with different levels of
synthetic hormones (Table 2). Seedling
emergence and plantlet regeneration were
recorded after three weeks. For each treatment
40 beads were employed in two replications. The

experiment was conducted entirely under control
environment using laminar air flow cabinet.

2.5 Statistical Analysis

Completely randomized design (CRD)
experiment was laid out for the laboratory
experiment. The data were subjected to standard
statistical methods of analysis of variance
(ANOVA) using AgRes Statistical Software, (c)
1994 Pascal Intl Software Solutions, Version
3.01 and significant differences were compared
by LSD at p=0.05. The analysis of data was used
to interpret the results and draw conclusions.

3. RESULTS AND DISCUSSION

Effect of different growth regulators in different
concentrations and combinations were used to
establish the proficiency multiple shoots
regeneration from shoot tips and nodal sections
of C. jambhiri which provided the propagules for
preparation of synthetic seeds.

Analysis of variance exhibited high significant
variations among the treatments with different
growth regulators in different combinations and
concentrations for responsiveness of explants,
number of plantlets per explant and shoot length
for multiple shooting of C. jambhiri (Table 1).
These result corroborated with the findings of
Sarker et al. [14]; Fanta et al. [15]; Kaur [16].
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3.1 Regeneration of Multiple Shoots

Responsiveness of the explants varied from
30.00 to 86.67% with a mean of 52.67%
(Table 1). Highest response was obtained when
nodal sections were inoculated on MS medium
fortified with 2 mg/L of BAP (86.67%) followed by
1 mg/L of BAP (73.33%). Highest response for
shoot tips was obtained on MS medium added
with 1 and 2 mg/L of BAP (60.00%). Lowest
response was recorded when nodal segments
were cultured on MS medium fortified with 1
mg/L of IBA + 1 mg/L of IAA + 1 mg/L of NAA
(30.00%). The response was higher from the
nodal sections as compared to shoot tips. Al-
Bahrany [17], Usman et al. [18] and Goswami et
al. [19] also reported higher number of shoots
from nodal section as compared to shoot tips.
Taye et al. [20] reported higher shoots induction
(98.44%) from nodal sections than shoot tips
cultures (96.9%).

Number of shoots regeneration per explant
across the explants differed from 1.57 to 13.05
cm with a mean of 6.35 cm (Table 1). Maximum
number of plantlets per explant was found when
nodal sections were inoculated on MS medium
treated with 2 mg/lL of BAP (13.05
shoots/explant) followed by nodal sections on 1
mg/L of BAP and shoot tips on 1 mg/L of BAP
(Table 1). Some of the nodal sections cultured on
BAP supplemented medium produced 50-60
shoots/explant. Lowest number of shoots
/explant was recorded when shoot tips were
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cultured on MS medium fortified with 1 mg/L of
IBA + 1 mg/L of IAA + 1 mg/L of NAA (1.57
shoots/explant). Goswami et al. [19] also used
BAP for shoot multiplication of C. limon L. cv.
KaghziKalan. Fanta et al. [15] recorded higher
shoot regeneration efficiency on BAP
supplemented MS medium. As per the findings of
Upadhyay et al. [21], MS invigorated with 2.0
mg/L BAP + 1.0 mg/L Kinetin + 0.1 mg/L NAA
was appropriate for mass-multiplication of shoots
and elongation of shoots. In contradictory, Sarker
et al. [14] observed highest number of shoots per
explant when MS medium was supplemented
with 1.5 mg/L of BAP and however, at higher
concentration (2 mg/L) reduced the plantlets
number per explant. Fanta et al. [15] also
reported that increased level of BAP and sucrose
above 2.5 mg/L and 30 g/L respectively, the
shoot number and shoot length decreased
considerably. It was observed that large number
of shoots regenerated on BAP added medium.
Findings of Roy and Mandal [22] correspondingly
confirmed that BAP has enhancing effect on
shoot regeneration.

Shoot length across the explants varied from
0.71 to 521 cm with a mean of 2.46 cm
(Table 1). Maximum length was observed when
nodal sections were cultured on MS medium
fortified with 4 mg/L of BAP (5.21 cm) followed by
nodal sections were cultured on 1 mg/L of IBA +
1 mg /L of IAA (3.56 cm) which is at par with the
shoot tips cultured on 1 mg/L of IBA + 1 mg /L of
IAA (3.51 cm). Conversely, Goswami et al. [19]

Table 1. Mean of regeneration parameters of Citrus jambhiri on different concentrations and
combinations of plant growth regulators

Explants Concentrations and Shoot regeneration No. of shoots/ Shoot
combinations of growth responsiveness explant length
regulators

Shoot tips 1 mg/L of BAP 60.00 ¢ 10.03c 0.71a
2 mg/L of BAP 60.00 c 12.50ab 1.33b
4 mg/L of BAP 46.67de 2.65e 1.61bc
1mg/Lof IBA+1mg/Lof 43.33e 2.90de 3.51c
IAA
1 mg/L of IBA+ 1 mg/Lof  36.67f 1.57e 2.38d
IAA + 1 mg/L of NAA

Nodal 1 mg/L of BAP 73.33b 10.18bc 1.90de

segments 2 mg/L of BAP 86.67a 13.05a 1.41ef
4 mg/L of BAP 43.33e 4.90d 5.21efg
1mg/Lof IBA+1mg/Lof 46.67de 3.58de 3.56efg
IAA
1 mg/L of IBA+ 1 mg/Lof  30.00g 2.18e 2.95¢g
IAA + 1 mg/L of NAA
Range 30.00-86.67 1.57-13.05 0.71-5.21
Mean 52.67 6.35 2.46

*Values bearing same letter in the column are not significantly different at p=0.05 of LSD
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reported contradictory result that the addition of
IBA appeared to have negative effect on shoot
elongation. Smallest shoots were obtained when
shoot tips were cultured on MS supplemented
with 1 mg/L of BAP (0.71 cm). Reduced shoot
lengths were also observed when the number of
shoots per explant was high. This may be due to
the competition among the higher number of
shoots for space and nutrition.

3.2 Preparation of Synthetic Seeds

In general germination of synthetic seeds was
high and ranged from 76.67 to 100.00% with a
mean of 87.50% (Table 2). Highest germination
was recorded when the MS medium was fortified
with 2 mg/L of BAP (100.00%) followed by 1
mg/L of BAP (96.67%). High germination was
also observed on MS medium without any plant
growth regulators (93.33%). Roy and Mandal [2]
also found the enhancing effect of BAP on
germination  of synthetic seeds. Some
researchers obtained maximum viability when
synthetic seeds were cultured on MS medium
supplemented with 10 mg/L of BAP and 1 mg/L
of NAA [8,23].

Synthetic seed technology presents an
innovative and potential tool in plant
biotechnology for an efficient and cost-effective
large scale propagation in vitro conservation,
germplasm exchange and distribution.
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Superiority of encapsulated embryos was
reported by Shigeta and Sato [24] in horseradish,
Datta and Potrykus [25] in microspore-derived
embryos of barley, Suprasanna et al. [26] and
Roy and Mandal [2] in rice.

Sprouting of non-beaded shoot tips was
comparatively very low than the beaded shoot
tips. It varied from 30.00 to 60.00% with a mean
of 45.20% (Table 2). Non-beaded shoot tips also
showed enhancing effect of BAP on sprouting.
Highest sprouting was recorded when the MS
medium was added with 2 mg/L of BAP and 1
mg/L of BAP (60.00%).

3.3 Hardening of Rooted Plantlets

Rooted plantlets from synthetic seeds were
removed from the culture bottles. The agar along
with the medium which adhered onto the
plantlets was removed and transferred to
plastic cups containing a mixture of sterile sand,
soil and farmyard manure at a ratio of 1:1:1 and
kept in the plant tissue culture chamber for two
weeks. After two weeks the cups were kept in a
room at ambient temperature for another week
(Fig. 2F) where after it was placed under partial
shed net for two weeks in earthen-pots.
Acclimatized seedlings obtained from synthetic
seeds were planted under realistic condition
established.

Table 2. Germination of synthetic seeds on different concentrations and combinations

Sprouting (%)

Explant Medium and treatment
Synthetic seeds MS

2 MS

Ya MS

1 mg/L of BAP
2 mg/L of BAP
4 mg/L of BAP

1 mg/L of IBA+ 1 mg /L of IAA
1 mg/L of IBA + 1 mg/L of IAA + 1 mg/L of NAA

Range

Mean

2 MS

MS

1 mg/L of BAP
2 mg/L of BAP
4 mg/L of BAP

Non-beaded shoot tips

1 mg/L of IBA + 1 mg /L of IAA
1 mg/L of IBA + 1 mg/L of IAA + 1 mg/L of NAA

Range
Mean

93.33b
86.67¢c
83.33cd
96.67ab
100.00a
83.33cd
80.00de
76.67e
76.67-100.00
87.50
30.00j
40.00hi
60.00f
60.00f
46.67g
43.33gh
36.67j
30.00-60.00
45.24

*Values bearing same letter in the column are not significantly different at p=0.05 of LSD
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Fig. 2. In vitro shoot multiplication and synthetic seed preparation. A)In vitro grown seedlings;
B) Multiple shoots regeneration from the nodal segments on MS medium supplemented with 2
mg/L BAP; C) Multiple plantlets regeneration from the shoot tips on MS medium supplemented
with 2 mg/L BAP; D) Inoculation of synthetic seeds on MS basal medium for germination; E)
Geminated synthetic seeds on MS basal medium; F) Acclimatized plantlet from synthetic
seeds

To summarise, shoot tips are suitable for
encapsulation studies of artificial seeds as they
have potential for plant development from pre-
existing meristematic tissue. The results
encourage the use of encapsulated unipolar
explants for synthetic seed technology. This kind
of capsules could be useful in exchange of sterile
material between laboratories due to small size
and relative ease in handling these structures, or
in germplasm conservation with preservation
techniques [27], conservation through
cryopreservation [28] or even in plant
propagation and nurseries.

4. CONCLUSION

Shoot tips encapsulation possess great potential
for plant biotechnology in mass-multiplication
through synthetic seed preparation. MS medium
fortified with BAP (6-bezylaminopurine) @ 1 and
2 mg/L was found to be suitable for in vitro mass-
multiplication of plantlets (10.18 and 13.05
plantlets/explant, respectively) of Citrus jambhiri
from nodal segments of in vifro germinated

seedling. Nodal segments were most appropriate
as compared to shoot tips for in vitro replication
of plantlets. Synthetic seeds were prepared using
2.5% sodium alginate (Sigma chemical) dropping
into 3.0% CaCl, solution. Highest germination of
synthetic seeds was recorded when beaded
shoot tips were cultured on MS medium fortified
with BAP @ 1 and 2 mg/L (96.67 and 100.00%).
However, the germination of synthetic seeds was
found to be comparatively high on all the
treatment with plant growth regulators or on MS
basal media. This kind of capsules could be
useful in exchange of sterile material between
laboratories, germplasm conservation and direct
plant propagation.

ACKNOWLEDGEMENT

We are thankful to Department of Biotechnology,
Ministry of Science and Technology, Government
of India for providing the financial assistance for
research on tissue culture of Citrus spp.
(Sanction order No. PT/PR16132/95/160/2015,
dated 6" January, 2017).

27



COMPETING INTERESTS

Authors have declared

that no competing

interests exist.

REFERENCES

1.

10.

Roy B, Mandal AB. Rapid and recurrent
mass-multiplication of androgenic embryos
in indica rice. Indiand. Biotechnol.
2006;5(2):239-242.

Roy B, Mandal AB. Development of

synthetic seeds involving androgenic
embryos and pro-embryos in an elite
indica rice. Indian J. Biotechnol.

2008;7(4):515-519.

Bhattacharjee S, Khan HA, Reddy PV,
Bhattacharjee S. In vitro seed germination,
production of synthetic seeds and
regeneration of plantlets of Phalaenopsis
hybrid. Annals Agril. Sci. Cairo. 1998;
43(2):539-543.

Datta KB, Kanjilal B, Sarker DD. Artificial
seed technology: Development of a
protocol in Geodorum densiflorum (Lam)
Schltr. — An endangered orchid. Current
Sci. 1999;76(8):1142—-1145.

Ganapathi TR, Suprasanna P, Bapat VA,
Rao PS. Propagation of banana through
encapsulated shoot tips. Plant Cell
Reports. 1992;11(11):571-575.

Kamada H, Kobayashi K, Kiyosue T,
Harada H. Stress induced somatic
embryogenesis in carrot and its application
to synthetic seed production. In vitro
Cellular Dev Biol. 1989;25(12):1163—
1166.

Brischia R, Piccioni E, Standardi A.
Micropropagation and synthetic seed in
M.26 application root stock (ll): A new
protocol for production of encapsulated
differentiating propagules. Cell Tiss Org
Cult. 2002;68(2):137-141.

Gholami AA, Kavani B. Somatic
embryogenesis, encapsulation, cold
storage, and growth of hybrid Citrus [C.
paradisiMacf. (‘Ducan’) C. reticulate Blaco.
(‘Dancy’)] shoot tip segment. Indian J.
Biotechnol. 2018;17:134-144.

Badr-Elden AM. An effective protocol for in
vitro storage and ex-vitro re-growth of
strawberry capsules. Atlas J. Chem.
Biochem. 2013;1:30-38.

Wang XC, Den XX. Cryopreservation of
citrus shoot tips by verification and

Sharma and Roy; BJI, 24(2): 22-29, 2020; Article no.BJI.56035

28

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

regeneration. ActaHortic. Sinica. 2001;28:
301-306.

Reed BM. Implementing cryopreservation
for long-term germplasm preservation in
vegetatively propagated species. In: Twoill
LE, Bajaj YSP, editors. Biotechnology in
Agriculture and Forestry 50, Cryopreserva-
tion of Plant Germplasm Il, Springer Berlin
Heidelberg. 2002;22-33.

Murashige T, Skoog F. A revised medium
for rapid growth and bioassays with
tobacco tissue culture. Physiol. Plant.
1962;15:473-497.

Roy B. Artificial Seed- An emerging
avenue of seed science and applied
biotechnology. New India Publishing
Agency, New Delhi. 2020;1-246.

Sarker |, Islam J, Shaekh MPE, Rahman
MM, Khan H, Chowdhury ASMHK, Mukim
MSI, Islam R, Haque R. Establishment of a
standard protocol for in vifro meristem
culture and plant regeneration of Citrus

aurantifollia. 10SR J. Pharm. Biol. Sci.
2015;10(2):61-69.
Fanta M, Menamo T, Bantte K.

Optimization of sucrose, plant hormones
and photoperiod for in vitro propagation of
Lemon (C. limon) and Macrophylla (C.
macrophylla) using shoot tip. Adv. Life Sci.
Technol. 2016;47:31-39.

Kaur S. In vitro somatic embryogenesis
and regeneration from epicotyl segments
of Rough lemon (Citrus jambhiri Lush.). Int.
J. Chem. Studies. 2018;6(1):2082-2091.
Al-Bahrany AM. Effects of phytohormone
on in vitro shoot multiplication and rooting
of lime Citrus aurantifolia (Christm.) Swing.
Sci. Hortic. 2002;95:285-295.

Usman M, Sana M, Fatima B. In vitro
multiple shoot induction from nodal
explants of citrus cultivars. J. Central Eur.
Agri. 20065;6(4):435-442.

Goswami K, Sharma R, Singh PK, Singh
G. Micropropagation of seedless lemon
(Citrus limon L. cv. Kaghzi Kalan) and
assessment of genetic fidelity of micro-
propagated plants using RAPD markers.
Physiol. Mol. Biol. Plants. 2013;19(1):137—-
145.

Taye MG, Debesay B, Tesfahun Y, Brhanu
A. Optimization of an in vitro regeneration
protocol for rough lemon rootstock (Citrus
Jambhiri L.) via direct organogenesis. Adv.
Crop Sci. Tech. 2018;6:1.

Upadhyay S, Syamal MM, Itoo H.
Micropropagation of sweet orange cv.



22.

23.

24.

25.

Mosambi through shoot tips and nodal
segments. Indian J. Hort. 2010;67:21-25.
Roy B, Mandal AB. Profuse microtillering
of androgenic plantlets of elite indica rice
variety IR 72. Asian J. Biotechnol. 2011;
3(2):165-176.

Gholami AA, Alavi SV. Plant regeneration
of Citrus sinensis. var. Thamson navel
using sodium alginate-encapsulated shoot
tips. Iranian J Plant Physiol. 2016;6(3):
1737-1743.

Shigeta J, Sato K. Plant regeneration and
encapsulation of somatic embryos of
horseradish. Plant Sci. 1994;102:109—-
115.

Datta SK, Potykus I. Artificial seeds in
barley: encapsulation of microspore

Sharma and Roy; BJI, 24(2): 22-29, 2020; Article no.BJI.56035

26.

27.

28.

derived embryos. Theor. Genet.
1989;77:820-824.

Suprasanna P, Ganapathi TR, Rao PS.
Artificial seed in rice (Oryzasativa L.):
Encapsulation of somatic embryos from
mature embryo callus culture. Asia
Pacific J. Mol. Biol. Biotechnol. 1996;4(2):
90-93.

Piccioni E, Standardi A. Encapsulation of
micropropagated buds of six woody
species. Plant Cell Tiss. Org. Cult. 1995;
42(3): 221-226.

Amin M, Mujeeb A. Callus induction and
synthetic seed development in Dracaena
sanderiana  Sanderex  Mast:  Lucky
Bamboo. Biotechnol. J. Int. 2019;23(3):

1-8.

Appl.

© 2020 Sharma and Roy; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle4.com/review-history/566035

29



