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Abstract: Cocos nucifera, one of the most important plantation 
crops is cross pollinated and has a diploid chromosome 
complement of 2n = 2x = 32. Doubled-haploid coconut plants 
are produced at low frequency through anther culture. Non-
embryogenic fast-growing calli (FGC) are also produced in 
anther culture. The present study was undertaken to induce 
embryogenic calli from these FGC and to test their origin. 
The FGC were subjected to heat pretreatment at 38 °C for 3 
and 6 days and cultured on three media with different plant 
growth regulator combinations in liquid, solid and liquid 
layered on solid (layered) culture, and with different sucrose 
concentrations. Highest callogenesis and weight increase 
in FGC was achieved after heat pretreatment of intact FGC 
cultured in solid Eeuwen’s Y3 medium supplemented with 
100 µM 2,4-dichlorophenoxyacetic acid. Weight increase of 
FGC was negatively correlated with sucrose concentration. 
Incorporation of cytokinins facilitated the conversion of FGC 
to embryogenic callus. Histological studies revealed that 
these embryogenic calli consisted of a cambium-like zone, a 
characteristic feature of embryogenic calli. Flow cytometry 
confirmed that embryogenic calli derived from FGC originated 
from reduced microspores. Therefore, FGC are a good source 
of explant for the production of doubled-haploid plants of 
coconut over an extended period.

Keywords: Breeding, callogenesis, flow cytometry, histology, 
hybrid, in vitro culture.

INTRODUCTION

The coconut palm (Cocos nucifera L.) is one of the 
most important perennial tropical plantation crops in 
the world. Coconut is monoecious with an abundance 
of staminate flowers and a few pistillate flowers borne 
on large axillary spadices (Perera et al., 2010). The 
palm is protandrous and cross pollination is mainly by 
insects, although wind can also play an important role 
in some environments (Melendez-Ramirez et al., 2004; 
Arzani et al., 2005). Self-pollination is less common 
in Tall cultivars (Melendez-Ramirez et al., 2004). 
Coconut is conventionally propagated only by seeds, and 
population breeding through mass selection following 
mass, controlled or hand pollination has been established 
in several countries (Labouisse et al., 2004; Perera & 
Ekanayake, 2008). Considering the perennial nature of 
the palm, there is a high demand for uniform, vigorous, 
elite planting materials for plantation establishment. 

	 The heterozygous nature of coconut means the 
production of homozygous lines would be useful for 
breeding, allowing recombination of specific characters 
into different hybrids. Self-pollination to establish 
homozygous lines has been attempted (Thomas et al., 
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2012). However, the development of highly homozygous 
lines for a hybrid seed production programme will take 
many decades, because of the long breeding cycle. The 
efficient production of doubled-haploid (DH) plants 
using reduced gametes offers opportunities for exploiting 
heterosis through development of homozygous parents 
for delivery of new varieties via F1 hybrid seed (Hocher 
et al., 2005; Pathirana et al., 2011). Identification of 
microspore development stages for effective production 
of haploids is important and in coconut cv. ‘Sri Lanka 
Tall’ it is three weeks before splitting of the spadix, which 
corresponds to late uninucleate stage microspores (Perera, 
2003). Plant growth regulator (PGR) concentrations in 
the media have also been optimised for exploiting the 
androgenic potential of this cultivar and haploid plants 
have been generated via embryogenesis, albeit at low 
rates (Perera et al., 2009). Flow cytometry and simple 
sequence repeats (SSR) marker analyses have shown that 
the embryo-derived plants are haploid, or diploid and 
homozygous (Perera et al., 2008). 

	 Among the different types of anther-derived 
structures such as embryogenic calli and embryos, 
occurrence of fast-growing calli (FGC; about 1 %) has 
been reported in cultured coconut anthers (Perera et al., 
2008). Callus texture is dependent on the type of explant 
used for the initiation of callogenesis (Montoro et al., 
1993). Different explant types have been used for the 
initiation of FGC in different plant species. FGC have 
been observed to arise from the inner integument of 
immature seeds in Hevea brasiliensis (Montoro et al., 
1993; Sushamakumari et al., 2000), immature embryos 
in Triticum aestivum (Li et al., 1999), seeds in Spinacia 
oleracea (Xiao et al., 1997), Boerhaavia paniculata 
(Souza et al., 2014) and petiole in Rudgea jasminoides 
(Stella & Braga, 2002). Callus friability which favours 
callus dispersion in liquid medium is controlled by 
genetic factors (Qiao et al., 2012) as well as by the 
composition of the culture medium (Sushamakumari 
et al., 2000; Tripathi et al., 2012). The ratio of PGR, 
especially that of synthetic auxin and cytokinin have 
been demonstrated as important in determining the 
texture of the callus in many plant species (Akaneme 
& Eneobong 2008; Li et al., 2012). Amino acids such 
as proline can also influence the texture of callus (El-
Naggar 2011; Rattana et al., 2012). Among other factors 
that control the friability of callus cultures, silver nitrate, 
calcium, cation ratio and sucrose concentration appear 
to be important (Vain et al., 1989; Montoro et al., 1993). 
The exact reason for the occurrence of FGC in coconut is 
unclear, however occurred at a low frequency in coconut 
(Perera et al., 2008).

Anther-derived FGC can be a good additional source of 
haploid or DH plants, as dealing with haploid callus over 
an extended period has an advantage considering the 
difficulties in establishing anther-derived callus. These 
can also serve as source material for mutation induction 
and gene discovery. Those haploid cell lines could also be 
of great value in construction of molecular linkage maps 
in highly heterozygous plants like coconut. Considering 
their texture, FGC could also serve as initial material 
in applications such as protoplast and cell suspension 
cultures for more advanced studies. Thus, the present 
study was undertaken to improve the growth rates and to 
explore the embryogenic potential of the anther-derived 
FGC, and to understand their origin.

METHODOLOGY

Experimental material

Fast growing calli were induced in the cultured anthers 
of cv. ‘Sri Lanka Tall’ on modified Eeuwen’s Y3 liquid 
medium (Karunaratne et al., 1985) supplemented 
with 100 µM 2,4-dichlorophenoxyacetic acid (2,4-D), 
0.1 % activated charcoal and 9 % (w/v) sucrose using 
the protocol reported by Perera et al. (2008). While 
the embryos/embryogenic calli derived from the 
cultured anthers of three different batches were used for 
regenerating DH plants, the FGC lines initiated from 10 
anthers of those cultures were used as the explants for 
the present study. Anthers containing FGC were sub-
cultured onto the same medium containing 4 % sucrose 
and maintained for one month for multiplying the callus 
lines. Two such multiplication cycles were run to make 
them sufficient for initiating the experiments. The 
research was conducted at the Tissue Culture Division, 
Coconut Research Institute, Lunuwila, Sri Lanka. 

Culture media
 
Modified Eeuwen’s Y3 medium supplemented with 6 % 
sucrose (w/v), 0.1 % activated charcoal (w/v) and 0.25 
% phytagel (w/v) was used as the basal medium (BM) 
in all experiments, unless otherwise mentioned. After 
adjusting the pH to 5.8, activated charcoal and phytagel 
were added to the medium and autoclaved at 121 oC for 
20 min. Five Petri plates per treatment, each representing 
a replicate, were used in all experiments unless otherwise 
stated. Eight 0.1–0.2 mg FGC pieces were cultured 
onto each Petri plate containing the culture medium. 
Embryos derived from FGC were transferring to BM 
and maintained for one month before transfer to BM 
supplemented with 25 µM 6-benzylaminopurine (BAP), 
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0.45 µM gibberellic acid (GA3) and 0.1 µM 2,4-D for 
embryo conversion and regeneration (regeneration 
medium). Cultures were maintained in the dark at 
28 ± 1 oC until converted and then exposed to light 
(25 µmolm-2s-1) with a 16/8 h photoperiod. Chemicals for 
tissue culture were purchased from Sigma Chemical Co., 
St Louis, Missouri, USA.

Induction of somatic embryogenesis
 
FGC lines originated from 10 different anthers as 
mentioned above were used for testing the effect of 
heat pretreatment for inducting embryogenesis. In the 
first experiment heat at 38 oC for 0, 1, 7, 24, 48, 72 and 
144 h was applied to the culture plates containing the 
multiplied FGC (hereafter termed as intact FGC). Then, 
equal amount of FGC was cultured onto the modified 
Eeuwen’s Y3 solid medium supplemented with 50 µM 
2,4-D. In the second experiment, the small clumps from 
the multiplied FGC were cultured onto the same medium 
mentioned for the first experiment and heat shock was 
applied at 38 oC for 0, 0.5, 1, 2, 3, 5, 7 and 24 h. In both 
experiments, cultures were maintained for one month in 
the dark. Based on the results of the above experiments, 
the intact FGC subjected to heat pretreatment at 38 oC 
for 72 h was used for further experiments on improving 
callogenesis and for inducing embryogenesis.

Effect of medium composition and physical status
 
Three culture media, namely, modified Eeuwen’s Y3 
(Karunaratne et al., 1985), CRI 72 (Karunaratne & 
Periyapperuma, 1989) and MS (Murashige & Skoog, 
1962) in combination with the physical status of the 
culture media (liquid, solid or layered) were tested. 
Layered cultures were established by placing a thin layer 
of sterile liquid medium (20 mL) onto the solid medium. 
All the media were supplemented with 100 µM 2,4-D 
and 4 % sucrose. 

Optimising plant growth regulators, medium physical 
status and sucrose concentration

Four experiments were conducted to optimise the 
concentration of PGR in the culture medium, its physical 
status and medium sucrose concentration for efficient 
somatic embryogenesis of FGC. The first experiment 
in this series was a 3 × 3 factorial experiment in five 
replicates that used BM supplemented with 100 µM 2,4-
D. The first factor consisted of three concentrations (0, 
10, 100 µM) of α-naphtheleneacetic acid (NAA) and the 
second factor was the physical status of the medium; 

liquid, solid or layered culture. In the second experiment, 
nine treatments consisted of BM supplemented with 0, 
10 and 100 µM 2,4-D and N6-(2-isopentenyl) adenine 
(2-iP) in all possible combinations. The third experiment 
had a similar design to the second, except that 2-iP was 
replaced with kinetin. In the fourth experiment of this 
series, four concentrations of sucrose (4, 6, 9, 12 %) were 
tested using BM supplemented with 100 µM 2,4-D. The 
number of embryogenic calli produced in cultured FGC 
was recorded after 3 months in each experiment.

Data analysis

Experiments were conducted in a completely randomised 
design. All experiments were repeated a minimum of 
two times. The fresh weight gain of the cultured FGC 
in each culture plate was recorded after three months 
of culture initiation. ANOVA procedure was performed 
on the square root data using statistical analysis system 
software (SAS, 1999). Mean separation was done using 
least significant difference (LSD). 

Histological studies

Histological studies were conducted to identify the 
cellular arrangement of the anther-derived FGC and 
the FGC-derived structures. The samples were fixed in 
a solution of 50 % ethanol: 10 % glacial acetic acid: 
10 % formaldehyde - 18:1:1 (v/v) for 72 h. Then the 
samples were dehydrated in a graded series of 50, 70, 
95 and 100 % ethanol for 2 h each followed by ethanol–
butanol solution (1:1 v/v) for 1 h and 100 % butanol for 
72 h. Butanol was used to facilitate further impregnation 
of paraplast. The period in each solution was extended 
for larger structures. The samples were then transferred 
to 100 % butanol/melted paraffin wax (CDH New 
Delhi - melting point at 60 oC) solution (1:1) (v/v) and 
maintained at 60 oC for 3 d, changing the solution once 
each day. Afterwards, the samples were transferred to 
100 % paraffin wax for 3 d, with two changes per day at 
60 oC. Infiltrated samples were sealed in plastic moulds 
with fresh, melted paraffin wax.

	 Wax-embedded samples were sectioned at 5 µm in 
thickness using a manual microtome (OSK 9770 Rotary 
Microtome, Japan). The complete series of ribbon 
sections were transferred to warm water (~ 50 oC) and 
mounted on glass slides covered with a thin smear of 
Mayer’s adhesive, prepared by adding a few drops 
of sodium salicylate into a mixture of egg white and 
glycerol (1:1). Then the slides were maintained at 45 oC 
until staining. Prior to staining, wax was removed from 
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the slides using sulfur-free xylene. The slides were 
transferred to a solution containing equal parts of xylene 
and absolute alcohol for 10 min, re-hydrated with four 
rinses in 100, 90, 70, and 50 % (v/v) ethanol (5 min in 
each) and washed gently with distilled water. De-waxed 
slides were stained with protein-specific naphthol blue 
black. After draining the excess stain, the stained slides 
were dried at 45 oC. The prepared slides were observed 
under a light microscope (LEICA CME, Germany) 
equipped with a camera.

Flow cytometer analysis

FGC derived from 10 cultured anthers, which were 
used for initiating the aforementioned experiments were 
simultaneously used for ploidy analysis. Extraction 
of nuclei and the analysis were done according to the 
protocol described by Pathirana and Eason (2006). 
Nuclear DNA content was determined using a Partec PA-
II flow cytometer (Partec, Munster, Germany) with UV 
excitation at the New Zealand Institute for Plant and Food 
Research Limited, Lincoln, New Zealand. Samples were 
analysed using the leaves of coconut cv. Sri Lanka Tall 
as a diploid control, and hexaploid Hieracium as internal 
standards prepared by co-chopping with the experimental 
embryogenic material. The ploidy level was estimated 
using Partec FloMax software by comparing the parental 
nuclear DNA content with that of the sample.

RESULTS AND DISCUSSION

Anther-derived FGC in the androgenesis induction 
medium were highly friable and appeared morphologically 
like a clumped powder (Figure 1a). The frequency of 
anthers giving rise to FGC was very low, in most cases 
less than 1 %. The FGC have a very high multiplication 
rate where the sub-cultured Perti plate is fully covered 
by the calli within a multiplication period of one month. 
Therefore, material was sufficiently available for 
repeating the experiments. They were used in different 
experiments in order to induce embryogenesis and to test 
multiplication rates to understand the feasibility of using 
FGC for DH plant production.

Effect of heat pretreatment on the induction of 
embryogenesis in FGC

Observations of the first experiment revealed that the 
heat pretreatment of the intact FGC is better than the 
pretreatment after extracting them and plating on fresh 
media for conversion of FCG to embryogenic status. 
Pretreatment of intact callus at 38 oC for 72 hours and 

144 hours before subculture stimulated the conversion 
of callus into embryogenic masses as observed by 
a change in texture and organising into globular 
structures (Figure1b) whereas lower durations did not 
show any positive response other than multiplying the 
FGC. Seventy-two hours (3 days) of heat pretreatment 
resulted in 60 % conversion of FCG to embryogenic 
masses, whereas 144 hours (6 days) of pretreatment was 
sufficient to convert all the FGC. Application of heat 
shock after extracting the FGC in the second experiment 
resulted in callus browning and reduced growth. It could 
have been caused by cell death due to faster removal of 
water from the fragile cells disturbed during extraction 
and subsequent application of high temperature. 

Figure 1:	 Embryogenesis in anther-derived fast-growing calli (FGC) 
in Cocos nucifera L. 

	 (a) clumps of fragile FGC; (b) changed texture of the FGC 
subcultured into callus induction medium after incubating 
at 38 oC for 3 days. Note the formation of the distinct 
globular structures (GS). (c) An embryogenic callus (EC) 
with characteristic frilly structure; (d) direct embryo (DE); 
(e) sprouted embryo. Note the apical dome (AD). (f) A 
germinating embryo. Note the apical dome emerging 
through the haustorium tissue (Bar = 1 mm)
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Effect of the composition of culture medium and its 
physical status 

The nutrient composition of the culture medium and its 
physical status had a highly significant effect (Figure 
2a; p < 0.0001; LSD = 0.87) on the fresh weight gain of 
cultured FGC. FGC growing on modified Eeuwen’s Y3 
medium recorded the largest mass increase. The physical 
state of the culture medium also had a highly significant 
effect on the fresh weight gain with solid medium 
resulting in significantly better growth than the liquid or 
layered culture media (Figure 2a). Two factorial variance 
analysis confirmed a significant interaction between the 
culture medium and its physical status for fresh weight 
gain of FGC (Figure 2a). 

Formation of embryogenic calli (Figure 1c) or embryos 
with similar morphology reported by Perera et al. (2020) 
(Figure 1d) was observed in all three media. However, all 
the cultured FGC converted to embryogenic calli only in 
modified Eeuwen’s Y3 medium, whereas in CRI 72 and 
MS media, the conversion rate was only 40 % after three 
months of culture. On solid media, all FGC converted 
to embryogenic callus whereas in layered cultures 
conversion to embryogenic state was 80 %. Liquid 
cultures completely failed to produce embryogenic 
callus from FGC.

	 CRI 72 culture medium has been formulated 
specifically for coconut tissue culture (Karunaratne 
& Periyapperuma, 1989) and used successfully for 

Figure 2:	 Effect of media composition, physical state and plant growth regulator combinations on weight gain of fast growing calli of Cocos 
nucifera L. after three months of culture initiation. Degrees of freedom (DF) followed by the residual DF and the F value with the 
significance level are indicated in figure. (a) effect of media composition (M) and physical state of culture medium (P) (L – liquid, S – 
solid, N – layered liquid over solid medium culture); (b) effect of growth regulator (G) combination, NAA and 2,4-D (100 µM) with the 
physical status of culture medium (P); (c) effect of 2-iP (I) in combination with 2,4-D (D); (d) effect of kinetin (K) in combination with 
2,4-D. Bars represent the standard error.
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callus induction and somatic embryogenesis using 
explants such as immature embryos (Fernando & 
Gamage, 2000), plumules (Fernando et al., 2003) 
and ovaries (Perera et al., 2007). However, it was not 
effective in cultured anther-derived FGC in the present 
research. Highest weight gain and the production of 
embryogenic calli were recorded in modified Eeuwen’s 
Y3 medium. It contains more amino acids (asparagine, 
glutamine and arginine) as well as more NH4Cl, KCl 
and NiCl than the CRI 72 medium. This could have 
contributed to the positive response of anther-derived 
FGC cultured in modified Eeuwen’s Y3 medium. 
MS medium has been used as the basal medium for 
induction of callogenesis in many crop species, such 
as pepper (Capsicum annum; Kim et al., 2004), 
cauliflower (Brassica oleracea var. Botrytis; Metwali 
& Al-Maghrabi, 2012), rice (Oryza sativa; Pathirana 
et al., 2002) and asparagus (Asparagus officinalis; 
Peng & Wolyn, 1999). However, in the present study 
MS medium was not effective in terms of either the 
production of embryogenic calli or to increase the mass 
of FGC. Modified Eeuwen’s Y3 medium was the best for 
fresh weight gain and the induction of embryogenesis 
in anther-derived FGC and thus it was used as the BM 
for rest of the experiments. 

Effect of plant growth regulators 

Plant growth regulators can be used for modifying the 
callus type (Carrier et al., 1990). The auxin found to be 
most critical for clonal propagation and DH production 
in coconut using plumule, unfertilised ovary and anthers 
is 2,4-D (Fernando et al., 2000; Perera et al., 2007). 
Thus, in the present study the effect of three PGR, 
NAA, 2-iP and kinetin in combination with 2,4-D was 
investigated in separate experiments with the aim of 
inducing embryogenesis in the non-embryogenic FGC. 

Effect of NAA

The weight gain FGC in response to different 
concentrations of NAA is given in Figure 2b. Analysis of 
variance revealed a highly significant treatment effect on 
the weight gain of FGC (Figure 2b). Significant effects of 
NAA and the physical state of the culture medium were 
identified. Modified Eeuwen’s Y3 solidified medium 
supplemented with 100 µM 2,4-D as the only PGR 
resulted in the highest weight gain (3.67 g in 3 months) 
in cultured FGC, which was significantly different from 
all other treatments (Figure 2b; p < 0.0001; LSD = 0.59). 
Nevertheless, the production of embryogenic calli was 
improved by incorporating NAA into the culture medium, 
the highest being 60 % conversion in the medium 

supplemented with 100 µM NAA. The highest frequency 
of callus induction from the cultured anthers has been 
observed in medium supplemented with 100 µM 2,4-D 
and 100 µM NAA in the basal androgenesis induction 
medium of coconut (Perera et al., 2009). 

	 Confirming the results of the previous experiment, 
solidified culture medium was the best for multiplication 
of FGC (LSD = 0.59; Figure 2b). This held true for 
all the three media tested; modified Eeuwen’s Y3, MS 
and CRI 72. Solidified or layered cultures gave rise 
to embryogenic callus in all the plates, whereas only 
20 % produced embryogenic callus in liquid culture 
medium. An interaction effect of the presence of PGR 
in the culture medium and their physical status was also 
observed (Figure 2b). 

Effect of 2,4-D and 2-iP on callus weight gain in FGC 
and conversion to embryogenic state

Analysis of variance revealed a significant treatment 
effect on the weight gain of FGC in the treatments applied; 
100 µM 2,4-D alone recording the highest (Figure 2c; p 
< 0.05; LSD = 0.04). The only significant effect noted in 
this experiment was that of the concentration of 2,4-D. 
Eventhough the application of 2-iP was not as effective as 
2,4-D for fresh weight gain in FGC, it was more effective 
in the conversion of FGC to embryogenic callus. Media 
containing either 100 or 10 µM 2-iP in combination with 
2,4-D resulted in the conversion of 20 and 40 % FGC 
to embryogenic status, respectively. A combination of 
2-iP and 2,4-D has been shown to be optimal to induce 
callus/embryos from cultured anthers of coconut (Perera 
et al., 2009). Induction and multiplication of FGC was 
effective in the presence of 2,4-D in the culture medium 
as reported in several other crops including Boerhaavia 
paniculata (Souza et al., 2014), Clinacanthus nutans 
(Phua et al., 2016) and Echinacea purpurea (Karimi 
et al., 2018).

Effect of 2,4-D and kinetin on fresh weight gain of FGC 
and their conversion to embryogenic state 

Nine different combinations of 2,4-D and kinetin did not 
result in a significant difference in fresh weight gain of 
FGC compared with 2,4-D applied alone (Figure 2d). 
However, incorporation of 100 µM kinetin into the 
medium with 0 or 10 µM 2,4-D resulted in embryos 
in 40 % cultured FGC. When these embryos were 
maintained in the same medium for another two weeks, 
they converted in to mature embryos that gave rise to 
shoots after transferring to regeneration medium (Figure 
1e and 1f). In contrast to FGC, lower kinetin (10 µM) and 
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higher 2,4-D (100 µM) concentrations in the androgenesis 
induction medium resulted in a significant increase in the 
frequency of callus and embryo production when anthers 
were cultured (Perera et al., 2009). The reason could be 
the carry-over effect of 2,4-D from the initial medium used 
for induction and multiplication of FGC which contained 
a high concentration of the same. Similar to the results 
with coconut in this study, media supplemented with 2,4-
D and kinetin favoured the production of embryogenic 
calli in niger (Guizotia abyssinica; Sarvesh et al.,1993) 
and cucumber (Song et al., 2007). 

	 Among the tested PGR,100 µM 2,4-D is effective 
in multiplication of FGC. However, for inducing 
embryogenesis, NAA (100 µM), 21P (100 µM) or kinetin 
(100 µM) were effective in combination with different 
levels of 2,4-D. Embryos containing shoot apical 
meristem is the characteristic feature for triggering the 
regeneration pathway. Future research will aim towards 
achieving plant regeneration from the converted embryos 
and their deployment in coconut breeding programmes.

	 Sucrose concentration in the BM supplemented 
with 100 µM 2,4-D had a significant effect on the 
multiplication rate of FGC (Figure 3). The fresh weight 
gain of FGC was highest with 4 % sucrose (LSD = 
0.19). An inverse relationship was observed between 
the sucrose concentration and the fresh weight gain 
of cultured FGC, with higher sucrose concentrations 
lowering the multiplication rate (Figure 3). In contrast, 

the use of elevated levels of sucrose has been beneficial 
for microspore embryogenesis in many crops (Montoro 
et al.,1993; Konieczny et al., 2003) as with the anther 
culture medium used previously in coconut (Perera et al., 
2008). However, in the present research, embryogenesis 
could not be induced in friable FGC in coconut by 
using higher concentrations of sucrose in the culture 
medium. Moreover, high sucrose concentration lowered 
the multiplication rate of FGC. High frequency of DH 
generation in anther culture media with 3 % sucrose 
has been achieved in Gentiana triflora (Pathirana et al., 
2011).

Histological analysis

Fast-growing calli

Histological analysis of the anther-derived FGC revealed 
that it consisted of isolated meristematic cell clumps 
among the masses of non-embryogenic cells (Figure 4a). 
The clumps were characterised by the presence of high 

Figure 3:	 Effect of sucrose concentration (S) on fresh weight gain in 
cultured fast growing calli in Cocos nucifera L. after four 
weeks of culture on solid Eeuwen’s Y3 medium. Degrees 
of freedom (DF) followed by residual DF and the F value 
with significance level, is indicated. Error bars represent 
the standard error. Different letters indicate a significantly 
different effect on the fresh weight gain at p < 0.05.

Figure 4:	 Histology of conversion of fast growing calli of Cocos 
nucifera L. into embryogenic stage: (a) presence of 
embryogenic cell clumps (EC) among non-embryogenic 
cells (Bar = 200 µm); (b) histology of an isolated 
embryogenic cell clump under high magnification (Bar = 
100 µm); (c) embryogenic callus with the characteristic 
features of cambium-like zone (CLZ) (Bar = 250 µm).
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protein reserves, high nucleus to cytoplasmic ratio and 
mitotically active nuclei (Figure 4b) that are comparable 
with the proembryos developed in cultured anthers of 
coconut (Perera et al., 2007). A large number of these 
isolated embryogenic pockets were clearly identified 
over the unstained non-embryogenic cells in the FGC 
(Figure 4a). As described in the first experiment, the 
texture could be changed by applying heat shock 
followed by culturing them onto media with reduced 
auxin (50 µM). Under these conditions, the development 
of active cell masses predominated over the non-
embryogenic masses (Figure 4c). 

Callus-like structures

The compact callus-like structures derived from friable 
FGC after applying heat shock were analysed to study 
their cellular arrangement in order to identify the 
progress in embryogenesis pathway. They consisted 
of a cambium-like zone (CLZ; Figure 4c), which is a 
characteristic feature of an embryogenic callus described 
in ovary-derived multicellular embryos in coconut 
(Perera et al., 2007). This indicates the potential of 
converting the meristematic pockets into embryogenic 
calli. However, this CLZ is thin and the parenchyma cells 
stained very lightly in contrast to embryogenic callus, 
indicating a low activity of this tissue.

Embryogenic callus and direct embryos

Highly embryogenic calli as identified by their 
morphological features were also microscopically 

analysed. They consisted of a characteristic CLZ 
(Figure 4c). As described by Perera et al. (2007), periclinal 
cell division of the peripheral cells and the anticlinal 
cell division of the inner parenchyma cells of this zone 
ensure the growth of the callus. Greater thickness of 
this meristematic zone is an indication of high cellular 
activity leading to fast growth and multiplication of the 
callus.

Flow cytometry analysis

Different methods are available for testing the ploidy 
status of calli including cytology by counting the number 
of chromosomes, molecular analysis using SSR markers 
and flow cytometric analysis by counting the number of 
cells containing different DNA contents. The methods 
of cytology and flow cytometry both will give similar 
observations on identification of ploidy level, haploid or 
diploid status. Therefore, flow cytometry analysis was 
used for detecting the ploidy status of 10 anther-derived 
FGC lines used in the study.

	 The DNA content of FGC was compared with the 
diploid coconuts and with hexaploid Hieracium as 
an internal standard in which the DNA content is not 
overlapped with any ploidy level of coconut (Figure 5a). 
Six of the tested FGC lines resulted in a haploid (n =x=16) 
peak, indicating an origin from reduced microspores. 
Two lines gave two peaks corresponding to haploid 
and diploid (2n=2x=32) DNA contents and another two 
lines gave three peaks representing haploid, diploid 
and tetraploid (4n=4x=64) DNA contents (Figure 5b). 

Figure 5:	 Histograms of flow cytometric analysis of fast growing calli of Cocos nucifera L. (a) Diploid control (2x) and 
hieracium as the internal standard (IS); (b) FGC with predominating haploid (x) peak and smaller diploid (2x) 
and tetraploid (4x) peaks compared to the internal standard.
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Nevertheless, the haploid peak was prominent over the 
other peaks in all the lines. The presence of a larger 
haploid peak confirms the haploid origin from reduced 
male gametes. The presence of diploid and tetraploid 
peaks is an indication of  partial diploidization during 
cell division, but most likely it could be the result of 
endoreduplication, often found in fast-dividing cells 
(Schnittger et al., 2002; Vlieghe et al., 2005). The degree 
of endoreduplication is thought to correspond to the rate 
of cell division, with rapid chromosome division causing 
nuclear and cell division to lag behind, resulting in 
multinucleate cells with polyploid chromosome counts 
(Pathirana & Eason, 2006). Along with flow cytometry 
analysis, cytological studies will also be included in 
future research to confirm the ploidy status of FGC and 
regenerated plants, as the next stage of this research is to 
produce DH plants for the breeding programmes.

CONCLUSIONS

The present study clearly indicated that callus texture 
could be altered by applying heat stress to anther-derived 
FGC of coconut, converting those to an embryogenic 
state by optimising the media and PGR. The feasibility 
of using heat-pretreated FGC at 38 oC for 72 hours or 
144 hours to generate embryos was also demonstrated. 
Eeuwen’s Y3 solidified medium supplemented with 
100 µM kinetin induced direct embryogenesis in non-
embryogenic FGC. Furthermore, anther-derived FGC 
was identified as originating from reduced microspores, 
which could be used as a starting material for DH plant 
production in coconut over a long period under controlled 
laboratory conditions. These FGC could also be used for 
initiating cell cultures in the production of secondary 
metabolites and for mutation induction and genomic 
studies in the future. 
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