Better Bananas with Biotechnology?


By James Brown





This article was commissioned by Banana Link in the hope that it will generate a debate amongst our readers about genetically modified bananas. You are encouraged to react.





Every banana you buy has survived an onslaught of pests and parasites. From the roots, attacked by nematode worms, to the leaves, devastated by fungal diseases, banana plants are vulnerable to many diseases. 





Nowadays, it's unusual for a crop plant to be threatened by so many diseases of such destructive power. Breeders have had great success in developing varieties of many plants with good disease resistance. They have done this by crossing different varieties of a crop, then selecting progeny plants which combine good resistance with superior yield, quality and performance in the field. It's rare for a plant breeder to be able to combine resistance to all diseases. In Britain, for instance, of two of the most popular wheat varieties, Clare is resistant to leaf blotch but susceptible to mildew, while Consort is the opposite. However, the fact that British farmers currently grow about twenty wheat varieties, not just these two, means that it's unlikely that the entire British wheat crop will fall victim to a single disease.





By contrast, the simple method of crossing and selection has made very little progress in bananas. The reason is simple: flowers of the cultivated banana, Musa acuminata, are sterile and don't produce seed, so cross-pollination isn't possible. Instead, new banana varieties have been developed by selecting superior types from local varieties, natural populations and even specimens in botanical gardens. Some progress has also been made by making hybrids of different Musa species and by using genetic mutations of existing varieties of M. acuminata [1].





The very fact that breeders haven't been able to develop a wide range of different varieties of banana is an important reason why many diseases are so damaging. Superior varieties have been propagated world-wide, either by division of offshoots or, nowadays, by tissue culture. Until the 1930s, almost every banana sold in international trade was of the Gros Michel clone. This variety became heavily attacked by a fungus, Fusarium oxysporum variety cubense, which causes Panama disease. As members of a single clone, all plants of Gros Michel were genetically almost identical to one another and therefore equally susceptible to Panama disease.





As a result of the outbreak of Panama disease, Gros Michel was replaced as the main export banana by a different clone, Cavendish. This shared many of the desirable characteristics of Gros Michel, notably its suitability for long-distance transport. Unfortunately, it later became evident that Cavendish is susceptible to two closely related diseases, yellow Sigatoka and the even more devastating black Sigatoka, both caused by fungi in the genus Mycosphaerella. As with Panama disease in Gros Michel, the genetic uniformity of Cavendish has meant that the Sigatoka diseases have spread rapidly, from one plant to another within plantations and from one plantation to another.





So it isn't surprising that the biotech industry sees golden opportunities in bananas. Although progress hasn't been nearly so rapid with bananas as with tomatoes, soya, maize or cotton, biotechnology holds out the promise of real benefits to banana growers, consumers and the environment. In fact, it's much the most promising way of developing new varieties of banana, because genes can be transferred between banana varieties, from other Musa species or even from other plant families, using methods that are now standard biological practice [1].





Disease resistance is a key target. At present, the nematode parasite Radopholus similis is controlled partly by rigorous hygiene of new planting stock, but also by application of nematicidal chemicals. These are toxic substances, being closely related to insecticides (many are used for both purposes), and can cause neurological diseases in farm workers if applied incorrectly. Also, they kill invertebrate animals in the soil indiscriminately. One nematicide, methyl bromide, is now banned in many countries because it makes a significant contribution to the greenhouse effect. Black Sigatoka is controlled by repeated sprays of fungicides, as often as once every three days at certain times of the year.





These two important diseases could be controlled by using biotechnology. Genetically modified (GM) bananas could produce anti-nematode proteins and lectins in the roots and anti-fungal proteins in the leaves. Plants with high levels of anti-fungal proteins may have resistance to Panama disease as well as the Sigatoka diseases. Resistance to nematodes and fungi is being studied at the Catholic University of Leuven, in Belgium [2,3]. The company AstraZeneca also considers black Sigatoka to be one of its main targets in its work on banana [4]. The resulting reduction in usage of agrochemicals would have obvious benefits to banana growers and plantation workers, but also to the environment, because only nematodes and fungi infecting the banana plant would be killed, leaving wildlife in the general environment unaffected. There may also be benefits to consumers, because there will be fewer toxin residues on banana fruit.





At present, the details of the work are confidential, as is normal with scientific research at an early stage, and one can only speculate about the details. However, in other crops, AstraZeneca is aiming to improve resistance to fungi by increasing the production of proteins that are expressed naturally by that same plant. Possible routes to improving nematode resistance are to transfer genes which control nematodes from other plants, such as species in the lily family. 





In fact, with the tools available at present, resistance to higher organisms, such as nematodes and fungi, is relatively difficult to achieve. Two significant viral diseases are as those caused by banana bunchy top virus, the major viral disease worldwide, and banana bract mosaic virus, which is becoming important in south-east Asia. Resistance to these may be developed sooner than to nematodes and fungi, as several effective ways of genetically engineering plants to be resistant to viruses are now available. This is an important research goal at Leuven University [3] and at Queensland University of Technology, in Australia [5].





Disease isn't the only problem with bananas, however. The main reason why the range of banana varieties grown for the export trade is so limited is because few varieties can be kept for several weeks and transported several thousand miles while still remaining edible. If ripening could be delayed, other varieties could be grown commercially, including those with better disease resistance. In addition, a wider range of banana varieties, including some with better flavour than Cavendish, could be made available to consumers. At least two companies, AstraZeneca and DNAP, hope to develop bananas with delayed ripening [4].





Finally, biotechnology could be used to make high-value products in bananas. For example, bananas are an ideal vehicle for oral vaccines, as they are eaten raw, so the vaccine won't be destroyed by cooking. This is being investigated by the Boyce Thompson Institute at Cornell University, USA [6].





To summarise, the potential benefits of GM bananas are:





Reduced expenditure on hazardous chemicals to control diseases.


Reduced damage to the environment from the heavy use of toxic chemicals to control nematodes.


Greater profits for farmers through improved control of fungal, nematode and viral diseases.


Increased diversity of banana varieties, which in itself should help to control disease.


Increased consumer choice through the available of more varieties of banana in the export trade.


The possibility of using bananas to produce high-value goods such as oral vaccines.





Given all these benefits, is there any downside to banana biotechnology? I believe that there are two potential problems. However, they are not the two which have caused widespread concern to the public in relation to GM crops in general, namely food safety and environmental protection.





There is no good evidence at all that, in itself, GM technology harms the safety of food. The widely-reported experiments by Professor Arpad Pusztai were so poorly designed that it is simply impossible to draw any conclusions from them one way or the other, not least because rats become ill when fed raw potatoes of any kind, GM or not. The other experiment which has caused public anguish is one in which soyabeans became allergenic when transformed to express a protein from brazil nuts. Since the brazil nut protein was previously known to be allergenic, this experiment certainly doesn't imply that genetic modification in general causes food to become allergenic. In fact, this is an important result for a different reason. The allergenicity of a protein depends on its three-dimensional structure. The fact that the brazil nut protein remained allergenic when expressed in soyabean implies that other proteins which depend for their effect on their 3D structure, such as oral vaccines, should also retain their useful properties when expressed in different plants.





The main concern regarding the environment is that genes for such traits as resistance to herbicides or to insects will escape into the local flora, so damaging the natural environment. These are genuine issues which scientists involved in biotechnology take very seriously, and the process of regulation of planting GM crops is intended to minimise or even eliminate the dispersal of these genes. However, since banana plants don't produce pollen, being sterile, the question of dispersal into the environment of genes in GM banana doesn't arise.





The first of the two issues which I believe should cause genuine concern relates to the risk of unexpected diseases from a lack of diversity in banana crops. The current trend is for rather few genes to be used to tackle any one problem. For instance, just one gene is used for herbicide resistance in all the Roundup Ready(tm) varieties of different crop species developed by Monsanto. Such widespread use of a single gene incurs a risk of  unexpected side-effects, in that such a gene may make plants susceptible to a disease that was previously unimportant [7]. By their very nature, it is impossible to predict which diseases, if any, might become more damaging as a result of reduced biodiversity. However, the risk is genuine. The most spectacular instance of a disease outbreak as an unexpected side-effect of the widespread use of new genetic material dates from long before the days of GM crops. In the late 1960s, almost all maize varieties in the U.S.A. contained Texas male-sterile cytoplasm (Cms-T), so that by 1970, 85% of the crop had Cms-T. This cytoplasm made maize plants highly susceptible to a new form, Race T, of southern corn leaf blight, causing widespread destruction of the maize crop in the eastern U.S.A. [8].





The risks to bananas from genetic uniformity, brought about by GM technology, shouldn't be exaggerated. After all, there have already been two massive outbreaks of destructive diseases caused by a lack of genetic diversity, Panama disease on the Gros Michel clone and black Sigatoka disease on the Cavendish clone. Perhaps, instead, biotechnology should be thought of as providing a new opportunity. If many different genes for disease resistance, controlled ripening and so forth were developed, so that many different clones of banana with different genes were available, as with wheat varieties in the U.K., the risk of unpredicted, widespread damage by any one, new disease would be small.





The second issue relates to the structure of the banana industry. Will biotechnology be used as a device to give even greater control of the market to the large, U.S.A.-based transnationals, weakening even further the position of small farmers? Tight control of intellectual property makes this a real possibility. Furthermore, if such a company were only interested in using a small number of genes, there would be the additional risk of new, unexpected diseases occurring over a large scale, as I have discussed above.





Used in a different way, biotechnology could actually improve the situation of small farmers, by opening new markets. Controlled ripening could mean that a much wider range of banana varieties could be grown, perhaps aimed at relatively small, niche markets in importing countries. This kind of specialist production is particularly suited to small-scale farming. Furthermore, small-scale farms could be ideal places to grow such high-value products as oral vaccines, given that they may be in a better position than large plantations to manage carefully small numbers of valuable plants.





Biotechnology could give real benefits to those who grow and eat bananas and to the environment. Or it could benefit no-one but Big Business. The real challenge in the use of this new technology is in the realm of economics and politics, of helping small-scale farmers to make a living rather than simply giving new opportunities for market control to huge transnational corporations.
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