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What Is A GE or GM crop Anyway?

We are here today to talk about the new, genetically engineered (GE) or what many term GM, or genetically modified, foods. The process by which GE foods are created is called by some, biotechnology, by others, recombinant DNA (rDNA). It is a means by which researchers can modify the genetic makeup of plants and animals using techniques that are in some ways like classical methods of genetic modification and in other ways are fundamentally different.  The terms, genetic engineering, biotechnology and, by some, genetic modification, refer to new ways to change the genetic makeup of crops and animals, using a technique called recombinant DNA or rDNA. Is this the first time we have modified the genetic makeup of these organisms?  No, but GE allows the movement of genes across wide species – like moving a gene from tomato to corn or from a bacterium to corn.  


So in genetic terms what is a GE crop anyway?  To answer this question and also to evaluate scientifically the risks and benefits of these products and the foods derived from them, it is important to have an understanding of how these genetic methods are used and how they are different from or the same as genetic methods that have been used for thousands of years to change the foods we eat.   


Let's take a look at corn or maize. The uniqueness of different varieties of corn leads to notable differences in varieties – like dent versus flint corn. That uniqueness is due in part to the genetic information in corn, which determines whether the variety is resistant to drought, has a floury texture, a high protein content, is resistant to lodging or has a high relative feed value. That information, contained in each cell of the corn plant, is written in chemical units, much like the letters making up the text of this paper. That information is organized in paragraphs, referred to in genetic language as genes. Genes dictate exactly how the organism grows, what it looks like and how it performs. If alphabetic letters were used to represent each chemical unit, 425 books, each of 1000 pages, would be needed to hold all information for a given corn variety.

CLASSICAL BREEDING AND GENETIC ENGINEERING 


What if we wanted to create a new corn variety? If we used classical breeding, we would cross pollen (male cells) from the tassel of one variety with eggs (female cells) on the ear of another variety and look through the resulting plants to find those with all the desirable traits.  What happens to the genetic information in the cells when you do that?  So you just combine the two sets of books to give 850 books? No, genetic rules dictate you can only end up with 425 books, so ~50% of the information from each parent is lost. Breeders have little control over what information, or pages of the books, is kept. Until recently they could only observe and choose plants with the characteristics they want; this method was used to create many commercial varieties available today.


But commercial corn varieties have different and often very specific characteristics and predicting precisely which traits the new varieties will have after classical crosses is difficult. New methods, based on recently developed molecular tools and the science of genomics, can help breeders predict which plants from a cross have the characteristics they want – often ones they can’t readily see by just looking. This approach, called marker-assisted selection (MAS), involves looking for specific chemical language, called a marker, using a “table of contents”, developed for the genetic information in the plants. It is like looking for a specific sentence in a novel using the “Find” command in word processing. When breeders find the desired chemical sequence in a particular plant, they can be relatively sure the trait they want will also be there - like knowing you are close to home when you see a particular landmark.   


Another way to use the new genetic tools is to move a single or just a few specific genes to change a plant. Being able to read the sequences in the organism makes it possible to identify a particular gene and study what characteristics it is responsible for. Once that information is known, researchers use chemical scissors to cut out specific gene, like using word processing to find a particular sentence in a document and then to “cut” it out. Once removed, the sentence can be reinserted back into the same document or into a new document. The process of  “cutting and pasting” genetic information is called rDNA; resulting organisms would be GE or GM.


The gene is just the information for the trait, not the trait itself. The cell still has to use the gene to make a protein in the right tissue at the right time so it acquires the new trait. For example if the protein is to improve nutritional quality of grain, the gene must have an “on” switch, or promoter, which causes the protein to be made in the grain. The switches can be even more specific, causing the protein to be made only in the endosperm of the grain. The gene also requires a “stop” signal, or terminator, which stops cellular machinery when it reaches the end of the gene, like a period ends a sentence. Genes are connected to promoters and terminators, but sometimes these signals do not result in the protein’s being made where and when it is needed. Scientists can then use rDNA to switch signals so the protein is made in the desired tissue at the desired time. The gene and its on/off switched can then be introduced into a plant cell, the “transformed cell/s” identified, and the cells multiplied to give rise to a plant, each cell of which contains the new gene. 


Are classical breeding and genetic engineering the same or different? It depends on what aspect you look at. Both methods use similar cellular machinery to move genes around and both cause genetic changes that can be passed on from generation to generation. So in that sense they are the same. But there are also differences. In the case of classical breeding the changes occur inside the cell, while GE changes are made in the laboratory. Also during breeding, genetic information from the two parents is mixed, with only half being retained; keeping a particular gene is a random process, made easier with marker assisted selection. In the case of genetic engineering specific genes are chosen for introduction into the plant.  


Perhaps the most fundamental difference is that gene exchange by breeding occurs most often between closely related plant species. There are a few examples, like Triticale, where gene exchange occurred across species barriers [rye (Secale) crossed with wheat (Triticum)]. In contrast, the gene source used with GE can be the same plant, another plant or even different organisms, like bacteria or animals. This occurs because genetic information in all living things is written in the same chemical language. So a corn cell can understand the genetic information in another plant, a bacterium or even your body. In fact humans and plants not only share the same language, but the two organisms share many of the same genes (~40-60%).

What's Out There TODAY?


How many foods eaten in the U.S. today are genetically modified?  It depends on your definition. If you mean in how many foods have genetic changes occurred, the answer would be all, whether grown by commercial or individual farmers or whether using sustainable, production agriculture or organic practices. As most of you know, the ancient relative of corn, for example, looked little like modern corn; it had fewer, smaller and harder seeds. Through crossing, often involving humans, corn was modified to look as it does today. If you mean how many different plant species in the commercial marketplace have been changed by GE, the number would be very small.  While many processed foods in the U.S. contain a GE ingredient, those foods come from a small number of large-acreage GE crops, corn, soy, cotton or canola. In 2004, 85% of soybean acreage, 76% of cotton, 54% of canola (2002) and 45% of corn acreage was planted with varieties developed through rDNA techniques. And the acreage grown to these varieties in the U.S. has risen from around 1% in 1996 to around 46% in 2004. The only whole GE fruits or vegetables in the commercial U.S. market today are papaya, squash and sweet corn. Many smaller acreage GE crops exist, e.g., melon, lettuce, strawberry and cucumber, but are limited to small-scale field tests, most ( 20 acres. 


Let’s take a closer look at corn. Most people are familiar with B.t. corn, engineered to be resistant to the corn borer and earworm.  It contains a protein from a naturally occurring soil bacterium, Bacillus thuringiensis, which has been used in various formulations by backyard gardeners and organic farmers for years.  There are various kinds of B.t.’s, each of which is specific for certain types of insects.  The type used in the first generation B.t. corn is specific for lepidopteran insects, like the corn borer and corn earworm. Various different reports have been written about the impact of these varieties for farmers. Most have reported positive impacts of B.t. technology in corn, although the benefits vary from year-to-year depending on insect pressure (Benbrook; http://www.biotech-info.net/technicalpaper7.html).  Recent research from South Dakota State University reported mixed performance of B.t. corn hybrids, but that there was an advantage in five of the last nine years of 5 bu/acre to growers in controlling European corn borer (http://agbionews.sdstate.edu/articles/catangui012005.htm). Certainly the long-term benefits of this approach depend on effective insect resistance management practices, and a recent survey of 2003 compliance indicates that 92% of farmers using B.t. corn in the U.S. planted at least the minimum refuge size (http://www.pioneer.com/biotech/irm/survey.pdf), a higher figure than the 86% in 2002. Whether such strategies will be utilized in developing countries as they adopt such varieties is another question.


As we learned from studies conducted at Cornell (Losey et al., 1999. Nature 399:2214) and others, Monarch butterfly larvae also belong to the group affected by this particular B.t.  The effects on Monarch larvae that Losey observed occurred because one early engineered corn variety had an “on switch” to make B.t. in many tissues, including pollen; later varieties have significantly lower expression levels in the pollen, although it is still expressed in other parts of the plant, like leaves. Analysis of the results of a number of studies, conducted after the Losey publication, concluded that, at current levels of use, Bt corn poses a negligible hazard to the monarch butterfly population (Sears et al., 2001, Proc Natl Acad Sci USA 98:11937-11942). A more recent corn variety being commercially grown is engineered with a different B.t. that is effective against coleopteran insects, including corn rootworm, the most devastating corn insect in the U.S., causing millions of dollars of damages in yield losses and insecticide costs each year. 


The other major GE corn variety is engineered to resist application of a particular herbicide to which it would otherwise be susceptible, in particular glyphosate or Roundup and glufosinate or Liberty. In general, use of these varieties has given farmers more management options, better weed control, opportunity to use more benign herbicides and low-till options. In 2003 HT corn was used on 17% of U.S. corn acreage, lower than HT acreage for other crops and this was due to export issues and seed availability (http://ucbiotech.org/~bionews/issues/ARTICLES/NCFAP REPORT.PDF). Assessment of the amounts of herbicide used varies, depending on year, location, farming practices and methods of calculation. Because of these complexities, there have been varying reports on usage - from increases of 5% in herbicide usage in corn (http://www.biotech-info.net/Full_version_first_nine.pdf) to a decrease in overall usage of herbicides of 1 pound/acre or an aggregate savings in the U.S. of 9.43 million pounds of herbicide (http://ucbiotech.org/~bionews/issues/ARTICLES/NCFAP%20REPORT.PDF). One recently released corn variety was engineered with “stacked traits”, namely three individual genes for herbicide, coleopteran and lepidopteran tolerance. Assessments of herbicide and pesticide usage on this variety have not been reported.

WHAT MIGHT BE OUT THERE IN THE FUTURE?


Is this all we can expect for GE corn?  The answer to this question depends on a number of variables – particularly acceptance by growers, marketers and consumers worldwide.  Despite these uncertainties there is considerable activity in small-scale field-testing of new varieties of GE corn. About 4,800 field tests of corn varieties were conducted in the U.S. up to 2004; the next highest number of field tests is for soybean at nearly 800 field tests (http://www.isb.vt.edu/cfdocs/biocharts2.cfm). 


Based on information from applications for field test permits, monitored by USDA Animal and Plant Health Inspection Service, at http://www.isb.vt.edu/CFDOCS/fieldtests3_output.cfm, a variety of traits are being investigated. In private sector laboratories, based on field test applications, output traits that were tested in 2004 include resistance to Fusarium ear rot and ear mold, increased stalk strength, improved grain processing and fumonisin (mycotoxin) degradation. Efforts also focused on altering seed composition, including levels of lysine and tryptophan and oil profiles.  Engineering environmental traits focused on tolerance to environmental stresses, which in corn appears to involve mostly drought tolerance. Strategies to lessen the impact of this environmental stress are being field tested by five different companies. Some efforts from the public sector involve crop improvement of corn, which include improving animal feed quality and altering starch metabolism. But a greater focus is the use of rDNA as a tool to study basic biological functions, like DNA replication and structure. 


Since corn is a large acreage crop, companies can realize profits from the sale of improved varieties, unlike improvements to small acreage crops, like artichokes and onions, making it more difficult for the public sector to contribute. Whether the public sector will play a role in providing improved GE corn varieties to farmers depends on a number of factors, some of which are the same for the private sector and others, which are exacerbated for the public sector.  These include end-user acceptance, high regulatory costs, which can’t be borne by universities and research institutions, and intellectual property hurdles, resulting from the fact that key elements needed to create products are controlled by companies.  A recent effort, supported by the Rockefeller Foundation and housed at UC Davis, entitled PIPRA (Public Intellectual Property Resource for Agriculture, http://www.pipra.org/), is aimed at identifying a public-sector toolbox that will facilitate public sector efforts to genetically engineer crop plants.    


One area in which corn is being used is the controversial area of production of pharmaceuticals.  The public was made aware of these efforts in 2002 when Prodigene, a company in College Station Texas, failed to remove GE corn, engineered to produce a vaccine to protect against a viral disease of pigs, from a field that was subsequently planted to soybean.  This oversight was monitored by the USDA and it cost the company over $3 million to rectify the situation. This problem also led the USDA to alter growing and reporting requirements for such crops. The choice of an obligate out-crossing species, like corn, for such efforts is ill advised; many researchers favor the use of nonedible crops for pharmaceutical production.     


In addition to working on specific traits a number of commercial and public sector labs are working on technologies to change the manner in which genes are introduced by genetic engineering.  This includes methods by which genes can be placed in specific locations in the genome, devoid of selectable markers and plasmid backbones. This will allow researchers to replace genes or “on switches” that are already present in the plant. Such technologies might allow the replacement of genes or promoters from commercial varieties with their counterparts in wild species, without the complications of bringing in undesirable genes that are located close to the desirable gene.  

What Are SOME Issues?  Food Safety


Testing of GE foods. What are some of the food safety issues surrounding GE crops?  First I will point out that it is not true that the GE foods we are eating today have not been tested for food safety. It is true that the companies provide the data, prior to the product entering the market, as occurs in the pharmaceutical industry with drugs. The results are then reviewed by federal agencies like the EPA and FDA.  And this testing at present is voluntary as is testing done for new varieties created through classical breeding.  But the companies have the most to lose if they "screw up" - as occurred with Starlink corn, which some estimate cost the company around $2 billion.


What kinds of tests are carried out? Nutrient equivalence testing is done to show that, for example, all vitamins, minerals, proteins, carbohydrates and fats are the same for the GE and conventional food (substantial equivalence). Testing for toxicity of the introduced protein is also done and, when warranted, allergenicity assessments are performed. Questions were raised about the possibility of Starlink corn causing allergies - the reason taco and tortilla shells containing Starlink corn were recalled in 2000. Starlink corn had a modified B.t. protein engineered to slow digestion in the insect gut. The variety was approved by federal regulatory agencies for animal feed but not for human consumption because of its slowed digestibility, one possible characteristic of an allergen. Although allergy experts concluded from data submitted to the FDA that this B.t. had a moderate chance of being an allergen, subsequent tests of individuals claiming allergic reactions to a food containing Starlink showed that none of the food from individuals with allergic reactions contained Starlink (http://www.epa.gov/scipoly/sap/2001/july/julyfinal.pdf). Importantly this problem raised the issue of crop segregation and caused federal agencies to look more closely at their policies. It is unlikely in the future that a crop will be permitted to be grown as animal feed without being approved as a human food.


Is the issue of food allergies limited to only the new GE foods?  Let's look at the non-GE kiwi. When it was introduced into the U.S. in the 1970's it was not known to be a food allergen.  Today it is known that some individuals develop allergies to the fruit. In fact some people have cross allergies to latex rubber that result in severe anaphylaxis, and in some cases death.  Should we have done decades of testing to predict this?  A difficult question.

What Are SOME Issues?  Environmental

Movement of Genes into Wild Relatives. Could the passage of genes from GE crops to weed species lead to the development of a "superweed", one that does not respond to herbicides? Certainly the passage of genes from plant to plant will happen. In the U.S. major crops like soy, corn and cotton do not have wild relatives, but other crops like canola, sugarbeet, sunflower, rice and oats do have compatible relatives and in some cases these relatives are control problems.  


So could a trait could escape?  Yes, it is likely. Could this be a problem?  It depends on the trait and the characteristic it confers on the wild relative. Let's look at red rice, which can contaminate and because of its color reduce the value of cultivated rice. Movement of genes for Vitamin A enhancement from red to cultivated rice would likely not have food safety or environmental effects. Conversely, movement of herbicide tolerance would make it impossible to control red rice - with the herbicide that is the target of the resistance gene. It would not create a “superweed”, one that won’t respond to multiple herbicides, but it would require that farmers return to practices used before the variety was introduced.


Should we be concerned about the use of genes from other organisms, like the bacterial Bt gene?  Again it is dependent not so much on the source of the gene, but on what that gene is and what it will do.  Can we be assured that no unintended effects will occur?  No, just as we can't be assured that some insect and weed control methods used in conventional and organic farming will not have adverse effects. We need to be mindful of the environmental consequences of what we do. 


What about movement of genes in areas of plant diversity? Again impact should be judged on a case-by-case basis. In areas of cultural diversity for maize, like Mexico, crops with certain traits should not be released. Or the plants should be engineered to prevent passage of the trait to wild relatives. An example of genes escaping in an area of cultural diversity was raised by a report by Ignacio Chapela at UC Berkeley (Quist and Chapela, 2001, Nature 414:541-543) that Bt genes escaped into landraces of corn in Mexico, an area of cultural diversity for this important crop – a topic of intense discussion at this meeting.  The question is raised as to the impact of the passage of this transgene on genetic diversity – will the presence of B.t. cause a selective advantage to varieties into which it is passed?  Genetic diversity is a key element to the future of our food supply whether utilized in classical breeding or genetic engineering, so it is important to assess the impacts of all agricultural practices on this valuable resource.


Creation of Weeds Resistant to Herbicides. Certainly it is true that the use of certain herbicides has increased, the ones to which the GE crops are engineered to resist. In general these are more environmentally friendly herbicides but the overuse of single pesticides is likely to lead to, and already has led to, the development of herbicide-resistant weeds, like horseweed (VanGessel, 2001, Weed Science 49:703-705). Was this surprising?  Perhaps to some, but I think it proves again that overuse of a particular herbicide can reduce the utility of a new chemical or technology – a situation that can be avoided with the prudent use of such traits.  Will this situation create an ecological disaster? Not likely. However, the corollary is that likely other, perhaps less environmentally friendly, herbicides will be used. This will result in changes in practices for farmers and lost revenue for companies, but will have little impact on consumers.  

For more information and scientific references, visit the Biotechnology 

Information and Scientific Database sections of ucbiotech.org
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