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Abstract

The recent developments in agricultural biotechnology offer great potential for the genetic improvemeni of Hevea. The goals of
bioJechnological research in Hevea in different countries include development of efficient plant regeneration sysiems through
somatic embr>'ogenesis, characterization of genes controlling imponantagronomic traits, understanding the molecular mechanism
of I"ex biosynthesis, tolerance to diseases and abiotic stresses, characterisation of laticiferous specific promoters, removal of
latex allergens and development of transgenic plants for better agronomic qualities and production of recombinant proteins.
Significani progress has been made over the last ten years. Efficientprotocols for plant regeneration through somatic embryogenesis
were dexeloped using different explants. Field trials to evaluate the agronomic qualities of the somatic plants are going on.
Methods u ere standardized for Agrobacterium mediated genetic transformation and transgenic rubber plants were developed
with the objective of conferring tolerance to abiotic stresses as well as tapping panel dryness (TPD). and for the production of
recombinant proteins. The stable integration and expression of the iransgenes were confirmed. Several genes involved in the
rubber bios>'nthetic pathway, disease tolerance, allergic responses etc. have been cloned and characterized. Tissue specific
promoters have been isolated and attempts are going on to characterize more such promoters. Attempts to understand the
molecular mechanism of TPD and tolerance to leaf fall diseases caused by Phytophthora and Corynespora are progressing.
DifTerenj PCR techniques were successfully employed for the developsneni of molecular markers, and use of these markers in
developing linkage maps, clonal variability studies, characterization of pathotypes and cloning of agronomically imponant

genes.
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Introduction

Natural rubber, cis-1,4 polyisoprene, produced in
the milky cytoplasm (latex) of specialized cells called
laticifers in certain plants is one of the most important
biological macromolecules, which is used as an industrial
raw material for the manufacture of a variety of products.
Natural rubber has been fotmd in the latex of over 2000
species of plants belonging to 311 genera of 79 families.
However, Hevea brasiliensis has been the only
commercial source of natural rubber mainly because of
its abundance in latex, quality and convenience of
harvesting. H. brasiliensis is now connmercially grown
in the tropical regions of Asia, Africaand South America,
in countries like Indonesia, Thailand, Malaysia, India,
China, Sri Lanka, Philippines, Vietnam, Nigeria,
Cameroon, lvory Coast, Liberia, Brazil, Mexico, etc.

However, the major share comes from tropical Asia. The
higher strength, low heat build up and better resistance
to wear and flex cracking make natural rubber a suitable
raw material for the manufacture of heavy duty
automobile tyre industry. More than 50,000 rubber-based
products are being manufactured now. The global rubber
cultivation is in about 9.3 million hectares with an annual
production of 8.0 million tonnes (Rubber Statistical
Bulletin, 2004). In India, rubber is cultivated in 5.7 lakh
hectars with an annual production of about 7.1 lakh
tonnes {Rubber Statistical News, 2004). The global
consumption of natural rubber is steadily increasing and
the production has also to be increased so as to meet the
demand. n

The method of propagation of elite planting
material for commercial cultivation is by grafting buds



from selected clones onto seedling stocks. This ensures.

- genetic uniformity of the scion. But root stocks, which
~Nkare derived from cross pollinated seeds, are heterozygous
AP~and hence lead to undesirable stock-scion interactions

Micropropagation

There are several reports on Hevea
micropropagation using different explants, mostly

leading to intra-clonal variations in field performance
(Combe 1975; Seniviratne & Flegmann 1996). The yield
potential of each tree in a plantation is becoming an

AMNportant parameter in order to improve the land use

efficiency. The micropropagation of elite clones with

J. i'theirown root system could reduce intra-clonal variation

N A*due to stock-scion interaction.

Many of the elite Hevea clones are susceptible
to one or a combination of undesirable traits, such as a
physiological disorder called tapping panel dryness,
drought, leaf fall diseases caused by Phytophthora and
Corynespora etc. The crop loss due to these traits is
very heavy. There is an urgent need to introduce resistant
genes into the high yielding clones. The narrow genetic
base of the cultivated clones, long juvenile, highly
heterozygous nature ofthe seed propagated plants, poor
seed set etc. are limitations of crop improvement
programmes through conventional breeding. Genetic
transformation offers a viable approach to overcome the
above problems and for the introduction of specific
agronomically important traits without disrupting their
otherwise desirable genetic constitution.

The recently developed molecular technologies
like RFLP, RAPD. AFLP etc. could be used efficiently
for the development of molecular markers and genetic
analysis in Hevea (Venkatachalam et al., 2004; Birdu
Roy etal., 2004). DNA molecular marker based selection
will help the plant breeder to identify and select the
desired plants at an early stage and hasten the transfer of
desirable genes into cultivars (Mohan et al.* 1997). The
presence of ribosomes and polysomes in the latex of
Hevea laticifers indicates active protein synthesis and
metabolism in these cells (Tupy, 1988). By introducing
suitable genes, the transgenic rubber tree could be used
for the secretion of valuable proteins in its latex serum.

Tissue Culture Approaches

Most of the in vitro culture work in Hevea is
directed towards micropropagation through shoot tip
culture and somatic embryogenesis, and genetic
transformation. Not much work has been done on
development of haploid ortriploid plants. Although, elite
Hevea clones can be propagated easily by bud grafting,
in vitro propagation is highly desirable since true-to-type
plants could be produced without stock-scion interaction,
as observed in bud grafting.

derived from seedlings (Thulaseedharan et ai, 2000).
However, an efficient protocol for large-scale
micropropagation of elite Hevea clones is yet to be
evolved. Paranjothy and Ghandimathi (1976) had
attempted shoot tip (2-3 cms long) culture, derived from
aseptically grown seedlings. Although, these shoots
rooted in liquid MS medium, they failed to grow on solid
medium. Later Enjalric and Carron (1982), using shoots
derived from 1-3 year old greenhouse grown seedlings
as explants, developed rooted plantlets. Thereafter,
plantlets with shoot and root could be successfully
developed by different investigators (Gunatilleke and
Samaranayake 1988; Carron et aL, 1989; Sompong &
Muangkaewngaml992; Seneviratne & Flegmann 199"

The explants derived from elite clones of mature
Hevea trees are highly recalcitrant. Only limited reports
are available on successful micropropagation by using
clonal material oiHevea. The major problem with clonal
material from mature trees is the failure of producing
adequate root system with taproot quality necessary for
tree stability (Carron & Enjalric 1983). Rubber being a
crop predominantly grown under tropical climates, the
presence of bacteria and systemic fungal contamination
in the field-grown mature plant derived explants is also
a major limitation. Studies were therefore focused in
this direction. Effective sterilization techniques for
obtaining contamination free initial explants were
developed (Enjalric et al., 1987; Asokan et alL, 1988).
Physiological stage of the explants was found to have a
significantrole in micropropagation and detailed stud'
were carried out by many researchers. Rejuvenai
explants by micrografting (Perrin et al., 1994) and buds
of nodal explants taken from dormant branches were
found to exhibit better in vitro response (Seneviratne and
Wijisekara 1997; Lardet et al., 1998). Endogenous
hormone levels were identified as markers for explant
rejuvenation by Perrin et ai, (1997). Conditions for an
efficient and reproducible system for in vitro
micrografting for the induction of explant rejuvenation
as well as for the rescue of important difficult to root
plant materials were standardized by Kala etai, (2002).

Extensive studies were carried out at Rubber
Research Institute of India with elite Hevea clones using
shoot tip explants derived from mature trees (Sinha Q
al, 1985; Sobhana et al, 1986; Asokan et al, 1988).
Initially shoots have been regenerated from a few Hevea
clones by Sinha et al, (1985), who failed to obtain



rooting. Asokan et al, (1988) cultured the shoot tips
derived from clonal trees on a medium containing 1.5-
3-0 mg/1 IAA + 0.5-1.5 mg/1 kinetin and reported shoot
and root development. The rooted piantlets offour Hevea
4:lones were successfully transplanted in the field and a
field evaluation programme has been initiated
(Thulaseedharan, 2002). In spite of these efforts over
several years, no technique is available for large-scale
micropropagation at a commercial scale.

Somatic embryogenesis

An efficient plant regeneration pathway through
somatic embryogenesis is highly essential for crop
improvement through transgenic approaches besides
using this as a micropropagation system. Attempts to
develop somatic embryogenesis as an in vitro propagation
technique was started in the 1970s. Since then a number
of studies have been reported. Paranjothy (1974) and
Carron and Enjalric (1982) achieved differentiation of
embryoids from the anther wall derived callus.
Subsequently, shoot development was also achieved
(Paranjothy and Ghandimathi 1975; Paranjothy and
Rohani 1978). Later Wang et oL, (1980, 1984) and Wan
et at, (1982) successfully regenerated Hevea plants
through somatic embryogenesis from anther walls. They
also succeeded intransplanting piantlets into field. Carron
(1981) used inner integument tissue of seeds for somatic
embryogenesis and was successful in plantlet
developmenL However, the frequency of somatic embryo
induction was found to be very low ~ d non-synchronous,
its germination remained very difficult and thus Hevea
embryogenic system needed further investigation (C*arron
eta/.,1995; Linossier et aLy 1997).

Extensive experiments were carried out by
many researchers to enhance the frequency of somatic
embryo induction and plant regeneration. Studies were
conducted to optimize cultural conditions, nutritional and
hormonal requirements during somatic embryogenesis.
The parameters include, the effect of polyamines (El-
Hadrami et al, 1989), hormone balance (Michaux-
Ferriere and Carron 1989), water status of the medium
and explant (Etienne et al.y 1991a), mineral and
carbohydrate nutrition (Etienne etal.* 1991b), interaction
of growth regulators, sucrose and calcium on callus
friability (Montoro et al., 1993, 1995), role of sucrose
and ABA on embryo induction (Veisseier etal., 1994a,b;
Cailloux et alL, 1996; Linossier et fl/.,1997) and
carbohydrate types (Blanc etal.» 2002). Wang and Chen
(1995) made attempts to regenerate piantlets through
somatic embryogenesis from stamen cultures. They
optimized the temperature requirement for callus

induction, somatic embryogenesis and plant regeneration
as 26°C, 24-25°C and 26-27~C respectively and
regeneration frequencies up to 40.5 % was obtained
(Wang et a/.,1998). In spite of all the above studies, the
plant regeneration frequency remains very low and the
technology could not reach into a commercial scale. In
mostofthe above studies inner integument tissue is used
as the explant. It is reported that the calli obtained from
the integuments of immature seeds frequently display
browning (necrosis) leading to tissue degeneration and
a loss of embryogenic competence (Housti et al, 1991,
Veisseier™ ai, 1994b).

Recently, there has been a renewed interest
in Hevea for the development of techniques for plant
regeneration through somatic embryogenesis especially
for use in genetic transformation (Kumari Jayasree et
ai, 1999). Extensive research work has been carried
out at the Rubber Research Institute of India for the past
ten years to develop an efficient plantregeneration system
through somatic embryogenesis for the Indian clones of
Hevea. In order to identify the suitable explant source, a
variety of explants such as leaf, tender shoots,
integumental tissues of immature fruit, immature anther,
immature inflorescence etc. were tried. Attempts were
also made to standardize the optimum growth regulator
concentration and the balance between different growth
regulators, the nutritional requirements and the physical
factors such as lightand temperature for maximum callus
proliferation, embryo induction and subsequent
regeneration of normal and healthy piantlets. As a result
initially immature anthers (before microsporogenesis)
(Kumari Jayasree et al., 1999) and immature
inflorescence (Sushamakumari et al., 2000a) were
identified as the suitable explant source and protocols
were developed for high frequency somatic embryo
induction and plant regeneration for RRH-105, the most
popular Indian clone. Kumari Jayasree etal., (1999), for
the first time, reported the standardized protocol for the
induction of friable embryogenic callus, somatic
embryogeneis and further plant regeneration from the
immature anthers. Optimum callus induction was
obtained in modified MS medium supplemented with 2.0
mg/12,4-D and 0.5 mg/1 KIN. Somatic embryo induction
was found to be better with 0.7 mg/1 KIN and 0.2 mg/1
NAA. Furtherdevelopment ofthe embryos into piantlets
was achieved on a hormone free medium. Cytological
analysis revealed that all the piantlets tested were diploid.
Sushamakumari et al., (20(X)a) perfected a technique for
somatic embryogenesis and plant regeneration using
immature inflorescence as explants. They also studied
the role of sucrose and ABA on embryo induction. A



higher sucrose level was found to be essential for effective
embryo induction as well as maturation. However, lower
level was found to be beneficial for plant regeneration.
Furdier, efforts have been made to enhance the embryo
induction and plant regeneration frequency by the
manipulation of the nutrients and hormonal
combinations. Sushamakumari et al, (1999a) have
attempted induction of multiple shoots on germinating
somatic embryos thereby enhancing the efficiency of
plantlet formation. They could induce an average 3.45
inicro-shoots per explant by manipulation of the levels
ofBA and thidiazuroti inthe medium as well as wounding
of the shoot primordia of the somatic embryos.

Rg. 1. Pathway for plantregeneration through soraadc embryogenesis

Culture conditions and other nutritional
requirements for improving the efficiency of somatic
embryo induction and gemination were investigated by
Kumari Jayasree et al., (2001a). Immature anthers
precultured in liguid medium for 10 days followed by
25 days culture in solid medium was found to promote
callus induction. The embryo induction efficiency was
promoted by supplementing 200 mg/l glutamine and 400
nig/1 casein hydroiysate in embryo induction medium.
Dark incubation favoured callus induction and
proliferation as well as induction of embryogenesis,
whereas plantlet regeneration was found to be light

dependent. A study on the gibberellic acid requirement
on embryo induction and maturation revealed that
incorporation of GAjup to2.0 mg/lincreased the embryo
induction frequency. Germination percentage was also
significantly enhanced by higher concentrations;
however, ftirther plant development was affected by
increasing GA3 levels (Kumari Jayasree and
Thulaseedharan, 2001). A detailed investigation was
done on the response of various cytokinins such as BA,
ZEA, KIN and thidiazuron (TDZ) on germination of
somatic embryos derived from immature anther explants.
TDZ was proved to be superior to BA and ZEA while
KIN showed the least response. Maximum germination
(80%) and plantlet development (82%) was obtained
when the medium was supplemented with TDZ (Kumari
Jayasree et al., 2001 b). An isozyme study revealed a
clear difference between embryogenic and
nonembryogenic callus as well as for different stages o
embryogenesis, and markers could be developed (Asokan
etal., 2001)). Repetitive embryogenesis was also induced
from primary somatic embryos derived from
integumental tissue. Somatic embryos cultured on B-5
medium supplemented with 0.5 mg/I NAA, 2.0 mg/l KIN,
0.5 mg/l IAA and 4.0 mg/l 2,4-D enhanced repetitive
embryogenesis and 5% sucrose was found to be optimum
(Asokan etal, 2002). Methods were also standardized
for the maintenance of embryogenic cultures for over
three years for retaining the embryo induction and plant
regeneration potential (Kumari Jayasree and
Thulaseedharan, 2004). Recently attempts were also
made for the induction of callus and somatic
embryogenesis using leaf and ovule as explants. Good
callus induction and high frequency somatic
embryogenesis were obtained. A few plantlets were also _
obtained and attempts are going on to obtain higl
frequency plant regeneration (Kala et al; Jayashree et
al. personal communication).

Several in vitro plants have been raised through
somatic embryogenesis from immature anther as well as
immature inflorescence of the Hevea clone RRI1-105.
Morphologically all these plants were unifomi. The
preliminary molecular analysis carried out with these
plants also revealed genetic uniformity. These plantlets
could be hardened, established in soil and large-scale
field trials have been initiated to characterize their
agronomic qualities (Thulaseedharan, 2002). Carron et
al., (20Qv) have also studied the field performance of
the in vitro plants and found clearly better growth for the
in vitro plants compared with the seedling control, and
the annual increment was consistently higher giving an
increasing gap between two treatments. The invitrotrees



also had a higher degree of trunk base conicity resulting
in 34% more trunk biomass in the tappable zone.

Genetic transformation

Genetic improvement of tree species by
conventional methods is a rather slow and difficult
process. The recent developments in recombinant DNA
and in vitro plant regeneration techniques could provide
a direct route for the introduction of specific genes
controlling agronomic traits into crop plants. The transfer
of selected genes in a single generation by genetic
transformation is especially interesting for the species
H. brasiliensis, since its improvement is limited by long
breeding cycles and high levels of heterozygosity. The
major objective of Hevea genetic transformation in
different laboratories are (a) improvement of agronomic
traits of elite Hevea clones and (b) production of
pharmaceuticals and other valuable recombinant proteins
in the transgenic rubber tree. In the improvement of
agronomic traits, the underlying direction is towards
development of transgenic rubber tree with increased
rubber biosynthesis and timber volume, resistance to
diseases, various abiotic stresses etc. (Thulaseedharan,
2002; Yeang 2004). Arokiaraj et al, (1994, 1996)
developed transgenic plants with the marker genes coding
for b-glucuronidase and neomycin phosphotransferase
(KPT-I11) using microprojectile bombardment as well as
Agrobacterium methods. They observed GUS expression
in the leaves and latex of transgenic plants (Arokiaraj et
aj.. 1998). Transgenic plants integrated with the cDNA
coding for human serum albumin and for a single chain
variable fragment antibody (ScFv4715) against the coat
protein ofan oral dental bacterium, Streptoccocus sanguis
under the control of CaMV 35S promoter have been
developed, to explore the possibility of producing the
recombinant proteins in the latex. Analysis of the
recombinant proteins at different growth stages of the
transgenic plants indicated an increasing trend in the
concentration of the recombinant proteins in the latex as
the plants aged (Arokiaraj etal., 2002). A main problem
faced by the earlier woricers for the rapid progress in
Hevea genetic transformation work was the lack of an
efficient system for the development o ftransgenic plants,
particularly a plant regeneration system for the most
desired genotypes containing the transgene (Arokiaraj
etal, 2004).

After developing efficient plant regeneration
protocols through somatic embryogenesis. Rubber
Research Institute of India has started active research in
the development of transgenic plants integrated with
genes for desired agronomic traits. Very efficient

tnc

Agrobacterium mediated genetic transformation system
as well as methods for high frequency transgenic plant
regeneration have been developed (Jayashree et al., 2000.
2003; Sobha etal., 2003a). Initial focus was to develop
transgenic plants tolerant to abiotic stresses like elevated
temperature and light, drought and tapping panel dryness.
With the above objectives four genes, namely the genes
coding for sorbitol-s-phosphate dehydrogenase,
isopentenyl transferase, superoixde dismutase and
antisense sequence for ACC synthase were identified,
and genetic transformation experiments carried out. The
callus transformed with the foreign genes were selected
over the antibiotic Kanamycin and somatic
embryogenesis technique was followed for further
transgenic plant regeneration (Thulaseedharan, 2002;
Kala et al, 2003). Transgenic plantlets integrated with
the superoxide dismutase gene under the control of
different promoters such as CaMV 35S promoter and
FMYV 34S were developed separately from different cell
lines obtained through independent transformation
events. The stable integration and copy number of the
transgene were confirmed through molecular analysis
(Jayashree et al, 2000, 2003; Sobha et al., 2003a). The
preliminary biochemical studies conducted with
superoxide dismutase transformed callus cultures
revealed over expression of superoxide dismutase and
related enzymes such as catalase and peroxidase (Sobha
etal., 2003b).

Fig.2. Pathway for ~ development of transgenic Hn'fa plants



Development of haploids and triploids

Production of homozygous doubled haploids via
anther/microspore culture would offer new possibilities
for genetic studies and breeding, especially in perennial
tree species which are characterized by a long
reproductive cycle, with many years of juvenile phase
and a high degree of heterozygosity. However, in vitro
approaches to induce haploids in Hevea have had only
limited success in comparison with other plant species
(Seneviratne et al., 1996). Satchuthananthavale and
Irugalbandra, (1972) cultured Hevea anthers for the first
time, with the aim of obtaining haploid plants. Later,
Satchuthananthavale, (1973), Gandimathi and
Paranjothy, (1975) induced callus from anther tissues.
Chenetal, (1979), however, first reported the production
of pollen planilets in Hevea. Since then, reports on
haplogenesis in Hevea by several investigators have been
published from China and anther derived plantlets have
been established in field (Chen, 1984). Guo etal., (1982)
produced two plantlets from unpollinated ovules of
Hevea. The ploidy level of these plantlets was not
reported. Shijie et al., (1990) developed pollen plants
through anther culture from 13 clones, transplanted and
established in the field. Das etal., (1994) induced callus
from anthers of several clones on medium with 6 %
sucrose. Although, the above investigators named the
plantlets they developed as pollen plantlets, most of them
used only mature anther as explants. It is reported that,
the pollen derived calli would selectively proliferate,
suppressing the anther wall derived callus, 3-4 weeks
after culture in a medium containing high sucrose levels
(Carron et al., 1989). Haploid calli from pollen culture
could be obtained for the Hevea clone RRU 105 by the
recent efforts made at RRII (Jayashree et al, personal
communication). Similarly methods were also
standardized for callus induction, somatic embryogenesis
and triploid plant regeneration from the endosperm
cultures of Hevea (Rekha etal. personal communication).

Protoplast Culture

Protoplast culture technology applied to Hevea has
the advantage that both closely related and distant
genotypes can be hybridized, thereby avoiding the
barriers of conventional breeding. Only limited reports
are available on Hevea protoplast isolation and culture.
Cailloux and Lleras, (1979) isolated protoplasts from
young leaves and stem. They cultured the protoplasts in
liguid medium containing PEG for fusion and obtained
a fusion-index of 10-15%. However, no division was
observed. Rohani and Paranjothy, (1980) attempted
isolation of protoplasts from a variety of Hevea tissues

and found both young shoots and suspension cultures of
anther-derived calli as the most promising sources.
Cazaux and d’Auzac, (1994) obtained microcalli for the
first time firom protoplasts of friable embryogenic callus.
Extensive studies have been carried out by
Sushamakumari etal, (1999b; 2(X)0) at RRII to identify
the suitable explant source for the isolation of viable
protoplasts and to optimize the culture conditions for
plant regeneration. Embryogenic cell suspension was
found to be the ideal explant source (Sushamakumari et
al., 1999b). Good microcoloiy formation was observed
with lolium cell suspension culture as a nurse culture
and god plant regeneration was obtained (Sushamakumari
etal, 2000b).

In vitro fertilisation and plant recovery

In Hevea, the major constraints in conventional
breeding programme are low fruit set, seasonal flowerin”
and lack of synchrony in flowering among clones. The
brief and periodic nature of flowering impedes the
progress of pollination programmes. The inaccessibility
of flowers makes the programme labour intensive and
limits the number of crosses that could be performed in
a season. In this context, extensive work has been carried
out and the conditions for effective in vitro pollination
and in vitro fertilization were standardized. The system
could be further utilized for interspecific and intergeneric
hybridization, genetic transformation and induction of
haploid plants (Rekha et al, 2002).

Molecular studies

Although the past three decades witnessed
tremendous advancement towards understanding the
molecular mechanism of plant growth and developmen
most of these studies were carried out in annuals and
studies in the tree species are very limited
(Thulaseedharan etal, 2000). In Hevea extensive studies
have been carried out on the physiological and
biochemical understanding of rubber biosynthesis
(d’Auzac, 1989), but not much has been done at the
molecular level. Recently tem pts have been initiated
at different laboratories in the characterization of rubber
biosynthesis genes, latex allergens, to understand the
laticifer specific gene expression and molecular
mechanism of disease tolerance. Another area in which
research is currently focused is in the characterization
of laticifer specific promoters and on the possible use of
Hevea laticifer system for producing recombinant
proteins of therapeutic and nutritional value (Arokiaraj
et al.., 2004).



Laticiferous specific gene expression and
charactenzation of rubber biosynthesis genes.

Since latex could be readily obtained in large
quantities, it provides an opportunity to investigate the
biochemical properties of a single specialized cell type
(Kusheta/., 1990). Developmentof simple but efficient
protocols for the isolation of translatable mMRNA from
the latex has made gene expression studies easier in the
laticifer system (Venkatachalam et ai, 1999). The
expression levels of various genes present in the laticifer
system have been shown to be markedly different from
those of leaves. Laticifer RNA is [Oto 100 fold enriched
in transcripts encoding the enzymes involved in rubber
biosynthesis. The PR proteins also showed a 10-50 fold
higher expression in laticifers than in leaves (Kush et
al, 1990, Chye etal. 1995). The cloning and analysis
of genes/cDNAs for enzymes involved in the rubber
biosynthesis is more recent compared to the long history
ofbiochemical understanding. One of the first genes to
be cloned in this pathway from Hevea is 3-hydroxy-3-
methyl glutaryl co-enzyme A reductase (HMGR). Three
forms of HMGR namely hmgr |, hmgr 2 and hmgr 3
were identified, where the transcripts level differed in
their tissue specificity (Chye et al, 1992). The cloning
of the cDNA encoding the complete protein of rubber
elongation factor involved in the polymerization of
isoprene units was also done earlier (Goyvaerts et ai.,
1991; Attanayaka et al., 1991). The other recently
characterized genes in this pathway are, farnasyl
diphosphate (FDP) synthase (Adiwilagaand Kush, 1996).
small rubber particle protein (SRPP) (Oh et ai, 1999).
isopentenyl disphosphate (IDP) isomerase (Oh et al,
2000), 3-hydroxy-3-methyiglutaryl coenzyme A (HMG
Co A) synthase (Suwanmanee et al, 2002; 2004) and
cis-prenyl transferase (Asawatreratnaakul et al, 2003).
Chow et al, (2003) isolated unique cDNAs encoding
the rubber biosynthesis stimulator protein (RBSP) which
was previously identified as the eukaryotic translation
initiation factor elFSA, a protein having significant role
in the regulation of latex biosynthesis. A cDNA clone
encoding geranylgeranyl diphosphate synthase was
characterized, and its role in rubber biosynthesis
examined (Takaya et al., 2003). Another important
protein characterized from the latex at the biochemical
and molecular level is hevein a single chain chitin binding
protein which plays acrucial role in wound sealing after
tapping, protection of wounded sites from fungal attack
and also is a major latex allergen (Broeakaertetal, 1990;
Parijs, 1991). Hevea latex contains hundreds of proteins
and several of them cause allergenic reactions in
sensitized persons, particularly health care workers who

routinely wear latex gloves. Thirteen proteins were
currently recognized as latex allergens out of which 7
are considered major latex allergens (Yeang, 2004). Latex
cDNA libraries have been constructed by Han et al,
(2000) to investigate the genes expressed in the latex.
Analysis of more than 20,000 cDNA-AFLP based
transcription derived fragments (TDF) and 1176 ESTs
revealed that, seven gene families, accounted for more
than 51 % of the latex transcriptome. Among them, two
of the most abundant ESTs were the genes encoding the
rubber particle proteins, REF and SRPP, comprising 29%
of the total ESTs (Ko et al, 2003). The partial promoter
sequences of certain genes which are overexpressed in
the laticiferous cells such as hevein (Pujade-Renand et
al, 2003), p-1,3-glucanase (Thanseem, 2004) and REF
(Priya et al, persona! communication) were isolated.
After characterization, these promoters could be used
for the over expression of recombinant proteins in the
latex vessels.

Molecular markers and gene mapping

Conventional genetic analysis in Hevea is difficult
because of its perennial nature, long breeding and
selection cycles and difficulties in raising F2 progenies.
Genetic linkage maps were developed for many annual
crops in the late 1980°s and information from such maps
were used for breeding purpose (Helent-Jaris etal, 1985;
Bernatzky and Tanksley, 1986). However, these
molecular techniques were used in Hevea only very
recently. With the advent of PCR technology in the
nineties, there has been a remarkable progress in the
development of potential molecular markers, based on
RFLP, RAPD, AFLP, micro-satellites etc. for the
characterization of plant genome. Available reports on
Hevea describes the successful application of RFLP or
RAPD markers for the assessment of genetic variability
in cultivated clones and wild accessions (Besse et al,
1994), clonal identification and evaluation of genetic
diversity in popular clones using RAPDs (Varghese et
al, 1997; Venkatachalam et al, 2002), estimation of
phylogenetic relationships from mitochondrial DNA
RFLPs (Luo et al., 1995) and identification of markers
for mildew resistance genes (Shoucai etal., 1994). DNA
markers for lapping panel dryness (TPD) tolerance
(Thulaseedharan etal, 1997) and dwarfgenome specific
marker (Venkatachalam etal, 2004) were also developed
through RAPD. Lespinasse et al.y (2000) constructed a
genetic linkage map oi Hevea using different molecular
markers. Low et al., (1996)'detected microsatellites for
the first time in Hevea through the analysis of Hevea
sequences available in the database. Microsatellites were
also used fov the diversity analysis of wild germplasm



and cultivated clones of Hevea (Lekawipat et ol., 2003).
Several microsatellites having different types of repeat
motifs comprising dinucleotides, trinucleotides,
'lo. ..tetranucleotides etc. were characterized from Hevea
iB="-'(Bindu Roy et aL” 2004). A combination of four
PP~'microsateliite markers were successfully used to
r discriminate Hevea clones and clone specific allelic
profiles were generated by Sahaeta/., (2004). The recent
sequence analysis of the repeat region at the .3UTR of
the HMGR containing clusters of AG repeals revealed
the existence of two alleles based on the repeat length
r.AApolymorphism. More studies in this direction would
‘significantly contribute to the understanding of the
regulation of gene expression in laticiferous cells (Saha
etaLIOOA).

Biotic and abiotic stresses

Although, crop loss due to tapping panel dryness,
a serious physiological disorder at the tapping panel and
other diseases are very heavy, attempts to control these
problems through molecular intervention started only
very recently. DNA markers conferring tolerance to TPD
were developed through RAPD (Thulaseedharan et ai,
1997). A decreased level of trans-zeatin riboside and SOD
with increased free radicals were reported in the bark of
TPD affected plants (Krishnakumar ei ai, 1997; Das et
al, 1998). Therefore, a high level of SOD in the bark
and latex could counteract the action of free radicals
effectively, providing protection against TPD.
Transgenic Hevea plants integrated with SOD gene were
developed to explore the above possibility (Sobha etal.,
2003b; Jayashree et al., 2003). A preliminary RAPD
analysis conducted recently shows that, the genetic
distance between the stock and scion of TPD susceptible
plants are more than that of tolerant ones (Sobhana et
al., 2004). Chen et al.* (2003) identified a Myb
transcription factor gene from the bark of Hevea trees
and studied its association with TPD syndrome. Myb
gene isexpressed in leaves, bark and latex of rubber trees
but its expression is significantly decreased in the bark
of TPD trees. In order to characterize more genes linked
to the TPD incidence, two subtracted cDNA libraries
were constructed at RRII. From the subtracted cDNA
library of healthy trees, 3 novel sequences and from TPD
specific cDNA library 25 novel sequences were
identified. The stress related cDNAs were highly
abundant inthe cDNA library of TPD affected trees. The
preliminary northern analysis revealed a lower expression
for a Myb transcription factor gene and a translationally
controlled tumour protein (TCTP) (Venkatachalam et al.,
personal communication).

Severity of various diseases in different rubber
growing regions is highly dependent on the virulence of
the pathotypes. Molecular marker technologies were used
to characterize various isolates. Genetic variability
studies of several fungal isolates using RAPD and rDNA
analysis were carried out and putative markers for
virulence identified for Corynespora cassiicola, (Saha
etal., 2000; Atan and Hamid, 2003) and Colletotrichum
acutatiim (Sahaetal., 2002). Characterization of various
Phytophthora isolates infecting rubber using rDNA
RFLP was also attempted (Philip et ai, 2004)

Shoucai etai., (1994) characterized DN A markers
conferring tolerance to powdery mildew through RAPD.
A single chain chtlin binding protein, ‘hevein’ with
antifungal activity have been characterized (Parijs etai,
1990) and the cDNA been cloned from latex (Broeakaert
et ai, 1990). Hevamine, an enzyme with chitinase/
lysozyme activity, which is important for plant defense
against pathogenic fungi and bacteria, was purified fro
lutoid bodies (Jekel e/a/., 1991). The cDNA sequenCw.,
of hevamine was isolated (Bokma et al.. 2001) and the
active sites of the enzyme were determined (Bokma et
ai, 2002). The expression of the a-1,3 glucanase, a PR
protein involved in the control of many pathogenic fungi
has been studied (Kush etai, 1990; Philip etai, 2002,
Thanseem and Thulaseedharan, 2004). The cDNA clone
for a-1,3-glucanase has been isolated from latex cDNA
library and the northern hybridization showed
constitutive expression in the laticifers (Chye and Cheng,
1995). AcDNA coding fora pathogen induced isoform
of a-1,3-glucanase was characterized from Hevea clone
RRII 105 and its role in tolerance to abnormal leaT fall
disease was stuUu-d in detail (Thanseem, 2004). It was
found that this anti-fungal gene was differentially
expressed at the time of pathogen infection in different
clones of rubber. Although, the induction of this gei
has occurred in both tolerant and susceptible clones, tli®
timing and magnitude of induction were different. In
tolerant clones very high induction has occurred. The
high, rapid and prolonged induction of this protein may
be a factor that determines the tolerance/susceptibility
to the disease (Thanseem et ai, 2004). This is more
important in the case of abnormal leaf fall, as the
causative organism belongs to the class of Oomycetes
which lack chitin in their cell walls.

Conclusion and Future Prospects

The recentadvances in cell culture and recombinant
DNA techniques have tremendous application for crop
improvement in Hevea. Development of protocols for
micropropagation will greatly facilitate production oftrue-
to-type elite planting materials eliminating stock-scion



inieraction leading to intraclona! variations in field
performance. The recently developed protocols for high
frequency somatic embr*ogenesis and plant regeneration
have opened up new avenues for mass propagation besides
using as a tool for genetic transformation. After evaluation
of the agronomic qualities of the plants regenerated
through somatic embr>ogenesis, over years, if found
superior to the bud grafted ones, commercial planting
could be effected. In He\ea, increased growth and vigour
have already been reported for plants regenerated through
tissue culture (Carron etal, 1995; 2000). Even a very small
increment in yield per tapping will be of great attribute to
atree crop like Hevea with an economic life span of about
30 years.

Breeding for high latex yield with increased limber
volume is one of the priority areas of rubber research
now. Many of the genes involved in the rubber
biosynthesis pathway have been cloned and
characterised. Efforts are already going on to achieve
increased latex and limber yield through transgenic
approaches. In future, efforts are also to be directed for
integrating drought and disease resistance genes
including TPD tolerance to high yielding clones. The
molecular marker assisted selection in Hevea is still at
the preliminary stage. Further efforts are to be made in
this direction. The development of haploid and triploid
plants, in vitro fertilization techniques, the advances in
DNA marker assisted selection and genetic
transformation approaches would complement the
conventional breeding efforts by increasing the diversity
of genes for incorporation and also shortens the lime
required for the development of new varieties. The
laticiferous cells contain all the essential cytoplasmic
components required for the biosynthesis of proteins and
secondary products. At present only the rubber particles
are exploited from latex. There is enormous potential to
produce novel recombinant proteins, carbohydrates,
vaccines and other valuable compounds in the laticiferous
system by genetic manipulation of Hevea plants with
appropriate genes. The over expression could be very
well achieved by modifying the genes with laticferous
specific promoters. Attempts have already been initiated
in this direction.
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