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Abstract

A protocol has been developed for induction, maturation and germination of the
zygotic embryo derived callus of the rubber tree (Hevea brasiliensis Muell. Arg.).
The influence of plant growth regulators (PGRs) including 2,4-D, a-NAA,
picloram, GAzand TDZ on MS and MMS were studied. Optimum calli were
induced on MS supplemented with 2.0 mg/l 2, 4-D. The best callus growth and
proliferation was recorded on MS fortified with 2.0 mg/1 2, 4-D + 2.0 mg/l BAP +
0.5 mg/l NAA. The maximum embryonic calli were induced on MS + 2.0 mg/1 2,
4-D + 2.0 mg/l Kn medium. Embryo induction, differentiation and maturation
were obtained on MMS (MS +Vit B5). The rooted plantlets were produced on half
strength MS without any supplements.The novelty of this study is the induction
of embryos and plant regeneration from zygotic embryo explants of Hevea for the
first time. The protocol developed in this study will facilitate mass propagation
of high yielding rubber clones as well as to develop transgenic rubber plants
with desired genes through genetic transformation.

Introduction

The rubber tree (Hevea brasiliensis Muell. Arg.) is an important industrial crop for
natural rubber production. At present about 40 countries including Bangladesh
are engaged in rubber tree cultivation aimed at producing about 6.5 million tons
of dry rubber annually. The world supply of natural rubber is barely keeping up
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keeping up with the global demand for 12 million tons of natural rubber by the
year 2020. Therefore enhanced rubber production may play an important role in
the economy of rubber producing countries. At present about 25,000 hectare of
land is under rubber plantation in Bangladesh, and the annual production is
about 7,500 tons against 20,000 tons of the country’s total demand of natural
rubber (NR). In Malaysia the success of the rubber breeding program can be seen
from the multi-folds yield increase from about 500 kg/ha/year for unselected
seedlings to about 3,000 kg/ha/year derived from the selected clones. The average
yield of rubber is about 1.6 tons in India. But in Bangladesh under non-
traditional conditions—average yield is about 0.5 ton/ha only. Therefore, the
development and expansion of rubber, systematic research is needed to improve
the yield.

This perennial tree is strongly outcrossing and monoecious. It is the only
species, which has been commercially cultivated for latex biosynthesis (rubber
production). Due to the high rubber content and quality, it is the most important
commercial source of natural rubber. Rubber tree has very narrow genetic base,
non-synchronous flowering, low fruit set, long gestation period and
heterozygous nature. As a result the genetic improvement of Hevea has been very
slow and time-consuming through conventional breeding. Thus, rubber tree
breeding and the dissemination of planting material for plantations are closely
linked to propagation methods. The cultivated clones are propagated mostly
through grafting which affects the tree growth, latex yield, tree physiology and
biochemical characteristics (Sobhana et al. 2001, Huang and Lin 2003). Thus, the
plant regeneration through somatic embryogenesis has been reported as an
effective vegetative propagation method. In H. brasiliensis, it has been reported
that the plant regeneration is via somatic embryogenesis in which several
explants such as immature anther, inflorescence and inner integument of seed
(Sushamakumari et al. 2000b) have been used. But, the technique is still not
sufficiently developed for rubber tree improvement because the formation of a
reliable somatic embryo and its conversion rate into plantlets is very low and
limited to a few genotypes of Hevea. Besides, many clones showed a very low
embryo formation and in some clones the embryo formation is negligible. Thus,
the present study was undertaken for developing a reliable plant regeneration
system via somatic embryogenesis from zygotic embryo derived callus.. The long
term goal of this study is to develop a unique plant regeneration system that
could be used in mass propagation as well as genetic modification of H.
brasiliensis.
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Materials and Methods

Hevea (Clone RRIM 901) seeds were obtained from the Malaysian Rubber Board,
Malaysia. After removing the seed coat, the surface sterilization of endosperm
was done for 15 min with 15% Clorox. There after, one drop of Tween 20 was
added which followed by washing with sterile water for 5 - 6 times. The embryos
were excised from con the callus induction medium.

MS basal medium with B5 vitamins and different auxins including 2, 4-D,
NAA, picloram, and Dicamba combination with cytokinins BAP and Kn at
different concentrations were used for callus induction and growth. The
concentrations of auxin varied from 0 - 5.0 mg/l and that of cytokinins 0 - 5.0
mg/l. The media pH was adjusted to 5.8 with 3% sucrose and 2.75 g/l gelrite
followed by 20 min of autoclaving at 121°C. The growth room condition was
maintained at 25 + 2°C in the darkness. Each culture flask contained 30 ml
medium with three embryos. Callus induction frequency was recorded after 4
weeks of culture initiation.

The calli were sub-cultured every 2 weeks to optimize the callus growth and
proliferation. MS supplemented with different concentrations of 2, 4-D, BAP and
Kn in presence of NAA was tried. The callus diagonal length, fresh and dry
weight/culture, and morphologies were recorded every week in order to
optimize the growth and to obtain callus maintenance medium.

The calli (3 weeks old) were transferred to the embryo induction medium.
The MS was supplemented with Bs vitamins, amino acid glutamine (100 mg/l),
10% coconut water as organic supplements and 200 mg/1 casein hydrolysate with
5% sucrose. The phytohormones added was within the range of 0.5 - 3.0 mg/l
Kn, 0 - 3.0 mg/l GA3 0.1 mg/l NAA and 0.5 mg/1 2, 4-D. The cultures were kept at
25 + 2°C in darkness for 4 weeks. Apex induction and maturation of the embryos
were examined on the modified MS medium supplemented with phytohormones
BAP, GAj; and TDZ. Plant regeneration from induced embryos was achieved in
full or half strength hormone free MS medium. Visual observations were made to
record the embryo induction percentage, maturation and germination.
Completely randomized design (CRD) was used to carry out the experiments.
Data were analyzed using SAS and means were statistically compared using LSD
test at p < 0.05 significance level.

Results and Discussion

Hevea plant regeneration through embryogenic cultures was initiated from
zygotic embryo explants. The developmental stages of the explants and the type
of growth regulators were found to be the most important factors controlling
somatic embryogenesis in rubber.
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It was observed that the age of the seeds, developmental stages of embryo,
basal medium, types and concentrations of growth regulators influenced the
primary callus induction of Hevea zygotic embryo explants. Comparatively
mature embryos responded to the cultures quickly. The zygotic embryos
collected from immature fruits (less than 80 days after pollination) were not
effective to induce primary callus. Hernandez et al. (2003a) made similar
observations for somatic embryo induction in Quercus suber. Wilhelm (2000) also
reported that the frequency of initiating somatic embryos was associated with
the developmental stages of the zygotic embryo explant.

The certain ratio of auxin and cytokinin was important for embryogenic
callus induction and maintenance of Hevea. The phytohormones 2,4-D, NAA,
BAP, Kn and GAj; were found to be ideal for embryogenesis in rubber at different
stages. The best callus inducing medium was found in MS supplemented with 2
mg/l 2,4-D and 3% sucrose. 2,4-D and NAA were found more effective than
picloram and dicamba. It was observed that the calli started to develop and the
induction frequency increased up to 8 weeks of culture. Explants were found to
be more prone to callus as well as embryogenic callus induction when the culture
media were fortified with 1.0 - 2.0 mg/l 2,4-D. All concentrations of 2,4-D,
produced callus except the hormone free culture medium. The lowest mean
percentage of explants (23.33) induced primary callus after 4 weeks of culture in
2,4-D (2.0 mg/l). This frequency increased up to 90% after 8 weeks. The following
results were observed in different concentrations of NAA, picloram and dicamba
successively. The results have been presented in Fig. 1. Khan et al. (2011),
obtained similar results in Capsicum annum. A high percentage of embryogenic
callus induction could be possible due to auxin and cytokinin which are the
main regulators involved in plant cell division and differentiation (Feher et al.
2003).

Different morphologies were observed during the establishment of primary
callus lines. The callus induced from 2.0 mg/l 2,4-D looked yellowish,
comparatively fast growing but little friable (Fig. 2a,b) than that of the
concentrations of 2,4-D, NAA, picloram and dicamba. Direct organogenesis
through profuse roots and shoots were observed in the media with different
concentrations of NAA (2.0 - 3.0 mg/l) after 2 weeks of subculture from the
induced primary callus (Fig. 2¢c,d). Dicamba and picloram had little response on
callus induction when supplied individually with a range of concentration 1.0 -
5.0 mg/l. The induced callus was mostly whitish, compact, slow growing and
failed to further growth during subculture under the same condition (Fig. 2e, ).
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Fig. 1. The effect of different auxin concentrations on MS on primary callus induction from
zygotic embryo of H. brasiliensis after 8 weeks of culture. Vertical bars indicated
standard errors.

Fig. 2. Morphogenetic response of induced primary callus in MS supplemented with different auxins
from zygotic embryo explants of Hevea brasiliensis. a, b. Compact yellowish primary callus
induced in MS + 2.0 mg/l 2, 4-D after 4 weeks of culture and 8 weeks of culture, c. Whitish
friable, organogenic callus induced in MS + 2.0 mg/l NAA after 4 weeks of culture, d. Profuse
healthy roots with small shoots observed in MS + 2.0 mg/l NAA after 6 weeks of culture of the
induced callus under the same culture condition, e. Whitish compact callus induced in MS + 3.0
mg/1 picloram after 8 weeks of culture, f. Compact dry and whitish callus induced in MS + 3.0
mg/1 dicamba after 8 weeks of culture.
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The results also revealed that the primary callus did not proliferate when it
was repeatedly cultured on 2,4-D in the same condition. Therefore, different
concentrations of BAP and Kn were supplemented with 2,4-D concentrations.
The supplementation of BAP with 2,4-D at different concentrations was found to
be essential for callus proliferation in Hevea.

Different concentrations of BAP and Kn were tried with 2,4-D and NAA to
optimize the callus growth and proliferation. The result revealed that Kn was
less effective than BAP for callus growth and proliferation. Besides, the addition
of a lower concentration of NAA enhanced the callus growth. The highest mean
diagonal length of callus growth (34.0 mm), fresh weight (6.18 gm) and dry
weight (0.74 gm) per culture were recorded in a combination of 2,4-D (2.0 mg/l)
and BAP (2.0 mg/l) after 3 weeks of culture. The results were presented in
Table 1.

Table 1. Influence of 2, 4-D and different concentrations of BAP in presence of 0.5 mg/1
NAA on embryogenic callus growth and proliferation on MS.

Media compositions Diagonal Fresh weight ~ Dry weight
(mg/1) length (mm) of callus (gm) of callus (gm)
MS 0 (Control) 0.0+0.02 0.0+0.0* 0.0+0.0*

2,4-D NAA BAP
1.0 27.66 +2.514 4.88 +1.91bc 0.63 £ 0.28¢
2.0 34.00 +1.73¢ 6.18 +3.33¢ 0.74 + 0.46¢
2.0 0.5 3.0 25.66 +1.154 5.59 +0.00¢ 0.60 + 0.16b¢
4.0 21.00 £1.73¢ 2.40 £ 0.47% 0.18 £ 0.06%®
5.0 16.66 +1.15P 1.86 + 0.02° 0.16 £ 0.05®

MS + additives. Data were taken after 3 weeks of culture. Mean frequencies + SE (standard error) in
each column followed by same superscript letters are not significantly different according to LSD test
at p <0.05 level.

Reduction of callus growth was observed on further increase of BAP and
2,4-D concentration. After 6 weeks, it was observed that the 2,4-D and BAP
combination clearly affected the callus proliferation and embryogenic callus
growth in H. brasiliensis. From the results it was observed that the callus
continued to increase up to 3 weeks after that which was declined. Browning of
callus was observed after 5 weeks of culture. The best callus maintenance
medium was found to be MS combined with 2,4-D (2.0 mg/l) and BAP (2.0 mg/1).

Embryogenic callus cultures were established on MS supplemented with BAP
and Kn and 2,4-D in presence of NAA (0.5 mg/l). The most friable, fast growing
and yellow callus was obtained in 2,4-D (2.0 mg/l) and Kn (2.0 mg/l) after 2
weeks of culture, which differentiated into pro-embryos. The calli were routinely
maintained on MS with 2, 4-D (2.0 mg/l) and Kn (2.0 mg/l) by subculturing twice
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a month. The highest frequency (70%) of embryogenic calli was induced in a
medium combination of 2,4-D (2.0 mg/l) and Kn (2.0 mg/l) (Table 2, Fig. 3a).
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Fig. 3. Detection of somatic embryos and plantlet production from zygotic embyo derived
embyogenic callus of H. brasiliensis. a. Yellow friable embryogenic callus, b. Embryogenic callus
in embryo induction medium MS + 1.0 mg/l BAP + 2.0 mg/l GAs + 0.1 mg/l NAA; ¢ - e.
Proembryogenic message, globular / torpedo embryo initiation, f. Initiation of somatic embryos
fromed the surface of the callus, g. Cluster and single embryos, h. Isolated mature embryos and
i. Regenerated rooted plantlet.

Different concentrations of Kn had a vital role to obtain embryogenic callus
line in rubber. Similarly, the role of Kn combined with auxin in embryogenesis
was reported earlier in a number of plants (Ghanti et al. 2010). The inclusion of
Kn in the medium could enhance the efficiency of calli to produce somatic
embryo that could mature normally (Arya et al. 2000). The embryogenic callus
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was identified by means of anatomical studies on the basis of its yellowish colour
and presence of less vacuolated and densely filled cytoplasm cells with the
central nucleus. The reduce concentration of 2,4-D improved the morphogenesis
of somatic embryos in Hevea. A higher concentration of 2,4-D affected negatively
on callus proliferation and pro-embryo induction, due to toxic effect (Kintzios
et al. 2000). The influences of exogenously applied auxins preferentially 2,4-D on
somatic embryogenesis are well documented.

Table 2. Influence of 2,4-D and different concentrations of Kn in presence of 0.5 mg/l
NAA on embryogenic callus production from zygotic embryo derived callus of

Hevea.
Media compositions Total no. of Total no. of Mean % of
(mg/l) explants explants embryogenic
responded callus
MS 0 ( Control) 30 0+0c¢ 0
2,4D NAA Kn

1.0 30 6.33 +0.76° 63.33
2.0 30 7.00 +1.002 70.00
2.0 0.5 3.0 30 5.33 £0.572 53.33
4.0 30 3.00+0.50 30.00
5.0 30 1.33 + 0.28b¢ 13.33

MS + additives. Data were taken after 4 weeks of culture. Mean frequencies + SE (standard error) in
each column followed by same superscript letters are not significantly different according to LSD test
at p <0.05 level.

The results of present study also revealed that lower concentrations of 2,4-D
induced higher percentage of embryogenic callus in the dark. Wilhelm (2000)
reported that, either lower concentration or devoid of plant growth regulators in
culture medium favour the formation of somatic embryos. It has been also
suggested that the auxins in culture medium, influences the formation of non-
polar pro-embryos affecting the further development of somatic embryos in the
maturation phase (Silveira et al. 2003). Meanwhile, in this study a significant
variation was noted with the changes of 2,4-D concentration with higher levels of
Kn. The percentage of embryogenesis was significantly reduced with the
increasing level of Kn from 3.0 to 5.0 mg/l. This might be due to the higher ratio
of auxin and cytokinin concentration which concerned with the proliferation and
development of embryo to torpedo shaped stage rather than triggering the
embryogenic callus induction. Kumaria et al. (2003) reported that, a particular
ratio of auxin and cytokinin might be necessary in the medium for somatic
embryogenesis.

The embryonic clusters were formed on the embryo induction medium
within 3 to 4 weeks which further developed into globular stage embryos. A
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lower concentration of auxin NAA had a profound influence on embryogenesis
from zygotic embryo explants in rubber. Effect of GA; and BAP with NAA on
embryo induction was evaluated. The results indicated that BAP supplemented
with 0.1 mg/l NAA favoured the conversion of embryogenic mass to globular/
torpedo stage embryos. The formation of globular/torpedo stage embryos per
unit mass of callus varied with varying concentrations of BAP. The maximum
76.66% embryos were recorded on MS + Vit Bs medium supplemented with BAP
(1.0 mg/1), GA3 (2.0 mg/l) and NAA (0.1 mg/l) after 4 weeks of culture (Table 3,
Fig. 3a-i).

Table 3. Effect of BAP and GA; in combination with 0.1 mg/l NAA on embryo
induction frequency (%) from zygotic embryo derieved embryogenic callus.

NAA GA; BAP (mg/l)
(mg/)  (mg/l) 0.0 1.0 2.0 3.0

0.5 10.00£0.50° 33.33+0.76> 43.33+0.57¢  30.00 +0.50°
0.1+ 1.0 16.66+0.76° 5333+1.04® 46.66+1.25  33.33+0.76°

2.0 26.66 +0.28*  76.66+0.28*  60.00 +1.00 40.00 £ 0.502
3.0 13.33+1.15>  50.00 £1.00®  33.33 +0.282 30.00 + 0.86*

MS + additive. Embryo induction frequency was calculated by visual counting the number of
globular/torpedo stage embryos formed from approximately 500 mg of embryogenic callus sub-
cultured on embryo induction medium and converting into percentage. Mean frequencies + SE
(Standard error) in each column followed by same superscript letters are not significantly different
according to LSD test at p < 0.05 level.

Table 4. Effect of IBA and GA; on embryo germination (%).

GAs IBA (mg/l)
(mg/l) 0.0 0.1 02 03 05
00  0.00£000¢ 1000£0.00¢ 2000050 1333057  10.00 % 0.50°
01  333:028¢ 2333:028 4333+152% 20000500  13.33+0.28
02 666+ 028 4666028 5333+125% 3333:076%  20.00 % 0.50%
03  2000£050° 66.66+0.76° 80.00+1.32° 5000+ 1.32° 30.00 £ 0.50°
04 1666028 3333:028 4333028 30.00£050%  20.00 0.50%
05  1333:028% 2333028 3333028  20.00£000°  10.00 % 0.00°

Medium: MS + additive. Mean % and standard error were calculated using data taken from three
replications of total 30 cultures for each treatment. The experiment repeated thrice. Mean frequencies
+ SE (Standard error) in each column followed by same superscript letters are not significantly
different according to LSD test at p < 0.05 level.

It was observed that the combination of BAP and GAj; was required for
embryo induction, maturation and germination. After 3 - 4 weeks of growth,
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embryos started to become greenish, and showed bipolar differentiation. The
combination of an auxin and BAP was used to induce somatic embryos from
immature and mature zygotic embryos of Quercus sp. (Wilhelm 2000).

Embryo germination was initiated by the bipolar differentiation of (root and
shoot primordial) the mature embryos.The embryos developed plantlets after 4
to 5 weeks of cultureon half strength MS medium. Embryo germinated in
hormone free as well as on medium fortified with phytohormone. Embryo
germination was enhanced by the addition of GAs on culture medium. The
plantlets which grown in the medium containing GAs were more vigorous than
in hormone free medium. Maximum plant conversion was observed in 0.3 mg/l
GAs and 0.2 mg/l IBA supplemented medium (Table 4).

Addition of IBA (0.1 mg/l - 0.5 mg/l) in culture medium also favoured root
elongation. About 80% of somatic embryos initiated germination and produced
rooted plantlets. The plant regeneration protocol developed from zygotic embryo
derived callus of H. brasiliensis (Clone RRIM 901) could be used for other rubber
genotypes to produce mass scale planting materials. The regenerative
embryogenic tissues established in this study could also be used to develop
transgenic rubber plants with desirable genes.
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