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genetically modified rubber trees 

Pascal Montoro 

Abstract 

The development of genetic engineering in Hevea is designed to speed up the breeding process for 

traits that are essential to the sustainable production of natural rubber. By using cisgenesis, rather 

than the transgenesis generally used for commercial varieties resistant to herbicides and insect pests, 

researchers are seeking to regulate genes already present in Hevea in order to improve the best 

recommended clones. Faced with the concerns of the natural rubber supply chain regarding the 

dissemination of transgenes via pollen and the use of genes responsible for antibiotic tolerance, 

research has been launched to find solutions. The first work set out to target genetic modifications 

outside the reproductive organs, or to induce rubber tree sterility to prevent dissemination via 

pollen. The second involved a genetic modification method using a selection process other than by 

the antibiotics needed to identify genetically modified cells. Lastly, with cisgenesis it is possible, 

among other things, to activate natural defences in the rubber tree or plug some potential 

deficiencies of certain clones with supernumerary genes taken from Hevea. In order to improve a 

complex trait such as natural rubber production, research is focused on modifying regulation factors 

coordinating a set of genes. Thus, a whole metabolic pathway, such as rubber biosynthesis, could be 

modified by controlling a single gene or just a few genes. In most countries, the remit of public 

research organizations includes studies on the phenomena linked to GMO use. Armed with research 

on gene flows, gene regulation network modelling and gene transfer techniques, studies could be 

conducted to evaluate the risks and potential advantages of genetically modified rubber trees that 

are giving concern to the natural rubber supply chain. These studies should help the public 

authorities decide what applications should be accorded to biotechnologies. 

Article 

Genetic engineering has been developed in Hevea in order to speed up the breeding process for 

traits essential to sustainable natural rubber production. Conventional breeding crossing elite 

parents leads to a genetic mix that generates variability in the performance of individuals within the 

same progeny. Molecular selection techniques can be used to identify an individual, or individuals, 

bearing the required agronomic traits, but the genomic disruptions introduced necessitate an 

assessment of numerous descendants during a selection process, in order to be sure that the new 

genetic combination is suitable under the desired eco-climatic conditions. These approaches, which 

are applied with annual species, remain difficult, lengthy and costly in species with a long biological 

cycle. For Hevea, creating a segregating population is limited by the poor success of hand pollination. 

In addition, it usually takes 20 to 25 years before a new clone/cultivar can be recommended. In this 

context, gene transfer methods would make it possible to modify the target trait without disrupting 

the other traits of a selected clone. Such modifications do not bring into play actual transgenesis, 

with the introduction of a gene from another organism, but cisgenesis, for which only the expression 

of an existing gene is modulated. However, epigenetic variations, resulting from stress and in vitro 

culture, have an impact on the quality of the planting material produced, making an assessment of 

the transgenic material necessary. To date, three research teams have published articles on the 
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production of genetically modified rubber trees; these are, in chronological order: Malaysia, India 

and France (Arokiaraj et al. 1996; Blanc et al. 2006; Jayashree et al. 2003). The study target in Hevea 

is mainly improved tolerance of abiotic stress (cold, drought, tapping, etc.) to control Tapping Panel 

Dryness. The production of recombinant proteins of medium added value, such as human albumin 

serum, is also a target for the creation of new Hevea products (Arokiaraj 2000). Natural rubber 

production is a complex agronomic trait involving numerous genes. Research work is no longer 

geared towards a single gene or just a few genes linked to a given metabolic pathway, but towards 

regulation factors that ensure upstream coordination of the set of genes in a biological process 

(Arokiaraj and Jones 2001; Chen et al. 2003; Duan et al. 2010; Peng et al. 2009; Zhu et al. 2006). 

For more than a decade, the emergence of genetically modified organisms (GMO) has raised new 

ethical, commercial and scientific issues within civil society and among politicians. The article by Jim 

Smith in Tire Review Magazine on 20 April 2011 reported on and detailed these concerns in the 

natural rubber supply chain (Smith 2011). Indeed, such issues are on the agenda for rubber growing 

and natural rubber production because genetic engineering techniques are operational for Hevea. 

The progress achieved in the 2000s heralds future genetic engineering applications in Hevea. 

Alongside these studies, scientists are also preparing to respond to the concerns of the natural 

rubber supply chain, such as hybridization between transgenic and non-transgenic rubber trees, or 

the contamination of rubber tree by-products. As rubber is not a foodstuff, genetic modification of 

Hevea did not seem to raise any particular fears at the outset. However, the consumption of honey 

produced from rubber tree flowers, and the consumption of seeds by cattle raises a problem for 

farmers in some countries, such as India. In addition to these rubber tree by-products, the dispersal 

of transgenic pollen is a source of transgene flows towards non-transgenic clones. 

The first reaction of researchers was to make sure that genetically modified rubber trees could be 

produced without using antibiotic resistance genes. Transferring such antibiotic resistance genes 

from a plant to another organism, such as humans, would make the latter resistant to antibiotics, 

which would no longer be effective in fighting certain diseases. Although no proof has been 

demonstrated of such a transfer, it has been shown in Hevea that this risk can easily be avoided by a 

technique that by-passes the need to use antibiotic resistance genes (Leclercq et al. 2010). 

The second reaction was to target the transgene product in a single organ or tissue, to prevent the 

presence of the transgene product in pollen. This was particularly important for the production of Bt 

type insecticide proteins, which could be toxic for bees. Such targeting is achieved by a transgene 

expression regulator known as a promoter. For instance, the promoter of the gene encoding hevein, 

an agglutinin responsible for the coagulation of rubber particles in laticifer cells, has been used with 

success in Hevea (Montoro et al. 2008). Although rubber trees have a low fruiting rate, the solution 

envisaged to prevent any dissemination of transgenes to non-transgenic rubber crops is the 

production of sterile trees. As rubber trees are propagated by budding on seedling rootstocks, 

targeting a cytotoxic gene in the flowers ought to prevent flowering and pollen production. This 

technique is being studied in other woody species such as poplar (Wei et al. 2006). To overcome leaf 

diseases, crown-budding is also used to graft canopy of resistant clones. Such technique can be easily 

carried out to graft crown of non-transgenic material to generate budded clone with only transgenic 

trunk. 
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A third public concern often arises from the fact that transgenes come from other organisms. This is 

the case for so-called Bt crops resistant to insects or tolerant of insecticides. For example, the Bt 

transgene encoding a toxin for insect larvae was originally isolated from the bacterium Bacillus 

thuringiensis. Research on the physiology and molecular biology of rubber trees is opening up much 

vaster prospects. The idea is not to use transgenes from other organisms, but to activate or 

deactivate certain functions specific to Hevea. This method, which does not use any foreign genes, is 

called cisgenesis, as opposed to transgenesis. These new-generation GMOs can be used, among 

other things, to activate the natural defences of rubber trees or plug potential deficiencies in some 

clones. For example, controlling oxidative stress generated by various types of abiotic stress, 

including rubber tree exploitation stress (tapping and ethephon stimulation) is currently being 

investigated by Indian and French teams (Leclercq et al. Submitted; Sobha et al. 2003). For instance, 

activating the rubber tree antioxidant system leads to better growth and tolerance of a water deficit 

in juvenile plants (Leclercq et al. Submitted). In order to gain a clearer understanding of how such 

modifications affect trees, field trials have been announced by the Indian team (India 2010 ; Jacob 

2011; Kumar 2010). 

To conclude, researchers possess tools for improving Hevea clones by genetic engineering. 

Awareness of public concerns has led to work intended to limit the risks associated with the 

dissemination of genetically modified rubber trees. Inhibiting flowering, by-passing the use of 

antibiotic resistance genes and developing cisgenesis are some of the solutions proposed. However, 

with the emergence of genetically modified rubber clones, it will be necessary to overcome public 

fears in order to launch field trials with genetically modified rubber trees, whilst respecting national 

regulations, and to obtain the funding needed for biotechnology research. The time needed to assess 

these genetically modified clones will be similar to that for traditional clones. Thus, long-term 

investments will be required without any guarantee of returns on that investment, due to the fact 

that Hevea clones are propagated by budding, which does not guarantee any control over the 

planting material. If these constraints are removed, the first recommendations for genetically 

modified rubber tree clones could be made, in the best of cases, in the 2020s and thus, along with 

the progress made in conventional rubber tree breeding, respond to the increased demand for 

natural rubber. 
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