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- ABSTRACT

An experiment was conducted to find out the potential for somatic embryogenesis from anthers of immature
inflorescence of Hevea clones: RRIC 100 and RRIC 121. The effect of hormone combination on callus initiation from
the anthers depends on the type of Hevea clone. The highest callus induction was recorded when anthers of RRIC 121
were cultured on Murashige and Skoog (MS) medium supplemented with a hormone combination of 1.0mg/l 2,4-
dichlorophenoxyacetic acid (2,4-D), 0.5mg/l a-naphthalene acetic acid (NAA), 0.5mg/l kinetin (KIN) and 0.01mg/]
thidiazuron (TDZ). Callus proliferation was favoured by thidiazuron in combination with 2, 4-D, NAA and KIN levels.
However, embryo induction was not achieved in MS medium with 2mg/1 gibberellic acid (GA;) or with a combination of

2mg/1 GA; and 0.01mg/l TDZ levels.
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INTRODUCTION

Hevea brasiliensis being the main source of
natural rubber is an economically important perenmal
tree, belonging to the family Euphorbiaceae. It is
cultivated mostly in high rainfall tropical areas within
- 20° North and 20° South of the equator (Chen, 1984).
Hevea is an out breeding tree which has 2n=36
chromosomes and allotetraploid with x=9 (Wycherly,
1976).

Hevea is currently propagated by grafting buds
from selected clones on to unselected seedling
rootstocks (Combe, 1975). The application of
conventional  breeding  techniques for " crop
improvement programmes in Hevea is limited due to
its high heterozygosity and long generation cycle
(Jayasree et al.,, 2001). Therefore, propagation of
Hevea via in vitro techniques has been attempted since
1970’s (Seneviratne and Flegmann, 1996).

Plant regeneration via somatic embryogenesis
has recently become an attractive tool for the
production of transgenic plants, because of its single
cell origin (Sushamakumari et al., 2000). The first
transgenic rubber trees were reported by Arokiaraj et
al, (1994), who used the particle bombardment
method and then the Agrobacterium tumefaciens
system (Arokiaraj er al,, 1998) on anther derived calli
(Montoro et al., 2003). Anther culture is important to
produce haploid plants and thereby pure lines which
will express all the dominants and recessives of Hevea
genome. Since a characteristic of the pure line will be
to produce homogenous progeny, these materials can
be used in seed gardens to produce identical clonal

seedlings which can be used directly in plantations -

(Withanage, 1992).

Plant regeneration by somatic embryogenesis of
Hevea brasiliensis has been achieved in several
experiments using different explant sources (Asokan et
al., 1992a, b; Carron et al., 1995; Chen, 1984; Jayasree
“et al., 1999). However, success rate in the conversion
of somatic embryo into full plantlets still remains low

(Sushamakumari et al., 1999). Production of pollen
plants via somatic embryogenesis might be cultivar
dependent. Although successful production of pollen
plants was reported by Chinese scientists, none of the
locally - available clones of Hevea produced even
somatic embryos (Seneviratne et al., 1996). The first
anther derived callus, which could be sub cultured,
was produced at the Rubber Research Institute of Sri
Lanka in 1972 (Satchuthananthavale and
Irugalbandara, 1972).

The main reason to work more with anther and
nucellus tissue is that the regeneration capacity of
these tissues is believed to be very high and use of
juvenile tissue is an important requirement in the
process of somatic embryogenesis (Seneviratne et al.,
1996). The procedure to produce plantlets from anther
consists of three main steps namely callus initiation,
embryoid formation and plant development (Chen,
1984).

Several factors such as the developmental stage
of the explant, quantity of growth regulators, basal
media components, light intensity etc. appear to play
crucial roles in somatic embryogenesis in many plant
species including Hevea (Sushamakumari et al., 2000).
The role of auxins and cytokinins in different stages of
somatic embryo development has also been reported as
critical in many species (Komamine et al., 1992).

Hence present work describes the potential for
somatic ‘embryogenesis from anther culture of some
selected clones of Hevea under different auxin and
cytokinin levels in initial stages.

MATERIALS AND METHODS

Plant material and culture media

This experiment was carried out at the tissue

. culture laboratory of the Department of Plant Science,

Rubber Research Institute of Sri Lanka, Dartonfield,
Agalawatte for a period of 5 months. Immature

inflorescence from mature trees of Hevea brasiliensis,
clone RRIC 100 (Cl1) and RRIC 121 (C2) were
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collected during main flowering season in March.
Male flower buds containing anthers at diploid stage
were harvested from the inflorescence.

Explants were wrapped loosely in pieces of
gauze, 40 buds per each pack, and were dipped in 70%
ethanol for 3 min followed by 10 min immerse of 10%
sodium hypochlorite solution containing 4% active
chlorine. They were then washed 4 times in sterilized
distilled water.

The basal medium wused throughout the
experiment was MS (Murashige and Skoog, 1962)
supplemented with 2.5% coconut water, 70g/l sucrose
and solidified with 6g/l agar. The pH of the medium
was adjusted to 5.7. Media were prepared in Macartny
bottles. Culture media, water and instruments were
sterilized in an autoclave at 121 °C (under 15 Ib/inch2)
for 20 min. Sterilized flower buds were dissected
under a dissecting microscope and the anthers were
taken out in the laminar air How cabinet.

Callus induction

Callus inducing ability of the two clones was
tested in two hormone combinations of Img/l 2,4-
dichlorophenoxyacetic acid (2,4-D), 0.5mg/l a-
naphthalene acetic acid (NAA) and 0.5mg/l kinetin
(KIN) (T1) and Img/1 2,4-D, 0.5mg/l NAA,0.01mg/Il
thidiazuron (TDZ) and 0.5mg/l KIN (T2).

Twenty anthers were inoculated into each vial
and were incubated at 26°C under dark condition.
Twenty replicates were prepared for each hormone
combination and the experiment was repeated twice.
Callus was transferred on to new media once a month.

Callus induction, contaminated cultures and
fresh weight of callus were recorded after 50 days.

Data were analyzed statistically using the
chisquare procedure (SAS, 1991).

Embry o induction

In order to identify a suitable hormone
combination for effective embryo induction, 50 day
old calli were transferred on to the media containing
2mg/l gibberellic acid (GA3 and 2mg/l GA3+ 0.01
mg/l thidiazuron (TDZ) respectively. Observations on
embryogenesis were made' after one month from
culture establishment.

RESULTS AND DISCUSSION

Callus initiation was started in 25-30 days after
the inoculation of anthers on to the culture media
followed by swelling of anthers. Initially produced
friable embryogenic callus was pale yellow in colour
and was highly proliferated until they transferred into
embryo induction medium. However, most of the
anthers did not respond to the culture media and turned
dark even after 50 days from culture establishment.
Contamination of cultures was 12% and was totally
due to fungal contaminants.

Callus initiation was observed in both
treatments in both clones. The present study was
designed to include combinations of auxins and
cytokinins as they were found to be essential tor callus
initiation from anther (Withanage, 1992).

Results of this experiment clearly showed that
the effect of hormone combination on callus initiation
depends on the type of Hevea clone. Tl showed a
significantly higher callus formation than T2 in RRIC
100 (CI).

TI T2

Cl

Plate 1.Callus formation of RRIC 100 (Cl) and RRIC
121 (C2) under different hormone combinations
(Tl and T2) at the 50th day of culture

Table 1. Effect of hormone combination and clone on
callus induction

Callus induction (%)

Treatment

RRIC 100 RRIC 121
(Ch (€2)

T 13.89a 3.573

T2 10.34b 45.831

Values denoted by different letters in a column are
significantly different (P<0.05).

The highest percentage of callus induction was
observed in RRIC 121 (C2) when anthers were
cultured on MS medium supplemented with T2. The
lowest callus induction percentage was recorded in the
same clone under TI hormone level. This reveals that
the induction of callus from anthers of a given Hevea
clone varies significantly according to the hormone
combinations included in the culture medium.

TIC | TiC2 T2Cl T2C2

Treatment-clone combination

Figure 1 Mean fresh weight of callus at 50h day of
culture
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Even though the callus induction was low, the
highest mean fresh weight of calli masses was
observed at T2 in C1 clone. The reason could be due to
the fast callusing and thereby fusion of 2 to 3 calli
masses to form a single mass. RRIC 121 (C2) also
showed a better callus proliferation at T2 hormone
combination. According to the figure 1, the lowest
mean fresh weight of callus was recorded at Tl
hormone level in RRIC 121 (C2) simifar to the poor
performance resulted in callus induction.

The experiment showed that T2 has
considerable potential in increasing weight of callus
than T1. The thidiazuron present in T2 increased the
rate of callus proliferation compared to that of TI.
Thidiazuron was found to be effective on callus
induction and organogenesis in several crops
(Seneviratne and Flegmann, 1996). Furthermore,
Capelle et al. (1983) reported that thidiazuron was
extremely active in stimulating callus growth of
Phaseolus lunatus. '

Among two clones tested, early callus initiation
occurred in RRIC 121 compared to that in RRIC 100
(data not shown). According to Montoro et al. (1993),
the structure of calli and their morphogenetic
capacities are not strictly specific to the genotype but
rather to a genotype and medium interaction.
According to Chen er al. (1990), the development
stage of the flower bud is critical in callus induction.
Since it is related to the external morphological

" characteristics, for any of a clone, the proper stage has
to be identified by the size and the colour unique to the
clone (Withanage, 1992).

Even though calli were transferred on to the
embryo induction medium, no somatic embryo
formation was observed in any of the cultures even
after one month. Some of the calli were turned brown
and the proliferation was ceased. Others remained
without showing any morphological change in the
medium containing only GA;. But the media
containing both thidiazuron and GA; showed further
callus proliferation. According to Seneviratne er al.
(1996), it is very unlikely that the embryogenic
capacity of all the cultivars available in Sri Lanka is
zero. Other factors such as medium composition and
subculture period, may govern embryogenesis, which
are as much as or even more important than the clone
or the cultivars. '

According to Jayasrée et al. (2001), Hevea
needed continuous dark till the acquisition of embryo
induction. However, light favoured embryo maturation
and further plant regeneration. In the present study
both anthers and callus were incubated under dark.

According to Sushamakumari er al. (2000),
addition of GA; strongly stimulated the
embryogenesis. They have obtained better results with
the combination of Zeatin and GAj; in embryo
induction. Generally somatic embryogenesis occurs
under stress conditions in -the culture medium.
Linossier et al. (1997) observed enhancement of
somatic embryo development in Hevea at the presence
of abscisic acid and high concentration of Poly
Ethylene Glycol (PEG). It was reported that there were
some beneficial effects of glutamine and casein

hydrolysate on somatic embryogenesis of Hevea
(Jayasree er al, 2001). However, none of the above
chemicals could be tested in the present study.

CONCLUSIONS

The present study demonstrated that the callus
initiation from anthers of immature inflorescence of
Hevea brasiliensis depends on the type and
concentration of growth regulators and the nature of
genotype. Thidiazuron had a great influence in
improving callus proliferation. Somatic embryo
induction was not possible with MS medium treated
with hormone combinations of 2mg/l GA; and 2mg/l
GA; + 0.01mg/l TDZ in Hevea clones RRIC 100 and
RRIC 121. The potential for somatic embryogenesis
from other clones yet to be studied.
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