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Foreword

Genetic engineering—of food and other products—has far outrun the science that must be its first governing discipline. Therein lies the peril, the risk, and the foolhardiness. Scientists who do not recognize this chasm may be practicing “corporate science” driven by sales, profits, proprietary secrets, and political influence-peddling.

Good science is open, vigorously peer reviewed, and intolerant of commercial repression as it marches toward empirical truths. The rush of genetically engineered foods is leaving behind three areas of science: (1) ecology, often academically defined as the study of the distribution and abundance of organisms; (2) nutrition-disease dynamics; and (3) basic molecular genetics itself. The scientific understanding of the consequences of genetically altering organisms in ways not found in nature remains poor.

Without commensurate advances in these arenas, the wanton release of genetically engineered products is tantamount to flying blind. The infant science of ecology is underequipped to predict the complex interactions between engineered organisms and extant ones. As for any nutritional effects, our knowledge is also deeply inadequate.

Finally, our crude ability to alter the molecular genetics of organisms far outstrips our capacity to predict the consequences of these alterations, even at the molecular level. Foreign gene insertions may change the expression of other genes in ways that we cannot foresee. Moreover, as Martin Teitel and Kimberly Wilson point out in this book, the very techniques used to effect the incorporation of foreign genetic material in traditional food plants may make those genes susceptible to further unwanted exchanges with other organisms. Still, the hubris of genetic engineers soars despite an enormously complex set of unknowns.

Corporate promoters, such as the Monsanto corporation, are racing to be first in their markets. Using crudely limited trial-and-error techniques, they are playing a guessing game with the environment of flora and fauna, with immensely intricate genetic organisms, and with, of course, their customers on farms and in grocery stores. This is why these marketeers cannot answer the many central questions raised in this book. They simply do not have the science yet with which to provide even preliminary answers.

Selective corporate engineering, unmindful of the need for a parallel development of our knowledge of consequences, can produce disasters. Costly errors involving past and current technologies—from motor vehicles to atomic power reactors and their waste products to antibiotic-resistant bacteria—should give us pause.

What are the proven benefits of genetically engineered foods that would offset these multifaceted risks? As the authors point out, genetically modified foods “do not taste better, provide more nutrition, cost less, or look nicer.” Why, then, would a person run the risk, however large or small it might be, of using them when safe alternatives are available?

If the countercheck of science and scientists has been impeded for the time being by the biotechnology industry, what of other precautionary and oversight forces? On this score the record is also dismal. As the engine of massive research and development subsidies and technology transfers to this industry, the federal government has become the prime aider and abettor. In addition, the government has adopted an abdicating nonregulatory policy toward an industry most likely, as matters now stand, to modify the natural world in the twenty-first century. When it comes to biotechnology, the word in Washington is not regulation; rather it is “guidelines,” and even then in the most dilatory and incomplete manner. On August 15, 1999, the Washington Post reported that the “FDA is now five years behind in its promises to develop guidelines” for testing the allergy potential of genetically engineered food. The EPA is similarly negligent. To quote the Post article again, “while the agency has promised to spell out in detail what crop developers should do to ensure that their gene-altered plants won’t damage the environment it has failed to do so for the past five years.” Post reporter Rick Weiss then cited studies showing adverse effects developing that the industry had not predicted. Citizen pressure in the United States is growing for a thorough and open regulatory policy.

The U.S. Department of Agriculture has been handing out tax dollars to commercial corporations, including cofunding the notorious terminator-seed project, in order to protect the intellectual property of biotechnology firms from some farmers. You can expect nothing but continuing boosterism from that corner.

The creation of pervasive unknowns affecting billions of people and the planet should invite, at least, a greater assumption of the burden of proof by corporate instigators that their products are safe. Not for this industry. It even opposes disclosing its presence to consumers in the nation’s food markets and restaurants. Against repeated opinion polls demanding the labeling of genetically engineered foods, these companies have used their political power over the legislative and executive branches of government to block the consumer’s right to know and to choose. Although by the end of 2000 the FDA had still declined to require the labeling of genetically engineered food, this issue could soon become the industry’s Achilles’ heel. Fortunately, in December 2000, the U.S. Department of Agriculture issued an organic food standard that gives consumers a way to identify fruits, vegetables, meat, and dairy products produced without pesticides, genetic egineering, or growth hormones, and not subjected to irradiation. Hundreds of thousands of comments to the USDA by consumers helped produce this standard against industry objections.

What about universities and their molecular biologists? Can we expect independent assessments from them? Unfortunately, with few exceptions, they have been compromised by consulting complicities, business partnerships, or fear. Although voices within the Academy are beginning to be heard more often, both directly and through such organizations as the Council for Responsible Genetics, the din of the propaganda, campaign money, media intimidation, and marketing machines is still overwhelming. As early as 1990, Harvard Medical School graduate and author Michael Crichton warned about the commercialization of molecular biology without federal regulation, without a coherent government policy, and without watchdogs among scientists themselves. He said, “It is remarkable that nearly every scientist in genetics research is also engaged in the commerce of biotechnology. There are no detached observers.” There is no legal or ethical framework for evaluating this portentous science and technology.

There are more such observers now. The situation is changing. One sign is how often Monsanto has to threaten product defamation lawsuits to silence the media and critics, who, although being advised that such suits would almost certainly fail in court, cannot easily absorb the expense to get them dismissed. As bioengineered crops cover ever more millions of acres from their start in 1996, the likelihood of side effects and unintended consequences looms larger. Farmers will realize they were not told enough of the truth. And, as more foods containing genetic organisms from other species enter the market, consumers will see there is no escape other than to fight back and demand an open scientific process and response to persistent questions and miscues, with the burden of proof right on the companies. Last year, Monsanto Company CEO, Robert Shapiro, began acknowledging that his company had not listened enough to its critics and should have exercised more humility.

All this and more is why Genetically Engineered Food: Changing the Nature of Nature is so valuable for enlightening what Judge Learned Hand once described as “the public sentiment.” For increasing numbers of people who want to eat, to learn, to think, and to act in concert as the sovereign people they aspire to be, the subject of an ever more wide-ranging bioengineered food supply must be subjected to a rigorous democratic process. As the ancient Roman adage put it: “Whatever touches all must be decided by all.”

Food—its economic, cultural, environmental, and political contexts—is one of the ultimate commonwealths. The ownership and control of the seeds of life, through exclusive proprietary technology shielded by corporate privileges and immunities, cannot be permitted in any democracy. Commonwealths can neither be seized by dogmas of intellectual property nor can they abide the domination of narrow commercial imperatives driven by the lucre and myopia of wealthy short-term merchandisers in giant corporate garb.

Ralph Nader

January 2001


Introduction

Hijacked Dinner

I magine yourself one morning on a modern jetliner, settling into your seat as the plane taxis toward the active runway. To pass the time you unfold your morning newspaper, and just as the plane’s rapidly building acceleration begins to lift the wheels from the ground, your eye catches a front-page article mentioning that engineers are beginning a series of tests to determine whether or not the new model airplane that you are in is safe.

That situation would never happen, you say to yourself. People have more foresight than that. Yet something we entrust our lives to far more often than airplanes—our food supply—is being redesigned faster than any of us realize, and scientists have hardly begun to test the long-term safety of these new foods.

The genetic engineering of our food is the most radical transformation in our diet since the invention of agriculture 10,000 years ago. During these thousands of years, people have used the naturally occurring processes of genetics to gradually shape wild plants into tastier, more nutritious, and more attractive food for all of humanity. Until very recently, these evolved food plants were part of the common heritage of humankind. Food plants have been available to all in conveniently small and storable packets—seeds—for distribution, trade, and warehousing. In fact, selective plant breeding has brought food security, greater nutrition, and increased biodiversity, while at the same time protecting food systems against hard times, such as natural or economic disasters.

In the new kind of agriculture, a handful of giant corporations have placed patents on food plants, giving them exclusive control over that food. These transnational corporations have altered the minute life-processes of food plants by removing or adding genetic material in ways quite impossible in nature. And like our nightmare vision of the untested airplane, genetically altered food is being quietly slipped into our markets and supermarkets without proper labels, and without having passed adequate safety tests. Furthermore, genetically engineered food confers no advantage to consumers: it doesn’t look better, taste better, cost less, or provide better nutrition. To distinguish this different sort of food from the natural food we have eaten all our lives, people give it different names. In Europe they call it “GMO food.” Here, we use a new term: “genfood.”

While we eat this new kind of food and feed it to our children on a daily basis, independent scientists are just beginning to conduct tests to learn about the food’s safety. In fact, a person in the United States shopping in a modern supermarket would find out that most food products contain genetically modified ingredients—but the lack of useful labeling of genetically engineered food keeps this information hidden. Meanwhile, economists are determining if our local and national farming will be hurt by this dramatic change in agriculture, and environmentalists are considering the ecological damage that genetically modified plants may cause. Unfortunately these food crops are already growing on millions of acres all around our world: at the beginning of the twenty-first century enough genetically engineered crops are being grown to cover all of Great Britain plus all of Taiwan, with enough left over to carpet Central Park in New York. With this abrupt agricultural transformation, humanity’s food supply is being placed in the hands of a few corporations who practice an unpredictable and dangerous science.

As we eat genetically altered food and read about new safety tests, we may start to realize that we are the unwitting and unwilling guinea pigs in the largest experiment in human history, involving our entire planet’s ecosystem, food supply, and the health and very genetic makeup of its inhabitants. Worse yet, results coming in from the first objective tests are not encouraging. Scientists issue cautionary statements almost weekly, ranging from problems with monarch butterflies dying from genetically modified corn pollen to the danger of violent allergic reactions to genes introduced into soy products, as well as experiments showing a variety of actual and suspected health problems for cows fed genetically engineered hormones and the humans who drink their milk. And this doesn’t even consider slow-acting problems that might not show up for years or decades. Who decided this was an acceptable risk?

On the economic front, trade wars are breaking out around the world as the countries that produce genetically modified food seek to force other nations to accept it, even when such modified food provides no benefit to recipient nations and raises all the risks mentioned above. Meanwhile, environmental activists warn of “superweeds” and “superbugs” being created by genes that escape from genetically engineered plants. And the file of court cases grows as people questioning this new technology are sued into silence and as activists around the world demonstrate to express their concerns.

Three features distinguish this new kind of food. First and most important, the food is altered at the genetic level in ways that could never occur naturally. As genes from plants, animals, viruses, and bacteria are merged in novel ways, the normal checks and balances that nature provides to keep biology from running amok are nullified. Exactly how genes work is a topic of enormous complexity and some controversy, so it is difficult if not impossible to predict what will happen when individual combinations of genes are created in ways that have never been seen before—and then released into the environment.

Not only is the process of genetic engineering itself full of uncertainties, but the outcomes are as well. Once genetic modifications are made, there is no way to tell how the effects of the genetic recombining might change and even move into other organisms. For now and the foreseeable future, we just can’t know for sure what will happen when we let genetically engineered organisms loose into the environment: the greatest risk of this new technology might be the great depth of our uncertainty.

The second novel feature of this revolution in our food is that the food is owned. Not individual sacks of wheat or bushels of potatoes, but entire varieties of plants are now corporate products. In some cases, entire species are owned. The term monopoly takes on new power when one imagines a company owning major portions of our food supply—the one thing that every single person now and into the future will always need to buy.

Finally, this new technology is “globalized.” This means that local agriculture, carefully adapted to local ecology and tastes over hundreds and thousands of years, must yield to a planetary monoculture enforced by intricate trade agreements and laws. According to these trade treaties, local laws that we have come to rely on to protect our health, environment, and independence must take a backseat to decisions made far away by anonymous officials working in secret.

In the forthcoming chapters of this book we are going to examine the genetic engineering revolution in our food. We’re going to have a non-technical look at genetic engineering and how it works. We’re going to see who benefits from genetically engineered food and who loses out. We’ll take some time to look at risks to health, the environment, and our economy. We’ll also consider some of the wider implications of genetically engineered food, including the ethical and spiritual consequences of owning and altering the substance of life. We are going to have a forthright look at the industry’s promises that this new technology can feed the world. Finally, we’ll spend some time looking at the practical steps each of us can take to preserve the independence and integrity of our food supply and to safeguard our ability to make informed choices about what we feed our children and ourselves.

Biotech’s commandeering of our food is widespread but hardly inevitable. Tens of thousands of natural seeds still exist to form the basis of a diverse, healthy, and locally controlled food system in our world. With proper attention from ordinary people, our food supply will be put back into the hands of farmers and food suppliers and all the rest of us—for the sake of our health and our environment, and for the future that we leave to our children’s children.
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How Genetic Engineering Works

You can’t cross-breed them [a tree and a carrot] because they’re sexually incompatible. But with molecular techniques you can take a gene from a tree and put it directly into a carrot—without having to drag all the other tree genes along with it.1

Al Adamson, Calgene Inc.

Daily life would be impossible if we paid attention to the countless subtle and minute processes that make it all work. We turn the key in a car ignition without thinking about the combustion of hydrocarbons under pressure, or for that matter about the tiny, carefully planned pattern of hills and valleys in the edge of the key, or the tightly bound molecules that give the shiny key its strength and rigidity. We just start up the car and drive off.

Similarly, we eat our lunch while chatting with a friend, intent on the conversation as we chew up our sandwich and swallow it, upon which it begins to be broken down into components that our body can use to sustain our lives. While there is rarely a need to attend to these hidden details, we sometimes have to focus on the small things in life when our car won’t start or we lose our key ring—or when something worries us about the food that we are eating.

With the abrupt and uninvited introduction of genetically engineered food into our supermarkets and restaurants, many of us are looking more carefully into the food we eat, wondering if it poses a threat. Because we cannot see genes any more than we can see hydrocarbons, we are not able to identify what is new or what might be dangerous just by pulling the bread from the top of our sandwich and looking. Genetics and the engineering of genes takes place in a microscopic realm and is a field where most people need to turn to technical experts for explanation. Because so many experts seem to be tied to personal gain from their involvement in the new technologies by way of stock options, grants, and other such conflicts of interest, we have to be careful where we look in searching out objective and fair information.

In this chapter we’re going to ask some questions about how the new biotechnologies work, and how agriculture—the process that produces most of our food—is being reshaped by this new set of techniques.

GENETIC ENGINEERING

In genetic engineering of food crops a gene, or piece of DNA from one source—a fish, for example—is isolated, removed, and then “pasted” into the DNA of another source—a tomato, for example. The DNA that might interest scientists is removed from one living organism by enzymes—proteins that affect the chemical processes inside a plant—and then moved to another living thing, to be rejoined with its host’s DNA in new combinations. DNA is in a shape commonly called a “double helix,” which if we could see it would look something like a twisted ladder. Each gene on the twisted strand of DNA carries instructions for the production of a protein. Scientists say that a gene, one piece of information in the DNA, “codes” for a protein.

Genes, whether in humans or carrots, do nothing more than produce proteins that combine with other proteins that were coded for by other genes. The interaction of huge numbers of proteins is almost unimaginably complex; the exact mechanisms by which the protein produced by any one gene contributes to a specific change or characteristic is only dimly understood. Because each gene can code for only one protein, it takes a great many genes to produce even a simple living organism. Corn, for example, has about 250,000 different genes, most with distinct functions. Genes are arranged linearly along the DNA molecule, which is packaged into structures called chromosomes. Every cell in a plant carries copies of all the chromosomes of the plant. Natural species barriers make crosses between unlike living things impossible, so genetic engineers have to find ways to smash through these barriers—even if the results are not viable or are dangerous.

Typically, genetic engineering involves the insertion of a package of material: the foreign genes themselves, a vector to carry them, a promoter to make the host accept the new genes, and a marker to let the scientists know if the new genes “arrived.” Let’s take a look at each of these elements.

DNA that is brought in from another living thing is carried to the target plant by vectors. Vectors function just like the plastic tubes used by drive-up banks to send slips of paper and money back and forth between the bank and the automobile: they are carriers. In genetic engineering, viruses are commonly used as vectors, because viruses typically attack the host’s cells and slip right into the cell’s DNA.

Genetic engineers attach a piece of DNA to a viral vector and then insert the vector into the recipient organism so it can infect the cells of that organism, thus delivering the new DNA fragment into the DNA of the target. Because all this cutting and pasting at a submicroscopic level is very difficult to keep track of, scientists often mark the vectors with antibiotic-resistant genes so that normal cells can be distinguished from genetically engineered cells. The cells are doused with antibiotics, and those cells that have successfully incorporated the foreign DNA and the resistance genes from the vector grow, while those that haven’t been modified die.

An area of increasing controversy in genetic engineering is the use of the viral promoters. Promoters are lengths of genetic material found in all genes: it is the promoter that enables a gene to “express” itself, that is, to make the protein that it is capable of making. By far the most common promoter used in genetic engineering is the cauliflower mosaic virus (CaMV). The stretch of CaMV, which is similar to but not the same as its naturally occuring benign cousin, is given the task of jump starting the inserted gene.

To date there is precious little research on CaMV, but what has been done, especially by independent scientists in Great Britain and Canada, suggests very serious potential hazards from the insertion of this viral material.2 These risks include activating dormant viruses in the host, and combining with viruses already present in the host. The physical similarity between CaMV and the notorious HIV virus is an often-cited example of an especially disastrous viral combination that appears to be theoretically possible.

While a few scientists have been conducting objective research and publishing papers on CaMV promoters, the genfood industry and U.S. government have so far displayed scant interest in this potentially grave health hazard.

In trying to understand how genetics works, it is important that we not get carried away with the colorful imagery of science writers; genes are not really little switches that can be turned off and on like a stereo or a lamp. While a small number of genes seem to have a direct one-on-one relationship with a specific trait or characteristic, most genes operate in combination with other genes. Moving a gene around may or may not produce the same result each time, because the gene and protein environment can be fantastically complex and infinitely variable. For this reason, most genetic engineering is a highly imprecise practice.

Genetic engineering is often called “genetic recombination” because it literally recombines DNA inside a plant. Several different terms are used to refer to the results of genetic engineering, such as recombined, engineered, modified, or manipulated. A crop that has been genetically engineered is often called a “transgenic” crop, meaning it contains genes from different sources.

THE UNCERTAINTIES OF GENETIC ENGINEERING

Genetic engineering has allowed scientists to splice fish genes into tomatoes, to put virus genes in squash, bacterium genes in corn, and human genes in tobacco (to “grow” pharmaceuticals). Plants with these mixtures of genes are already in development and some of them may be on your supermarket shelves. Normally, the boundaries between species are set by nature. Until recently, those biological barriers had never been crossed. Genetic engineering allows these limits to be exceeded—with results that no one can predict. Some people, such as author Michael Pollan, feel that the boundaries of nature are in place for a reason. He writes, “The introduction into a plant of genes transported not only across species but whole phyla means that the wall of that plant’s essential identity—its irreducible wildness, you might say—has been breached.”3

It may seem bizarre—or even offensive, if you are a vegetarian—to think that the tomatoes you select in the supermarket could have fish genes in them. Worse still, some of these combinations might be not only peculiar but downright dangerous to our environment or even our own health. As molecular geneticist Michael Antoniou puts it:

The artificial nature of GM [genetic modification] does not make it dangerous. It is the imprecise way in which genes are combined and the unpredictability in how the foreign gene will behave in its new host that results in uncertainty. From a basic genetics perspective, GM possesses an unpredictable component that is far greater than the intended change.4

It took geneticists over 270 tries to clone the sheep “Dolly.” The 270 Dollys that didn’t make it? Well, many of them were deformed and disfigured, stillborn, or unable to mature. Genetic engineering techniques also create many abnormal plants in the process of obtaining a few that live and function somewhat as intended. From the plants that survive DNA recombination, genetic engineers develop commercial-grade seeds. Michael Pollan visited a Monsanto laboratory. He reports:

The whole operation is performed thousands of times, largely because there is so much uncertainty about the outcome. There’s no way of telling where in the genome the new DNA will land, and if it winds up in the wrong place, the new gene won’t be expressed, or it will be poorly expressed, or the plant might be a freak. I was struck by how the technology could be astoundingly sophisticated while also being a shot in the genetic dark.5

Many geneticists do take a “shot” in the genetic dark, and they do it with what some people call the “gene gun.” The gene gun literally blasts microscopic gold bullets coated with foreign DNA at plant cells. Sometimes the bullets pass through the cell walls and the DNA becomes part of the plant’s genetic structure. Other times the introduced DNA will miss the cells altogether, or kill them, or break through the cell wall and not become part of the cell’s genetic structure. Roberto Verloza, an engineer, writes, “Blasting plasmid-coated microparticles into cells to improve plant characteristics is like putting several screws, nuts, bolts, springs, etc. into a shotgun cartridge, then blasting them into a running engine to stop an occasional vibration in the engine. Perhaps, after several million attempts, the vibration actually stops and they’d be proud of their work. As a real engineer, I refuse to call that engineering. That plant genomes can take such treatment and survive is a testament not to the precision of the genetic engineer, but to the resilience of living organisms to abuse.”6

As we will see in chapter 2, many of the plants that survived genetic engineering still did not produce foods that were up to standard; in fact, the industry has had more than its share of commercial failures thus far.

Because genetic recombination is so imprecise, it can sometimes have unintended side effects. For example, “Genes for the color red placed into petunia flowers not only changed the color of the petals but also decreased fertility and altered the growth of the roots and leaves. Salmon genetically engineered with a growth hormone gene not only grew too big too fast but also turned green.”7

What could be the risks of eating genfood? Studies have already found at least one genetically engineered food, a common soybean, that has less nutritional value than its natural counterparts. Other important and potentially dangerous differences are slowly coming to light as genes are added, deleted, and shuffled inside our food. How else is our food altered, and how do these alterations affect human health?

TEST-TUBE FOODS

The genetic engineering of food crops is a new technique that is still in its infancy. Traditional plant breeding and agricultural practices have a history that stretches back 10,000 years, and the biotechnology industry tries to tell the public that genetically engineered foods are just a natural extension of this process—nothing to be alarmed about. But genetic engineering is a radical departure from traditional plant breeding. Plant genetic engineering is a hit-or-miss process. Farmers and plant breeders know that genes are mutable, and many factors, including the environment, play a major role in the expression or adaptation of a gene or genetic trait.

Unlike the hype that surrounds new genetically engineered crops, classical plant-breeding methods have steadily increased crop yields every year for decades.8 These techniques include breeding domestic crops with their wild relatives because the wild relatives provide strong survival traits that can improve domesticated crops. By relying on the birds and bees rather than the microscope and petri dish to determine the success or failure of their new crops, classical plant breeders take advantage of nature’s vast storehouse of information, accumulated over millions of years of experimentation, as to what works and what doesn’t. It may be slow, but it ensures that no catastrophic mistakes are made.

The idea of using biotechnology to synthesize genetic blueprints for food is an exciting one if we believe predictions of drastically improved crop quality and quantity. Proponents of noble scientific advancement couple progress and efficiency with idealistic notions of improving public health, feeding the poor, and saving the environment. However, such quick-fix thinking opposes all the foundations of sustainable agriculture, such as natural diversity, balance, and ecology. Let’s look at some of those issues.

Natural Diversity

The survival of a species in a continually changing natural environment relies fundamentally upon diversity—diversity in circumstances of growth and reproduction, diversity in environmental adaptations, and diversity in genetic material. Although such diversity may require that some individuals in a species be at a disadvantage at some point in time, it prevents complete eradication of the species when there is a flux in environmental conditions. Natural, random processes such as insect or wind pollination enhance diversity, resulting in offspring with new combinations of genetic material. Although some of these new combinations could be failures in a particular climate that is cool and moist, for example, they would be the potential saviors of the species when conditions change to hot and arid. Thus, biodiversity is essential to natural selection and evolution.

Appreciation of the importance of biodiversity dates back a hundred centuries to the beginning of the agricultural process. By observing nature, humans have successfully selected the best types of crops to grow. Farmers remained powerless, however, when it came to the interaction between crops and their environments. No one could predict whether a season would be wet or dry. Consequently, farmers quickly learned the importance of diversity: maintenance of various crops that thrived under a variety of conditions to avoid entire crop failures and starvation. As we will soon see, the diversity we need for survival is threatened by the corporate-oriented monoculture of genfood.
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