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Abstract: Growth regulators, picloram, 2,4,5-T, 2,4-D and dicamba, were incorporated at
concentrations ranging from 0.40-60 uM in a modified MS medium to study their influence
on induction of somatic embryogenesis in two Indian papaya cultivars viz. Honey Dew and
Washington. Somatic embryos were induced from the meristematic region of the intact
immature zygotic embryos in the presence of all the growth regulators tested. The response,
however, varied with the concentration of the growth regulator used and the incubation
conditions. The somatic embryogenessis response was in the order: picloram (4.0 pM) >
dicamba (20.00 uM) > 2,4-D (10.00 uM) > 2,4.5-T (4.00 pM). The incubation of the
cultured explants in dark or in light also played a significant role on induction of somatic
embryogenesis induction. Somatic embryo maturation was achieved upon transfer of the
cotyledonary stage somatic embryos to the hormone free modified MS basal medium
supplemented with ethylene antagomists Spermidine, ABA and AgNO,. A maximum of
96.67% embryos matured in presence of 1 uM Spermidine, 90.0% matured in presence of
0.1 uM ABA and 86.67% in presence of 0.5 uM AgNO,. The matured somatic embryos
germinated upon transfer to a modified basal medium containing MS basal salts and B
vitamins. The regenerated plantlets were transferred to soil and hardened under green house
conditions and later transferred to the field.

Key words: Abscisic acid, 2,4-dichlorophenoxyacetic acid, 2,4,5-T, dicamba, papaya,
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Introduction

Papava (Carica papaya L.) is an important fruit crop, widely cultivated in the
tropical and sub-tropical regions of the world. It is valued forits fruit and the proteolytic
enzymes papain and chymopapain (Medora ef af., 1979). It is also a rich source of vitamins
A and C. Commercial losses due to the papaya ning spot virus disease have acted as
a disincentive to the cultivators and consequently the area under papaya plantation is shrinking
every year. However, in vitro cultural techmques can contribute to increased crop productivity.
Somatic embryogenesis, organogenesis and plantlet regeneration of papaya has been reported
(Litz and Conover, 1981; Rajeevan and Pandey, 1983, 1986; Chen er af., 1987, Drew, 1987,
Winnaar, 1988; Fitch, 1990; Fitch and Manshardt, 1990; Zou and Euo, 1992; Fitch ef af., 1993;
Hossain er af., 1993; Bhattacharya ef al., 2002, 2003/4;, Renukdas er /., 2003/4). Callus culture
(DeBruijne ef al., 1974; Medhi and Hogan, 1976, Arora and Singh, 1978; Kumar et al., 1992) and
plantlet production (Mondal er af., 1990, 1994) in Carica papaye has also been reported.
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The requirement of 2,4-D and sucrose for induction of callus and somatic embryogenesis was
demonstrated by Suska-Ard ef af. (1999).

Both mature and immature embryos from papaya undergo de-differentiation and the callus tissues
regenerate somatic embryos in response to the phytohormones present in the culture media. In the
present communication, influence of phytohormones and culture conditions on the induction of
somatic embryogenesis from mature and immature embryo explants were studied in two cultivars of
papava (Carica papaye L.).

Polyamines play a major role in cell division and growth in both prokaryotes and eukaryotes
(Evans and Malmberg, 1989). Polyamines have been related with the induction of somatic embryos
in Daucus carota (Feirer ef al., 1985, Fienberg ef al., 1984; Montague ef al., 1979), Medicage sativa
(Meijer and Simmonds, 1980) and Nicotiana tabacum (Tormrigiam er af., 1987). Metabolism of
polyamines is connected with several pathways. Their biosynthesis is closely related to ethylene
biosynthesis, since both compete for methionine as the precursor. Ethylene is a gaseous plant
hormone, involved in regulation of many physiological responses in plants (Feirer et al., 1985,
Reid, 1987). While ABA and spermidine inhibit ethylene production, silver nitrate blocks its action.
Silver nitrate 1s known to enhance somatic embryogenesis and shoot regeneration responses in
sugarcane, cucumber, carrot, maize, sunflower and wheat tissue culture systems (Purnhauser ef al.,
1987). In alfalfa (Medicago sativa) ABA dramatically enhances  somatic embryo quality
(Lecouteux er af., 1993). Spermidine has also been implicated in enhancing regeneration responses in
Brassica campestris (Chi et al., 1994).

The objective of the present study was to evaluate the influence of ethylene antagonists ABA,
AgNO, and spermidine on maturation of papaya somatic embryos iz vitre and to develop an effective
protocol for fast regeneration.

Materials and Methods

Explant Preparation

Immature (90-115 days post-anthesis) and mature (130-145 days post-anthesis) fruits of
Carica papaya L. cv. Honey Dew and Washington were collected from the field. Fruits were
washed with rmunning water for 1 h, immersed for 10 min in 1% solution of a commercial disinfectant
contaimng Chlorhexidine Gluconate and Cetrimide (Savlon™, Johnson and Johnson, Hyderabad, India)
and rinsed with running water. The fruits were then rinsed with 70% ethanol for 30s, washed with
sterile distilled water in a laminar airflow cabinet and the seeds excised under aseptic conditions. From
these seeds, zygotic embryos were taken out and used as culture explants.

Media and Culture Conditions

A modified MS medium containing MS salts (Murashige and Skoog, 1962), B, vitamins
(Gamborg ef af., 1968) and 30 g L™ sucrose was used as the basal medium. The medium was
further supplemented with growth regulators and gelled with 7.5 g L7 agar (Hi-Media
Laboratories Pvt. Ltd, Mumbai, India). The growth regulators picloram, 2,4,5-T, 2,4-D and
dicamba were used at concentrations ranging from 0.40-60.00 pM and added to the basal
medium before autoclaving. The pH of the medium was adjusted to 5.8 before autoclaving.
The medium was autoclaved at 18 psi and 121°C for 20 min. The cultures were incubated
at 25+2°C ecither in continuous dark or in continuous irradiance using cool-white fluorescent light
(25 p mol m™ sec™") at 25+£2°C.
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Induction of Embryogenesis

Ten mature or immature zygotic embryos each, with cotyledons intact and in triplicate were
cultured per petri dish (55x15 mm) contaimng 30 mL of the medium for the induction of somatic
embryogenesis. The experiments were repeated three times.

Development of Somatic Embryos

For further development, regenerated embryos at the globular stage were separated from
the mother explant after 4-6 weeks, transferred to fresh medium and incubated for a further
two weeks. The modified MS basal medium devoid of any growth regulator served as the
control. Thirty explants (10 in sach petri dish) per treatment were used and the experiments
were repeated three times.

Maturation of Cotvledonary Somatic Embryos

For maturation of cotyledonary stage embryos, these were transferred to MS basal medium
supplemented with either ABA or spermidine or AgNQ, (each at 0.05,0.1,0.5,1.0,5.0, 10.0 and
20.0 uM coneentrations). The embryos were maintained for 1 week on these media.

Conversion of Cotyledonary Stage Somatic Embryos

Matured torpedo and cotyledonary stage embryos developed on the above media were transferred
to modified MS basal medium for conversion into plantlets. The embryos were incubated for two
weeks with continuous illumination under cool white fluorescent light (25 p mol m—2 sec™) at 25+2°C.
Somatic embryos developing shoots and roots were then transferred to test tubes containing modified
MS basal medium for plantlet development.

Transfer of Plantlets to Soil

Regenerated plantlets were dipped in 0.5% Carbendazim ( Bavistin® BASF, Bombay, India) for
5-10 min and then washed with sterile distilled water. The treated shoots were transferred to pots
contaimng autoclaved potting mixes of soil and sand (1:2). The pots were covered with polypropylene
film. Plants were hardened in a greenhouse under diffused light conditions. The plants were transferred
to the field after 3-4 weeks.

Statistical Analyses

Somatic embryogenesis rate (%) data were subjected to an analysis of variance (ANOVA).
The data was statistically analyzed by ANOVA and the treatment means were compared with
Student's t-test (Snedecor ef af., 1967, Sokal and Rohlf, 1973; Chandel, 1993). In the two-way
ANOVA of growth regulator and the two papaya varieties, among all the growth regulators
tested. The three-way ANOVA was used to study the effects of growth regulator, culture
condition and variety.

Seanning FElectron Microscopy (SEM)

The somatic embryos were fixed in 2% Gluteraldehyde (Sigma, St. Louis, USA) for 48 h at room
temnperature and then rinsed in phosphate buffer (NaH,PO, 27.6 g L™ and Na,HPO, 28.4 g L™, pH
7.2-7.4). Somatic embryos were dehydrated by stepwise passage through ethanol series and dried in
a Bio-Rad E3000 critical point drying apparatus (VG Microtech, Oxford, UK). The samples were
mounted on SEM stubs with double-sided adhesive tape and sputter-coated with gold-palladium
(20-30 nm) using Bio-Rad E5200 (VG Microtech, Oxford, UK). The samples were examined under a
Stereoscan S120 (Cambridge, England) scanning electron microscope.

513



Intl. J. Agri. Res., 5 (7): 511-520, 2010

Results and Discussion

Immature (90-115 days post-anthesis) and mature (130-145 days post-anthesis) fruits of
Carica papaya L. cv. Honey Dew and Washington were collected from the field and zygotic
embryos excised from these were used as explants. The embryogenesis response from mature
zygotic embryo was rather low (30%) as compare to the response elicited from immature
zygotic embryos (97%). Hence, immature zygotic embryos were used for all further studies
(Fig. 1A). The efficiency of highest somatic embryogenesis for the treatments was defined as
the percentage of explants forming somatic embryos at different concentrations of the
phytohormones used (Table 1). The response of the explants on the modified MS basal medium
without phytohormones served as the control.

An unorganized mass of callus formed from the responsive immature embryo explants within two
weeks of inoculation. Globular embryos were seen to form after four to six weeks of incubation
(Fig. 1B). Morphological and scanning electron microscopy observations of the regenerated somatic
embryos revealed formation of somatic embryos in the presence of low phytohormone concentrations
(0.40-4.00 pM) in the medium. At relatively higher phytohormone concentrations (20.00-40.00 uM)
watery callus formed from the explants. At very high concentrations of 2,4-D and 2.4,5-T {40.00-
60.00 uM) the explants turned necrotic. Incorporation of dicamba in the medium clicited a
diametrically opposite response. While callus formed at low concentrations (0.40-20.00 uM), higher
concentrations (20.00-60.00 uM) induced somatic embryos from the immature embryo explants. The
extent of the morphogenetic response elicited from the two cultivars of papaya, varied with the growth
regulator used and its concentration in the medium under light and dark incubation culture conditions
(Fig. 2A and 2B).

The data analysis of the growth regulators showed significant difference in the induction of
somatic embryogenesis (Table 1). Picloram 4.00 pM elicited the highest embryogenesis response that
was significantly (97%) different compared to the other growth regulators. The somatic embryogenesis

Table 1: Percentage of highest somatic embry ogenesis response elicited in the various phytohormones used

Dark incubation Light incubation

Immature ZE explant Mature ZE explant Immature ZE explant  Mature ZE explant
Phytohormone HD W HD W HD W HD W
Picloram 97+6 93+6 300 2756 TOLE6 63+6 23+£15 13+6
(4.14 pMD)
24.5T 93+6 90+0 27+15 27+6 4346 47+6 13+6 T+6
(3.91 uM)
24-D 93+6 90+6 2310 10+0 73+6 T0+6 13+6 T+6
(9.05 uM)
Dicamba 93+6 90+6 260 23+6 83+6 83+6 2010 16+6
(22.62 uM)
Significance NS NS NS NS NS NS NS NS
Replicates
Phytohormone (P) * * * * * * * *
Variety (V) i i * * i * i i
Culture Conditions (CC) * * * * * * * *
VXOoo * * * * * * * *

Data scored after 6 weeks of incubation, average of three replicates of experiments+8D. N8 *: Non-significant or significant
at p = 0.05%, respectively, ZE: Zygotic embryo, HD: Honey Dew, W: Washington variety
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Fig. 1A-F: Stages of papaya somatic embryo induction, maturation and regeneration in papaya from

immature embryo explant

A: Immature zygotic embryo explants used for induction of somatic embryogenesis.

B: Induction of somatic embryos induced from the meristimatic regions from zygotic
embryos of 4-6 weeks old explant. Bar = 200 pM

C: Scanning electron micrograph of 8 weeks old mature somatic embryos. Bar = 400 pM

D: Somatic embryo is similar to zygotic embryo. Bar =300 uM. E.Plantlet formation from
single somatic embryo (16 weeks old) on MS basal medium. Bar = 200 pM F. Somatic
embryo derived plantlet in soil after hardening

SE: somatic embryo. ZE: zygotic embryo
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Table 2: Duration required for the induction, maturation and conversion of somatic embryo
Mean time required (weeks)

Stages of somatic embiyo Honey Dew Washington Earlier reports

Induction 4-6 4-6 14 (Fitch and Manshardt, 1990; Fitch, 1993)
12 (Litz and Conover, 1982)
12 (Castillo et ail., 1998)

Maturation 4-6 6-8 4-8 (Fitch and Manshardt, 1990; Fitch, 1993)
16 (Litz and Conover, 1982)
2 (Castillo et afl., 1998)

Conversion 2-4 2-4 1-4 (Fitch and Manshardt, 1990; Fitch, 1993)
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Fig. 2A: Effect of phytohormones on somatic embryogenesis in papaya
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Fig. 2B: Effect of phytohormones on somatic embryogenesis in papaya
HD: Honey Dew variety, Wash: Washington variety, P: Picloram, T: 2,4,5-T,
D: 2,4-D, Di: Dicamba, Cone.: Concentration in pM

response of the papaya cv. Honey Dew and Washington varied with the concentration of the hormones
used.

In the two-way ANOVA of growth regulator and the two papaya varieties, among all
the growth regulators tested, picloram at 4.00 puM induced significantly higher somatic
embryogenesis tesponse (97%) in variety Honey Dew under dark incubation than in light
incubation. Both Honey Dew and Washington varieties showed no significant difference with
respect to somatic embryogenesis frequency under light incubation condition. However,
Honey Dew variety performed significantly better under dark incubation than the Washington
variety.

The three way ANOVA effects of growth regulator, culture condition and variety are found to
be significant (Table 2).
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Fig. 3: Effect of ethylene antagonists in uM concentrations on maturation of somatic embryos

Some concentrations of picloram, 2.4,5-T, 2.4-D and dicamba were evaluated for their potential
to induce somatic embryogenesis. Best embryogenesis responses were obtained in presence of picloram
at 4.00 pM (97%), 2,4,5-T at 4.00 pM (93%) 2, 4-D at 10.00 uM (93%) and dicamba at 20.00 uM
(93%) respectively upon incorporation in the basal medium. Somatic embryos regenerated from the
mernistematic regions (Fig. 1B) of the explant. Differentiation of embryos was continuous and non-
synchronous and embryos at various developmental stages were observed. For embryo maturation
cotyledonary stage somatic embryos were transferred to the modified MS medium supplemented
individually with spermidine, ABA or AgNO,1in concenfrations ranging from 0.05 to 20 uM (Fig. 3).
The respective percent embryo maturation was 96.67, 90.0 and 86.67% on these media. On the control
medium somatic embryos showed 13.3, 3.3, 6.7%, respectively. Somatic embryos were visible after
4-6 weeks of incubation on the regeneration media. While both morphologically normal and abnormal
embryos were regenerated, abnormal structures were partially or completely fused and failed to
develop into whole plantlet. Normal somatic embryos were morphologically sirmlar to the zygotic
embryo (Fig. 1D). Maturation of somatic embryos was adverse by higher (10 uM) concentration of
ethylene antagonists. Explants in all the treatments with the three ethylene antagonists viz. spermidine,
ABA and AgNO; used at 1.0, 0.1 and 0.5 pM, respectively. Higher concentrations of all the three
ethylene antagonists inhibited the maturation of somatic embryos (Fig. 3). The mature cotyledonary
embryos (Fig. 1C) were transferred to MS basal medium for conversion into plantlets. The normal
cotyledonary embryos germinated and grew into whole plantlets (Fig. 1E). The formation of
torpedo/cotyledonary structures (8-10 per explant) was achieved in 12-14 weeks starting from the
culture of the zygotic embryos on induction medium and it took another 6-8 weeks for regeneration.
The plantlets were transferred to 8 cm earthen pots and hardened in green house (Fig. 1F). The
regenerated somatic embryos showed all the stages of development. The normal structures showed the
presence of well-developed shoot and root meristem, which germinated and grew into whole plantlets.
Adventitious embryogenesis as well as secondary embryogenesis was also observed. At higher
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phytohormone concentrations the embryogenesis frequency was reduced in both the varieties. The
highest percentage of embryogenesis induced in both the varieties was in presence of picloram at
4.00 uM in the culture medium (97+6 and 93+6%, respectively for the varieties Honey Dew and
Washington, respectively).

The role of light in the induction of somatic embryogenesis was quict contradictory.
Halperin {1970) suggested that light quality had no effect on carrot somatic embryogenesis; while
Ekiz and Konzak (1997) reported that the light intensity rather than light quality was important for
callus induction in wheat anther cultures. Callus induced in light and in darkness revealed a wide range
of morphogenetic responses {density of cells as well as the ability for organogenesis). In the present
study we found that the highest embryogenesis frequency occurred in dark incubation rather than in
light incubation. After the initiation of embryogenesis, the cultures were shifted to light for further
development, chlorophyll synthesis and chloroplast formation.

Somatic embrvos at the cotyledonary stage were transferred to the modified MS basal medium
for conversion. These normal converted cotyledonary structures were germinated on basal modified
MS medium. These germinated structures grew into whole plantlets (Fig. 1F).

Torpedo/cotyledonary stage somatic embryo developed within 6-8 weeks, which took further
4-6 weeks for maturation. However, embryo production continued even after eight months of culture.
The embryos converted and developed into plantlets within 12-16 weeks. These plantlets were
transferred to 8-cm pots containing soil and sand mixture (3:1) and hardened in green house. The
novelty of this study was short duration (Table 2) for regeneration of papaya plantlets compared to
the carlier reports by Fitch and Manshardt, (1990) and Fitch {1993), which required 14 weeks on
induction medium and a further 4-8 weeks of maturation. Chen et af. (1987) observed root derived
somatic embryogenesis after 3 months of culture. Litz and Conover (1982) obtained somatic
embryogenesis from C. papaya x C. caufiflora hybrid ovules culture after 3 months on induction
medium and 4 months on maturation medium. DeBruijene ez &f. (1974) and Yie and Liaw, {1977) did
not mention time required for producing their somatic embryos.

This study demonstrates that very high frequency somatic embryogenesis in papaya cultivars can
be achieved with the incorporation of 4.00 uM picloram in the modified MS medium and maturation
of somatic embryos in different ethylene antagomsts significantly reduced the time required for the
entire process of plantlet formation.
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