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Abstract

A repeatable protocol was developed for shoot regeneration from hypocotyl explants in jute (C. capsularis) that
resulted in 25% regeneration using a combination of 6-BAP (7.5 mgl"') and adenine hemisulfate (50 mgl™).
Rapid shoot proliferation was observed on medium containing NAA (0.1 mgl"') and 6-BAP (1 mgl™). The
elongated shoots rooted on basal MS and could be successfully acclimatized, which later developed fertile
flowers and viable seeds. After establishing regeneration protocol for jute from hypocotyl explants, the
possibility of its response for protoplast isolation and culture was studied. The efficiency of isolation of
protoplasts from hypocotyls was influenced by conditions of seedling growth, incubation time in enzyme
solution, constitution of the enzyme mixture, osmoticum and purification methods. Isolated non-vacuolated
protoplasts when cultured in modified Kao’s medium with 7.2 gI” sucrose produced microcalli in about four
weeks. However, these microcalli did not develop further.
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1. Introduction

Jute is a soft, shiny, long, off-white to golden-brown and cheap natural vegetable fiber that could be spun into
strong threads; produced from plants of genus Corchorus, belonging to the family Malvaceae. This 100%
biodegradable and recyclable golden fiber could be successfully blended with variety of other fibers for varied
environment friendly and value added end products. C. capsularis (white jute) is one of the two cultivated
species in the genus. In vitro plant regeneration protocols using cotyledon and petiole attached cotyledon
explants for different cultivars from both the species are well documented (Abbas et al., 1997; Islam et al., 1982;
Seraj et al., 1992; Saha et al., 1999; Huda et al., 2007; Sarker et al., 2007; Pushyami et al., 2011). Jute considered
recalcitrant to regeneration and the process being genotype dependent (Naher et al., 2003), different types of
explants need to be tried for establishing a repeatable regeneration protocol. Plant regeneration could be
achieved from cotyledonary petiole explants till now but protocols for regenerating other explants like
hypocotyls and cotyledons were so far not successful.

C. capsularis and C. olitorius (tossa jute) have their own unique qualities. While C. capsularis could adapt itself
to varied growing conditions and has better tolerance to water logging, C. olitorius possesses better yield and
retting quality. However, genetic diversity in these two species has been narrowed down due to restricted
selection from natural populations for quantitative traits. In addition, a strong sexual incompatibility, which
causes premature cessation of embryo growth, exists between these two preventing any cross breeding (Ganesan
et al.,, 1957; Kundu et al., 1959). Hence, creating inter-specific hybrids via natural or conventional breeding
became very difficult. For the same reason, possibility of improving the fiber has become almost impossible. The
only possible way to create hybrids of these species has been recognized as protoplast fusion since long (Das et
al., 1981; Arangzeb & Khatun, 1983). Though there were studies on protoplast culture in cultivated jute species,
none of them reported plant regeneration from protoplast derived cultures (Islam et al., 1981; Kumar et al., 1983;
Saha & Sen, 1992; Khatun et al., 2002), the only exception being Saha et al. (2001) who reported a limited
success in obtaining embryo like structures from protoplasts.

This background information made us initiate studies on in vifro regeneration and protoplast isolation and culture
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from hypocotyl explants. Results reported here are with respect to white jute, C.capsularis.
2. Materials and Methods
2.1 Source of Explants

Seeds of the white jute cultivar JRC 698 (obtained from Central Research Institute for Jute and Allied Fibers,
Kolkata, India) were surface sterilized with 70% ethanol for 1 min and 0.1 % (w/v) mercuric chloride (Himedia,
Mumbeai, India) for 2 min followed by thorough washing with sterile distilled water.

The 3-d old germinating seedlings on germination medium (MS + 1% sucrose) were transferred to light for
further two days for regeneration studies and retained in dark for protoplast studies.

2.2 Regeneration Experiments

5-d old seedlings were used as explants in regeneration experiments. The cotyledons and the apical bud were
excised and separated from the hypocotyl region and hypocotyl explants (1.0 cm long) were cultured on MS
medium containing different combinations and concentrations of plant growth regulators (PGRs).

2.2.1 Culture Media and Culture Condition

Required PGRs were added to MS basal medium (Murashige & Skoog, 1962) and the pH was adjusted to 5.8
before autoclaving at 121°C for 20 min. Explants were grown on medium solidified with 8.0 gl agar (Himedia,
Mumbai, India) and kept under 16 h photoperiod, illuminated with cool white fluorescent lamps at 28°C. MS
basal medium was supplemented with 0.5 - 7.5 mgl™' 6-BAP (6-Benzylaminopurine) in combination with 25 or
50 mgl" adenine hemi sulfate (AdSO,) for callus induction and subsequent regeneration. The response was
carefully monitored and scored.

Calli bearing shoot clumps were sub-cultured to medium containing 0.1 mgl' NAA and 1.0 mgl™" 6-BAP for
rapid shoot elongation. The number of elongated shoots was visually examined and the shoots were separated
from the clump.

2.2.2 Rooting and Hardening

Elongated shoots (2—4 cm) were excised and transferred to MS medium for rooting. Individual plantlets were
acclimatized in a mixture of soil and vermiculite (1:3) under culture room conditions in plastic cups covered with
transparent polythene bags with holes to control humidity by gradually increasing the holes every week for 15
days. Hardened plants were transplanted into pots containing manure and soil (1:2) under green house
conditions.

2.3 Protoplast Isolation

Hypocotyls and cotyledons were transversely chopped in pre-plasmolysis solution (Table 1) into fine pieces
(0.05-1.0 mm thickness) in a 9 cm Petri plate. Protoplasts were isolated in a two step-stationary and gyration
digestion process. Following 1h pre-plasmolysis and stationary overnight digestion at 25°C in the enzyme
solution (Table 1) for cell wall degradation, they were incubated at 27°C on a rotary shaker maintained at 50 rpm
for 2h. The resultant mixture was pelleted and purified over sucrose solution (Table 1). All incubations were
carried in dark at 26+1°C.

2.3.1 Purification of the Protoplasts

The isolated protoplasts with debris were released by pipetting the enzyme protoplast mixture slowly through a
wide bore Pasteur pipette. The enzyme solution along with protoplasts is passed through a 45 um steel filter.
Most of the cell debris got filtered at this stage. The filtrate was dispensed in a 10 ml sterile screw cap tube and
centrifuged at 2000 rpm for 5 min. At this step the vacuolated protoplasts floated over the solution and formed a
band that can be easily removed with a Pasteur pipette and the supernatant was discarded. To the pellet, 10 ml of
20% sucrose was added and centrifuged at 2000 rpm for 10 min again. Protoplasts form a band over the sucrose
surface that could be collected in a separate sterile tube using a Pasteur pipette. The protoplasts were washed
twice with 35% sea water (Table 1). At this step, protoplasts formed a thick pellet at the bottom of the tube. The
protoplasts were resuspended in 4 ml of Kao’s and Michayluk (1975) medium (KM) with PGRs and made into
aliquots in 6 cm Petri plates to a final cell density of 1 x 10° cells/ml and incubated in dark at 25°C.

2.3.2 Protoplast Culture

The protoplasts were cultured in liquid medium containing varied growth regulators. Sustained divisions could
be observed in KM medium containing 1.0 mgl” 2, 4-D, 0.1 mgl” NAA and 0.05 mgl" zeatin. All the growth
regulators used in culture were filter sterilized using sterile 0.22 um cellulose nitrate membrane. Dilutions of the
culture media were made following the first mitotic divisions for reducing the osmotic pressure of the culture
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medium.

Table 1. Solutions and culture media used for protoplast isolation and culture

Media Composition Method of preparation Step where it is used
Plasmglysm %> MS and 7% (w/v) Mannitol pH adjusted to 5.6 Pre-plasmolysis
solution autoclaved

Y2 MS + 7 % (w/v) Mannitol + 1%

(w/v)cellulose R10 (Yakult pH adjusted to 5.6 and

Enzyme Pharmaceutical Industry Co. Ltd, . . Isolation of
. filter sterilized using 0.2
solution Tokyo, Japan), 0.05% (w/v) Pectolyase m filters (Sartorius) protoplasts
Y23 (Seishin Corporation, Tokyo, K
Japan)
Sucrose 20% (w/v) Sucrose + 0.05% (w/v) pH adjusted to 5.6 and . .
Solution CaCl, autoclaved Protoplast purification
Major salts dissolved in Pelletine and washin

Wash solution 35% Sea water (major nutrients) double distilled water and & &

autoclaved of the protoplast pellet

7.2g/1 Sucrose is added
and pH adjusted to 5.6 and Protoplasts culture
filter sterilized using 0.2 medium
pm filters (Sartorius)

Modified Kao’s and Michayluk media
(1975) along with plant growth
hormones

Culture
medium

3. Results and Discussion
3.1 Regeneration Experiments

Different explants were used in the past for in vitro regeneration of C. capsularis and so far cotyledons with
petiole attached has been the most promising explant for this recalcitrant crop (Khatun et al., 2007). This crop is
genotype dependent and fastidious about the explant type used with respect to tissue regeneration (Naher et al.,
2003).

AdSO, is known to be a potent growth regulator often used in callus induction and plantlet regeneration in many
plants. Purine based cytokinins-both natural and synthetic are degraded in plants to adenine and related
nucleotides (McGaw et al., 1984; Forsynth & Van Staden, 1987). Despite its known activity in the adenine
derived compounds (cytokinins), adenine itself is used in tissue cultures for plant regeneration. Adenine as a
potent growth promoter, when used along with 6-BAP or kinetin often proved more advantageous in
organogenesis of many species like Vigna (Ayyasami et al., 2002), jojoba (Hassan et al., 2003), pear (Yancheva
et al., 2006) etc.

In the present studies, on the hypocotyl explants, callus initiated within 2-3 weeks of culture on the MS medium
supplemented with 6-BAP and adenine hemisulfate. The calli obtained from different treatments could be
differentiated into two types by color and texture. Type I calli obtained were soft, watery, non-morphogenic and
yellow to brown in color during the early weeks of culture. The calli grew very slowly and upon subculture to
medium containing 7.5 mgl’ 6-BAP and 50 mgl' adenine hemisulfate, this callus showed no signs of
development and browning of the explants occurred subsequently. Type II calli cultured on a medium containing
7.5 mgl™" 6-BAP and 50 mgl”' AdSO, were friable, cream to white in color which turned green later. The calli
were compact and granular in nature. Rapid shoot proliferation could be observed in medium supplemented with
NAA (0.1 mgl™), 6-BAP (1 mgl™"). GA; at 0.5 mgl" along with 0.1 mgl" BAP was used for shoot elongation.
Hypocotyls cultured on the medium containing 7.5mgl™ BAP and 50 mgl" AdSO,showed a maximum response
of 25% shoot bud induction when compared to other combinations (Table 2).
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Table 2. Percentage shoot bud induction in hypocotyl explants in response to 6- BAP and adenine hemisulfate
supplemented medium

S1 No. BAP (mgl™) AdSO,4 (mgl™) % response

1 05 25 Callus and later browned
2 ' 50 Callus but later brown when subcultured
3 25 10%
2.5
4 50 16.6%
5 25 11.6%
5.0
6 50 18.3%
7 25 6.6%
7.5
8 50 25%

*calculated as percentage of the number of explants that gave shoot bud induction.

3.1.1 Rooting and Hardening

Individual shoots were separated from the shoot clumps and rooted on MS basal medium with 1% Sucrose
within ten days. The rooted plantlets when transferred to sterile vermiculite and incubated under culture room
conditions, 100% acclimatization was observed. The acclimatized plants from the culture room conditions were
carefully transferred to pots filled with soil and manure were let to grow in the green house and they established
well (Figure 1) and produced viable seeds. All regenerated plants appeared normal with respect to morphology,
growth and fruit set.

Figure 1. In vitro plant regeneration from hypocotyl segments of jute (Corchorus capsularis cv. JRC 698)

(a) Shoot bud initiation on the hypocotyl. Explant showing white compact granular callus; (b) Shoot proliferation
from the callus; (c) In vitro rooting of the shoots on MS basal medium; (d) Acclimatized plants in culture room
conditions; (e¢) Potted plants in green house conditions; (f) Regenerated plants that reached flowering stage.

3.2 Protoplast Isolation

Explant source has always been an important parameter while considering protoplast isolation and regeneration.
Different types of explants and sources like leaf mesophyll tissues (Fu et al., 1985; Mei-Lie et al., 1987,
Al-Atabee & Power, 1987; Kao & Swartz, 1987; Castelblanque et al., 2010), callus from different tissues
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(Sihachkr & Ducreux, 1987; Kransnyanski et al., 1992; Chabane et al., 2010), cell suspension (Yarrow et al.,
1987; He et al., 1992), hypocotyls (Newell & Luu, 1985; Chuong et al., 1987; Wright et al., 1987; Saha & Sen,
1992), and cotyledons (Saha et al., 2001; Khatun et al., 2002), were used in protoplast isolation in a variety of
species including monocots for successful callus induction, regeneration, and somatic embryo development
aimed at somatic hybridization and genetic manipulations. Firoozobady et al. (1986) showed that age and growth
condition of the donor tissue are very important in achieving cell division and regeneration of cell wall and cell
division. Suitable quantity of tissue must be taken as a starting material for obtaining good number of protoplasts
as the final plating density of protoplasts is important for its further development. Since the size of the petiole
explant is too small and the callus obtained from it is not enough for protoplast isolations, the other explants that
can be used are hypocotyls and cotyledons, which provide good yield of protoplasts from a single experiment.

In our studies for explant standardization, cotyledons, and hypocotyls from dark germinated five day old
seedlings were used for protoplast isolation and culture. Mei-Lie et al. (1987) and Hammatt et al. (1988) showed
that growing the donor plants in dark for efficient protoplast isolation was important. Hypocotyl sections yielded
maximum protoplast density in comparison to cotyledons and protoplast yield was less and of poor quality when
younger tissues were used. Hence for further studies only five-day old hypocotyls were utilized. The yield was in
an acceptable range, and debris from these preparations could be easily removed by centrifugation. In jute, there

are reports of maximum yields from different explants tissues (Saha & Sen, 1992; Saha et al., 2001; Khatun et al.,
2002). Hence, the protoplast yield varies considerably depending on various culture conditions and tissue
sources. The present results were in accordance with the reports of Saha and Sen (1992), Saha et al. (2001),

however, Khatun et al. (2002) observed that cotyledons were the best source explant for protoplast culture in C.

olitorius. In contrast to our experiments in which we found 5-day-old seedlings to be better in C. capsularis,

Khatun et al. (2002) have used 3-day-old seedlings to obtain the optimum results in C. olitorius. The use of
Cellulase R10 was efficient for degrading the cell walls within a short span of time. Efficiency of Cellulase R10

was also reported by Rethmeier et al. (1991) in Tomato, Mathur et al. (1995) in Arabidopsis.

One of the major difficulties observed in jute protoplast isolation is the occurrence of high levels of mucilage in
the source tissues. Similar observations were also made by Das et al. (1981), Kumar et al. (1983), and Islam
(1987). As mucilage content is less in hypocotyls tissues, our experiments were continued with hypocotyl
explants. To avoid mucilage secretion, the culture medium and temperature was altered during seed germination.
Similar treatments were made by Khatun et al., (2002) who showed that temperature and growth conditions alter
the production of certain compounds in the plant. Use of sea water for washing the explants was previously
described by Kumar et al. (1983). Among the three solutions (9% mannitol, CPW salt solution (Frearson et al.,
1973) and 35% sea water) used for pelleting the protoplasts in our experiments, it was observed that 35% sea
water was very effective as we could get good quantity of protoplasts.

As important as explant source are the combination of enzymes used for cell lysis, protoplast precipitation
solution, conditions for plating and components of the medium. The slicing of hypocotyl explants into 1mm size
was optimum and yielded good quality protoplasts with one hour pre-treatment in plasmolysis solution. Among a
5% gradient of sucrose solution from 15 to 30% tried, non-vacuolated protoplasts floated and formed a distinct
band over 20% sucrose solution. Our results corroborated with other studies where sucrose was used for
purifying the protoplasts (Firoozabady et al., 1986; Adachi et al., 1989 etc.). High quality non-vacuolated
protoplast could be extracted from the solution when 35% sea water was used. Khatun et al. (2002) found that
sucrose or percoll solutions were ineffective for protoplast purification. They found 45 um sieve a superior
option.

3.2.1 Protoplast Culture

Efficient plating of protoplasts was obtained at normal culture room conditions in Kao’s medium. Most of the
studies on jute protoplast isolation and culture reported similar observation except for Vaz et al. (1992), who
found that high molecular Oxygen atmosphere increased the chances of better plating and plant regeneration
capability. For increasing plating efficiency, many groups have added different supplements into the protoplast
culture medium or have altered the way the protoplasts were plated. Karamian and Ranjbar (2011) found that the
plating efficiency increased up to 5 fold when nurse cells were used in Muscari. In the present studies, the
plating efficiency was found to be at its optimum when the isolated protoplasts were cultured in modified Kao’s
liquid medium. At the plating efficiency of 1 x 10° protoplasts /ml of culture, the cell division started within five
days of culture, some of the protoplasts regenerated cell walls and started dividing in 24 hours. Sustained
divisions were observed after two days in medium containing 1.0 mg/l 2, 4-D, 0.1 mg/l NAA, 0.05 mg/l zeatin
(Figure 2). The same protocol was tested for 25 other accessions in our laboratory but we could not obtain
similar reliable results. This shows that the protoplast isolation and regeneration were purely dependent on the
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genotype. Similar observations were made by Sihachkr and Ducreux (1987) in sweet potato. Micro-calli were
obtained after 60 days of repeated dilutions with medium but regeneration was not obtained even on the most
responsive medium standardized for C. capsularis (Pushyami et al., 2011) for petiole explants. Though 7.5 mgl™
6-BAP along with 50 mgl' AdSO4 was proved beneficial for hypocotyl regeneration in JRC 698, no shoot
regeneration could be observed even after 30 days of callus establishment in protoplast cultures. The density of
culture media could be a major issue (Chuong et al., 1987; Guang-min et al., 1992). This could be another
parameter to be considered while trying regeneration from callus derived from protoplast cultures.

Figure 2. Protoplasts isolated from hypocotyls of Jute (Corchorus capsularis L.) cv. JRC 698
(a) Hypocotyl protoplasts (20x); (b) First divisions (20x); (¢, d) Second divisions (4- celled stage) (20x);

(e) Budding and elongation of the cultured protoplasts (20x); (f) Dividing cells forming microcalli (20x).

Expression of totipotency in protoplasts is a complex developmental phenomenon and moreover, every step in
the protoplast isolation and culture induces stress to the protoplast which affects the cell wall reconstruction, cell
elongation and cell cycle re-entrance (Papadakis & Roubelakis-Angelakis, 2002). Further studies must be
concentrated on improvement in micro-calli production and standardization of medium for shoot regeneration
from callus, so that this protocol could be utilized for further hybridization studies. Reduced anti-oxidant
machinery and altered redox homeostatis are other parameters that could be considered when aiming at
regeneration from protoplast cultures (Papadakis & Roubelakis-Angelakis, 2002). The increased chance of
plating and regeneration capability in presence of high molecular Oxygen atmospheres as found by Vaz et al.
(1992) also proves some options. It is also worthwhile to study nurse culture technique as an alternative method
of microcalli culture in jute for the exploitation of protoplasts in somatic hybridization and genetic improvement
of the crop.

4. Conclusion

Continuous and long history of inbreeding has caused jute cultivars to lose their genetic variability and they are
strongly recalcitrant when it comes to in vitro manipulations. The two cultivated jute species, C. capsularis and
C. olitorius, possess the distinct advantages in their own right and need to be hybridized. Exploiting the unique
properties of protoplasts could create useful germplasm improvement via somatic hybrids in such sexually
incompatible species. For this, a generalized and repeatable regeneration protocol is to be developed in Jute.
Culturing of protoplasts poses several problems during cell culture. Mucilage, browning, lack of regenerating
lines are few of the difficulties we had come across during the culture process. Although the limited progress
gained from this study helps in determining some of the essential factors in isolation and culture of protoplasts in
a species of white jute, further study would provide a basis for future work on the development of callus to plant
regeneration protocol. The studies and the difficulties reported here could be a guideline for the future
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researchers to improve their methods.
Acknowledgements

The study is supported by research grants from the Department of Biotechnology, Government of India
(BT/PR/6204/AGR/16/562/2005) and Jute Technology Mission, ICAR-CRIJAF, Kolkata, India. The authors are
grateful to the Head, Department of Plant Sciences for facilities under DST-FIST, UGC-CAS etc.

References

Abbas, A. M., Jones, J. K., & Caligari, P. D. S. (1997). Clonal propagation by in vitro culture of Corchorus (jute).
Plant Cell Tissue Organ Cult., 47, 231-238. http://dx.doi.org/10.1007/BF02318977

Adachi, T., Yamaguchi, A., Miike, Y., & Hoffmann, F. (1989). Plant regeneration from protoplasts of common
buckwheat (Fagopyrum esculentum). Plant cell reports, 8, 247-250. http://dx.doi.org/10.1007/BF00778544

Al-Atabee, J. S., & Power, J. B. (1990). Protoplast isolation and plant regeneration in ornamental Compositae.
Acta Hort. (ISHS), 280, 255-258. http://www.actahort.org/books/280/280 43.htm

Arangzeb, & Khatun. (1983). Interspecific hybridization in Corchorus capsularis L. and C. olitorius L. Its past
and future prospect. Bangla. J. Jute Fib. Res., 8, 65-72.

Ayyasami, R., Perumal, V., & Luke, R. (2002). Selection of powdery mildew and yellow mosaic-resistant green
gram plants regenerated through organogenesis. Archives of Phytopathology and Plant Protection, 35,
105-114. http://dx.doi.org/10.1080/03235400214212

Castelblanque, L., Sogo, B. G, Pineda, B., & Moreno, V. (2010). Efficient plant regeneration from protoplasts of
Kalanchoe blossfeldiana via organogenesis. Plant Cell Tiss. Organ Cult., 100, 107-112.
http://dx.doi.org/10.1007/s11240-009-9617-8

Chabane, D., Bouguedoura, N., & Assani, A. (2010). Importance of protoplast culture in the genetic
improvement of date palm (Phoenix dactylifera L.). Acta Horticulturae, 882: IV international Date Palm
Conference.

Chuong, P. V., Pauls, K. P., & Beversdorf, W. D. (1987). Plant regeneration from Brassica nigra (L.) Koch stem
protoplasts. In vitro Cellular and Dev. Biol., 23, 449-452. http://dx.doi.org/10.1007/BF00269742

Das, K., Kumar, P. M., & Sen, S. K. (1981). Progress in application of protoplast technology in tackling
genetical problems of cultivated jute species. Proc. International Tissue Culture Workshop, Dhaka,
Bangladesh, 74-80.

Firoozabady, E. (1986). The effects of cell cycle parameters on cell wall regeneration and cell division of cotton
protoplasts  (Gossypium  hirsutum L.). Journal of Experimental Botany, 37, 1211-1217.
http://dx.doi.org/10.1007/BF00269251

Firoozabady, E., & DeBoer, D. L. (1986). Isolation, culture and cell division in cotyledon protoplasts of cotton
(Gossypium hirsutum and G barbadense). Plant cell  reports, 5, 127-131.
http://dx.doi.org/10.1007/BF00269251

Forsyth, C., & Van Staden, J. (1987). Cytokinin metabolism in tomato plants. II. Metabolites of kinetin and
benzyladenine in decapitated roots. Plant Growth Regul., o, 277-292.
http://dx.doi.org/10.1016/S0176-1617(87)80168-2

Frearson, E. M., Power, J. B., & Cocking, E. C. (1973). Isolation, culture and regeneration of Petunia leaf
protoplasts. Dev. Biol., 33, 130-137. http://dx.doi.org/10.1016/0012-1606(73)90169-3

Fu, Y. Y, Jia, Sh. R., & Lin, Y. (1987). Plant regeneration from mesophyll protoplast culture of cabbage
(Brassica oleracea var ‘capitata’). Theor Appl Genet., 71,495-499.

Ganesan, A. T., Shah, S. S., & Swaminathan, M. S. (1957). Cause for the failure of seed setting in the cross
Corchorus olitorius x Corchorus capsularis. Curr. Sci., 26,292-293.

Guang-min, X., Zhongyi, L., Guang-qin, G., & Hui-min, C. (1992). Direct somatic embryogenesis and plant
regeneration from protoplasts of Bupleurum scorzonerifolium Willd. Plant Cell Rep. 11, 155-158.
http://dx.doi.org/10.1007/BF00039918

Hammatt, N., & Davey, M. R. (1988). Isolation and culture of soya bean hypocotyl protoplasts. /n vitro Cellular
and Dev. Biol., 24(6), 610-604. http://dx.doi.org/10.1007/BF02629097

Hassan, N. S. (2003). In vitro propagation of jojoba (Simmondsia chinensis L.) through alginate-encapsulated

33



www.ccsenet.org/jps Journal of Plant Studies Vol. 2, No. 1; 2013

shoot apical and axillary buds. Int. J. Agri. Biol., 5, 513-516.

He, D. G, Yang, Y. M., & Scott, K. J. (1992). Plant regeneration from protoplasts of Wheat (7riticum aestivum cv.
Hartog). Plant Cell Rep., 11, 16-19. http://dx.doi.org/10.1007/BF00231832

Huda, K. M. K., Bhuiyan, M. S. R., Kabir, M. H., Jamal Uddin, A. F. M., & Khatun, A. (2007). In vitro plant
regeneration protocol in tossa jute (Corchorus olitorius). Internatinal Journal of Integrative Biology, 1,
96-101.

Islam, A. S., Chowdhury, M. K. U., Mustafa, M. G., & Haque, M. (1981). Isolation of protoplasts in two species
of jute. Bangla. J. Bot., 7, 71-77.

Islam, A. S., Rahman, M. H., Sultana, S., Das, B., & Islam, A. B. M. S. (1982). Successful plantlet differentiation
from shoot tip derived callus of Corchorus. Bangladesh J Bot., 11, 185-187.

Kao, K. N., & Michayluk. (1975). Nutritional requirements for growth of Vicia hajastana cells and protoplasts at
a very low population density liquid media. Planta, 126, 105-110. http://dx.doi.org/10.1007/BF00380613

Kao, H. M., & Schwartz, S. G. (1987). Study of factors affecting the culture of Brassica napus L. and B. juncea
Coss. mesophyll protoplasts. Plant Cell Tiss Org Cult., 10, 79-90. http://dx.doi.org/10.1007/BF00035906

Karamian, R., & Ranjbar, M. (2010). Somatic embryogenesis and plantlet regeneration from protoplast culture of
Muscari neglectum Guss. African Journal of Biotechnology, 10, 4602- 4607.

Khatun A., Davey, M. R., Cocking, E. C., & Power, J. B. (2002). Organogenesis from protoplasts of Tossa jute
(Corchorus olitorius). Online Journal of Biol. Sciences, 2, 612-615.

Kransnyanski, S., Polgar, Z., Nemeth, G., & Menczel, L. (1992). Plant regeneration from callus and protoplast
cultures of Helianthus giganteus L. Plant Cell Rep., 11, 7-10.

Kumar, P. M., Das, K., Sinha, R. R., Mukerjee, P., & Sen, S. K. (1983). Interspecific protoplast fusion products

in cultivated jute species. In: Sen SK, Giles KL (eds) Plamt cell culture in crop improvement, Plenum press,
New York, 237-247.

Kundu, B. C., Basak, K. C., & Sarkar, P. B. (1959). Jute in India-A monograph. Ind. Cent. Jute.com. Calcutta.

Mathur, J., Koncz, C., & Laszlo, S. (1995). A simple method for isolation, liquid culture, transformation and
regeneration  of  Arabidopsis  thaliana  protoplasts.  Plant  Cell Rep., 14, 221-226.
http://dx.doi.org/10.1007/BF00233637

Mc Gaw, B. A., Scott, I. M., & Horgan, R. (1984). Cytokinin biosynthesis and metabolism. Crozier and Hillman
(eds.), 105-133.

Mei-Lei, M. C. T., Rietveld, E. M., Van Marrewijk, G. A. M., & Kool, Ad. J. (1987). Regeneration of leaf
mesophyll protoplasts of tomato cultivars (L. esculentum): factors important for efficient protoplast culture
and plant regeneration. Plant Cell Rep., 6, 172-175. http://dx.doi.org/10.1007/BF00268470

Murashige, T., & Skoog, F. (1962). A revised medium for rapid growth and bioassays with tobacco tissue
cultures. Physiologia Plantarum, 15,473-497. http://dx.doi.org/10.1111/.1399-3054.1962.tb08052.x

Naher, Z., Khatun, A., Mahbub, S., Alim, M. A., & Siddique, A. S. (2003). Influence of genotypes on plant
regeneration  from  cotyledons of  Corchorus  capsularis L., Biotechnol, 2, 44-51.
http://dx.doi.org/10.3923/biotech.2003.44.51

Newell, C. A., & Luu, H. T. (1985). Protoplast culture and plant regeneration in Glycine canescens. Plant Cell
Tiss. Organ Cult., 4, 145-149. http://dx.doi.org/10.1007/BF00042272

Papadakis, P. A., & Roubelais-Angelakis, K. A. (2002). Oxidative stress could be responsible for the
recalcitrance of plant protoplasts. Plant Physiology and Biochemistry, 40(6-8), 549-559.
http://dx.doi.org/10.1016/S0981-9428(02)01423-7

Pushyami, B., Beena, M. R., Sinha, M. K., & Kirti, P. B. (2011). /n vitro regeneration and optimization of
conditions for Agrobacterium mediated transformation in jute, Corchorus capsularis. J. Plant Biochem.
Biotechnol., 20, 39-46. http://dx.doi.org/10.1007/s13562-010-0024-3

Rethmeier, N. O. M., Jansen, C. E., Snel, E. A. M., Nijkamp, H. J. J., & Hille, J. (1991). Improvement of
regeneration of Lycopersicum pennellii protoplasts by decreasing ethylene production. Plant Cell Rep., 9,
539-543. http://dx.doi.org/10.1007/BF00232327

Saha, T., & Sen, S. K. (1992). Somatic embryogenesis in protoplast derived calli of cultivated jute, Corchorus

34



www.ccsenet.org/jps Journal of Plant Studies Vol. 2, No. 1; 2013

capsularis L. Plant Cell Rep., 10, 633 -636. http://dx.doi.org/10.1007/BF00232386

Saha, T., Ghosh, M., & Sen, S. K. (1999). Plant regeneration from cotyledonary explants of jute, Corchorus
capsularis L. Plant Cell Rep., 18, 544-548. http://dx.doi.org/10.1007/s002990050619

Saha, T., Majumdar, S., Banerjee, N. S., & Sen, S. K. (2001). Development of interspecific somatic hybrid cell
lines in cultivated jute and their early characterization using jute chloroplast RFLP marker. Plant Breed, 120,
439- 444 http://dx.doi.org/10.1046/j.1439-0523.2001.00634.x

Sarker, R. H., Al-Amin, G. M., & Hoque, M. 1. (2007). In vitro regeneration in three varieties of white jute
(Corchorus capsularis L.). Plant Tissue Cult Biotechnol., 17, 11-18.

Seraj, Z. 1., Sarker, A. B., & Islam, A. S. (1992). Plant regeneration in a jute species (Corchorus capsularis L.)
and possible relationship with glyoxylase-1. Plant Cell  Rep., 12, 29-33.
http://dx.doi.org/10.1007/BF00232418

Sihachakr, D., & Ducreux, G. (1987). Cultural behavior of protoplasts from different organs of egg plant
(Solanum  melongena L.) and plant regeneration. Plant Tiss. Org. Cult, 11, 179-188.
http://dx.doi.org/10.1007/BF00269551

Vaz, F. B. d’Utra, Slamet, I. H., Khatun, A., Cocking, E. C., & Power, J. B. (1992). Protoplast culture in high
molecular oxygen atmospheres. Plant Cell Rep., 11, 416-418. http://dx.doi.org/10.1007/BF00234373

Wright, R. L., Somers, D. A., & McGraw, R. L. (1987). Somatic hybridization between birds foot trefoil (Lotus
corniculatus  L.) and L.  conimbricensis  Willd. Theor Appl Genet, 75, 151-156.
http://dx.doi.org/10.1007/BF00249157

Yancheva, S. D., Shlizerman, L. A., Golubowicz, S., Yabloviz, Z., Per, A., Hanania, U., & Flaishman, M. A.
(2006). The use of green fluorescent protein (GFP) improves Agrobacterium-mediated transformation of
‘Spadona’ pear (Pyrus communis L.). Plant Cell Rep., 25, 183-189.
http://dx.doi.org/10.1007/s00299-005-0025-1

Yarrow, S. A., Cocking, E. C., & Power, J. B. (1987). Plant regeneration from cultured cell-derived protoplasts of
Pelargonium aridum, P. x hortorum and P. peltatum. Plant Cell Rep., 6, 102-104.

35



