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Explaining the research, allaying fears, and making rebuttals: Engineering crop disease resistance through biotechnology

It is known that almost all of the human food supply is furnished by approximately 15 crop species and 8 livestock species (Paoletti and Pimentel, 1996).  Each of the species on this small list that comprise a part of the majority of our “vast” cornucopia is beset by hundreds of strains of blight (disease).  Blight is responsible for roughly $90 billion in losses per year in the US alone (Africa News Service, 2003).  What’s more is that underdeveloped countries are estimated to suffer far more than the US under the whims of pestilence.  Case in point, roughly half of potential harvest yield worldwide is destroyed by epidemics and chronic infection per year (Africa News Service, 2003).  There have been many blight-driven events throughout history that beg much needed intervention, among them is the Irish Potato Famine.  During the Irish Potato Famine (mid 19th century), one strain of late potato blight was able to start the potato crop of Ireland on a downward spiral, causing many Irish natives to starve or immigrate (Paoletti and Pimentel, 1996).  Subsequently, in light of growing concern throughout history, biotechnology and genetic engineering has provided scientists and farmers with a number of potential solutions to the impending disaster of blight in the form of disease resistant crops.  

The benefits of disease resistant crops are obvious, namely increased food supply and increased farming livelihood.  It is important first to acknowledge that though current research is promising; there are a scant few examples of even experimentally released genetically modified disease resistant crops (Stuiver and Custers, 2001).  Even as late as the 21st century, the record shows that there have been no commercial wide releases of genetically modified crops for disease resistance, though the technology is available (Stuiver and Custers, 2001).   One needs look no further than the headlines to understand one of the main reasons why these potentially life-saving crops have not been more widely used.  There are two things that have contributed to the creation of stagnation in the commercial release of genetically modified disease resistant crops or any other kind of genetically modified crop.  One is consumer panic, which one scientist argues is the result of the public becoming recently informed of scientific concerns in general after “scares” such as the recent foot-in-mouth epidemic (Heritage, 2003).  The other is legitimate scientific concern over the use of genetically modified crops.  Are these concerns well founded and are they significant enough to deny farmers of this tool to protect against the blights that ravage their crops?  These concerns will be addressed where relevant and accompany some assessment of the current research in creating disease resistant crops.
Perhaps one of the most central methods of conferring disease resistance in crops through biotechonology has been transgenic modification.  Transgenic modification, in general, is the insertion of the genetic material of another organism or species into the genome of a host organism that then manifests said genetic material (Wikipedia, 2003).  
Entymologists had long investigated the naturally generated anti-microbial peptides of insects after noticing arthropods high levels of bacterial resistance (Gura, 2001).  These proteins were first isolated and applied to plants as a foliar disinfectant but their use was abandoned after the anti-microbials proved toxic to both the plants and their symbiotic organisms (Gura, 2001).  Scientists then turned to genetic modification for answers and created a chimeric transgene, comprised of bee and moth antimicrobial peptide producing genes, which was subsequently used to transform potato plants (Gura, 2001).  The transformed potato plants confirmed a broad resistance to many forms of potato blight, even though clouds of fungus were spotted around their roots (Gura, 2001).  It should be noted that similar procedures have been performed with potatoes using the peptide producing genes of other crops such as alfalfa with similar results (Gura, 2001).  

Yet another example of transgenic modification concerns the RPG1 gene of barley and engineering stem rust resistant forms of flax (Horvath et al., 2003).  Through observations of the natural response of barley to stem rust, scientists were previously able to use targeted genetic techniques to isolate the RPG1 gene in barley (Horvath et al., 2003).  In the experiment, scientists transformed an already modified (for other economic reasons) but extremely stem rust susceptible cultivar of flax known as Golden Promise (Horvath et al., 2003).  The RPG1 transformed cultivars of Golden Promise flax confirmed a newly acquired broad resistance to several strains of stem rust.  Most surprising was the fact that these transformed transformed cultivars also displayed a higher degree of stem rust resistance than most crops that had been transformed from their wild type only once.  These results greatly support the arguments of those in favor of the introduction of genetically modified disease resistant crops. 
It supports the arguments of those that are for genetic modification because one of the arguments of opponents to genetic modification is that a genetically modified crop would be an irreversible and unalterable mistake if an aspect of it were to backfire.  The RPG1 experimental results indicate that this claim is simply not true and with time and the proper technology, it would theoretically be possible to transform genetically modified cultivars at will to amend any possible mistakes.  Though many would consider thinking in this way a “quick fix” philosophy for the problem, it is important to consider the broader implications of this fact.  As with many types of transgenic modification, it begs the complaints of those opposed to genetic modification on the basis of it being “unnatural.”  The claims of genetic modification being “unnatural” have found their ways into popular thought through spirituality and personal exertions of notable social figures such as Prince Charles of Wales (Bara and Zidenaga, 2003).  Prince Charles argued in a speech he delivered to Wales’ governing body that genetic modification interferes with the natural order of life’s construction and equates man with God (Bara and Zidenaga, 2003). 
The main problem with the “unnatural” claim is that in many ways, using genetic modification to engineer disease resistance could be viewed as quite natural.  For millennia, farmers have performed their own brand of conventional genetic engineering apparently unbeknownst to omniscient consumers.  It is a natural and indeed wise strategy for a farmer to select the heartiest of specimens in a cultivar of a crop species to further breed the crop.  In this way, traits that are making crop plants more disease resistant are being bred intrinsically into these plants by both farmers in controlled settings and in nature.  About three-fourths of all agricultural crops today have some degree of natural disease resistance bred into them through conventional programs of plant breeding (Paoletti and Pimentel, 1996).  No one complains about this obvious genetic modification, yet it is occurring all the time.  Not even Prince Charles rants about the “unnatural” advances of conventional agriculture, even though agriculture has and always will be solely man’s innovation (Bara and Zidenaga, 2003).   Additionally, just because one species of crop is susceptible to a disease such as stem rust, it does not necessarily indicate that all species of crop are.  Inserting a barley gene into this flax, according to some scientists, is merely a way to take advantage of the Earth’s quite natural biodiversity (Paoletti and Pimentel, 1996).  Humans make use of only about 15 crop species to produce nearly all of the world food supply out of a staggering 10-30 million species of life (Paoletti and Pimentel, 1996).  Natural selection has selected for a variety of wondrously beneficial disease resistant traits that perhaps would arise naturally with time in normal crop species.  This natural acquisition of disease resistant traits could occur either through a mutation or even through barley and flax cross-breeding.  If the pollen of a flax species were to find its way to a sexually compatible relative in a barley crop, imbuing that barley plant with a disease resistant gene, then that gene will be passed on in the barley’s future generations through natural selection.  Thus, the “unnatural” genetic material from the flax has been naturally introduced as per nature’s whims.  Scientists are doing the same thing in inserting a barley gene into flax through biotechonology, merely accelerating the natural process that has been present for eons. 
A final example of transgenic modification involves research with different species of potato and their resistance to potato late blight, the same disease that was responsible for the Irish Potato Famine (Song et al., 2003).  The findings of this research group further contribute to my argument that genetic modification is merely an extension of a natural process.  S. demissum is a species of potato that possesses a variety of different “R genes” (disease resistance genes), which confer resistance to certain strains of the late blight (Song et al., 2003).  A potato species that is not so dissimilar in experience to S. demissum or crop potatoes is Solanum bulbocastanum, which exhibits extremely broad resistance to nearly all strains of blight (Song et al., 2003).  Comparative genetic analysis of these different potatoes commenced and the remarkable resistance of Solanum bulbocastanum was found to be due to a locus of genes designated RB (Song et al., 2003).  Unfortunately, Solanum bulbocastanum is sexually incompatible with regular crop varieties and so they could not be interbred; however, it was possible for plant culturing to produce somatic hybrids of crop potatoes and Solanum bulbocastanum (Song et al., 2003).  The hybrid tissue was found to be incredibly resistant to late blight and where the lesions from the disease actually appeared, they were miniscule and quick to fade (Song et al., 2003).  A bacterial artificial chromosome was created and then shuttled into crop potatoes to confer this RB derived disease resistance (Song et al., 2003).  This is significant because it would make the genetic material of Solanum bulbocastanum practical for application in crop potatoes.  Creating a cultivar of somatic hybrid tissue of Solanum bulbocastanum and crop potatoes is both time consuming and requires very specific conditions (Song et al., 2003). However, being able to modify the crop potatoes intrinsically for this resistance is efficient, is presumably passed on to future generations of potatoes from that cultivar, and could be maintained in an agricultural setting with little upkeep (saving farmers time and money). As I said, the findings of this research group further aid in the rebuttal of the claims that genetic modification is an “unnatural” process altogether that destroys the natural order of things. 
  In the example above regarding potatoes and the RB locus, it was found that crop potatoes and the wild potatoes containing the broad resistance conferring genes were sexually incompatible (Song et al., 2003).  It is not a far stretch to imagine though that if they were compatible, conventional breeding would occur and crossing of the varieties to create new and more viable hybrids would be a common occurrence (Song et al., 2003).  There would be no outcry over the atrocities being committed in the potato fields with a conventional breeding program yet the same things would be occurring. It seems then that, as said before, the claims that genetic modification is an “unnatural” and atrocious process altogether suffer from a touch of hypocrisy in not disapproving of farming in general.  
Perhaps a larger and more legitimate fear comes from members of the scientific community regarding horizontal gene transfer of constructs from a genetically modified crop to a non-genetically modified and undesirable plant species.  Horizontal gene transfer is a phenomenon whereby transgenic inserts would be transferred to non-genetically modified crops and thereby insert themselves into the genome through something such as pollen spread.  Some scientists fear that horizontal gene transfer has many implications, the most startling of which is perhaps the possible creation of “superweeds” after transgenic inserts from a genetically modified crop find their way into nearby wild and sexually compatible plants (Heritage, 2003).  The fear is derived from the possibility that these weeds could out-compete crop plants and choke them out of existence with their own favorably engineered characteristics and lead to an agricultural disaster (Heritage, 2003).
In addressing this concern, one must first examine some of the current research that can be applied to this fear where horizontal gene transfer was forced in experimentally controlled environs between cultivars of sunflowers.  The research group was doing research involving crop sunflowers and white rot fungus through an experimental method of engineering disease resistance called “metabolic manipulation” (Burke and Reiseburg, 2003).  Metabolic manipulation is a method of genetic modification that required a more thorough understanding of the immunology of a plant.  It is now known that the plant immune system is a product of a synthesis of many different biochemical pathways and defense mechanisms, some of these pathways being metabolic in nature (Dixon, 2001).  The metabolic pathways referred to are known to imbue a measure of disease resistance through manufacture of secondary metabolic products known as phytoalexins (Dixon, 2001).  Scientists can use metabolic manipulation to make a plant disease resistant by influencing a rate-limiting enzyme, altering the expression of a gene that controls the output of the entire pathway (Dixon, 2001).  Researchers in the sunflower study inserted a gene that resulted in higher levels of the naturally produced defense compound, oxalate oxidase (Burke and Reiseburg, 2003).  Oxalatae oxidase detoxifies white rot and is normally only present in miniscule levels in sunflowers (Burke and Reiseburg, 2003).  The researchers then took measures to specifically investigate horizontal gene transfer by creating a “worst case scenario” (Burke and Reiseburg, 2003).  They directly hybridized genetically modified sunflowers possessing the added oxalate oxidase gene with crop sunflowers and shipped the created hybrids to different controlled farming locations and environments across the United States (note that this does not constitute an instance of a commercial release, rather, a temporary research cultivar)   (Burke and Reiseburg, 2003).  The researchers found that the newly genetically modified sunflowers were not growing out of control; in fact, they showed no change in fecundity or fitness across environments (Burke and Rieseburg, 2003).  Thus, the effects that these newly acquired transgenes have on the plant itself are what is important, not the fact that these genes are escaping.  It is important, then, to not have an intrinsic fear of genetic modification on the basis of horizontal transfer from a genetically modified crop to a wild plant species without examining things on a case by case basis.  In the worst-case scenario, when transgenes do happen to escape to a wild relative, there is no need to fear if they do so covertly and with no deleterious effects such as increased fitness, which would cause the genetically modified plants to overcome the normal variety (Heritage, 2003).

A more recently explored method of engineering disease resistance combats fears regarding genetic modification in a different way, by equating it with our own medical advances.  During vaccination, humans are injected with benign viral particles and thereafter the immune system is able to quickly respond and be pre-prepared to fight off a particular pathogen’s advances through antibody generation.    The innovation of “plant vaccination” first began with one of the earliest known advances in disease resistance engineering, involving tobacco and the tobacco mosaic virus (Gasser and Fraley, 1989).  Researchers shuttled a benign coat protein of the mosaic virus into the tobacco plant and thereafter observed a resistance of the tobacco plant to the mosaic virus upon infection (Gasser and Fraley, 1989).  The mechanism of how this was occurring was and still is mostly unknown but now researchers know that it might have something to do with the viral defenses of post-transcriptional gene silencing (Waterhouse et al., 2001).  Post-transcriptional gene silencing, or PTGS, is a plant immune system’s ability to turn off genes that seem pathogenic (Waterhouse et al., 2001).  Research has shown that inserting an untranslatable transgenic element of a virus or bacteria into the genome of a plant greatly bolsters disease resistance, most likely due to the activation of PTGS against all future vestiges of that particular pathogen (Waterhouse et al., 2001).  In the future, this method of engineering could prove more palatable to objectors to genetic modification because it is more or less equivalent to our medical science.  Perhaps with more work in public relations in this domain, genetic modification’s acceptance will be increased.
What is palatable and what is not brings me to the final focus of this paper, the injustice that objectors to genetic modification impose upon farmers.  I mentioned earlier that farmers utilize only a small portion of the available species of the world to provide the world with their food supply.  There is a reason that this is done, it is the same reason that this has always been done since the beginning of agriculture itself.  Many crops that are grown today are mere vestiges of the durable organisms that they once were due to intense imposed selection by farmers for the most edible, aesthetically pleasing, viable, and most profitable varieties. (Africa News Service, 2003).  Today, this has translated to a resulting few weak crop species that can still be harvested both to please the consumer’s palate and to keep the farmer in business (Africa News Service, 2003).  A larger concern is being able to feed the burgeoning population, a demand that is expected to increase for farmers by two and a half fold by the year 2050 (Africa News Service, 2003).  In forcing farmers to select for a certain kind of crop, consumers have caused the creation of monoculture farming (Africa News Service, 2003).  It is important to note that subsistence farmers are not as affected by this phenomenon as normally they grow a variety of different crops on the same farmland (Africa News Service, 2003).  This farmland variety defends the crops of subsistence farmers from the dangers of monoculture at least slightly at the cost of some fecundity (Africa News Service, 2003).  The farmers that are most affected by this problem are those that have been assigned the task of feeding the world’s food consumers that do not grow their own (Africa News Service, 2003).  Farmers in this scenario must turn to monoculturing in order to produce enough food to make enough money to continue business as well as produce enough food to satisfy the demand (Africa News Service, 2003).
These crops are monocultured in that they are homogenous in their genetic makeup, not being allowed to make use of the ameliorating force of natural selection.  Normally, crops possess a degree of natural variation with the most favorable characteristics being passed on to future generations.  When a pathogen infects a crop and sweeps through the population, some of the plants, as a result of the variation in their genetic makeup, will be more resistant to said pathogen than others.  In a monoculture field, all the plants have the same genetic makeup and infection by a pathogen would affect them with the same disastrous results.  The orange tree industry is a perfect example of this fact (accounting for much of Brazil’s wealth), all of the oranges in Brazil used to be grown by two different species of orange tree (Africa News Service, 2003).  “Tristeza de Zaranja” made its way into the orange crop and began to ransack orchards across the country but one of the two species of orange trees, the Limao Cavo was unaffected by the pathogen (Africa News Service, 2003).  This slight variation in the two species of orange trees made it possible for that one species to survive whereas the other is now completely extinct (Africa News Service, 2003). It is extremely plausible that another virus could begin a mass infection of the Limao Cavo with the same results and this time, there is no genetic diversity that could protect this monocultured crop (Africa News Service, 2003).

All non-subsistence farmers, in doing the only thing possible to feed consumers, have in effect engineered their own destruction as eventually all crops will meet with the same plight as that species of orange tree in Brazil (Africa News Service, 2003).  Genetic modification for disease resistance would enable farmers to continue to feed consumers at the current rate or even increase their production without dramatically modifying planting style or additional technical concern.  It is true that even GM crops could be affected by the adaptations of a pathogen, yet there are even ways of fortifying against this through biotechnology.  One of such methods of fortification is the use of pyramidal gene constructs, in which more than one variety of disease resistance inducing genes are inserted (Zhao, 2003).  In their experiments involving Bt toxin producing plants, the Zhao researchers found that plants expressing more than one kind of Bt toxin through more than one gene caused pests to be much slower in adapting a defense (Zhao, 2003).  Yet still with adamant protest, some consumers would seek to deny the farmers access to genetic modification technology or even field testing, in some cases (Lehrman, 1999).  Is it truly fair for the consumers, who have been pressuring farmers to grow with this particular method for their own survival, to deny the hand that feeds them of the only viable tool that could ensure that hand’s ability to continue to do this?  

In order to be fair to a valid objection to the possible argument that genetic modification isn’t the only tool that farmers could use, it is indeed possible to utilize some conventional methods to engineer disease resistance in a crop.  Researchers in the Zhu group were investigating species of rice and blast disease, a disease that accounts for the most rice losses worldwide (Zhu et al., 2000).  Hybrid rice is more resistant to blast than is its sister commercially grown species, glutinous (“sticky”) rice (Zhu et al., 2000).  The experimenters found that by growing glutinous rice in a heterogeneous field with glutinous rice, while being surrounded by a perimeter of hybrid rice, the resistance to blast drastically increased (Zhu et al., 2000).  This is truly a wonderful finding and is an ecologically friendly way of engineering disease resistance, which is an excellent ideal to work toward and certainly something that will make opponents of genetic modification hopeful.  However, altering all of the current crop fields and maintaining them in this particular state would be costly to farmers with regard to efficiency.  In addition to the maintenance of the crops, farmers would also have additional concerns such as planting order, plant identification, and also hybridization avoidance where applicable.  This decrease in efficiency and thus, loss in time, in the long run would probably hinder their ability to meet the consistent and incrementally increasing demands of consumers worldwide. 
It is important to understand that regardless of where one stands on this issue, it is well substantiated that genetic modification of plants for disease resistance would be an incredibly beneficial technology.  The theories continue to advance but there is a lack of actual field data on these theories.  Some of the most basic arguments against genetic modification have been presented here and rebuttals have been offered; however, the existing opinions are vast and range from valid to ignorant.  Concerns regarding this technology must be addressed on a case by case basis to take care not to deny outright a potentially life-saving technology.  It is a fact that the world’s population will grow faster than our crops can produce food to meet that growth.  It is also a fact that with our attempts at increased production and fecundity in our current methods of agriculture, the pathogens that attack crops will also grow.  As long as consumers continue to apply the pressure, steps must be taken to ensure the future prosperity and feasibility of world agriculture.  As can be seen, genetic modification has posed a number of steps to solving some of these problems but the fears of alarmists are never ending and without more patience, the field applications of genetic modification for disease resistance will continue to move further into the future.  It is a fervent hope of many a scientist involved in this research that the necessity and usefulness of engineering disease resistance will not be realized too late.         
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