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Abstract: Somatic embryogenesis creates a number of opportunities to facilitate large-scale propagation, synthetic seed
production, genetic improvement through somaclonal variation, in vitro mutagenesis, protoplast fusion and genetic
transformation. Induction of somatic embryogenesis from the vegetative parts of papaya plant was met with low success rates
and a slow process of regeneration. Success depends on the choice of explants, the species being used and on various methods
of embryogenesis will study. The most suitable explant for somatic embryogenesis is a large portion of either meristematic
tissue or cell that retain an ability to express totipotency. Various investigations were made on somatic embryo induction of
Carica spp. such as ovules of immature fruits, zygotic embryos from immature fruits, axillary buds, peduncles of immature
fruits etc. In this study, somatic embryo induction from zygotic embryo of an immature fruit was examined. Various
concentrations of 2,4-D and two levels of sucrose concentrations with or without addition of glutamine were assessed to
determine the best response for induction of somatic embryogenesis from immature zygotic embryo of immature fruits in
papaya cv. Red-lady (Carica papaya L.). The results showed that MS medium supplemented with 5.0 mg/l 2,4-D + 400 mg/1
glutamine + 60 g/l sucrose promoted the formation of highest (70%) percentage of somatic embryo and also the average
maximum number (35.80+4.40) of somatic embryo per explant. The highest (44%) percentage of somatic embryo germination
into complete plantlets were obtained on MS medium devoid of plant growth regulators. The embryo developed only shoots of
22% and only roots of 10% instead of complete plantlet formation in this medium of MSO0. The average highest (4.25 + 0.32
cm) shoot length per germinated somatic embryo derived complete plantlets were also achieved on MSO medium. The
maximum (90%) percentage of root induction and average highest (7.50 * 0.75) number of root per somatic embryo derived
shoot and also the average maximum (5.20 = 0.40 cm) root length were obtained on MS medium without plant growth
regulators. The survival rate of somatic embryo derived plantlets in the field was about 10% to 50% depending on management
practices.
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breeding and improvement. The combination of
biotechnology and conventional methods such as plant
propagation and breeding may be novel approach for
improving and multiplying a large number of plant varieties.
Vegetative propagation by culturing apical and axillary
meristems has been explored quite effectively and proved to
be a reliable as well as a commercial method for many plant
species. To my knowledge, in view of this, papaya not
explored yet. In addition, when the number of available

1. Introduction

The quality of human life has been maintained and
enhanced for generations by the use of plant and their
product. Human have enjoyed eating fresh fruits as recorded
history. To-date rising of human population has put a
tremendous pressure on plants and their products.
Environmental pollution have also accelerated the
development of new technologies for plant propagation,



46 Md. Humayun Kabir ef al.: Somatic Embryogenesis and Plant Regeneration from Zygotic Embryo in
Carica papaya L., cv. Red-Lady

meristem is not sufficient to support a large-scale vegetative
propagation, then use of somatic embryos would be the next
best choice. Papaya is an important versatile fruit of the
tropics and available year round in the local markets of
Bangladesh. It is a wholesome fruit and provides good source
of vitamins and minerals in the daily diet of the people [1]. It
is also a popular fruit and contains secondary metabolites [2].
The ripened fruit is usually eaten as dessert, processed into
jams, juice and soft drink. Besides being nutritious table fruit,
an important product of papaya is papain, which is in great
demand in the international market. Papain is used in meat
tenderizing, manufacture of chewing gum, cosmetics, tannin
hides, degumming of natural silk and to give shrink
resistance to wool. There are a good number of land races of
papaya grown in different parts of the world including
Bangladesh. The plant is mainly propagated by seed [3 and
4]. In Bangladesh, farmers also usually grown papaya from
seeds and sometimes without selection of seedlings.
Therefore, the production is varied in quantity and quality.
However, India and Brazil is the second largest producer of
this fruit in the globe [5]. Naturally, papaya has three sex
types of staminate (male), pistillate (female) and
hermaphrodite (bisexual), but female and bisexual types are
productive. Modern breeding using biotechnological
techniques include protoplast fusion [6] and gene transfer via
Agrobacterium-mediated  method [7] and  particle
bombardment [8] for tolerant to insect-pest-diseases,
prolonged shelf life of fruits or improved other agronomic
traits. These techniques require the establishment of in vitro
culture system such as induction of somatic embryogenesis
and recovery of plantlets from the somatic embryo as plant
obtained from single cells are non chimeric. Therefore, the
present investigation was undertaken to induce somatic
embryogenesis using immature zygotic embryo as explants
of locally cultivated papaya cv Red-lady to overcome those
variabilities. ~Although Fitch and Manshardt (1990)
established papaya embryogenic culture from immature
zygotic embryos, but our study was attempted for
understanding usefulness of the seedlings for papaya
production and possibility of biotechnological tool being
applied in this crop for further improvement.

2. Materials and Methods

Red-lady papaya variety is usually hermaphrodite, orange
flesh with oblong shape and originated from Mexico.
Seedlings were collected from the local market and planted at
the field of Atomic Energy Research Establishment. Two to
three months old at the weight of 250 to 350g immature fruits
of papaya cv. Red-lady were harvested from field grown trees
in Atomic Energy Research Establishment Campus, Savar,
Dhaka. Fruits were surface sterilized in 70% alcohol for 10
minutes and 40% clorox for 10 minutes. Thereafter it was
rinsed 3 times with sterile distilled water under laminar airflow
cabinet. Fruits were bisected under aseptic conditions and
seeds were removed and placed on petridishes for embryo
excision. Immature seeds were obtained and embryos were

isolated to be used as explants. Excised 5 immature whitish
zygotic embryos per jar were placed on 0.6 (w/v) agar
solidified Murashige and skoog (MS) (1962) [9] media
containing 1.0, 2.5 and 5.0 mg/1 2,4-D alone and also 2,4-D in
addition with 400 mg/l glutamine. The sucrose concentrations
were used at 30 g/l for each concentrations of 2,4-D and 60g/1
for each concentrations of 2,4-D + 400 mg/l glutamine for the
induction of somatic embryogenesis. Subcultures were done 30
days interval on the same inoculation medium for maximum
embryo proliferation. The pH was adjusted to 5.8 prior to
autoclaving. Culture media were sterilized by autoclaving at
121°C for 15 minutes under 1.1 kg/cm? pressure. Five somatic
embryos with callus of 90 days old culture were transferred to
five germination media of MS0, MS + 0.1 mg/l BA, MS + 0.5
mg/l BA, MS + 1.0 mg/l BA andMS + 1 mg/l BA + 0.1 mg/l
NAA for shoot induction. Morphologically healthy shoots
were transferred to half strength MS, MSO and MS with
different concentrations of IBA, IAA and NAA for root
induction. One healthy shoot was transferred into jar for root
induction. Each treatment contained 10 replicate cultures. All
treatments were repeated three times. All the cultures were
kept at 25 £ 2°C in growth room with a 16 hour illumination
(12.7 pmol msec” of light intensity) maintained by cool
white fluorescent light. Data were collected on different
characters at day 90 for embryo induction and embryo
proliferation and at day 30 for embryo germination and also at
day 30 for rooting of shoots. Observations on cultures were
carried out daily. The experiments were arranged in a
completely randomized design (CRD). A descriptive analysis
was carried out using the recorded data. Each value represents
the Mean * standard errors. Somatic embryo raised plantlets
were removed carefully from the culture vessels, washed
thoroughly to remove traces of nutrient medium, transferred to
earthen pots and finally placed outdoor condition for
acclimatization. Plantlets in the earthen pots were contained a
mixture of sandy-loam soil and compost (2:1) and covered
with transparent polyethylene bag for 10 days to ensure high
humidity while misted regularly. After two months of
acclimation period, 10 plantlets were planted at the
experimental field to observe the yield performance over
parents. Yield performance was observed 10 to 11 months after
transferring plantlets in the field.

3. Results and Discussion

A wide range of plant growth regulators on the
organogenesis and somatic embryogenesis of papaya in in
vitro was tested. The most popular plant growth regulators
used in papaya somatic embryogenesis is 2,4-D and given its
success across a wide range of cultivars. Phytohormones may
determine cellular response of papaya as reported [10]. Use
of PEG, activated charcoal and ABA improved quality of
somatic embryos in papaya as mentioned [11]. Successful
induction of somatic embryogenesis in papaya and
successive regeneration into plantlets depends on type of
explants and also age of explants used [12]. In the present
investigation, after a week of culture period on induction
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medium, cotyledons of zygotic embryos opened up and the
apical domes were enlarged. Different shaped with light
yellow colour somatic embryos were observed to induced
directly from the enlarged apical domes of the zygotic
embryo (Figure 1.a). Somatic embryos and callus induction
were observed initiation after one month of culture period.
Early response of explants to induction of somatic
embryogenesis might be due to the effect of competent media

composition and best timing of explants used. At higher
concentration of 2,4-D with the addition of glutamine as well
as higher concentration of sucrose in the media, increased in
percentage of somatic embryo formation and number of
somatic embryo formed per explant (Table 1). It is an
evidence of this study and this might be due to the effect of
media composition or genotype or both. The highest
percentage (70%) of somatic embryo formation and

Table 1. Effect of 2,4-D, glutamine and sucrose concentrations in the background of MS medium on induction of somatic embryo from immature zygotic

embryo of Carica papaya L. cv. Red-Lady at 90 days of inoculation period.

Concentration of

% of somatic embryo induction

No. of somatic embryo/explant

2,4-D (mg/l) Glutamine (mg/l) Sucrose(g/l) Mean * S.E.
1.0 - 30 - -

2.5 - 30 10 3.0£0.0

5.0 - 30 30 430%1.10
1.0 400 60 30 430+ 1.50
2.5 400 60 50 11.40£2.0
5.0 400 60 70 35.80 +4.40

the highest number of somatic embryo per explants (35.80
4.40) were obtained in medium containing 5.0 mg/l 2,4-D +
400 mg/l glutamine + 60 g/l sucrose after 90 days of culture
period (Table 1), which is more similar to this study reported
[13] in papaya var. exotica. Somatic embryogenesis in
papaya using 30g/l sucrose concentrations also reported [14].
This is partially supported in our study. Most of the somatic
embryos induced directly without any callus induction. Some
somatic embryos, however, developed indirectly from the
embryogenic callus (Figure 1.b) and some also emerged from
the surface of primary globular somatic embryos termed
secondary somatic embryos or recurrent embryogenesis.
Somatic embryo germination (Figure 1.c) and regenerated
into complete plantlets were also observed on MS medium
without any hormonal concentrations and combinations.
Meanwhile, the highest (44%) percentage of germination of
somatic embryo into complete plantlets was found on MS
medium devoid of plant growth regulators (Table 2). Besides,
27% somatic embryo germinated into complete plantlets on
MS + 0.1 mg/l BA. On the other hand, only 22% embryo
germinated into shoots and only 10% germinated into roots
on MS medium devoid of plant growth regulators. Similar
observation was made by Agus, 2001 in papaya variety
exotica. The highest (4.25 * 0.32 cm) average shoot length of
an embryo also observed in this medium. The strength of
embryo cloning technology and their exploitation for mass
propagation was based on recurrent embryogenesis and this

recurrent embryogenesis occurs when primary somatic
embryos fail to mature normally into plantlets. This is also in
agreement with the present study [8] and [15]. The result
showed that 2,4-D alone at low concentrations (1.0 mg/l) did
not produce somatic embryo at all whilst 30% with 4.30 *
1.50 somatic embryo per explants were obtained on medium
containing 1 mg/l 2,4-D + 400 mg/l glutamine + 60 g/l
sucrose. This indicated that glutamine with higher
concentrations of sucrose had potential effect on somatic
embryo proliferation of papaya variety Red-lady. The study
showed that somatic embryo formation inhibited due to the
absent of glutamine and comparatively low concentrations of
sucrose along with low 2,4-D concentrations. This might be
due to the poor media composition for explants tissue to
stimulate ~ embryogenic  cell  proliferation. =~ Somatic
embryogenesis obtained in papaya using only higher
concentrations of 2,4-D with leaf tissue explants was
reported [16]. Somatic embryo induction from zygotic
embryo in papaya cv. Co.-7 using lower concentrations of
2,4-D also reported [17]. Somatic embryo induction from
zygotic embryo was found using 2,4-D alone with 30g/l and
also 60g/1 sucrose concentrations [12]. All these studies are
supported to our present investigation. Mature somatic
embryos on transferred to germination media responded
differently to different media composition after 30 days of
culture period (Table 2). MS medium without growth
regulators showed the

Table 2. Regeneration of somatic embryo on MS media with different concentrations and combinations of plant growth regulators at 30 days of inoculation

period.

Growth regulators (mg/1) % of somatic embryo germinated into Shoot length of somatic embryo
BA NAA Plantlet Shoot Root (Mean = SE)cm.

0 0 44 22 10 4.25+0.32

0.1 0 27 36 - 3.10+0.20

0.5 0 10 18 - 2.50 +0.36

1.0 0 0 12 - 225+0.12

1.0 0.1 0 26 - 3.15+0.62

best response (44%) for germination of somatic embryo into
complete plantlets (Figure 1.d). MS medium containing 0.1

mg/l BA and 0.5 mg/l BA were showed poor response of
27% and 10% respectively for the regeneration of complete
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plantlets. It was observed that germinated somatic embryo
produced only shoots accompanied by callus on media
containing MS + 1.0 mg/l BA that were not converted into
complete plants. This might be due to the imbalanced media
composition for somatic embryo germinations. In addition,
highest somatic embryo germination from zygotic embryo
was recorded using the combinations of BA + NAA in MS
supplemented media was reported [10]. The rooting
responses differed among the auxins used (Table 3).
Although IBA was found responsive for root induction but
better response was observed on MS medium devoid of plant
growth regulators, in which 90% shoot rooted within 10 to 15
days of culture period. The average number of root per shoot
was 7.50 = 0. 75 and the average root length of 5.20 + 0. 40
cm were observed in this medium of MSO0.Highest rooting
efficiency using IBA in papaya somatic embryo derived
shoot was mentioned [10]. This study showed highest rooting
efficiency using only MS0, which might be due to the effect
of genotype or timing of culture initiation or both.
Morphologically strong and healthy rooted plantlets were
taken out carefully from the culture vessels and washed
gently under running tap water to get rid of agar. The in vitro
raised somatic embryo derived plantlets were then transferred

to earthen pot (Figure 1.e) containing a mixture of soil and
compost (2:1) and gradually acclimated and eventually
transferred to the natural environment. About 10% to 50% of
the somatic embryo derived plantlets were survived in natural
environment. Embryo derived plantlets were very sensitive to
adapt in the outdoor conditions. Misted irrigation with
appropriate shading and better management practice can
improve survival rate of somatic embryo derived plantlets in
the field. Acclimation problem of in vitro embryo derived
plantlets of Carica papaya L. was discussed [18]. It was
found that out of 10 somatic embryo derived plants grown in
the field, all were observed hermaphrodite in morphological
appearance. But only seven plants were produced marketable
fruits with an average number of 14 to 32 fruits per tree and
an average weight of 650 to 750g per fruit whilst parents
produced 27 to 38 fruits per tree and average fruit weight was
850 to 1075g (Data not shown). Data were collected at the
maturation stage of 9 to 11 months. No pathogen attack was
observed during the growing period of 10 to 12 months in the
field. The technique of in vitro culture has reached a level of
sophistication where plant tissue and organs can be broken
down to fully viable single cells and whole plant
reconstituted from the individual cells via shoot-bud

Figure 1. Induction of somatic embryo from immature zygotic embryo of Carica papaya L., cv. Red-Lady (a) Globular, Heart, and Torpedo shaped somatic
embryo (b) Cotyledonary shaped somatic embryo (c) Somatic embryos are germinating on germination medium of MS0 (d) A complete plantlet from somatic
embryo 30 days after culture on rooting medium of MS0 (e) Acclimatized plant in potted soil.
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Table 3. Effect of IBA, 144 and NAA on MS supplemented media and MS0 and half strength of MS media in root induction of in vitro raised shoots of Carica

papaya L. cv. Red-lady at 30 days of inoculation period.

Concentrations . . Average number of root induced/shoot Average root length/shoot
Name of hormones (mg/l) % of root inducing shoots (Mean + SE) (cm)(Mean + SE)
Half strength of MS - 40 2.25+0.50 3.50+0.25
MSO0 - 90 7.50+0.75 5.20+0.40
IBA 0.5 50 3.70 +£0.40 3.60+0.25
1.0 30 2.60 +0.45 2.90 +0.40
1.5 10 1.90 +£0.30 2.50 +0.60
2.0 10 1.20 £0.20 1.80 +0.30
IAA 0.5 10 2.10+0.20 2.10£0. 45
1.0 10 240+0.25 1.50 +0.30
1.5 10 2.90 +0.40 1.30 +0.40
2.0 - - -
NAA 0.5 10 2.40+0.70 2.60 +0.30
1.0 10 2.70 £ 0.30 1.40+0.45
1.5 10 2.25+0.20 1.25+0.20
2.0 - - -
differentiation or somatic embryogenesis [19]. Somatic  exhibited considerable variation in regards to yield, fruit size

embryogenesis of papaya can be obtained from several parts
of the plant tissue such as ovules [20], hypocotyl [21], root
[6], axillary buds [22], peduncles of mature fruits [23] and
immature zygotic embryos [24-25]. The induction of somatic
embryogenesis from the vegetative parts of papaya plant was
met with low success rates and slow process of regeneration
[8]. On the other hand, the induction of somatic
embryogenesis from zygotic embryo is more efficient and
rapid. This offers the advantage of greatly facilitating mass
propagation and artificial seed production technology, which
can be applied. High concentrations of 2,4-D and sucrose
along with glutamine and also 2,4-D in combination with BA
has been reported for the induction of somatic embryogeneis
in papaya [13, 26] and [27]. High sucrose concentrations or
osmolarity suppress the development of zygotic embryo by
inhibiting differentiation of the embryogenic organs, and
prevent precocious germination of the embryos [28]. In this
study, it was revealed that sucrose concentrations and
glutamine has great effect for huge somatic embryo
proliferation. Germinated somatic embryo must have
functional shoot and root apices capable of meristematic
growth. Formation of only shoots or roots might be due to the
failure of embryos to form bipolar structures. This might be
due to the effect of imbalanced media composition used or
timing of explants inoculation or both. It was thought that
high concentration of 2,4-D and sucrose along with
glutamine changes the metabolic activity of cell or tissue of
zygotic embryo of papaya that resulted a mass number of
somatic embryo differentiation.

4. Conclusion

Carica papaya L. is an economically relevant fruit crop in
many tropical and subtropical countries in the world
including Bangladesh. This plant shows three polygamous
sexual types and commercial production of the fresh fruit is
mainly established from hermaphrodite and female lines and
10 to 20% male lines maintained for effectively pollination of
female lines. This cross-pollinating reproductive mechanism

and quality and also susceptibility to pathogens. Although
establishment of somatic embryogenesis protocol from
somatic cell other than zygotic cell is the prime objective for
the researchers, but this study was conducted to observe the
development of somatic embryo from zygotic cell and how
does this technique will help for the development of
seedlings for the growers and also further improvement of
this crop in conjunction with other breeding techniques. An
overview of the study reveals that 2,4-D is the powerful plant
growth regulator and together with glutamine showed
maximum embryogenic response in papaya cv. Red-lady.
This study also indicated that zygotic embryo is a good
material for inducing somatic embryo directly from the
explants tissue and mass production of propagules along with
improvement of this crop through this technique is possible.
Therefore, induction of somatic embryogenesis may support
gene transfer program, mutation breeding, protoplast fusion,
creation of somaclonal variations as well as facilitates mass
propagation of papaya, although possibility to produce high
male plants is concern through this technique. This area also
depends on genotypes and zygotic embryo used from the area
of the fruit. Zygotic embryo at the middle area of the fruit is
shown more effective to produce productive plants. In this
investigation, no male plants were observed, but sometimes a
few male plants are useful for the fertilization of female
plants. Thus, somatic embryogenesis technique developed in
this investigation is useful and can try with other papaya
genotypes for further improvement of this delicious fruit
crop.
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