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ABSTRACT: Among commercial fruits, papaya (Carica papaya L.) is notably one of the most common ones around the world. The aim 
of the current study was to establish a somatic embryogenesis protocol for the hybrid UENF/CALIMAN 01, elucidating the effects of 
sucrose and 2,4-dichlorophenoxyacetic acid (2,4-D) on the induction of embryogenic cultures and the effect of polyethylene glycol 
(PEG) on somatic embryo maturation. Immature zygotic embryos of C. papaya hybrid UENF/CALIMAN 01 were cultured in MS culture 
medium supplemented with different concentrations of sucrose (30 and 60 g L-1) and 2,4-D (0, 20, 40 and 80 µM). The combination of 
30 g L-1 sucrose and 20 µM 2,4-D resulted in the highest induction rates and the largest callus diameters. Furthermore, this combination 
was associated with the greatest potential to form somatic embryos. To promote maturation, cultures were inoculated in MS medium 
and exposed to different concentrations of PEG (0, 30 and 60 g L-1). The 60 g L-1 PEG treatment group had the highest average for the 
number, maturation and conversion of somatic embryos that resulted in plantlets at the end of the process. The addition of PEG to MS 
medium led to increased protein synthesis. These results are unprecedented for C. papaya hybrid UENF/CALIMAN 01 as the current 
study demonstrates the development of somatic embryogenesis in this high quality hybrid. 
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INTRODUCTION
Papaya (Carica papaya L. - Caricaceae) is an important 

agricultural crop in tropical and subtropical regions (Chen 
and Chen 1992). After India, Brazil is the second largest 
producer of this fruit in the world (FAO 2010). The hybrid 
UENF/CALIMAN 01 was developed in 2003 by Universidade 
Estadual do Norte Fluminense Darcy Ribeiro (UENF) together 
with Caliman Agrícola S.A. UENF/CALIMAN 01 is the 
first Brazilian hybrid of the Formosa papaya and the Solo 
group (Ferreguetti 2003). Characteristic advantages of 

this hybrid over other cultivars in the market include more 
intensely coloured and firmer pulp, a reddish, sweeter flesh 
due to increased synthesis and accumulation of soluble solids, 
and greater uniformity in fruit weight and size, which is 
typically intermediate. Such characteristics are key factors for 
exportation (Morais et al. 2007).

Most commercial plantations are established from seed-
derived plants, resulting in crops with low profitability because 
of heterogeneity and genetic variation displayed by the plants 
after cross-pollination (Bhattacharya and Khuspe 2001). 
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In addition, this conventional production method leads to 
increased susceptibility to diseases, and increasing production 
losses. Biotechnological techniques have been investigated 
and used as alternatives to conventional seed propagation, 
including somatic embryogenesis, which represents a potential 
mean for the successful production of more homogenous 
plantlets that are free from contaminants and have desirable 
agricultural characteristics (Schmildt et al. 2007). Thus, somatic 
embryogenesis may help increase the overall papaya production 
by cloning elite cultivars that produce high quality fruit. 

Many studies on the somatic embryogenesis of C. papaya 
can be found in literature, allowing significant advances in 
our understanding of this biotechnological tool being applied 
for this crop. Bruijne et al. (1974) described one of the first 
somatic embryogenesis studies, obtaining somatic embryos 
from petiole segments. Meanwhile, Litz and Conover (1982) 
induced somatic embryos from ovules inoculated in White’s 
medium supplemented with 20% coconut milk for several 
weeks. Chen et al. (1987) obtained somatic embryos from 
roots inoculated in half-strength MS (Murashige and Skoog 1962) 
medium supplemented with 5.4 µM naphthaleneacetic acid 
(NAA), 2.3 µM kinetin and 2.9 µM gibberellic acid (GA3) 
for three months. In these pioneer studies, the difficulty to 
obtain somatic embryos was evident by the low percentage of 
viable embryogenic cultures and the extensive amount of time 
required for their induction. 

Fitch and Manshardt (1990) established papaya 
embryogenic cultures from immature zygotic embryos 
inoculated in MS medium with half the saline concentration, 
supplemented with 0.45–113.1 µM 2,4-dichlorophenoxyacetic 
acid (2,4-D) for three weeks. As a result of this study, the 
addition of auxin in the culture medium of immature zygotic 
embryos became commonly used for the induction of somatic 
embryogenesis of C. papaya (Bhattacharya et al. 2003, 
Farzana et al. 2008, Ascencio-Cabral et al. 2008, Malabadi et 
al. 2011, Anandan et al. 2012), including both genitors of the 
UENF/CALIMAN 01 hybrid, Solo (Malabadi el al. 2011) 
and Formosa (Almeida et al. 2001). Despite multiple studies 
on the somatic embryogenesis of C. papaya, an efficient and 
reproducible regeneration system that can be used with most 
cultivars is yet to be established (Litz 1986) due to several 
factors that influence the success of embryogenic cultures, 
such as initial used explants, culture medium and genotype. 

Following the induction of embryogenic cultures, the 
maturation of somatic embryos is an additional required step. 
Several agents that promote somatic embryo maturation have 
been used, such as polyethylene glycol (PEG), which is a high 
molecular weight polymer that is not permeable to the cell 
plasma membrane and, therefore, is not metabolised (Stasolla 

and Yeung 2003). PEG has been used in plant and cell cultures 
of several species to simulate the effects of water stress (El-Tayeb 
and Hassanein 2000) or to stimulate maturation and conversion of 
somatic embryos into plantlets, similar to those that originate from 
seeds, as observed in Pinus sylvestris (Keinonen-Metta et al. 1996), 
Abies numidica (Vooková and Kormuták 2002), Panax ginseng 
(Langhansov et al. 2004), Cryptomeria japonica (Maruyama and 
Hosoi 2007), Abies cephalonica (Krajnakova et al. 2009), Aesculus 
hippocastanum (Calic-Dragosavac et al. 2010) and Carica papaya L. 
(Koehler et al. 2013). 

The type of stress caused by PEG is essential to develop 
the somatic embryo, as it induces the accumulation of storage 
compounds (Stasolla and Yeung 2003) and the modification 
of DNA methylation (Smulders and de Klerk 2011), causing 
an embryo to complete development and proceed to convert 
into a normal seedling. Storage substances are used to provide 
nutrients and induce desiccation tolerance during embryo 
conversion (Coelho and Benedito 2008). 

Currently, no studies have been published describing 
somatic embryogenesis for the hybrid UENF/CALIMAN 01. 
Studies focused on obtaining and modulating the somatic 
embryogenesis process of this hybrid will be essential due to 
the economic importance of this genotype. In this regard, the 
objectives of the present study were to determine the effects of 
2,4-D and sucrose on the initiation of embryogenic cultures, as 
well as to establish the effect of PEG on changes in protein and 
maturation of somatic embryos during somatic embryogenesis 
of the hybrid UENF/CALIMAN 01. 

MATERIAL AND METHODS

Plant material: For the induction of embryogenic cultures of 
papaya, immature zygotic embryos were isolated from immature 
papaya seeds of the hybrid UENF/CALIMAN 01 and used as 
explant. Immature fruits, collected between 120 and 130 d after 
anthesis in April 2011, were kindly provided by Caliman Agrícola 
S/A, located in the city of Linhares (19º 23’S and 40º 4’W) in the 
State of Espírito Santo, Brazil. 

Induction of embryogenic cultures: Immature fruits 
were disinfected for two minutes in 70% ethanol and for 
30 min in 50% commercial bleach, followed by three washes 
with distilled and autoclaved water. In a laminar flow cabinet, 
immature seeds were obtained and embryos were isolated to 
be used as explants. They were then inoculated into test tubes 
(25x150 mm) containing 10 mL of MS medium supplemented 
with different concentrations of sucrose (30 and 60 g L-1), 2,4-D  
(0, 20, 40 and 80 µM) and Phytagel® (2.0 g L-1). The pH of 
the culture medium was adjusted to 5.8 before Phytagel® was 
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added. Culture medium was sterilised by autoclaving at 121°C 
for 15 min. After inoculation, test tubes with explants were 
kept in the dark at 25±2°C. Treatments were performed in  
triplicate, with five test tubes per treatment group. After 30 d of 
incubation, the rate of induction (%) and the diameter (mm) 
of the induced callus were evaluated. 

Maturation of embryogenic cultures: The maturation 
experiment was conducted using embryogenic cultures obtained 
during the induction experiment. Three colonies of 200 mg of 
fresh matter (FM) were inoculated into a Petri dish (90x15 mm) 
containing 20 mL of MS culture medium supplemented 
with myo-inositol (0.05 g L-1), Phytagel® (2.0 g L-1), sucrose 
(30 g L-1) and varying concentrations of PEG MW 3350 (0. 
3 and 60 g L-1 ). The pH of the culture medium was adjusted 
to 5.8 before Phytagel® was added. The culture medium was  
sterilised by autoclaving at 121°C for 15 min. Cultures were 
maintained in a growth chamber at 25±1°C in the dark for the 
first seven d and, afterwards, in a photoperiod with 16 h of light 
(60 µmol m-2s-1). Four Petri dishes were used per treatment. After 
42 d of cultivation, the percentage of maturation of the induced 
somatic embryos, increase in callus FM and the number of 
matured somatic embryos were assessed. Samples containing 
300 mg of FM were stored at -20°C for protein analysis.

Growth analysis: With an initial FM of 200 mg per colony, 
growth under the different treatment conditions was measured 
based on increased FM and the final number of somatic embryos. 
Growth measurements were performed after 42 d of culture and 
compared to the initial FM of the colonies. The percentage of 
maturation and the number of somatic embryos were examined 
42 d after the culture using a light stereomicroscope.

Protein analysis: Protein extracts were prepared in biological 
triplicates (300 mg FM) for each maturation treatment. Soluble 
and insoluble proteins were extracted from these cultures 
according to the method described by Santa-Catarina et al. 
(2006). Soluble proteins were extracted using a phosphate 
buffer (pH 7.5) containing 50 mM sodium phosphate dibasic, 

10 mM 2-mercaptoethanol and 1 mM phenylmethylsulfonyl 
fluoride (PMSF). Supernatants containing the soluble 
proteins were stored at -20°C. Insoluble proteins were extracted 
from the pellets of soluble protein extraction with Tris-HCl  
buffer (pH 6.8) containing 65 mM Trizma base, 50 mM PMSF, 
2% sodium dodecyl sulphate (SDS), 10% glycerol and 320 
mM β-mercaptoethanol at 100°C for five minutes, followed by  
incubation at 4°C for 30 min. After centrifugation at 20,000 x g 
for 20 min, supernatants containing the insoluble proteins were 
stored at -20°C. The protein concentration in the supernatant 
was determined using a PlusOne 2-D Quant kit®, with bovine 
serum albumin as standard.

Data analysis: Results are presented as mean and data were 
analysed by the ANOVA test (p<0.05), followed by a SNK test 
(p<0.05) (Sokal and Rohlf 1995). Means and standard errors 
were also used to analyse the data when the ANOVA and SNK 
tests were not used.

RESULTS

Induction of embryogenic cultures: The induction of 
embryogenic cultures of the hybrid UENF/CALIMAN was 
verified with an immature zygotic embryo as an initial explant. 
Cultures possessed friable callus that had a clear yellow colour. 
For the induction of these embryogenic cultures, the addition of 
sucrose and 2,4-D to culture medium significantly affected the rate 
of induction (%) and callus diameter (mm) (Table 1). 

The addition of 30 g L-1 sucrose resulted in a significantly 
higher induction rate (46.7%) compared to 60 g L-1 (p<0.05), 
and the resulting embryogenic cultures had an average diameter 
of 10.6 mm. The concentration of 2,4-D affected the induction 
rate and diameter of embryogenic cultures, with concentrations 
of 0, 20 and 40 µM 2,4-D, producing a significantly higher 
(p<0.05) induction rate than 80 µM 2,4-D concentrations 
tested for the hybrid, and the resulting embryogenic cultures 
had an average diameter of 8.8 mm. Although the induction rate 
was higher (43.3%) in the absence of 2,4-D, cultures produced 
in this medium displayed non-embryogenic characteristics, 

Table 1. Rate of induction and diameter of embryogenic cultures of C. papaya hybrid UENF/CALIMAN 01 42 d after incubation in the 
presence of different induction treatments

Means followed by the same letter in the same line are not significantly different according to the SNK test (p<0.05). (n=4). 2,4-D - 2,4-dichlorophenoxyacetic acid.

Dependent 
variable

Isolated factor levels Combinations of factor levels (Treatments)

2,4-D (µM) Sucrose 
 (g L-1) 2,4-D (µM) + Sucrose (g L-1)

0 20 40 80 30 60 0–30 20–30 40–30 8–30 0–60 20–60 40–60 8–60

Induction (%) 43.3a 30.0a 30.0a 6.7b 46.7a 8.3b 86.7a 46.7b 46.7b 6.7c 0.0c 13.3c 13.3c 6.7c

Diameter (mm) 8.7a 8.8a 8.1a 3.0b 10.6a 3.7b 17.4ab 17.4ab 10.2b 3.3c 0.0c 7.3bc 4.7bc 2.7c
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such as compact callus and translucent white colour (Figure 1A). 
The MS medium supplemented with 20 µM 2,4-D and 30 g L-1 
sucrose was selected as the induction medium because it 
resulted in the optimal induction of embryogenic cultures. 

The induction of embryogenic cultures (Figure 2A) 
was assessed daily. The beginning of the induction process 
was observed on the seventh day of incubation (Figure 2B). 
Afterwards, a distinct sequence of events could be observed, 
beginning with the formation of cell cultures from a zygotic 
embryo in response to auxin and sucrose in the culture medium 
(Figure 2C). The cultures were kept in the auxin-supplemented 
medium for 30 d, and the emergence of somatic embryos was 
observed between the 20th and 25th d of induction (Figures 2D–E). 

Maturation and conversion of somatic embryos: The 
treatment containing 60 g L-1 PEG resulted in the highest responses 
of maturation (83.3%) of the embryogenic cultures (Figures 3A,B). 
Furthermore, 60 g L-1 PEG treatment showed the highest 
number of somatic embryos, formed in 78 somatic embryos/
callus (Figure 3C). These results show the direct effect of 
PEG on maturation of the somatic embryos of this hybrid. This 
treatment facilitated maturation of somatic embryos and their 
conversion into plantlets similar to those that originate from 
seed, with the development of leaves and stems occurring 50 d 
after incubation (Figure 3D). 

Figure 2. Embryogenic cultures of C. papaya hybrid UENF/
CALIMAN 01 inoculated in MS medium supplemented with 
20 µM 2,4-D and 30 gL-1 sucrose. (A) Isolated immature 
zygotic embryo. (B) Zygotic embryo with open cotyledons. 
(C) Cell culture formation 14 d after induction. (D and E) 
Somatic embryos 25 d after incubation. se: somatic embryo; 
c: cotyledon; ca: callus; e: embryonic axis.

Figure 3. Embryogenic cultures of C. papaya hybrid UENF/CALIMAN 
01 in MS medium supplemented with 60gL-1 PEG. (A) Embryogenic 
culture at the beginning of maturation. (B) Embryogenic culture 
21 d after incubation. (C) Matured/converted somatic embryos 
42 d after incubation. (D) Plantlets regenerated from somatic 
embryos 50 d after incubation. sem: somatic embryos matured; 
sec: somatic embryos converted. 

c

e

5 µm

A

5 µm 4.4 mm

c

ca

se

350µm 350µm

se
se

se

se

ca

C

ED

8 mm

7.3 mm

sec

sec

A

C

8 mm

sem

8 mm

B

D

BA

Figure 1. Cultures induced from the zygotic embryo of C. 
papaya hybrid UENF/CALIMAN 01. (A) Non-embryogenic culture 
obtained from the inoculated explant in MS medium in the absence 
of 2,4-D. (B and C) Embryogenic cultures obtained from the 
inoculated explants in test tubes wih MS medium supplemented 
with 20 µM 2,4-D and subcultured in Petri dishes. 

6 mm

A

25 mm

6 mm

B

C



120

Heringer et al.

Theoretical and Experimental Plant Physiology, 25(2): 116-124, 2013

In the control group without PEG, low rates of maturation and 
progression of somatic embryos were observed (Table 2), and the 
increase was only observed in the FM of embryogenic cultures.

Protein content: Protein quantification revealed that the 
soluble fraction was more representative in terms of protein 
content compared with the insoluble fraction (Figure 4) 
in embryogenic cultures. On average, extracted soluble 
proteins contained 4–10 mg of protein g-1 of FM, whereas 
insoluble proteins typically had 1.5–2.5 mg of proteins g-1 of 
FM (Figure 4). The maturation treatment modulated protein 
content (Figure 4), with a greater concentration of soluble 
proteins compared to insoluble proteins. The treatment with 
60 g L-1 PEG induced the increased synthesis of both soluble 
and insoluble proteins (Figure 4). Additionally, cultures in this 
treatment group possessed the highest average concentration 
of soluble proteins at 9.4 mg g-1 of FM (Figure 4). 

DISCUSSION

Induction of embryogenic cultures: In the present 
study, generated embryogenic cultures formed friable 
yellow and granular aggregated cells and a lower growth rate 
compared to non-embryogenic cultures (Figure 1). Similar 
characteristics were also observed in embryogenic cultures of 
other species, such as Medicago arborea (Martin et al. 2000),  
Passiflora cincinnata (Silva et al. 2009) and P. edulis (Pinto et al. 
2011), as well as C. papaya cv. Co-7 (Anandan et al. 2012). 
Conversely, non-embryogenic cultures displayed a different 
morphological pattern. In the present study, we observed that 
these cultures had a compact appearance, with translucent 
white colour and growth rate higher than embryogenic cultures 
(Figure 1A). Similar features were also observed by Anandan 
et al. (2012) in the embryogenic cultures of C. papaya cv. Co-7 
and by others in M. arborea (Martin et al. 2000) and Daucus 
carota ( Jiménez and Bangerth 2001).

The beginning of the callus induction  occurred on the 7th day 
after the incubation of the explant in the induction culture 

medium, indicating a rapid response compared to other 
cultivars that had been previously assessed (Farzana et al. 2008, 
Malabadi et al. 2011, Anandan et al. 2012). For cv. Rathna 
(Farzana et al. 2008) and cv. Co-7 (Anandan et al. 2012), 
callus induction occurred 14 and 10–15 d, respectively, after 
explant incubation in culture medium. Malabadi et al. (2011), 
working with twelve cultivars, observed  callus induction only 
28 d after of incubation.

In the present study, the formation of somatic embryos 
from embryogenic cultures occurred between the 20th and the 
25th d of incubation, which was also a rapid response compared 
to other cultivars. For cv Rathna (Farzana et al. 2008), 
somatic embryos were observed 10 weeks after incubation 
in MS medium with 16.1 µM NAA, whereas Malabadi et al. 
(2011), working with twelve cultivars, observed the somatic 
embryos eight weeks later in MS medium with 4.52  μM 
2,4-D or 2.27 μM thidiazuron (TDZ). This indicates that 
the supplementation of the induction medium with 20 µM 
2,4-D was efficient both for the induction of embryogenic 
cultures of the hybrid UENF/CALIMAN 01 and the rapid 
differentiation of somatic embryos.  

One possible explanation for this finding is that a 
synthetic auxin analogue, such as 2,4-D, plays a fundamental 
role in the induction of embryogenic cultures of papaya due 
to a variety of effects caused by this growth regulator in the 
tissue of the explant. In addition to being the main family of 
growth regulators of plants during division, differentiation 
and cellular cycle (Fehér et al. 2003), auxins can modulate 
DNA methylation patterns in cells (Smulders and de Klerk 
2011). Specifically, Lo Schiavo et al. (1989) observed that 
auxins caused epigenetic changes in the DNA of plants 
by modifying the methylation state, suggesting that the 
dedifferentiation of differentiated cells allows the appearance 
of embryogenic cells. 

Table 2. Percentage of maturation, increased FM and the number 
of mature somatic embryos produced in embryogenic cultures of 
C. papaya hybrid UENF/CALIMAN 01 42 d after incubation under 
different maturation treatments

aMeans followed by the same letter in the same line are not significantly different 
according to the SNK test (p<0.05). (n=4). PEG: polyethylene glycol; FM: fresh 
matter; SE: somatic embryos.

Figure 4. Concentration of soluble and insoluble proteins in 
embryogenic cultures of C. papaya hybrid UENF/CALIMAN 01 
subjected to different maturation treatments (0, 30, 60 g L-1 of 
polyethylene glycol – PEG) (mean±standard deviation, n=4). 
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PEG (g L-1)

0 30 60

Maturation (%) 33.3ba 50.0ab 83.3a

FM (g) 0.23a 0.27a 0.21a
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Recently, Smulders and de Klerk (2011) demonstrated that 
in vitro cultures are subjected to many forms of stress, such as high 
doses of auxin, to which the plant tissue expresses various responses, 
including modification of the DNA methylation pattern, which 
allows the development of embryogenic cells. In addition, the 
concentration of phytohormones may determine cellular 
response, as reported by Anandan et al. (2012), who observed  
that the formation of embryogenic cultures (friable callus 
with a clear colour) was affected by the exposure of explants 
to low (2.3 µM) or high (54.3 µM) concentrations of  2,4-D. 
At high concentrations, the callus displayed non-embryogenic 
characteristics (a more spongy, non-friable aspect and dark 
colouration). 

Conversely, the current study found the need to add a relatively 
high concentration of 2,4-D (20 µM) to culture medium in order 
to induce embryogenic cultures. Although callus induction from 
explants inoculated into the medium without 2,4-D was 43.3%, this 
callus did not display embryogenic characteristics. On  the other 
hand, when explants were inoculated into a medium supplemented 
with 80 µM 2,4-D, the induction rate decreased from 43.3 to 6.7% 
(Table 1), indicating that the formation of an embryogenic callus 
in papaya hybrid UENF/CALIMAN 01 depends on an optimal 
concentration of 2,4-D. 

Another factor that significantly affected the induction of 
embryogenic cultures in papaya hybrid UENF/CALIMAN 01 
was the concentration of sucrose in the medium (Table 1). A 
lower concentration of sucrose (30 g L-1) proved to be more 
efficient in the induction of embryogenic cultures than in higher 
(60 g L-1) concentrations. The results observed for this hybrid 
are consistent with other papaya cultivars. Malabadi et al. 
(2011) used 30 g L-1 sucrose as standard for the induction of 
embryogenic cultures of papaya, and verified in 12 cultivars 
that this concentration yielded the best response. Conversely, 
Anandan et al. (2012) induced embryogenic cultures with 60 
g L-1 sucrose, followed by a reduction to 30 g L-1 in culture 
medium to induce embryogenic responses and facilitate the 
development of somatic embryos. 

These studies suggest that carbohydrates significantly affect 
the induction phase of embryogenic cultures in C. papaya. 
One of these influences is the regulation of the expression of 
some genes, some of which are enzymes involved in sucrose 
metabolism, which plays a crucial role in plant development 
(Koch 2004). These enzymes are responsible for maintaining 
levels of sucrose and hexose in plant tissue and modulate 
cellular metabolism. When hexose is predominant, cell 
division and differentiation are favoured, but when sucrose 
is predominant, cell elongation and storage of proteins and 
carbohydrates in tissues are favoured (Borisjuk et al. 2002, 
Borisjuk et al. 2003).

Sucrose at a concentration of 30 g L-1 may have favoured 
the development of somatic embryos because it induced 
cellular multiplication and redifferentiation for the formation 
of somatic embryos, whereas sucrose at a higher concentration 
(60 g L-1) may have inhibited this predisposition towards 
cell division, hindering the formation of somatic embryos. 
Therefore, future studies should be carried out to quantify the 
content of endogenous carbohydrates in embryogenic cultures 
grown in the presence of both sucrose concentrations to clarify 
the role of these compounds in the induction of embryogenic 
cultures of C. papaya hybrid UENF/CALIMAN 01.

Carbohydrates are also related to the osmotic environment 
during somatic embryo maturation, influencing the regulation 
of gene expression (Businge et al. 2013). However, when 
sucrose concentration is too high, the osmotic effect of 
this compound just disturbs callus induction. Sucrose is a 
permeating osmoticum involving apoplastic invertase in the 
tissue and extracellular invertase in the medium, a different 
PEG which is a nonpermeating osmoticum (Wind et al. 2010). 
These authors emphasized that the manipulation of the rate of 
synthesis, as well as transportation or degradation of sucrose 
affect plant growth, development and physiology, which was 
clearly observed in the present study. Based on results from this 
sduty and given the importance of the concentrations of sucrose 
and auxin in the induction medium to obtain embryogenic 
cultures, the combination of 20 µM 2, 4-D and 30 g L-1 sucrose 
was established as an ideal treatment for the induction of 
embryogenic cultures, resulting in higher rate of induction and 
larger callus diameter. Therefore, MS medium supplemented 
with 20 µM 2, 4-D and 30 g L-1 sucrose was determined to be the 
induction medium for C. papaya hybrid UENF/CALIMAN 01. 
The relationship between auxin and sucrose for the induction 
of embryogenic cultures has already been discussed in previous 
studies, showing that the response of the induction depends 
on the balance between these two components. Lazzeri et al. 
(1988), working with Glycine max, demonstrated the significant 
interaction between concentrations of auxin and sucrose in the 
medium. The obtained number of somatic embryos was reduced 
when  the auxin/sucrose ratio was higher. These results suggest 
that the interaction between these two components is essential for  
the induction of embryogenic cultures from a differentiated tissue.  

Maturation of embryogenic cultures: PEG significantly 
affected somatic embryo maturation of papaya hybrid UENF/
CALIMAN 01 embryogenic cultures. Maturation is a crucial 
phase in the somatic embryogenesis process, in which the 
addition of maturation promoters, such as PEG (Keinonen-
Metta et al. 1996, Vooková and Kormuták 2002, Langhansov 
et al. 2004, Maruyama and Hosoi 2007, Krajnakova et al. 2009, 
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Calic-Dragosavac et al. 2010), abscisic acid (ABA) (Find 1997, 
Vahdati et al. 2008, Calic-Dragosavac et al. 2010, Anandam 
et al. 2012), maltose (Li et al. 1998) and activated charcoal 
(Krajnakova et al. 2009, Calic-Dragosavac et al. 2010), is crucial 
to promote the maturation of somatic embryos and conversion 
into plantlets.

PEG does not cause damage in the tissue, which may occur in 
response to water stress, during which the tissue could experience 
plasmolysis (Walker and Parrott 2001, Calic-Dragosavac et al. 2010).  
In the present study, we observed that 60 g L-1 PEG induced 
the highest rates of maturation (83.3%) of embryogenic cultures 
and conversion of somatic embryos compared to control, which 
displayed a 33.3% maturation rate without PEG supplementation. 
Langhansov et al. (2004) concluded that somatic embryos of 
P. ginseng treated with a PEG-supplemented medium achieved 
greater structural development, which was demonstrated 
anatomically. These authors also found that plants obtained 
from somatic embryos treated with PEG displayed better root 
formation, facilitating subsequent acclimatisation. Recently, 
Koehler et al. (2013) reported that the addition of 50 g L-1 PEG, 
along with 2 g L-1 activated charcoal  and 5 µM ABA, to papaya 
somatic embryos led to the improved quality of somatic embryos 
and the formation of plantlets. These studies suggest that PEG is 
an inducer of maturation and conversion of somatic embryos.

In addition, the number of mature somatic embryos 
obtained 42 d later in culture with 60 g L-1 PEG was higher 
than other treatments, with an average of 78 somatic embryos 
per callus. Maturation of somatic embryos of papaya hybrid 
UENF/CALIMAN 01 depends on this high concentration 
of PEG (60 g L-1). Furthermore, PEG is rarely used in 
the maturation of somatic papaya embryos. As such, the 
present study is a pioneer in the field. Mishra et al. (2010), 
demonstrated that the supplementation of conversion medium 
with PEG (45 g L-1) led to a synchronised maturation process of 
transformed embryos. 

Therefore, maturation/conversion of somatic embryos is 
dependent on stress that allows embryonic development to 
progress. As with induction, maturation of somatic embryos also 
appears to be highly dependent on stress. This stress modifies 
the DNA methylation pattern (Smulders et al. 2011) and 
causes the expression of proteins, which is essential to develop 
somatic embryos, enabling these embryos to correctly mature. 
Conversely, for some cultivars of papaya, the addition of other 
maturation promoters, such as ABA, is necessary. Anandam 
et al. (2012), working with embryogenic cultures of papaya 
cv Co-7, showed that 39.7 µM ABA increased the number of 
mature somatic embryos compared to other treatments. 

In the present study, PEG induced increased protein 
content (Figure 4). This increase in PEG-induced proteins may 
be related to the synthesis of Late Embryogenesis Abundant 
(LEA) proteins. The expression of these proteins is associated 
with the acquisition of tolerance to the desiccation of seeds, 
and some LEA proteins are induced by cold or osmotic stress 
(Welin et al. 1994). Their exact function is still unknown, but 
studies have shown that they are related to the protection of 
cellular or molecular structures from damage, which may result 
from water loss during the desiccation of the seed (Goyal et 
al. 2005). Aroucha et al. (2005), working with papaya seeds 
of the Golden and Taining 01 cultivars, found that recently 
collected seeds, regardless of the state of maturation of the 
fruits, displayed low initial germination, making the storage 
period necessary for seed germination. 

These stored seeds then had a germination rate higher 
than 80%, which could be related to the desiccation of the 
seed. Comparing somatic embryos to zygotic embryos, 
both need this water stress during the desiccation phase 
to induce germination/conversion of the embryos. This 
outcome may be related to the synthesis of LEA proteins 
during this period. 

Finally, in the present study, the optimal induction 
medium for embryogenic cultures was determined to be 
MS supplemented with 20 µM 2,4-D. The addition of 60 g 
L-1 PEG is essential for the maturation and the conversion 
of somatic embryos of hybrid UENF/CALIMAN 01. 
Therefore, plantlets of somatic origin are an alternative to 
seedling propagation. The data herein are unprecedented for 
the hybrid UENF/CALIMAN 01, and this study represents 
the first examination of somatic embryogenesis performed 
for this hybrid.

The present study elucidated aspects of somatic 
embryogenesis of C. papaya, enabling the design of a feasible 
protocol for somatic embryogenesis that can be used in mass 
production of plantlets in commercial scale. The method 
described herein generates more homogenous papaya plantlets 
from the hybrid UENF/CALIMAN 01.
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