


Praise for Genetic Roulette
“Unlabeled GMOs in our food works against what I have learned in my 30 years as a family 
farmer. Agriculture should be sustainable, food should be healthy and safe, and people deserve to 
know what they’re eating.” 

— United States Senator Jon Tester

“When I worked at Monsanto, I warned both scientists and executives that our GM foods may 
cause disease, but no one was even willing to listen, let alone investigate the unpredicted side ef-
fects. For them, it was all about profit. Now our whole population is threatened by the serious 
dangers described in Genetic Roulette.”

—Kirk J. Azevedo, DC 

“The ability to introduce alien genes into a genome is an impressive technological manipulation 
but we remain too ignorant of how the genome works to anticipate all of the consequences, subtle 
or obvious, immediate or long-term, of those manipulations.  This book validates the concerns of 
biotech critics who warned that our knowledge is too primitive to avoid unexpected and deleteri-
ous consequences.”

 — David Suzuki, geneticist, author of more than 30 books, awarded UNESCO 
prize for science

“The most comprehensive, well-documented, and highly readable exposé on the serious health 
dangers of GM foods.” 

 — Samuel S. Epstein, MD, professor emeritus of Environmental Medicine, 
University of Illinois at Chicago School of Public Health and chairman, 
Cancer Prevention Coalition  

“I used to test for soy allergies all the time, but now that soy is genetically engineered, it is so 
dangerous that I tell people never to eat it—unless it says organic. Genetic Roulette tells you why 
you must avoid genetically engineered foods to stay healthy.”

—John H. Boyles, MD, ear, nose, and throat, and allergy specialist 



“Genetic Roulette is dynamite.  It totally explodes the complacency and apathy that has been allow-
ing genetically engineered foods to creep into our food supply.  Scientifically sound, this book is a 
must for anyone who wants to know the true answer to whether these foods are safe.”
 — John Robbins, author of Healthy At 100, The Food Revolution, and Diet For A 
  New America 

“Congratulations, Jeffrey Smith, for your courage. Thanks to your tireless investigations, we need 
wonder no longer why corporations spreading GMOs are so secretive, why they’ve spent hun-
dreds of millions to keep us from even knowing which foods contain GMOs. They don’t want us 
to examine the shoddy science, the suppressed evidence, and, most of all, the real health risks that 
GMOs present. Read Genetic Roulette not only to protect yourself and your family but to learn 
through this breath-taking story what all Americans need to do to reclaim our democracy and 
protect our planet.”
 — Frances Moore Lappé, author of Democracy’s Edge and Diet for a Small Planet 

“No danger to our health is greater than foods containing genetically modified organisms (GMO). 
Since knowledge is power, I recommend everyone who cares about their health and the health 
of the ones they love read the groundbreaking new book Genetic Roulette by Jeffrey Smith. As a 
health educator and parent of a young child, I will do everything within my power to keep these 
dangerous genetically modified foods out of the cupboards and refrigerators and off of the kitchen 
tables of those I care about. The best way I can do that is to strongly recommend the book.”
 — Jordan Rubin, founder and chairman, Garden of Life and New York Times best-

selling author of The Maker’s Diet

“Genetic Roulette is a MUST READ for all parents. Jeffrey’s work highlights untested foods that 
have been introduced onto our children’s plates without informed parental consent. The health 
risks associated with these new foods have the potential to impact every child in America—not 
just those with food allergies. The best gift that you could give your children is to read Genetic 
Roulette, as the knowledge you will gain is immeasurable and will last a lifetime—your child’s.”

  — Robyn O’Brien, founder of AllergyKids and mother of four 



“Jeffrey Smith raises serious questions concerning the production of genetically modified foods.  
Based on meticulous research, Genetic Roulette offers a chilling reminder that the effects of GM 
foods on human health are largely untested. And, whilst we cannot assume that all such foods are 
dangerous, nor can we assume that they are all safe, especially in the long term. Yet in the US there 
is no labeling, so these products sneak into households in many different foods. If you care about 
your health and that of your children, buy this book, become aware of the potential problems, and 
take action.”
 — Dr. Jane Goodall, DBE, founder of the Jane Goodall Institute and UN Mes-

senger of Peace, www.janegoodall.org
 

“Jeffrey Smith is the leading world expert in the understanding and communication of the health 
issues surrounding genetically modified foods. Genetic Roulette, which brings in original contribu-
tions by eminent scientists worldwide, makes it crystal clear that the American FDA should not 
be so cavalier about the potential dangers of these procedures.”
  — Candace Pert, PhD, author of Molecules of Emotion and Everything You Need 

to Know to Feel Go(o)d and former Chief of the Section, National Institutes of 
Health

 

“Educators have a responsibility to be informed about the potential risks of genetically 
engineered foods. I urge school administrators to read Genetic Roulette and take preventive 
action to protect the long-term health of your students.”
 —Richard Beall, PhD, director of the Carolina International School 

“Jeffrey Smith’s Genetic Roulette destroys the myth that genetically modified organisms are safe 
and will give sleepless nights to uncritical supporters of GMOs. It contains a wealth of up-to-
date information, fully describing all the negative findings, mishaps, and actual harms caused by 
genetic engineering, as well as the possible health problems associated with this technology. In 
contrast to industry propaganda, all information in the book is fully referenced. I would advise all 
to grab a copy now and read it, regardless of which side they are on in the GMO debate. It is a real 
treasure and the most important GMO source book for policy makers, scientists, and the public.”
 — Arpad Pusztai, PhD and Susan Bardocz, PhD, DSc, both formerly of the 

Rowett Institute, consultants to the Norwegian Institute of Gene Ecology, and 
experts on safety assessments on genetically modified foods



“The process by which crops are currently genetically engineered is a mutagenic process.  Scientists 
still have much to learn regarding the ramifications of putting bacterial, viral or any other genes 
into the foreign context of a plant’s DNA.  For these and other reasons he describes in his book, 
Jeffrey Smith believes the products of this mutagenic genetic engineering process should be more 
thoroughly studied scientifically and more thoroughly regulated—especially by the FDA—before 
they are ever released into commerce. He’s absolutely right.”
  — Belinda Martineau, PhD, molecular geneticist, co-developer of the first com-

mercialized genetically engineered food crop and author of First Fruit: The 
Creation of the Flavr SavrTM Tomato and the Birth of Biotech Food

 

 “If a single short message could sum up this remarkably thorough, well-written, brilliantly de-
signed, and deeply disturbing book about biotechnology in our food supply, it would be the 
quotation on the left side of page 120, “Biology is so much more complex than technology.” This 
volume would never have needed to be written had scientists and corporations and regulators 
really believed that; none of them would have participated in the risky, ill-informed experiment 
that treated plant genomes like Lego pieces, and forced the results past its presumptive guardians 
and into the food supply.  Because the experiment is ongoing despite it’s riskiness, Jeffrey Smith 
has collected into a single volume all of the studies (disturbingly few) of the health effects of 
biotech foods in animals and humans, together with absorbing explanations of why dangerously 
negative effects may have occurred, some reasons why regulation has been utterly ineffective, and 
the technical flaws in industry studies that preclude their finding the unexpected (and inevitably 
expectable) side effects.  Read this book, or skim it—a feat the author has enabled with a format 
that allows for scanning or thorough reading—then remove from your grocery list everything 
that might contain genetically modified ingredients, write to the people who process the products 
you’ve stopped buying, and help end the experiment.”
 — Joan Dye Gussow, author of This Organic Life, professor emeritus of Nutrition 

and Education, Columbia University, former member Diet, Nutrition, and 
Cancer Panel of the National Academy of Sciences, and former member of 
Food Advisory Committee of the FDA

 

 “When my 12 year old was born, GM foods weren’t a part of the American diet. Today, about 30% 
of our cropland is planted with GMOs. Most Americans are uncomfortable with the idea of eat-
ing GM foods and yet eat them every day without knowing. It’s time we made a choice! We ought 
either to satisfy ourselves with solid scientific answers to the concerns clearly laid out in Genetic 
Roulette—or we should change the way we eat. When shoppers in Europe and Japan acted on their 
convictions, GM foods were largely eliminated from stores.”
 — Alan Greene, MD, pediatrician and author of From First Kicks to First Steps, 

www.DrGreene.com, awarded best health website 2005
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Suggestions to Readers

This book is designed for three types of readers: the quick scanner, the casual reader who 
does not need technical data, and those wanting it all. Here are navigation tips so quick 
scanners and casual readers can skip the technical stuff.

Introductory material: The section leading up to part 1 gives important basics for everyone.

Part 1 (two-page spreads): Quick scanners can stick with the executive summary on the left page 
only. Casual readers will have to pick and choose among the explanations on the right, since they 
vary considerably in their level of technical detail.

Connecting the dots: This section integrates information from part 1 and is good for everyone.

Parts 2–4: For quick scanners, the headlines and subheads are sufficient to give you the big 
picture. Casual readers can get more substance and context by also reading the narrative. The in-
dented excerpts provide examples and elaborations that casual readers may want to skip.

The Conclusion are for everyone, as are the lists of GM crops and foods in the Appendix.

To make the text easier for the casual reader, scientific jargon and technical details are often put 
into parentheses.

For updates, corrections, and an open debate on the material presented here, go to 
www.GeneticRoulette.com. We welcome scholarly responses to all aspects of this book. Please 
send to submit@GeneticRoulette.com.
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Foreword

This is the authentic book on genetic modification that the world has been waiting for. So 
much has been written about GM—some of it thoughtful and interesting, much of it 
mischievous or downright deceitful—but none of it systematic, authoritative, and com-

prehensive. What has long been needed is not more polemic, but the facts, the unvarnished detail 
that provides the evidence on which people can make up their own minds. This book is it.

For far too long this war between the pro- and anti-GM factions has been fought in a fog. 
The anti-group (independent scientists, environmentalists, and millions of small farmers) insisted 
there has been no systematic testing of GM crops or food, so we cannot be sure whether GM 
products are safe to eat or not. The pro-group (Monsanto, Bayer, Syngenta, and the other agri-
business majors, plus the US and UK governments) claimed that GM food was safe because there 
was no evidence to suggest otherwise, and there was no need to look for it because GM and non-
GM crops were “substantially equivalent.’’ This impasse, this non-dialogue between opposing 
camps, has now been broken by this book.

For the first time not only are the facts of adverse health problems associated with genetic engi-
neering methodically set out, but the theory, which might account these episodes of mortality and 
morbidity, is also carefully presented. It has been too little realized that blasting genetically engi-
neered DNA into a plant arbitrarily—like throwing darts into a haystack—disrupts a sequence 
of genes that has evolved over hundreds of millions of years so as to optimize the functioning of 
the organism and is bound to destabilize the biochemistry of the plant. We are still learning about 
the myriad of ways by which this crude insertion process can mutate or permanently turn genes 
on or off, alter RNA or proteins in plants, produce allergies or toxicities, or even trigger wider 
unpredictable impacts elsewhere in the genome. 

So why isn’t all this better known, or at least exhaustively investigated whenever damaging toxic 
consequences are discovered? This is where the dry revelation of unexpected biochemical reac-
tions turns into an extraordinary exposition of the use of manipulation, concealment, and corrup-
tion for the preservation and enhancement of corporate power. Adverse GM reactions are almost 
never rigorously followed up, abnormal proliferation of cells—which might be a precursor of can-
cer—is ignored, evidence of horizontal gene transfer into gut bacteria or human DNA—which 
could cause long-term damage—is studiously ignored, and mortality data on animals fed GM 
crops is swept aside or suppressed.

How this can still happen, when the potential risks for human health are so great, lies at the 
heart of this book. It opens up the secret links between, on the one hand, the hugely powerful GM 
seed companies seeking to grasp the greatest cash bonanza of all time by cornering the world’s 
food supply and, on the other, the governments led by the United States of many of the world’s 
biggest countries and an international network of ministers, key officials and responsive scientists. 
It is this power nexus, unseen but ubiquitous, that overshadows the entire debate on GM, using 
every trick in the book, in the teeth of all the evidence, to protect the GM project from collapse. 
This book is the best exposure yet of these machinations.

i



The book brings together, for the first time, data culled from hitherto inaccessible sources. Evi-
dence extracted via Freedom of Information Act requests and from a trawl through of previously 
unexplored industry submissions and government documents throws a new light on the symbiosis 
between the GM industry and the regulators who are supposed to represent the public interest. 
The case presented is absolutely a smoking shotgun that should stop in its tracks any dabbling 
with GM foods, whether by individual families, food companies, or indeed nations. 

Genetic Roulette is a fitting sequel to Jeffrey Smith’s earlier best seller Seeds of Deception, which 
has become the bible of the GM campaigner. Bibles make a great read, but are sometimes difficult 
to use as a reference to obtain needed information in a hurry. This book is now designed to fill 
that gap, and is clearly going to provide a new, powerful, easy-to-handle tool for policy-makers. I 
believe it will inspire leaders in many different arenas to take action based on the content—indeed 
it might even jerk the UK government out of their disregard for science, alerting us to the risks 
of GM.

Jeffrey Smith is one of the great campaigners of our age, a relentless pursuer of the truth, a 
fearless advocate in the corporate world of secret influence, and a ceaseless promoter of the public 
interest across the world. He is the modern David against the GM Goliath. This book may well 
provide the slingshot to change the global course of events this century.

—Michael Meacher, MP, former UK government environment minister
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INTRODUCTION
Deceptions, Assumptions, and Denial— 

Exposing the roots of genetically modified crops

When Kirk Azevedo accepted a Monsanto Company recruiter’s offer in 1996 to sell 
genetically modified (GM) crops, it wasn’t the pay increase that inspired him. It was 
the writings of Monsanto CEO Robert Shapiro that were his motivation. Shapiro had 

painted a picture of feeding the world and cleaning up the environment with his company’s new 
technology. Kirk was fascinated by the idea of swapping genes between species, creating designer 
organisms that could reduce manufacturing waste, turning “fields into factories and producing 
anything from lifesaving drugs to insect-resistant plants.”¹ When he visited Monsanto’s St. Louis 
headquarters for new employee training, Azevedo shared his enthusiasm for Shapiro’s vision dur-
ing a meeting. When the session ended, a company vice president pulled him aside and set him 
straight.

“Wait a second,” he told Azevedo. “What Robert Shapiro says is one thing. But what we do is 
something else. We are here to make money. He is the front man who tells a story. We don’t even 
understand what he is saying.”

Azevedo was jolted. His image “of helping and healing” the world through GM crops turned 
out to be a manufactured reality—a lie—crafted to gain public acceptance and to push products. 
Azevedo realized he was working for “just another profit-oriented company.”

Helping the world is only one of several manufactured realities about GM crops, the most 
fundamental of which is that the foods are safe. The key source for this claim is the United States 
Food and Drug Administration (FDA). According to their 1992 policy on GM foods, “The 
agency is not aware of any information showing that foods derived by these new methods dif-
fer from other foods in any meaningful or uniform way.” On the basis of that sentence, the 
FDA claimed that no safety studies are necessary and that “Ultimately, it is the food producer 
who is responsible for assuring safety.”² Biotech companies thus determine on their own if their 
products are harmless. This policy set the stage for the rapid deployment of the new technology. 
The seed industry was consolidated, millions of acres were planted, hundreds of millions were fed, 
consumers and nations objected, laws were passed, crops were contaminated, billions of dollars 
were lost—and it turns out that sentence was a lie.

The FDA was fully aware that GM crops were meaningfully different. That, in fact, was the 
overwhelming consensus among “the technical experts in the agency.” The scientists agreed that 
genetic engineering leads to “different risks”³ than traditional breeding and had repeatedly warned 
their superiors that GM foods might create unpredictable, hard-to-detect side effects. They urged 
the political appointees who were in charge at the FDA to require long-term safety studies, in-
cluding human studies, to guard against possible allergies, toxins, new diseases, and nutritional 
problems.

The scientists’ concerns were kept secret in 1992, when FDA policy was put into place. But 
seven years later, internal records were made public due to a lawsuit and the deception came to 
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2 I N T R O D U C T I O N

light. The agency’s newly released 44,000 pages revealed that government scientists’ “references to 
the unintended negative effects … were progressively deleted from drafts of the policy statement 
(over the protests of agency scientists).”⁴ They further revealed that the FDA was under orders 
from the White House to promote GM crops and that Michael Taylor, Monsanto’s former attor-
ney and later its vice president, was brought into the FDA to oversee policy development. With 
Taylor in charge, the scientists’ warnings were ignored and denied. 

As a result, consultation with the FDA on GM food safety is a voluntary exercise, in which 
the agency receives summaries without data and conclusions without foundation. If the company 
claims that its foods are safe, the FDA has no further questions. Thus, GM varieties that have 
never been fed to animals in rigorous safety studies and probably never fed to humans at all are 
approved for sale in grocery stores.

In the mid-1990s, the UK government decided to institute what US leaders refused to—rigor-
ous, long-term safety testing. They commissioned scientists to develop an assessment protocol for 
GM crop approvals that would be used in the UK and eventually by the EU. In 1998, three years 
into the project, the scientists discovered that potatoes engineered to produce a harmless insecti-
cide caused extensive health damage to rats. The pro-GM government immediately canceled the 
project, the lead scientist was fired and the research team dismantled. The assessment require-
ments that were eventually adopted by the EU were a far cry from those that were being devel-
oped in the UK. The superficial testing schemes still have yet to meet the demands of the FDA’s 
stifled scientists.

Industry is in charge of safety
Ironically, policy makers around the world gain confidence in the safety of GM crops because 
they wrongly assume that the US FDA has approved them based on extensive tests, and approvals 
everywhere rely on the developers to do safety studies on their own crops. Research does not need 
to be published and most is kept secret under the guise of “confidential business information.” 
Very little data is available for public scrutiny. In 2003, for example, researchers reviewed pub-
lished, peer-reviewed animal feeding studies that qualified as safety assessments. There were ten. 
The correlation between the findings and the funding was telling. Five studies “performed more or 
less in collaboration with private companies” reported no adverse effects. In the three independent 
studies, “adverse effects were reported.” The authors said, “It is remarkable that these effects have 
all been observed after feeding for only 10–14 days.”⁵

Biotech advocates claim that there is plenty of evidence for safety. In December 2004, for ex-
ample, Christopher Preston did a database search of peer-reviewed animal feeding studies world-
wide and came up with 41.⁶ Although this is still an incredibly low number of papers by which to 
judge safety, according to Arpad Pusztai, an expert in feeding studies, Preston’s list failed “to dis-
tinguish between a scientific study and an animal production exercise.” The latter “may be of some 
value to commercial animal production but have limited scientific value.”⁷ When the commercial 
studies were removed from the list, it left only 18 (4 of which are in Russian or Chinese). 

In October 2005, Wayne Parrot compiled 60 abstracts entitled, “General Safety and Safety As-
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sessment of Specific Genetically Modified Crops from Scientific Journal Articles.”⁸ The list was 
presented to the minister for agriculture and food in the government of western Australia as evi-
dence that sufficient research had been conducted to conclude that GM food was safe. According 
to an analysis by epidemiologist Judy Carman, “A review of these abstracts found that most were 
animal production studies. … In fact, only nine abstracts could be considered to contain measures 
applicable to human health. The majority of these (six abstracts; 67%) found adverse effects from 
eating GM crops.” Carman pointed out that several other studies with adverse findings had been 
omitted from the compilation. She concluded, “The list of abstracts therefore does not support 
claims that GM crops are safe to eat. On the contrary, it provides evidence that GM crops may 
be harmful to health.”⁹

By the beginning of 2007, there were just over 20 peer-reviewed animal feeding safety studies on 
GM crops. Only a single human feeding trial has been published and there is no post-marketing 
surveillance on those eating GM foods. Trials funded or conducted by the GM crop producers, 
however, are consistently substandard. They typically fail to investigate the impacts of GM food 
on gut function, liver function, kidney function, the immune system, the endocrine system, blood 
composition, allergic response, effects on the unborn, the potential to cause cancer, or impacts on 
gut bacteria. In addition, the industry-funded studies have become notorious for using creative 
ways to avoid finding problems. They feed older animals instead of more sensitive young ones, 
keep sample sizes too low to achieve the statistical significance needed for proof in scientific 
studies, dilute the GM component of the feed, overcook samples, compare results with irrelevant 
controls, choose obsolete insensitive detection methods, limit the duration of feeding trials, and 
even ignore animal deaths and sickness. They’ve got “bad science” down to a science.

Genetic engineering creates wide-spread, unpredictable changes
The prevailing worldview behind the development of GM foods was that genes were like Lego 
blocks, independent pieces that snap into place. This is false. The process of creating a GM crop can 
produce massive changes in the natural functioning of the plant’s DNA. Native genes can be mu-
tated, deleted, permanently turned off or on, and hundreds may change their levels of expression. The 
inserted gene can become truncated, fragmented, mixed with other genes, inverted or multiplied, 
and the GM protein it produces may have unintended characteristics with harmful side effects.

To make this clear, we’ll use the popular analogy comparing DNA to a book. The four bases 
that make up the genetic sequence are the letters in the book; the genes are special pages that 
describe characters called proteins. The common way people explain and promote genetic engi-
neering is to say, “It is just like taking a page out of one book and putting it into another.”

In reality, a book would look quite different after it had  undergone genetic engineering. The 
inserted page (gene) may turn out to be multiple identical pages, partial pages, or small bits of 
text. Sections of the insert are misspelled, deleted, inverted, or scrambled. Next to the inserts, the 
story is often indecipherable, with random letters, new text, and pages missing. The rest of the 
book has also changed. There are now typos throughout, sometimes hundreds or thousands of 
them. Letters are switched, words are scrambled, and sentences are deleted, repeated, or reversed. 
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Passages from one part of the book, even whole chapters (chromosomes), may be relocated or 
repeated elsewhere, and bits of text from entirely different books can show up from time to time. 
Many of the characters in the story (proteins) now act differently. Some minor roles have become 
prominent, leads have been demoted and some may have switched roles from hero to villain or 
vice versa. And, if you get bored with this story, take the original book, insert another page—even 
the same one—and the changes will be completely different. Or stick with the original book and 
over time, it might actually rearrange the inserted page.

In addition to unintended changes in the DNA, there are health risks from other aspects of 
GM crops. When a transgene starts to function in the new cell, for example, it may produce 
proteins that are different than the one intended. The amino acid sequence may be wrong, the 
protein’s shape may be different, and molecular attachments may make the protein harmful. The 
fact that proteins act differently in new plant environments was made painfully clear to developers 
of GM peas in Australia. They canceled their 10-year, $2 million project after their GM protein, 
supposedly identical to the harmless natural version, caused inflammatory responses in mice. 
Subtle, unpredicted changes in molecular attachments might have similarly triggered deadly al-
lergic reactions in people if the peas were put on the market.

Even if the GM protein is exactly what is intended, there are still problems. For example, corn 
and cotton varieties are engineered to produce a pesticidal protein called Bt-toxin (from Bacillus 
thuringiensis). Because it is used in spray form by farmers, it was claimed to be harmless to humans. 
That’s clearly wrong. People exposed to Bt-toxin spray had all sorts of allergic-type symptoms; 
mice that ingested Bt had powerful immune responses and abnormal and excessive cell growth; 
and Bt crops are being blamed for a growing number of human and livestock illnesses.

Another problem is that inserted genes may transfer from food into gut bacteria or internal 
organs. This possibility had been dismissed earlier based on the assumption that ingested genes 
are quickly destroyed by the digestive system. Not so. Animal studies demonstrate that ingested 
DNA can travel throughout the body, even into the fetus via the placenta. Transgenes from GM 
crops fed to animals have been found in the blood, liver, spleen, and kidneys. The only published 
human feeding trial on GM food verified that genetic material inserted into GM soy transfers 
into the DNA of our intestinal bacteria.

Now combine the two risks above and get a third. If the corn gene that creates Bt-toxin were to 
transfer into gut bacteria (like parts of the soy gene have been doing), it might turn our intestinal 
flora into living pesticide factories. A biotech proponent may argue that this is just speculation 
since there are no studies to show that Bt genes also transfer. But that is the point. There are no 
studies on Bt gene transfer to human gut bacteria—period. We don’t know if this happens because 
no one is looking. Thus, biotech companies are gambling that this and many other untested dan-
gers won’t materialize. And so are regulators. And so are consumers. It’s genetic roulette.

If results from the few animal feeding safety studies are any indication, then the odds are 
stacked against us. Lab animals tested with GM foods had stunted growth, impaired immune 
systems, bleeding stomachs, abnormal and potentially precancerous cell growth in the intestines, 
impaired blood cell development, misshapen cell structures in the liver, pancreas, and testicles, 
altered gene expression and cell metabolism, liver and kidney lesions, partially atrophied livers, 
inflamed kidneys, less developed brains and testicles, enlarged livers, pancreases, and intestines, 
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reduced digestive enzymes, higher blood sugar, inflamed lung tissue, increased death rates, and 
higher offspring mortality. About two dozen farmers report that GM corn varieties caused their 
pigs or cows to become sterile, 71 shepherds say that 25% of their sheep died from grazing on 
Bt cotton plants, and others say that cows, water buffaloes, chickens, and horses also died from 
eating GM crops. Filipinos in at least five villages fell sick when nearby Bt corn was pollinating 
and hundreds of laborers in India report allergic reactions from handling Bt cotton. Soy allergies 
skyrocketed by 50% in the United Kingdom, soon after genetically engineered soy was intro-
duced; and one human subject out of the few tested showed a skin prick allergic-type reaction to 
GM soy, but not to natural soy. In the 1980s, a GM food supplement killed about one hundred 
Americans and caused sickness and disability in another five to ten thousand people.

How do biotech companies deal with adverse reactions to their products? A cursory look at 
how Monsanto responded to adverse reactions from its toxic chemical PCBs (polychlorinated bi-
phenyls) gives us some insight. In communication with the US Public Health Service, Monsanto 
claimed their experience “has been singularly free of difficulties.” Their internal files¹⁰ obtained 
from a lawsuit, however, reveal that this was part of a cover-up and denial that lasted decades. 
Company memos referred to liver disease, skin problems, and even deaths in workers associated 
with exposure. Monsanto’s medical department wanted to prohibit employees from eating at the 
factory because research showed that PCBs “were quite toxic materials by ingestion or inhala-
tion.”¹¹ The US Navy refused the product because in their safety study, all exposed animals died.

Monsanto was aware that their industrial customers were mixing PCBs into coatings applied 
inside “potable water supply storage tanks,” swimming pools,¹² and grain silos. In the latter case, 
Monsanto knew that high levels of PCBs ended up in the milk of cows fed the grain.¹³ A Mon-
santo memo also acknowledged that “one million lbs/year” of PCBs were used in highway paints, 
and “through abrasion and leaching we can assume that nearly all of this … winds up in the envi-
ronment.”¹⁴ But Monsanto refused to warn consumers or protect the environment because, as an 
executive made clear in a 1970 memo, “We can’t afford to lose one dollar of business.”¹⁵ The court 
fined the company $700 million.

Monsanto has brought this type of reckless denial into the field of GM foods. They have also 
added to their repertoire extensive bribery,¹⁶ hijacking of regulatory agencies, and threats to re-
porters and scientists.

Kirk Azevedo experienced firsthand how the company responded to a potentially serious safety 
hazard in its GM cotton. In 1997, a few months after he was set straight by the Monsanto Vice 
President at headquarters, a company scientist told him that Roundup Ready cotton plants con-
tained new, unintended proteins that had likely resulted from the gene insertion process. No 
safety studies had been conducted on the proteins, none were planned, and the cotton plants, 
which were part of field trials near his home, were being fed to cattle. Azevedo “was afraid at that 
time that some of these proteins may be toxic.”  Azevedo asked the PhD in charge of the test 
plot to destroy the cotton rather than feed it to cattle. He argued that until the protein had been 
evaluated, the cows’ milk or meat could be harmful. The scientist refused.

He approached everyone on his team at Monsanto to raise concerns about the unknown pro-
tein, but no one was interested. “Once they understood my perspective, I was somewhat ostra-
cized,” he said. “Once I started questioning things, people wanted to keep their distance from 
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me. I lost cooperation with other team members. Anything that interfered with advancing the 
commercialization of this technology was going to be pushed aside.”

Azevedo believed that Monsanto’s irresponsible practices might devastate the health of consum-
ers. “These Monsanto scientists are very knowledgeable about traditional products, like chemicals, 
herbicides, and pesticides,” he said, “but they don’t understand the possible harmful outcomes of 
genetic engineering.” 

He tried to blow the whistle. “I spoke to many Ag commissioners. I spoke to people at the Uni-
versity of California. I found no one who would … even get the connection that proteins might 
be pathogenic, or that there might be untoward effects associated with these foreign proteins that 
we knew we were producing. They didn’t even want to talk about it really. You’d kind of see a blank 
stare.” Azevedo decided to leave Monsanto. He said, “I’m not going to be part of this disaster.”¹⁷

Azevedo had witnessed an example of an assumption-based safety assessment. His colleagues 
assumed that the protein was safe, so they put it into the food supply without testing their as-
sumptions. Similarly, scientists and regulators assumed that genes act as isolated units, produce 
only one protein, and are destroyed during digestion. They assumed that GM protein will act the 
same as before in new organisms, that Bt-toxin is harmless, and that disruption of the host DNA 
poses no concern. These and many other assumptions used as the basis of safety claims have been 
proven wrong. In spite of that, biotech proponents either adamantly repeat their now-obsolete 
arguments,  or declare that it doesn’t matter anyway—the crops are still safe.

But the converging lines of evidence in this book suggest, in fact, that GM crops are inherently 
dangerous and may be responsible for an unfolding health disaster. What is astounding, moreover, 
is the absence of research following up this mounting evidence and the continued dismissal of 
serious adverse reactions. It demonstrates a reckless disregard for safety by the biotech industry 
and by governmental bodies charged with regulating and ensuring the safety of their products.

How genetic engineering works
and why it is not an extension of natural breeding

The discovery in the mid-1970s that scientists could transfer genes from the DNA of one species 
into that of another was heralded as a major scientific breakthrough. Plants, animals, and other 
organisms could now become equipped with genes they could never acquire naturally and exhibit 
traits not previously found in their species or even their kingdom.

Scientists have since worked on some interesting combinations. Spider genes were inserted into 
goat DNA, in hopes that the goat milk would contain spider web protein for use in bullet-proof 
vests. Cow genes turned pig skin into cowhides. Jellyfish genes lit up pigs’ noses in the dark. Arctic 
fish genes gave tomatoes and strawberries tolerance to frost. Potatoes glowed in the dark when 
thirsty. Human genes were inserted into corn to produce spermicide. Pharmaceutical companies 
inserted genes into bacteria, turning them into living factories to produce drugs. And seed com-
panies gave new traits to crops.
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GM crops: Two traits in four crops by five companies in six countries
Five companies comprise the GM seed industry, known as Ag biotech. Monsanto is the largest, with 
their GM seed technology and traits accounting for 88% of the GM acreage planted in 2005. 
Due to its global shopping spree, it is now the largest seed supplier of both GM and conventional 
seeds. The other companies are DuPont, Syngenta, Bayer CropScience, and Dow. Together, these 
five companies own more than 35% of the worldwide seed market¹⁸ as well as 59% of the pesticide 
market.¹⁹

There are four major GM food crops currently in commercial production—soybeans, corn, 
canola, and cotton. All are used to make vegetable oil, and soy and corn derivatives are used in 
most processed foods. There are also GM zucchini, crookneck squash, papaya, and alfalfa. GM 
tomatoes and potatoes were introduced but taken off the market. Also, Quest cigarettes contain 
GM tobacco.

Although Ag biotech promotes its technology as a solution to feed the hungry world, grow crops 
in the desert, and boost nutritional value, the current generation of GM traits is a far cry from that 
promise. The single dominant GM trait is herbicide tolerance (HT). HT crops are engineered to 
survive an otherwise toxic dose of weed killer. Companies bundle their HT crops with their 
brand of herbicide. Roundup Ready crops can withstand Monsanto’s Roundup herbicide (whose 
active ingredient is glyphosate). Liberty Link crops can tolerate Bayer’s Liberty herbicide (active 
ingredient glufosinate ammonium). They are both broad spectrum herbicides—designed to kill 
all other plant life. When farmers buy HT seeds, they are also required to buy the company’s cor-
responding herbicide.

The glyphosate in Monsanto’s Roundup kills plants by inhibiting an enzyme (EPSPS) that is 
needed for producing key amino acids. Some scientists discovered bacteria in a chemical waste 
pond near the Roundup factory that survived in spite of the presence of the herbicide. They 
discovered that the bacteria’s version of the enzyme inactivated glyphosate and thereby resisted 
inhibition. They found the gene that created this enzyme, modified it, and then placed it into the 
DNA of Roundup Ready crop varieties. Monsanto began commercialization of these crops in 
1996 before their patent on glyphosate was due to expire in 2000. These crops, which now force 
farmers to choose Monsanto’s brand of glyphosate, have effectively extended the company’s dom-
inance in the herbicide market. In addition, HT crops dramatically increase the use of herbicide,²⁰ 
which further contributes to the company’s bottom line.

The second popular GM trait is a built-in pesticide. A gene from the soil bacterium Bacillus 
thuringiensis, or Bt, is inserted into corn and cotton DNA, where it produces pesticidal toxins in 
every cell. 

About 68% of the crops are engineered to resist an herbicide, about 19% produce their own 
pesticide and 13% do both. The zucchini, squash, and papaya, which together comprise less than 
1% of the GM crop market, are each engineered with modified viral genes designed to resist in-
fection from a single type of plant virus. 

There are six countries growing nearly all commercialized GM crops. The United States domi-
nates production at 54%, followed by Argentina (18%), Brazil (11%), Canada (6%), India (4%), 
and China (3%).²¹
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GM is not like natural breeding
Genetic engineering is a lot of things, but it is not sex. Michael Antoniou, a molecular geneticist 
who does human gene therapy, says genetic modification “technically and conceptually bears no 
resemblance to natural breeding.” In normal sexual reproduction, genomes from both parents 
contribute thousands of genes to the offspring; these get sorted and expressed in a highly regu-
lated and natural way. Plant breeders have worked with this system for thousands of years by 
selecting parents with desired characteristics, such as yield or disease resistance, in the hopes that 
the offspring express both. With genetic engineering, however, a single gene is removed from the 
DNA of one organism and forcibly inserted into another. This doesn’t happen naturally.

A pig can mate with a pig and a tomato can mate with a tomato. But there is no way that a 
pig can mate with a tomato. Using genetic engineering, however, pig genes can be inserted into a 
tomato and vice versa. This transfers genes across the natural barriers that have separated species 
over millions of years of evolution.

Public relations firms of the biotech industry proposed that genetic engineering is just an ex-
tension of natural breeding. This idea is designed to promote acceptance, but is not scientifically 
defensible. Experts at the FDA, for example, repeatedly emphasized that GM technology and its 
effects are “different than [those] experienced by traditional breeding techniques.” FDA microbi-
ologist Louis Pribyl wrote, “The unintended effects cannot be written off so easily by just implying 
that they too occur in traditional breeding. There is a profound difference between the types of un-
expected effects from traditional breeding and genetic engineering.” ²² Compliance officer Linda 
Kahl said that by “trying to force an ultimate conclusion that there is no difference between foods 
modified by genetic engineering and foods modified by traditional breeding practices,” the agency 
was “trying to fit a square peg into a round hole.” She said, “The processes of genetic engineering 
and traditional breeding are different and according to the technical experts in the agency, they 
lead to different risks.”²³

In spite of the obvious differences, biologist David Schubert points out that GM advocates use 
arguments that are “not only scientifically incorrect but exceptionally deceptive. … The biotech 
industry misuses language to redefine scientific terms in order to make the GE process sound 
similar to conventional plant breeding.”²⁴ Biochemist Robert Mann says, “One tawdry old argu-
ment we have heard since 1974, and can expect to hear again, is the claim that gene transfers occur 
naturally so GM is only hastening them. This line of talk is a smoke screen designed to obscure the 
fact that GM usually performs artificial transfers, which are not known to occur in nature.”²⁵

Another claim is that radiation and chemicals are regularly used on food crops to promote 
mutations (mutagenesis) and that the random changes that occur in the DNA are similar to those 
produced by genetic engineering. One GM advocate, for example, cited a manuscript²⁶ listing all 
of the registered crops in the world that have a mutagenized parent—2,275 varieties of 175 spe-
cies. According to Schubert, however, the list included “flowers and many other non-food crops, 
and the vast majority are not now and never were used commercially.”²⁷ In fact, only one food crop 
listed in the manuscript, the sunflower, was commercially grown in the United States. Further-
more, the methods are not comparable, but rather used as a smoke screen to divert attention from 
those elements unique to GM crops.
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How to make a GM crop
To make a GM crop, scientists must identify the gene they want to use and analyze its sequence. 
Since bacteria produce certain amino acids using a different code than in plants, if the source 
gene is from bacteria, some of the codes will have to be changed.

On one end of the gene, engineers add a promoter sequence to switch it on. The most popular 
promoter used in GM crops (CaMV 35S) is designed to force the gene to constantly produce 
a high volume of protein. On the other end, a terminator sequence is attached, which tells the 
DNA, “The transgene ends here—stop reading.” In addition, scientists add a marker gene, typi-
cally an antibiotic-resistant marker gene, which helps in a later step described below.

The combination of these sequences, called the gene cassette, is multiplied by the millions. To 
do this, the cassette is placed into a circular piece of bacterial DNA called a plasmid, which is also 
equipped to reproduce over and over again in bacteria. Prior to inserting them into plant cells, 
scientists these days usually remove the extraneous plasmid DNA and use only the gene cassette. 
Years ago, when most of the currently commercialized GM crops were engineered, the inserted 
sequences included extraneous DNA from the plasmid, along with the gene cassette.

The plant cells that receive the inserted gene are first grown in the laboratory using a specific 
nutrient medium. This process is called tissue culture and is highly mutagenic; that is, it creates 
many genetic changes in the plant cells that cannot be predicted or controlled.

There are two primary methods for performing the gene insertion. One method uses a bacte-
rium (Agrobacterium tumefaciens) which, under normal conditions, infects a plant by inserting a 
specific portion of its own DNA into plant DNA. Once it is functioning in the plant genome, 
that specific sequence from the bacterium causes the plant to grow tumors. Genetic engineers, 
however, replace the tumor-creating section of the bacterial DNA with one or more genes. The 
newly-equipped bacterium “infects” the plant’s DNA with those foreign transgenes instead. (The 
bacterium uses its circular “plasmid” DNA to infect plants.)

The second method of gene insertion uses a gene gun, or particle insertion method. Scientists 
coat millions of particles of tungsten or gold with gene cassettes and then shoot these into mil-
lions of plant cells. Only a few cells out of millions incorporate the foreign gene. Scientists specu-
late that both methods of gene insertion trigger a wound response in the plant cell, which helps 
its DNA integrate the foreign gene.

To select cells that have successfully integrated the gene cassette, scientists rely on marker 
genes. Antibiotic resistant markers, for example, are designed to confer resistance to a particular 
antibiotic that would otherwise kill the cell. Therefore, that antibiotic is applied to the cells after 
the gene insertion process. Those that survive are the ones that have the marker gene operating in 
their DNA. Most cells die.

The surviving cells are again grown using tissue culture, but the changed nutrient medium allows 
them to develop into plants. Once fully developed, researchers can multiply the desired transgenic 
line by planting the seeds or by making more clones through tissue culture of the plants’ cells. 

Each plant grown from separate gene insertions is unique. The location of the transgene in the 
host DNA and the consequences of that insertion are different with each insertion. That is why all 
the plants grown from a single insertion are referred to collectively as an “event,” indicating that 
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the integration of the transgene cassette is not repeatable or reproducible.
Thus, genetic engineering takes artificial combinations of genes that have never existed to-

gether, forcibly inserts them into random locations in the host genome and then clones the re-
sults; it is clear that the process differs from natural breeding. According to an article in Biotech-
nology and Genetic Engineering Reviews, “Traditional breeding methods are based upon natural 
reproductive processes and involve selection at the level of the organism [breeders choose which 
plants to cross], the precise orchestration of thousands of genes, relatively infrequent mutations, 
and products that have been selected for safe use over several thousand years.  In contrast, GE 
crop technology abrogates natural reproductive processes, selection occurs at the single cell level 
[breeders choose which cell to clone], the procedure is highly mutagenic [causing DNA muta-
tions] and routinely breeches genera barriers, and the technique has only been used commercially 
for 10 years.  Furthermore, normal breeding never introduces a cassette of bacterial genes for drug 
resistance along with strong . . .  promoters to express foreign proteins at high levels in all parts 
of the plant.”²⁸

It’s difficult to identify health problems from GM foods,
even if widespread

One of the most unscientific and dangerous statements made by biotech proponents is that mil-
lions of people in the US have been eating GM food for a decade and no one has gotten sick. On 
the contrary, GM foods might already be contributing to serious, widespread health problems, but 
since no one is monitoring for this, it could take decades to identify.

Judy Carman, a former senior epidemiologist for the government of South Australia, describes 
the difficulties from a public health perspective.²⁹ “The first problem is to recognize that there is 
a new health problem in the community. Without full animal testing, we don’t even know which 
diseases to look for in people.” If GM crops created a new disease, it would not have an established 
surveillance system. In fact, most existing diseases do not have any effective surveillance systems 
in place, making it hard to identify a change.

Carman points out that, “The HIV/AIDS epidemic went unnoticed for decades, even though 
it created memorable secondary infections … and had a focus in young gay men who tended 
to cluster geographically and see the same doctors. It was largely picked-up by chance … even 
though there were by then thousands of HIV/AIDS cases worldwide.”

Once a new disease (or increased incidence of an existing disease) is identified, it must be 
tracked to its cause. Carman says, “Anything that looks like an infectious disease usually results 
in an investigation by a state or local health authority. Anything else, for example, an increase in 
cancer, relies on someone, usually an academic, having an interest in the disease and applying in 
a competitive medical research grant system, for funding to do the investigation.” That could take 
years. If a research effort is funded, “For an existing disease, existing hypotheses would be consid-
ered and tested before GM foods, creating a delay in finding the cause,” says Carman.

“Then people would need to accurately remember what they had been eating. Most people can-
not even remember everything they ate the day before.” Moreover, GM foods in many countries, 
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including the United States, are not labeled. Neither consumers nor manufacturers know how 
much GM content is in the food. “So how can an investigator properly investigate and hence 
expose the link between the GM food and the illness?” Carman concludes that it “may be almost 
impossible to prove that a GM food has caused a disease, even if there are thousands of cases.”

Some of the difficulties of tracking a GM food’s effects were witnessed when StarLink, a GM 
corn variety unapproved for human consumption, contaminated the US food supply. The concern 
was that the properties of StarLink’s GM protein may trigger allergic reactions. But even with a 
recall affecting more than three hundred brands and a major disruption of US corn exports, the 
investigation mounted by the FDA to determine whether the food was allergenic was miserable.

The agency established only a passive monitoring system, contacting and testing only the tiny 
percentage of affected people who filed formal complaints with them. They never investigated 
the thousands of health-related consumer calls made to food companies, including those who 
were rushed to the hospital. The FDA also failed to contact health professionals or allergy groups 
around the country. It took them nine months to prepare an allergenicity test, but it was so poorly 
designed, the EPA’s expert panel on allergies rejected its conclusions.

The deadly epidemic caused by the GM food supplement L-Tryptophan (see section 1.20) is 
another demonstration of the difficulty in tracking a problem. Even with five to ten thousand sick 
and about one hundred dead, the epidemic was almost missed. The reason it was discovered was 
that the disease was unique, acute, and came on quickly, and it still required some lucky coinci-
dences. 

Carman asks, “What would happen if a link were found between a GM food and human ill-
health?” She points out that “experience with the tobacco industry indicates that affected indus-
tries tend to argue and lobby against evidence for lucrative plant products. This would be com-
pounded by the political considerations and lobbying of many thousands of disaffected farmers 
whose livelihoods depended on growing the crops. . . . So, even if a GM food is found to cause 
harm, it may take many years of effort to remove it from the food supply.”

“In short, with the level of current safety testing, if GM foods do cause human health problems, 
it will be very difficult to determine this, even though there may be many cases, and finding the 
cause and doing something about it may take decades.”

Indeed, the European Commission acknowledged, “in the absence of exposure data in respect 
of chronic conditions that are common, such as allergy and cancer, there simply is no way of as-
certaining whether the introduction of GM products has had any other effect on human health. 
… On the basis of existing research...it is impossible to know whether the introduction of GM 
food had had any human health effects other than acute toxic reactions. ”³⁰
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What is presented in this book
In the absence of large amounts of published data to evaluate the health risks of GM foods, we 
must draw from varied sources. We include published peer-reviewed journals, unpublished stud-
ies, case studies, medical reports, news reports, and eye-witness accounts. We also address theo-
retical concerns about GM foods based on scientific principles and question the assumptions used 
as the basis for approvals.

From an epidemiological standpoint, case studies, anecdotal evidence, medical and eye-witness 
reports, and news stories all have profound significance. They often provide the starting point for 
an investigation, which may include evaluating and defining patterns of illness, gathering cor-
roborating evidence and analyzing health effects in relation to medical knowledge and scientific 
theories. This book documents repeating patterns of illness, corroborating evidence, and health 
reactions consistent with the known potential risks of GM foods.



Terms and concepts used throughout this book
This book is written for both non-scientists and scientists. A few terms that are used throughout 
the book that are necessary for everyone to understand are described below.

DNA (Deoxyribonucleic acid) is a long molecule found inside the cells of almost all living 
things. In plants, animals, and humans, it is found inside the nucleus of the cell. Most bacteria 
don’t have nuclei, but their DNA is associated with the cell membrane.

The information in the DNA is inherited from parents and is made up of a chemical sequence 
containing combinations of four basic units (nucleotides) called bases. They are arranged in pairs, 
called base pairs along two opposing strands of DNA. The full code of the DNA for a particular 
type of organism is called a genome. The human genome contains about 3 billion base pairs or a 
total of 6 billion bases in the double-stranded DNA.

Functional units, which make up only a small percentage of the DNA in plants, animals, and 
humans, are sequences called genes. Genes code for proteins. In the human genome, genes com-
prise only about 3% of the DNA. The other sequences are non-coding. The number of genes in a 
genome varies a great deal. Humans have about 25,000 genes, but the exact number is still being 
determined.

When a gene is active or expressing, its code is reproduced or transcribed into separate RNA 
(ribonucleic acid) strands called transcripts. The transcripts can then be translated into amino 
acids according to a formula; specific combinations of three bases in the RNA determine which 
amino acids are produced. A connected sequence of amino acids make up proteins, including the 
type of proteins called enzymes. The amount of RNA and protein produced by a gene is its level 
of gene expression and the protein produced is the gene product.

[Please note that gene expression is not entirely linear, as presented above. Multiple genes often 
function as units, RNA and proteins can regulate genes, and some RNA can even make DNA.]

The terms genetically modified (GM) and genetically engineered (GE) are used interchange-
ably, referring to the use of genetic engineering, also known as recombinant DNA technology, 
which inserts genetic sequences into DNA. The method of insertion into plants can be with a 
gene gun or via bacterial infection using agrobacterium. The inserted gene is usually from a dif-
ferent species. It produces a GM protein. This protein is selected to confer a new trait for the 
transgenic organism into which it is placed. In addition to the inserted gene, other genetic ma-
terials are added to either inform the scientist that the insertion was successfully integrated into 
the host’s genome or to help the foreign gene function properly in the new DNA. The term used 
to describe all the genetic material that is inserted is called gene cassette, or more commonly the 
transgene (although transgene can also refer to just the trait-carrying gene within the cassette.)

Mutations refer to deviations or errors in the genetic sequence that frequently lead to altered 
or mutated organisms.

GMOs are genetically modified organisms, i.e. organisms whose DNA has undergone gene 
insertion. They are also called GEOs, for genetically engineered organisms. If a GMO is used 
for food or to produce GM proteins used in food, the ingested product is called GM food. Bio-
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technology refers to a broad set of technologies, which include genetic engineering. For conve-
nience, however, we use the term biotech companies specifically to refer to agricultural biotech-
nology companies that develop and promote GM crops and GM food.
HT refers to herbicide tolerance. HT GM crops are given a trait allowing them to inactivate a 
particular herbicide and survive its application. It is also called herbicide resistance.

CaMV 35S is the Cauliflower mosaic virus 35 S promoter used to drive expression of trans-
genes in GM crops.

Antinutrients are compounds that decrease the nutritional value of food, usually by making a 
nutrient unavailable or indigestible.

Organizational abbreviations 

FAO: United Nations Food and Agricultural Organization
WHO: World Health Organization
CAC: Codex Alimentarius Commission. The Commission, created in 1963 by FAO and WHO, 
develops food standards, guidelines and related texts
FDA: Food and Drug Administration, the US regulatory body in charge of food safety
EPA: Environmental Protection Agency, the US regulatory body in charge of environmental 
safety and the safety of pesticides, including the pesticides created by come GM crops
USDA: United States Department of Agriculture, the US body overseeing agriculture policy
FSANZ: Food Standards Australia and New Zealand, the regulatory body that approves GM 
foods
ANZFA: Australia New Zealand Food Authority, the previous name for FSANZ
ACRE: Advisory Committee on Releases to the Environment, a UK body that makes 
recommendations for GM crops approvals based on environmental considerations
ACNFP: The Advisory Committee on Novel Foods and Processes, a UK body that makes 
recommendations for GM crops approvals based on health considerations
EFSA: European Food Safety Authority, the EU-wide body that makes recommendations for 
GMO approvals to the EU Commission





“Context is crucial. Yet genetic manipu-
lation of food ignores millions of years 

of evolutionary context, and that could have 
serious implications in the future. We aren’t 
dealing with an insignificant change to our diets 
here, we’re dealing with a revolutionary tech-
nology being used in our food supply—affecting 
us, future generations, and the ecosystems on 
which we depend.”

—David Suzuki, geneticist
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“If the kind of detrimental effects seen in 
animals fed GM food were observed in a 

clinical setting, the use of the product would have 
been halted and further research instigated to 
determine the cause and find possible solutions. 
However, what we find repeatedly in the case of 
GM food is that both governments and industry 
plough on ahead with the development, endorse-
ment, and marketing [of ] GM foods despite the 
warnings of potential ill health from animal feed-
ing studies, as if nothing has happened. This is to 
the point where governments and industry even 
seem to ignore the results of their own research! 
There is clearly a need more than ever before for 
independent research into the potential ill effects 
of GM food including most importantly extensive 
animal and human feeding trials.” ¹

— Michael Antoniou, molecular geneticist, 
King’s College London



SECTION 1:
Evidence of reactions

in animals and humans
Part 1 of the book is presented in a “who 
done it” sequence. Evidence of adverse health 
problems are described in section 1 followed 
by the theoretical reasons that might account 
for those problems, presented in subsequent 
sections. A common theme among the adverse 
effects in this section is that no matter where 
they were from—peer-reviewed journals, 
submissions to regulators, medical and news 
reports, or testimonies by those afflicted—they 
have not been adequately followed up. Rather, 
attempts to further study the problems are 
actively thwarted.
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This is “a much 
better-designed 

study than the indus-
try-sponsored feeding 
studies I have seen in 
peer-reviewed lit-
erature that deal with 
Round-Up Ready 
soybeans or Bt corn.”²
—Michael Hansen, 
research biologist, 
Consumers Union

“To this day, 
the Lancet 

study is the best 
designed and carefully 
controlled study of its 
type. Compared to 
industry studies, it is 
leagues apart.”
—Michael Antoniou, 
molecular geneticist, 
King’s College 
London

1.   Rats were fed potatoes engineered to produce their 
own insecticide.

2.   They developed potentially precancerous cell 
growth in the digestive tract, inhibited develop-
ment of their brains, livers, and testicles, partial 
atrophy of the liver, enlarged pancreases and intes-
tines, and immune system damage.

3.   The cause was not the insecticide, but in all likeli-
hood was the process of genetic engineering.

4.   GM foods on the market—which were created 
from the same process—have not been subject to 
such an extensive testing protocol.

GM potatoes damaged rats
1 . 1

Stomach
The stomach lining of GM-fed rats 
showed proliferative cell growth.

Intestines
The excessive cell growth was 
also found in the wall of the small 
intestines (crypts) in rats fed GM 
potatoes.

NONGM GM NONGM GM
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In 1996, the UK government embarked on a plan to 
require long-term safety tests for all GM foods. A 
£1.6 million grant was awarded to a team of research-

ers to develop the testing protocol. Led by Arpad Pusztai 
of the prestigious Rowett Institute, the team developed 
a GM potato to use as the first “subject” for their stud-
ies. The potatoes were engineered with a gene from the 
snowdrop plant, which produces an insecticide called the 
GNA lectin.

Pusztai and his colleagues had conducted extensive re-
search on the GNA lectin for nearly seven years and found 
it to be harmless to rats. Researchers anticipated that the 
potato engineered to produce the lectin would similarly be 
harmless. In fact, the UK government and the Rowett In-
stitute were planning to commercialize the GNA potato 
and had contracts specifying how the royalties were to be 
divided.

To test the GM potato, six male rats were assigned to 
each diet category containing natural potato, natural potato 
with the lectin added, or GM potato. All three tests were 
repeated with raw, boiled, and baked potatoes, and rat diets 
were all supplemented to be complete and balanced. Rats 
were sacrificed at 10 or 110 days. This protocol had been 
approved in advance by the office that awarded the grant 
and similar designs had been used in more than 50 studies 
conducted at the institute. A 2003 article in Nutrition and 
Health described it as “remarkable in that the experimen-
tal conditions were varied and several ways were found 
by which to demonstrate possible health effects of GM-
foods.”³ 

The GM potatoes adversely affected virtually every or-
gan system of young rats—with most changes found after 
just 10 days. Their brains, livers, and testicles were gener-
ally smaller, suggesting disruption of normal growth pro-
cesses due to either malabsorption of nutrients or unknown 
toxins. White blood cells responded to a challenge more 
slowly, indicating immune system damage; and organs 
related to the immune system, including the thymus and 
the spleen, also showed changes. The animals had enlarged 
pancreases and intestines, and partial atrophy of the liver.⁴ 
And in all cases, the GM potato created proliferative cell 
growth in the stomach and small and large intestines; the 
lining was significantly thicker than controls (see photo 
left).⁵ Although no tumors were detected, such growth can 
indicate a precancerous condition.

By contrast, rats fed non-GM potatoes spiked with the 
lectin were relatively unaffected. Even when rats were fed 
more than 700 times the amount of the GNA lectin that the 
GM potato produced (in an earlier study), the impact did 
not approach that of the GM potatoes.⁶ Thus, the damage 

to the rats was not caused by the lectin, but apparently by 
“the genetic modification process itself.”⁷ This includes 
disruptions in the potato genome as well as unpredicted 
effects from additional genetic material inserted with the 
lectin gene (see section 2). The study raised serious ques-
tions about the safety of all GM products on the market, 
most of which were created with the same process and the 
same accompanying genetic material. Under normal cir-
cumstances, the disturbing results would be followed up 
to identify the cause of the problems, evaluate effects on 
female rats and test GM foods on the market to see if they 
were creating similar effects. It didn’t happen.

Research stopped, scientists gagged
Pusztai was invited to speak on television about GM food. 
With permission from his director, he was interviewed and 
spoke generally about his research—without sharing de-
tails in advance of publication. For about two days he was a 
hero at his institute, which was besieged with press. Then, 
allegedly two phone calls were placed from the UK prime 
minister’s office, forwarded through the receptionist to the 
director. The next morning, Pusztai was released from his 
job after 35 years and silenced with threats of a lawsuit, the 
20-member research team was disbanded, and the project 
terminated. A part of the results was eventually published 
in the Lancet. In spite of the preliminary nature of the evi-
dence, it remains the most in-depth GMO feeding study 
ever published.

Problems may be common in GM crops
It is sobering that these potatoes would have passed the 
tests used to get other GM crops approved. Stanley Ewen, 
who identified the proliferative cell growth in the rats, says 
that if GM foods create such effects in humans, they might 
increase the incidence of digestive system ailments such 
as Barrett’s esophagus and stomach and colorectal cancer. 
We don’t know if commercialized GM crops have this ef-
fect (although a rat study on experimental GM peas did 
show “significantly enlarged”⁸ small and large intestines 
that might have resulted from excessive cell growth). Con-
sumers in the United States and elsewhere are exposed to 
GM ingredients everyday, but usually in smaller doses and 
in more processed formats than was used in this potato 
study.
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“The data fall short of  
‘a demonstration of 

safety’ or of a ‘demonstration 
of reasonable certainty of no 
harm,’ which is the standard 
we typically apply to food 
additives.”⁹
—Robert J. Scheuplein, 
director, FDA’s Office of 
Special Research Skills

1.  Rats were fed the GM FlavrSavr tomato for 
28 days.

2.  Of the 20 rats, 7 developed stomach lesions 
(bleeding stomachs); another 7 of 40 died 
within two weeks and were replaced in the 
study.

Rats fed GM tomatoes got bleeding stomachs, several died
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Calgene genetically modified a tomato to look fresh 
for weeks after being picked. Called the Flavr-
SavrTM, it was the first GM crop approved in 

the United States. Although the FDA did not require it, 
Calgene voluntarily conducted three 28-day rat feeding 
studies and sent the results to the agency in 1993. In one 
study, 7 of 20 female rats that ate one of the two FlavrSavr 
tomato lines tested developed stomach lesions—bleeding 
stomachs; none were found in the male rats or in the con-
trols that ate natural tomatoes. The lab that conducted 
the study for Calgene wrote in its report, the “transgenic 
tomato dosed to females did suggest a possible treatment-
related mild, focal necrosis of the glandular stomach.”¹⁰

Internal documents show that FDA scientists were 
concerned. They repeatedly asked Calgene to provide ad-
ditional data in order to resolve what they regarded as out-
standing safety questions. The director of FDA’s Office 
of Special Research Skills wrote that the tomatoes did not 
demonstrate a “reasonable certainty of no harm,”¹¹ which 
is the normal standard of safety. The Additives Evaluation 
Branch agreed that “unresolved questions still remain,”¹² 
and the staff pathologist stated, “In the absence of adequate 
explanations by Calgene, the issues raised by the Pathology 
Branch … remain and leave doubts as to the validity of any 
scientific conclusion(s) which may be drawn from the stud-
ies’ findings.”¹³

The full results of the study and the FDA’s assessment 
were made public in 1999, when a lawsuit forced the agency 
to divulge its internal files. This permitted analysis by in-
dependent scientists, who discovered a footnote that had 
apparently gone unnoticed by the FDA reviewers. It said 
that 7 of the 40 rats fed the same FlavrSavr line as above 
died within two weeks and were replaced in the study. One 
each from the other groups (the other GM variety, a toma-
to control and a water control) also died and was replaced. 
The cause of death was summarily dismissed as husbandry 
error, but no explanation or additional data was provided.

In a follow-up study that Calgene claimed was a “re-
peat,” they used tomatoes from a different batch and 
changed their preparation. Instead of using frozen concen-
trate, they freeze-dried the concentrate (which is a form not 
normally consumed by humans). This time, 1 male rat from 
the non-GM group of 20 and 2 females from the GM-
fed group of 15 showed stomach lesions. Calgene claimed 
that the necrosis (dead tissue) and erosions (inflammation 
and bleeding) were “incidental.” The FDA staff patholo-
gist, however, responded that “the criteria for qualifying a 
lesion as incidental were not provided,” and the disparity 
between the studies “has not been adequately addressed or 
explained.”¹⁴

Furthermore, Calgene failed to look for problems in 
the intestines, did not increase the number of animals in 
the experiment, and did not use young (e.g. month-old) or 
pregnant animals, as is done with pharmaceutical studies. 
Tomatoes were grown at different locations and harvested 
at different times, which increases the variability of results. 
There were also large differences in rat starting weights 
(130 to 258 g for males and 114 to 175 g for females), 
which invalidates conclusions of finding no significant dif-
ferences in weight gain, feed intake, or organ weights be-
tween GM and non-GM fed groups. According to a 2002 
paper by Arpad Pusztai, the “study was poorly designed and 
executed and, most importantly, led to flawed conclusions.” 
He said, “the claim that these GM tomatoes were as safe 
as conventional ones is at best premature and, at worst, 
faulty.”¹⁵

Political appointees at the FDA claimed that the lesions 
were not related to the GM tomatoes. The bleeding stom-
achs, they argued, came from mucolytic agents in the to-
mato (i.e. agents that can degrade the protective layer of the 
stomach surface), food restriction, and/or stress resulting 
from animal restraint.¹⁶ Others pointed to stomach lesions 
in water-fed controls in the follow-up study. But tomatoes 
are not known to contain mucolytic agents, the rats ate as 
much as they wanted, they were not restrained,¹⁷ and there 
is no explanation why the GM tomato elicited more effect. 
Arpad Pusztai said the lesions in the water-fed rats observed 
in the follow-up study does not adequately account for the 
high rate of lesions observed in the GM tomato group in 
the previous study. He also points out, “in humans they 
could lead to life-endangering hemorrhage, particularly in 
the elderly who use aspirin to prevent thrombosis.”¹⁸

Calgene chose not to commercialize the tomato line 
that was associated with the high rate of stomach lesions 
and deaths. The other FlavrSavr line was commercialized, 
but has since been taken off the market.

FDA criteria may be illegal
One internal FDA memo implied that the agency may 
have violated the law in its review. It stated, “It has been 
made clear to us that this present submission [FlavrSavr] 
is not a food additive petition and the safety standard is 
not the food additive safety standard. It is less than that 
but I am not sure how much less.”¹⁹ According to attorney 
Steven Druker, who is an expert in US food safety law, the 
FDA’s own regulations clearly state that a lower standard 
cannot be applied in such instances.²⁰,²¹ After the FlavrSavr 
review, no company has presented such detailed GM test 
data to the FDA (see part 2).
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Rats fed Bt corn had multiple health problems

1.  Rats were fed Monsanto’s MON 863 Bt corn for 
90 days.

2.  They showed significant changes in their blood 
cells, livers, and kidneys, which might indicate 
disease.

3.  Although experts demanded follow-up, Monsanto 
used unscientific, contradictory arguments to dis-
miss concerns.

“I  hear the argument 
of natural variabil-

ity, but what struck me in 
this file is the number of 
anomalies. There are too 
many elements here where 
significant variations are 
observed. I never saw that 
in another file.”²² 
—Gerard Pascal,
rapporteur Mon 863, 
French Commission for 
Biomolecular Genetics

1 . 3

 Measure

  Increased basophil 
counts

  Increased 
lymphocytes and 
white blood cells

  Decreased 
reticulocytes 
 

  Decreased kidney   
weight

  Increased 
blood sugar 

Function

Creates histamine 

Immune reactions 
to fight infections, 
etc. 
 
Becomes 
mature erythrocytes 
(red blood cells)

 
To clear waste 
products

Energy source

iMight indicate

Allergic 
reaction

Infections, various 
toxins, and diseases 

 
Anemia

 
 
 
Blood 
pressure problems 
 
Risk for 
diabetes

Comments

Other Bt corn studies suggest possible 
allergic reactions.

Researchers omitted tests to see if the 
spleen, which creates lymphocytes, was 
affected.

5% variability is allowable. Astoundingly, 
Monsanto claimed a 52% decrease 
was “attributable to normal biological 
variability.”

Any inadequacy in kidney function is 
potentially life threatening.

A 10% elevation cannot be written off as 
insignificant, given the diabetes epidemic. 
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Mon 863 corn is designed to kill the corn root-
worm. It contains a modified gene from a soil 
bacterium that produces Bt-toxin (Cry3Bb1). 

During a 90-day rat feeding trial, a group of 20 males 
and 20 females fed the corn developed multiple reactions. 
Changes included those typically found in response to al-
lergies, infections, toxins, and diseases including cancer, 
anemia, and blood pressure problems (see chart at left). 
Also found were increased blood sugar levels, kidney in-
flammation, and liver and kidney lesions.²³

The changes were statistically significant compared to 
the control group fed non-GM corn from the same “par-
ent line,” i.e., the same genetics as Mon 863 before ge-
netic modification. Monsanto defended its corn’s safety 
in ways that disregarded accepted scientific methods and 
principles:
1.  Researchers used six additional control groups, each fed 

commercial corn varieties with quite different genetics. 
While such comparisons are suitable for commercial 
studies, they are entirely inappropriate for safety 
assessments (see part 3). Nonetheless, Monsanto claimed 
that since some reactions were no longer significant 
when compared to these other groups, the changes were 
unimportant. 

2.  For some results that remained statistically significant 
even when compared to these irrelevant controls, Mon-
santo claimed that the changes fell within a wide range of 
variability that is normal for rats. Thus, by ignoring the 
findings of their own study, they declared the reactions 
irrelevant. They stated, for example, that a 52% decrease 
in immature red blood cells (reticulocytes) was “attribut-
able to normal biological variability,” and a 10% increase 
in blood sugar levels was biologically insignificant. Ac-
cording to Arpad Pusztai, an allowance of 5% variability 
is the norm in food experiments and a 10% rise in blood 
sugar has serious ramifications, given the epidemics of 
obesity and diabetes. He said, “It is almost impossible to 
imagine that major lesions in important organs (kidneys, 
liver, etc.) or changes in blood parameters (lymphocytes, 
granulocytes, blood glucose, etc.) that occurred in GM 
corn-fed rats, is incidental and due to simple biological 
variability.”

3.   Several changes in the rats were still significantly outside 
the generous range that Monsanto defined as normal and 
acceptable. For some of these, they claimed that the health 
effects were not diet-related because the reaction was not 
consistent between males and females. This flies in the 
face of scientific understanding. Scientists studying can-
cer and endocrinology, for example, have established that 
genders can respond to toxins and disease quite differently.

4.  Monsanto dismissed other findings on the grounds that 
the intensity of reactions was greater in rats fed a diet 
with 11% of the Mon 863 compared to the group that ate 
33%. In endocrinology and immunology research, how-
ever, responses are not always consistent with dosage. 
A small amount of a hormone, for example, can cause 
a woman to ovulate, while a larger dose can make her 
infertile.

5.  When other excuses failed, Monsanto claimed that with 
such a large study, one would expect lots of results to fall 
into the statistically significant category purely by chance. 
But Monsanto inflated the total number of results by do-
ing a lot of irrelevant statistical tests. According to epide-
miologist Judy Carman, this may hide significant results. 
“Their whole approach to the analysis would fail a basic 
statistics class.” She adds that Monsanto also ignored 
findings that would make a clinical difference to the rats. 
“These may have reached statistical significance if Mon-
santo had used more rats,” she said.
According to Gilles-Eric Séralini, who reviewed the 

study as part of the French Commission for Biomolecu-
lar Genetics, “Monsanto contradicts itself. The first time 
around, their studies explain, in a rather amusing man-
ner by the way, that there are ‘significant effects without 
a pathological significance,’ and the second time around, 
their studies say that the effects observed are no longer sig-
nificant. On top of that, the file was sliced up by examining 
the problems separately and not in their entirety, which is 
unacceptable.”²⁴ Seralini says that the response by the rats 
was similar to reactions caused by pesticides. Although the 
Bt-toxin is a pesticide, he points out that animal research 
on pesticide-producing corn is nowhere near as thorough 
as that required for approval of pesticides.

In addition to criticizing Monsanto for statistical sleight-
of-hand, scientists condemned the study as poorly designed 
and below the standards typically required for publication 
(see part 3). Follow-up studies on these serious findings 
were demanded from organizations worldwide. None have 
been conducted and the corn is approved.
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“M ice fed the delta-
endotoxin had 

hyperplasia and other changes 
which may signal future 
cancer.”
— Judy Carman, 
nutrional biochemist and 
epidemiologist, director, 
Institute of Health and 
Environmental Research

1.  Mice were fed either GM potatoes engineered 
to produce the Bt-toxin or natural potatoes 
spiked with Bt-toxin.

2.  Both diets created abnormal and excessive cell 
growth in the lower part of their small intes-
tine (ileum).

3.  Similar damage to the human small intestine 
might result in incontinence or flu-like symp-
toms, and may be precancerous.

4.  This study overturns the assumptions that Bt-
toxin is destroyed during digestion and is not 
biologically active in mammals.

Mice fed GM Bt potatoes had intestinal damage
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Regulators have allowed Bt food crops onto the 
market based on the assumption that the Bt-toxin 
will not survive digestion in the stomach. They 

further contend that even if some portion did survive, 
since “there are no receptors on the surface of mammalian 
intestinal cells for the [Bt] proteins,”²⁵ the toxin would 
not react with mammals. The results of this mouse study 
illustrate that Bt-toxin can survive digestion and can dam-
age mammalian cells. (The ability for Bt-toxin to survive 
and interact with the mouse gut was also demonstrated in 
subsequent research, in which the toxin (Cry1Ac) bound 
with surface material in the middle section of the intes-
tine (jejunum).)²⁶

Groups of five one-month old male mice were fed for 
two weeks on either GM Bt potatoes, non-GM potatoes 
mixed with Bt-toxin, or non-GM potatoes without Bt.²⁷ 
Using light and electron microscopes, researchers exam-
ined just one portion of the mouse gut, the lower part of 
their small intestine (ileum). The mice fed GM potatoes or 
Bt-toxin showed significant disruption in the structure and 
size of their cells. Some cells were damaged, broken off, 
abnormally shaped, swollen, or had multiple nuclei.

While both of these groups showed statistically signifi-
cant changes, damage in mice fed potatoes spiked with Bt 
was more pronounced. It is not clear from the study how 
much toxin was expressed in the GM potatoes and how 
much was consumed with the Bt-toxin diet. The study 
does, however, indicate that damage to the intestinal cells 
was due to the Bt-toxin.

The extent of the damage after just two weeks was sig-
nificant enough to suggest that long-term consumption 
may create serious health problems in the intestines and 
possibly elsewhere. Some cellular changes, for example, 
may be precursors to cancer. Since Bt crops have been 
widely grown without long-term safety studies, the results 
of the mouse research prompted the authors to warn that, 
“thorough tests of these new types of genetically engineered 
crops must be made to avoid the risks before marketing.”

Changes in the cells (details)
In both the mice fed the GM potatoes and the diet con-
taining Bt-toxin, the mitochondria (which are sensitive 
to toxins) exhibited an abnormal appearance with signs of 
degeneration. Microscopic projections on the cell surface, 
called short microvilli, were also disrupted.

Mice fed the Bt-toxin diet had an abnormally high 
number of cells of the intestinal lining (enterocytes per vil-
lus were 151.8 in the control group compared to 197 in the 
Bt-toxin fed group). Of the enterocytes, 50% had multiple 

nuclei and were larger. In addition, the mean area (105.3 
µm² in the control group versus 165.4 µm² in the Bt-toxin 
group) and perimeter length (23 µm in control group versus 
44 µm in Bt-toxin fed group) of the enterocytes was highly 
and significantly increased in the group fed Bt-toxin. The 
enterocytes of this group also had several forms of second-
ary digestive vacuoles (membrane-covered bubbles with 
proteins inside). A smaller but still statistically significant 
increase was also observed with the GM Bt potato-fed 
group in the perimeter length (28 µm). There was also a 
trend of increasing area and enterocyte number (116.5 µm² 
area and 155.8 respectively). However, these numbers were 
not statistically significant given the small number of ani-
mals used. 

There was an injury at several points along the base 
of digestive cells (basal lamina), and the digestive surface 
(microvilli) of the gut was also damaged, with fragments 
broken off. In addition, the secretory (Paneth) cells in the 
group fed Bt-toxin “were highly activated and contained a 
large number of secretory granules,”²⁸ suggesting that Bt-
toxin resulted in the development of proliferative (hyper-
plastic) cells. 

Human health impact could be serious
Similarities between the digestive systems of humans and 
rodents suggest that Bt-toxin should also interact with hu-
man gut cells. If humans eating Bt-crops have reactions 
similar to the mice, the damage to their intestines could 
“cause distress to digestion” and likely be “diagnosed as 
mild food poisoning or flu,”²⁹ and possibly fecal incompe-
tence. Furthermore, although cancer of the ileum is rare, it 
empties into the colon, where cancer is common. If the Bt 
protein made it as far as the ileum, some would likely enter 
the colon as well. Tests are needed to determine whether 
ingestions of Bt crops has an impact on colon cancer. The 
risks may be greatest among those populations where a Bt 
crop, such as Bt corn in South Africa, is a dominant staple 
in the daily diet.
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“On the very first day 
of work at around 

4:00-5:00 pm, I had itching 
all over my body followed by 
swelling. It was more so in 
face and hands but not much 
in covered portions. My eyelids 
became swollen and felt mod-
erate itching inside my eyes. I 
continued picking cotton for 
three days and on the fourth 
day I could not work further 
because the symptoms had be-
come very bad. . . .  [A doctor 
advised me to go to] the district 
Hospital where I remained 
admitted for nine days and I 
was given blood, injections, 
and saline bottles. I had mas-
sive swelling, especially of [the] 
face, and fever.”³⁰ 
—35 year-old cotton worker 
in India

1.  Agricultural laborers in six villages who picked 
or loaded Bt cotton reported reactions of the 
skin, eyes, and upper respiratory tract.

2.  Some laborers required hospitalization.

3.  Employees at a cotton gin factory take antihis-
tamines everyday.

4.  One doctor treated about 250 cotton laborers.

Workers exposed to Bt cotton developed allergies
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In India, agricultural workers handle cotton during 
picking, loading, and weighing, and when separating 
cotton fiber from the seeds (ginning). In 2004 and 

2005, several workers complained of allergies associated 
with Bt cotton, but not with other varieties. In a prelimi-
nary investigation, 23 laborers from six villages in two 
districts in western Madhya Pradesh who complained of 
symptoms were interviewed using a questionnaire. All 
had handled cotton in the past, but did not show allergic 
responses for non-Bt varieties.

According to investigators, the allergic reaction typically 
proceeded from “mild to severe itching” with redness and 
swelling, followed by skin eruptions.  “In severe cases the 
eyes also become red, swollen,” with excessive tears, nasal 
discharge, and sneezing. Specifically, all 23 subjects experi-
enced itching (pruritis), sometimes severe enough to force 
them to stop working. Twenty had small, solid- or fluid-
filled raised lesions (white papulo-vescicular eruptions) 
mostly on their face and hands. Some also appeared on the 
feet, back, neck, and abdomen. Nineteen people showed 
redness of skin (erythema) and 13 experienced facial swell-
ing (oedema). Eleven of 23 had symptoms of the eyes, in-
cluding itching, swelling, redness, and watering. Nine had 
nasal discharge and/or excessive sneezing.

Mild reactions were reported by 3 people, 10 were mod-
erate and 10 were considered severe. One woman had to 
be taken from the cotton field to the hospital, where she 
stayed for nine days. Another farm worker reported that 
within one hour of picking Bt cotton, “she had itching on 
the face, followed by burning sensation as if someone had 
rubbed chilli powder. … The burning was so much that she 
could not even wash her face. Then for five to six months 
there was [a] serious discharge from the face. . .  The skin 
became dark, almost black in color.”³¹

The reactions among all subjects coincided with the 
introduction of Bt cotton and were not experienced be-
forehand. Reactions were mostly related to exposure with 
cotton in the field (78%). The longer the workers stayed 
in the fields, the worse their symptoms became. Reactions 
became less severe after they stopped work. Other reac-
tions came from storing Bt cotton at home, sleeping on it 
or even resting on a cotton heap. Some field laborers take 
antihistamines daily.

After a farmer hired six people to tie cotton into bundles 
and load a tractor, he reported, “All the workers suffered 
from itching on hands and feet. The skin became red and 
there were rashes and there was lot of itching.” He said that 
an antihistamine (Tab Avil) relieved the symptoms.

Reactions are widespread
According to owners of a cotton gin factory, most of the 
laborers experienced skin-related problems due to Bt cot-
ton. Symptoms included “itching, redness of eyes, watering 
of eyes, and cough.” At another factory, itching throughout 
the body was reported as “very common among laborers 
who carry Bt cotton.” Employees take antihistamines daily 
in order to continue to work there. At a third factory, inter-
views with six laborers revealed that all had itching prob-
lems and two had skin eruptions. They had worked at the 
factory for two to seven years, but only suffered from the 
recently introduced Bt cotton.

A local doctor reported that he had seen approximately 
150 cases of allergies in 2005 from two villages, and about 
100 cases in 2004. The symptoms primarily occurred while 
the villagers picked cotton and for some, while loading it. 
According to the doctor, the symptoms “begin with itch-
ing in all parts of body, followed by red patches, redness of 
eyes, [and] swelling of [the] face and hands.”

All reactions to Bt cotton plants were reported to have 
occurred after the cotton had emerged from the bolls. 
While Bt cotton is supposed to express Bt in all cells, includ-
ing leaves, stems and roots, the lack of allergic responses 
reported earlier in the growing season may be due to sev-
eral factors: 1) The exposure of workers to portions of the 
cotton plant may be substantially increased during picking 
and processing; 2) Worker’s hands may be cut during the 
picking process, exposing open sores to Bt-toxin; 3) The Bt 
expressed by the cotton fiber may be different—in higher 
concentration or altered—compared to other parts of the 
plant; 4) According to agricultural scientist, Debashish 
Banerji, the leaves, stem, and roots have a protective coat-
ing that may inhibit exposure of Bt to humans. The cotton 
fiber does not contain such a coating.

No reports of allergic reactions have yet been 
compiled for the United States, where cotton is harvested 
mechanically.

Cotton products need testing
Cotton is widely used for clothing. In addition, cotton ban-
dages are exposed to wounds, cotton diapers come in con-
tact with rashes, and cotton feminine protection products 
used during menstruation contact blood and mucous mem-
branes. It is essential that cotton be tested for the presence 
of Bt and that further tests evaluate its allergenicity, to en-
sure that large numbers of people are not being harmed.
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“The mortality started 
to occur within a 

week of continuously grazing 
on Bt cotton crops-residue.” ³²
 —Investigative report

1.  After the cotton harvest in parts of India, 
sheep herds grazed continuously on Bt cotton 
plants.

2.  Reports from four villages revealed that about 
25% of the sheep died within a week.

3.  Post mortem studies suggest a toxic reaction.

Sheep died after grazing in Bt cotton fields
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While visiting the district Animal Health Cen-
tre (AHC) in late April 2006, a local president 
of an Indian shepherd’s union looked through 

the veterinary register and noticed 11 unusual post mor-
tems on sheep. Examinations were conducted during Feb-
ruary and March on animals that had grazed continuously 
in Bt cotton fields; they developed unusual symptoms be-
fore dying mysteriously. Some notes even gave a tentative 
diagnosis that Bt cotton was the cause. The union orga-
nized a fact-finding team, which included veterinary and 
agricultural scientists from area organizations.

On April 22, 2006, they conducted interviews in four 
villages located about 20–25 kilometers apart from each 
other in the Warangal district of Andhra Pradesh.³³ Shep-
herds and farmers described at least 1,820 deaths among 
sheep that grazed on Bt cotton plants after harvest. In one 
village, the death rate from 42 herds was 25% (651 out of 
2,601). Sheep had grazed on tender leaves and pods of the 
plants. Within two to three days, they appeared dull or de-
pressed. They developed coughs with nasal discharge, red-
dish and erosive mouth lesions, bloat, blackish diarrhea and 
sometimes red-colored urine. Symptoms did not match the 
usual sheep diseases. Death occurred in five to seven days, 
primarily among one and a half to two year old adults and 
three to four month old lambs. One shepherd reported that 
many of his sheep had died in 2005 after grazing on Bt 
crops. In 2006, he kept them out of Bt fields and there was 
no mortality. In a second village, shepherds “described the 
identical symptoms.” Among 29 herds with 2,168 sheep, 
549 animals (25%) died. Visits to two other villages yielded 
similar reports, with deaths sometimes occurring within 
four days. Farmers estimated that the total number of sheep 
deaths in the region was 10,000.

Post mortems and analysis
The AHC conducted post mortems on at least 11 of the 
sheep and “observed black patches in the small intestines, 
enlarged bile duct and liver with discoloration, and accu-
mulation of pericardial fluid.” Shepherds who did their 
own post mortems similarly found “black patches in the 
intestine and enlarged bile duct and black patches on the 
liver.”³⁴ According to the investigative team, the findings 
“suggest severe irritation of the intestines and associated 
organs (bile duct, liver) connected to the absorption and 
assimilation of food and processing of toxins.” Preliminary 
evidence “strongly suggests that the sheep mortality was 
due to a toxin. … most probably Bt-toxin.”

The team said that livestock diets rich in cellulose make 
the stomach more alkaline, which could prolong the sur-

vival of the toxin in its active form. They wrote, “Since the 
toxin may bind to intestinal proteins,³⁵ there is a chance 
that if the sheep were exclusively eating the Bt crop matter, 
they would have in effect concentrated the toxin in their 
intestines due to the binding properties.” They also point 
to a study in which Bt-toxin was shown to create changes in 
the electrophysiological properties of the mouse intestine, 
as well as diarrhea and intestinal irritation.³⁶

Some Indian officials were quick to deny that GM crops 
were a factor. They cited a study that found no effect of Bt 
cottonseeds fed to goats and other animals. The quantity 
of the seed was not disclosed, however, and test condi-
tions did not approximate continuous grazing on Bt cotton 
plants. Officials also referred to an acute toxicity test that 
showed no reaction, but a single high dose of isolated GM 
protein given to a rodent also fails to approximate long-
term feeding.

The AHC’s post mortem notes were also tampered 
with. In a different pen, comments were later added in an 
apparent attempt to divert the blame. Phrases indicated, 
for example, that fields had been sprayed with pesticides 
or that sheep had also grazed on chili plants. At least three 
shepherds named on the documents, however, later testi-
fied on video that they had never made those statements. 
The use of pesticides was actually less that year, and no 
chilis had been grown in the area indicated.³⁷

When Bt cotton plant samples were tested, they showed 
only traces of pesticides. Analysis did show higher than 
normal levels of nitrates. This may have been due to the in-
creased use of chemical fertilizer that farmers in the region 
say is necessary to get the cotton to perform adequately. 
The nitrate may be a factor in the sheep ailments.

Additional reports of Bt-related sheep deaths have also 
emerged from the Khammam³⁸ and Nalgonda districts 
in Andhra Pradesh and in the Nimad belt of Madhya 
Pradesh.³⁹

Human exposure through oil and meat
The evidence raises questions about the safety of cotton-
seed oil. Even people who eat meat from animals fed GM 
cotton may be at risk. In fact, the Indian shepherds said 
that they discarded meat from the dead sheep, fearing it 
may cause health problems. One man who ate the meat 
said he suffered from diarrhea.
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“Most of those who 
planted Bt corn 

did not develop these symptoms 
after planting the crop. But 
like me, they felt the symptoms 
when the Bt corn plants were 
flowering.”⁴⁰
—Pablo Senon

“One day the horse 
ate some of the corn 

plants and its appetite disap-
peared. . . . The belly swelled, 
its mouth started frothing, and 
it slowly died.”⁴¹
—Nestor Catoran

1.  In 2003, approximately 100 people living next 
to a Bt cornfield in the Philippines developed 
skin, respiratory, intestinal reactions, and 
other symptoms while the corn was shedding 
pollen.

2.  Blood tests of 39 people showed an antibody 
response to Bt-toxin, which supports—but 
does not prove—a link.

3.  The symptoms reappeared in 2004 in at least 
four other villages that planted the same corn 
variety.

4.  Villagers also attribute several animal deaths to 
the corn.

Inhaled Bt corn pollen may have triggered disease in humans
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Virtually an entire Filipino village of about 100 
people living adjacent to a large field of Bt corn 
were stricken by a disease. The symptoms, which 

appeared at the time the corn was producing airborne 
pollen, included headaches, dizziness, extreme stomach 
pain, vomiting, chest pains, fever, and allergies, as well as 
respiratory, intestinal, and skin reactions.

“There was this really pungent smell that got into our 
throats,” said resident Maryjane Malayon. “It was like we 
were breathing in pesticides.”⁴² She and her extended fam-
ily all became ill, and “within days, people living a little 
further away …  were experiencing similar symptoms.”⁴³ 
When her family moved out to stay with relatives, their 
symptoms abated within a week, but the person who rented 
their house became ill. At least three other families found 
that their symptoms disappeared when they moved away 
and appeared again upon returning. Such a response points 
to an environmental toxin or allergen, rather than an infec-
tious disease.

Mae-Wan Ho, director of the Institute for Science in 
Society, interviewed many of the Filipinos in 2006. She 
reports: “As part of an investigation to determine what 
made the villagers ill, one of the farmers was ‘volunteered’ 
to venture inside the Bt maize [corn] field in the presence 
of more than 10 witnesses, as he explained to me via an in-
terpreter. ‘Within five minutes, I could not breathe and felt 
something extraordinary on my face,’ he recalled. The oth-
ers could see that his face had swollen up and remarked that 
it was ‘very dangerous.’ In fact, the farmer is ill to this day. 
Every now and again, he feels weak in his limbs and numb 
in his hands and feet. He held up the back of his right hand 
to show me the index finger. A yellowish-brown discolor-
ation and thickening of the fingernail had developed since 
he was exposed to the GM pollen. . . .

“Many if not all of the villagers exposed to GM-maize 
pollen in 2003 have remained ill to this day. Furthermore, 
there have been five unexplained deaths in the village. In 
total, 96 people got sick. In addition, nine horses, four wa-
ter buffalos, and 37 chickens died soon after feeding on 
GM maize.”⁴⁴

Terje Traavik, Director of the Norwegian Institute of 
Gene Ecology, learned about the incident during the fall of 
2003 and arranged for blood samples from 39 individuals 
to be taken in October. In all cases, IgA, IgG, and IgM 
antibodies were detected in response to Bt-toxin. The IgA 
and IgM reactions indicate recent exposure to Bt within 
the previous three months and are consistent with an in-
terpretation that the disease might have been created by 
inhalation of the Bt-pollen from the field.

Symptoms reappeared with the same corn
The corn was a hybrid between Mon 810, a Bt crop from 
Monsanto, and the conventional Dekalb 818 variety. It 
was first introduced to the region in 2003. Although it was 
not replanted in the stricken village in 2004, other regions 
on the same island of Mindanao did use the corn variety. 
Similar reactions were reported in at least four villages, all 
occurring when the corn was shedding pollen.

In South Sepaka, 31 people said that they fell ill while 
the corn was pollinating, and in an elementary school in 
Magallon, approximately 20 children (aged 5–10 years) 
developed coughs, sneezing, asthma and breathing diffi-
culties.⁴⁵ “Thirty-two people in Tuka,” according to Ho, 
“suffered from headache, stomach-ache, dizziness, diar-
rhea, vomiting, and difficulty in breathing.”⁴⁶ An advocacy 
officer for Mindanao, where the villages were located, also 
reported that people experienced nosebleeds and flu-like 
symptoms including fever. He said the symptoms “were 
similar to those experienced” when “the first case of alleged 
harmful effects of the flowering Bt corn was documented.”⁴⁷ 
Before they got sick, most residents had not known that the 
planted corn was Bt.

When Traavik’s team conducted blood tests in 2003, 
they also tested how much Bt-toxin (Cry1AB) was being 
produced by the corn. The study, which is not yet pub-
lished, showed that the levels varied considerably in the 
kernels, even from the same plant. The levels ranged from 
0.014 ug to 0.9 ug, with other kernels expressing levels both 
above and below the limits of detection for the test. This 
raises questions about the stability of the transgene or its 
expression (see section 4.3). It is possible that the particular 
corn variety had been altered in some way only in that area, 
which may explain why similar results were not reported 
elsewhere.

The potential dangers of breathing GM pollen had 
been identified years earlier by the UK Joint Food Safety 
and Standards Group. In a letter to the US FDA in 1998, 
they had even warned that genes from inhaled pollen might 
transfer into the DNA of bacteria that reside in the respira-
tory system.⁴⁸

When the reports surfaced about the sickness in the 
Philippines, advocates for GM crops were quick to dismiss 
them. There has not, however, been a thorough investiga-
tion and very little research has been done to follow-up on 
this significant red flag.
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“M ore than 20 farm-
ers have com-

plained over the last two years 
about sows that ate the corn 
developing pseudo pregnancy, 
exhibiting signs of pregnancy 
for full term without carrying 
a fetus.” 
— Reuters

1.  More than 20 farmers in North America 
report that pigs fed GM corn varieties had low 
conception rates, false pregnancies, or gave 
birth to bags of water.

2.  Both male and female pigs became sterile.

3.  Some farmers also report sterility among cows 
and bulls.

Farmers report pigs and cows became sterile from GM corn
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In the early spring of 2001, the conception rates of 
sows (female pigs) on Jerry Rosman’s Iowa farm 
dropped from 80% to 20%. Most animals had false 

pregnancies, some delivered bags of water and some 
stopped menstruating altogether. Rosman, an animal 
nutrition consultant, along with a veterinarian and a 
nutritionist, did extensive testing. They ruled out com-
mon causes of reproductive problems. Rosman had fed 
his hogs GM corn since 1997. When he switched to Bt 
Liberty Link varieties from Garst Hybrids in 2000, the 
problem started. It persisted through most of 2001 with 
“several brief upswings in pregnancy rates”⁴⁹ coinciding 
with the times when sows were fed the previous year’s 
(1999) corn.

Four nearby farmers told Rosman they too were having 
hog conception problems and were using Garst corn. Right 
after the Farm Bureau Spokesman ran a story on Rosman 
in 2002, other farmers called complaining of sterile pigs. 
As media coverage expanded, so did the calls. USDA mi-
crobiologist Mark Rasmussen said, “After Jerry’s incident 
was publicized, about a dozen farmers in the Midwest con-
tacted me to discuss similar problems.” Rosman spoke with 
at least 20. He said many had consulted veterinarians and 
conducted tests and that sterility affected both males and 
females. Some noted that the problem went away when 
they switched corn varieties. Not all were using Garst, but 
all were GM with similar genetic backgrounds (maturity, 
height, etc.).

Three farmers reported similar issues with cows. In Sep-
tember 2005, Rosman fed some of the 2000 corn to three 
cows, just after they gave birth. He said they should have 
started menstruation after three months and been bred. 
Eight months later, however, they had not started cycling 
and were sold. A semen check of the bull fed the same corn 
showed it was nearly infertile. Rosman also fed 11 heifers 
the corn after they weaned at eight months. Although they 
usually start menstruating at nine or ten months, his never 
started. They were sold at 13 months.

Corn tests show anomalies
Basic toxicity tests on Rosman’s corn showed no abnor-
malities. At one lab, after their standard test for the fu-
sarium mold repeatedly came up negative, they let the test 
plates incubate for an additional 48 hours. The corn devel-
oped huge mold growth colonies of an uncommon strain. 
Samples from about 15 farms with animal reproductive 
problems all came up positive for the mold, says Rosman, 
but the technicians could not identify an associated toxin. 
Researchers were unsure if the mold was the cause of the 

problem or a marker for another cause.
Research at Baylor College of Medicine offers another 

possible explanation. Scientists reported, “Rats in our ani-
mal facility neither breed nor exhibit reproductive behavior 
when housed on corncob bedding.”⁵⁰ Tests on the material 
revealed two classes of compounds (tetrahydrofurandiols 
and leukotoxin diol) which, when isolated, “disrupted en-
docrine function in male and female rats.” They stopped 
the estrus cycle (similar to menstrual cycle) in females “at 
concentrations approximately two-hundredfold lower than 
classical phytoestrogens.” One compound also curtailed 
male sexual behavior and both substances contributed to 
the growth of breast and prostate cancer cell cultures. The 
crushed corncob used at Baylor was likely shipped from 
central Iowa where many of the animal reproductive prob-
lems were reported.

Researchers isolated the same compounds from store-
bought fresh corn, corn tortillas, and genetically engineered 
corn. It was not destroyed by pressurized steam (autoclav-
ing) and is believed to be present in corn oil. The amount 
varied significantly “in different lots or varieties of corncob, 
and genetically engineered corn.” ⁵¹ The differences, they 
say, “may serve to limit or enhance exposure and potential 
toxicity.”⁵²

The non-investigation
In the summer of 2001, Garst was given a sample of Ros-
man’s corn for analysis. About six weeks later, Rosman’s 
agronomist was told by Garst that the sample had been 
regrettably lost. When Rosman offered to furnish more, 
the company did not return his calls. When the pig steril-
ity story hit the TV news the following year, however, the 
company announced that they had done an investigation 
and concluded that their corn was not at fault.

Rosman’s corn was collateral for a USDA Farm Service 
Agency loan. The local office had granted a loan exten-
sion, but the local manager told Rosman that the national 
head of operations ordered that it be confiscated instead. 
A driver revealed that it was sent to a Cargill plant to be 
processed for human consumption.

The FSA refused to provide Rosman with the records 
related to his corn. It took six separate Freedom of Infor-
mation Act requests, two from Rosman, one from each of 
three nonprofit organizations and one from a US congress-
man, for the FSA to turn over part of his file. Several docu-
ments omitted important data.

Rosman has declared bankruptcy and no further studies 
evaluated whether certain GM corn varieties may create 
reproductive problems in livestock or humans.
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“After common errors 
in feeding and in-

fections had by and large been 
ruled out as the cause of death, 
the farmer now suspects Syn-
genta company GM maize … 
to blame for the sudden death 
of his cows.”⁵³
— Greenpeace report

1.  Twelve dairy cows died on a farm in Hesse 
Germany, after being fed a diet with signifi-
cant amounts of a single GM corn variety, Bt 
176.

2.  Other cows in the herd had to be killed due to 
a mysterious illness.

3.  Syngenta, the producers of Bt 176, compen-
sated the farmer for part of his losses, but did 
not admit responsibility for the cow deaths.

4.  In spite of demands by the farmer and even 
public protests, no detailed autopsy reports 
were made available.

Twelve cows in Germany died mysteriously when fed Bt corn
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Gottfried Glöckner started growing GM corn va-
riety Bt 176 in his fields in Woelfersheim in the 
state of Hesse, Germany in 1997. He increased 

the amount over the years and in 2000 and 2001, switched 
over entirely to the GM variety. “The farmer reports that 
his cows had become sick more frequently after being 
fed the maize harvest from the year 2000.”⁵⁴ Within four 
months of being fed Bt 176 corn and silage (made from 
corn plants), five cows died in 2001 and another seven in 
2002. Milk production also decreased in some cows and 
others were slaughtered due to an unidentified illness.

The corn plots were part of GM field trials, which were 
being managed by the Robert Koch Institute on behalf of 
the corn’s producer Syngenta. After reporting the deaths of 
five cows to the institute, Syngenta gave the farmer 40,000 
euros. Although this was to compensate him for the de-
ceased cows, reduced milk, and vet bills, the company did 
not admit responsibility for the problems. In February 
2002, Glöckner stopped feeding his cattle the GM corn, 
but by October 2002 another seven cows had died. The 
farmer, “who by this time was over 100,000 euros out of 
pocket called upon Syngenta and the Robert Koch Institute 
to conduct a proper investigation.”⁵⁵

Unfortunately, the institute did not impound the dead 
animals or the corn and did not undertake “comprehensive 
tests on the soil from the farm or any dung samples from 
the cows in question.”⁵⁶ Only one dead cow was examined. 
Although additional tissue samples were sent to the Uni-
versity of Göttingen, “they vanished in unexplained cir-
cumstances,” according to a Greenpeace report. The report 
also stated that “common errors in feeding and infections 
had by and large been ruled out as the cause of death.”⁵⁷ 
The institute ended its investigations in December 2002, 
without identifying the cause of the deaths.

Characteristics of Bt 176
According to a press release by the Institute for Science in 
Society, although Bt 176 is engineered to resist the her-
bicide glufosinate and to produce the Bt-toxin Cry1AB, 
molecular analysis carried out by French and Belgian⁵⁸ gov-
ernment scientists suggests that Syngenta may have been 
wrong about which form of Bt their corn produces. The 
Bt gene in Bt 176 showed a 94% similarity with a synthetic 
crylAc gene, but only 65% with the natural Bt cry1Ab gene. 
The authors also write, “Many Bt transgenes are synthetic, 
including the one in Bt 176. They are hybrids of multiple 
toxins. That means Bt transgenes not only risk killing more 
species of insects than intended, but may also contain pre-
viously unknown toxicities for other animals and human 
beings.” They further suggest that the sequence of the mul-
tiple transgenes inserted into the Bt 176 may be unstable 
and appear to have rearranged.⁵⁹ (See section 4.3)

The Bt 176 corn variety has been taken off the market.
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“Changes in cell 
nuclear architecture 

as observed in this study are 
not random and must reflect 
some ‘insult’ on the liver by the 
GM Soya.” 
— Michael Antoniou, 
molecular geneticist, 
King’s College London

1.  The liver cells of mice fed Roundup Ready 
soybeans showed significant changes.

2.  Irregularly shaped nuclei and nucleoli, an 
increased number of nuclear pores and other 
changes, all suggest higher metabolism and 
altered patterns of gene expression.

3.  The changes may be in response to a toxin.

4.  Most of the effects disappeared when GM soy 
was removed from the diet.

Mice fed Roundup Ready soy had liver cell problems
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When a group of 12 female mice were fed 
Roundup Ready soy, their liver cells under-
went substantial changes, indicative of a dra-

matic increase in the general metabolism of the liver.⁶⁰ 
Changes in the liver are significant for many reasons. The 
liver “degrades and detoxifies toxic compounds received 
from the intestines or from the general circulation.”⁶¹ The 
liver also synthesizes material used in the blood and in 
digestion, and has a significant influence on general me-
tabolism. Increased liver metabolism in GM-fed rats may 
be a response to elevated levels of toxins, to new toxins, 
or both. Furthermore, the study points to GM soy as the 
source of these changes in liver function. This was con-
firmed after the GM soy was substituted by non-GM soy 
and most of the changes to the liver cells disappeared.⁶²

The GM and non-GM soy diet was first fed to the 
pregnant mothers of the mice, and then to the mice af-
ter weaning. Animals from both groups were sacrificed at 
one, two, five, or eight months. The size of the nucleus 
tends to grow with age, but in GM-fed mice, its size was 
significantly lower than controls at every age studied. At 
month one, the nuclei of the liver cells from both groups 
appeared “roundish” with a smooth, regular shape. Begin-
ning at month two, however, “all GM-fed mice showed 
irregularly shaped nuclei, while control animals generally 
showed roundish nuclei.”⁶³According to several studies, 
“An irregular nuclear shape generally represents an index 
of high metabolic rate.”⁶⁴

In addition, by month one, the GM fed mice had 50% 
more pores of the cell nuclear membrane, (through which 
molecules pass in and out of the nucleus) and they remained 
substantially higher (by 40%–64%) in all subsequent 
measurements. This suggests increased trafficking of 
molecules between the nucleus and the rest of the cell in 
the GM-fed mice and is another indication of increased 
metabolic activity.

The highly structured nucleus of the cell contains spe-
cialized components responsible for DNA expression.⁶⁵,⁶⁶ 
They are “highly sensitive indicators of cellular activity.”⁶⁷ 
Thus, changes in the physical properties of these compo-
nents reflect alterations in the general metabolic state of the 
cell.⁶⁸,⁶⁹ One such component is the nucleolus. In the nu-
cleolus, the cell’s apparatus to create proteins (ribosomes) is 
produced. Here again, in mice fed Roundup Ready soy, the 
shapes of the nucleoli were more irregular. Furthermore, 
the size and distribution of structures within the nucleoli 
(the fibrillar centers and dense fibrillar components) had 
changed significantly. This too suggests an increased meta-
bolic rate.

The GM-fed mice also had more splicing factors in 
their liver cells. These are the complex molecular machines 
that process RNA (by removing introns, if present). An in-
creased number of splicing factors suggests increased gene 
expression, i.e., DNA in the liver is making more RNA 
copies.

Effects reversed with changed diet
In order to verify that GM soy was the cause of the modi-
fications of liver nuclei, three-month-old (adult) mice that 
had been fed a diet with GM soy all their lives, switched to 
non-GM soy for one month. Most nuclear alterations dis-
appeared. Similarly, when adult mice raised on non-GM 
soy switched to GM soy for the same period, their liver 
nuclei developed some of the alterations. According to the 
researchers, “This suggests that the modifications related to 
GM soybean are potentially reversible, but also that some 
modifications are inducible in adult organisms in a short 
time.”⁷⁰

Although there were no changes in the levels of major 
liver proteins found in the mice, biochemical analyses car-
ried out on rabbits fed Roundup Ready soy exhibited al-
tered expression of LDH1 liver isoenzymes. This provides 
supporting evidence of “a general increase of cell metabo-
lism.”⁷¹ (See section 1.13.)

Implications for human health
According to Michael Antoniou, “The long-term health 
consequences of this type of metabolic and possibly toxic 
insult on the liver is unknown, but could lead to liver dam-
age and consequently general toxemia.”

About 89% of soybeans grown in the United States are 
Roundup Ready. They are also grown extensively in parts 
of South America. Most is fed to livestock, but soy and soy 
derivatives are also used for food. Given our widespread 
exposure to soy, soy derivatives and animals raised on soy, 
it is urgent that we track down the reason why the liver 
reacts as it does.
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“Our data indicate 
that the reduction 

in alpha-amylase synthesis 
and secretion is related to GM 
food at all ages considered. . . . 
[A] diet containing significant 
amount of GM food seems to 
influence zymogen synthesis 
and processing.” ⁷²
— Manuela Malatesta et al, 
Journal of Anatomy

1.  Mice fed GM soy showed changes in the syn-
thesis and processing of digestive enzymes.

2.  The production of alpha-amylase, a major 
digestive enzyme, dropped by as much as 77%.

3.  This, combined with other pancreatic 
changes, suggests that GM soy may interfere 
with digestion and assimilation, as well as alter 
gene expression.

Mice fed Roundup Ready soy had problems with the pancreas
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A structural and chemical analysis of the pancreas 
demonstrated profound changes in mice fed 
Roundup Ready soy. Taken together, they in-

dicate changes in gene expression, reduction in enzyme 
production, and likely hindrance of digestion.

Using the protocol described on the page 41, pregnant 
mice were fed a diet containing either 14% GM or non-
GM soybeans. Their offspring continued the diet begin-
ning at weaning, with 12 female mice per group. These 
animals were killed and their pancreas was examined at 
one, two, five or eight months of age.

Starting in month two, the production of alpha-amylase, 
a major pancreatic enzyme responsible for degrading 
carbohydrates, dropped in GM-fed mice by an average 
of 77%. In months five and eight, it remained 75% and 
60% lower than controls. The reduced production of the 
enzyme was confirmed in three places in the cell (the rough 
endoplasmic reticulum, the Golgi apparatus and within 
zymogen granules).

Scientists are not clear why or how GM soybeans are 
responsible for this highly significant drop. “A similar 
decrease in alpha-amylase … has been observed under 
starvation conditions;”⁷³ however, the mice in this soy ex-
periment had free access to food and water. Reductions in 
alpha-amylase in the pancreas have also been reported “un-
der diabetic conditions,”⁷⁴ but insulin levels and pancreatic 
function did not indicate the disease. While the mechanism 
of how GM soy suppressed enzyme production is unclear, 
such a dramatic drop may certainly create problems with 
carbohydrate digestion.

One-month-old GM-fed mice also produced less zy-
mogens, but the differences became negligible in subse-
quent ages. Zymogens are digestive enzymes in a pre-active 
state, which become active when released into the intestine 
by the pancreas. Until that time, they are held in the pan-
creas in zymogen granules. The size of these granules was 
consistently smaller in GM-fed mice, with the highest dif-
ference of 39% in month five. 

Researchers also noted differences in the nuclei of the 
pancreatic cells. (The nuclei from GM-fed mice had a 
more roundish shape, decreased pore density and reduced 
amount of splicing factors.) The changes suggest that con-
sumption of GM soy reduced the processing of RNA and/
or reduced the number of molecules that passed from inside 
the nucleus into the rest of the cell.⁷⁵ 

The reason for all these changes is unclear, but their 
size, consistency, and highly significant correlations dem-
onstrate that consumption of GM soy is the cause. Further 
analysis demonstrated that, as with the liver, pancreatic 
modifications disappear after removing the GM soy from 
the diet.⁷⁶

Reduced enzymes might impair digestion 
and cause problems
Enzymes secreted by the pancreas are responsible for the 
breakdown of food within the small intestine. Any restric-
tion of these enzymes might result in impaired digestion 
and a shortfall of nutrient assimilation. If carbohydrates are 
not properly degraded in the small intestine, (as may occur 
with reduced alpha-amylase), they may be broken down 
by bacteria in the large intestine, which can produce gas. 
If protein digestion is inhibited, (which may occur with 
reduced zymogens), it may increase the chance of allergic 
reactions to protein fragments. The pancreas may also be 
forced to produce and excrete more protein digesting en-
zymes, which might put undue pressure on the organ.



1 . 1 2

44 T H E  D O C U M E N T E D  H E A L T H  R I S K S

“In the testes of young and 
adult mice fed on GM 

soybeans, both spermatocytes 
(precursors of sperm cells) and 
Sertoli cells (their nurse cells) 
show reduced nuclear activity, 
especially RNA production. 
Structures involved in lipid 
metabolism and detoxification 
are also enlarged in Sertoli 
cells. We are investigating to 
see if these affect sperm forma-
tion and fertility.” 
— Manuela Malatesta, 
biologist, University of 
Verona

1.  The structure and gene expression pattern of 
testicle cells of mice fed Roundup Ready soy-
beans changed  significantly.

2.  The cause for the changes is unknown, but the 
testicles are sensitive indicators of toxins.

3.  Some of the changes might possibly influence 
adult fertility as well as the health of the 
offspring.

4.  Mouse embryos from GM-fed mothers did 
show a temporary decrease in gene expression.

Mice fed Roundup Ready soy had unexplained changes
in testicular cells
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Using the same protocol as the previous two stud-
ies (using 12 males), researchers examined com-
ponents within testicle cells of mice fed Roundup 

Ready soybeans (14% of diet). Observations were made 
after one, two, five, and eight months (using immuno-
electron microscopy.)

Changes were found in both spermatocytes and Sertoli 
cells. Spermatocytes develop into sperm cells. Their health 
and proper functioning can impact fertility, as well as the 
health and viability of offspring. Sertoli cells nurture the 
developing sperm cell and are critical in their proper devel-
opment and maintenance. Components in both had altered 
structures. In particular, apparatus involved with gene ex-
pression and RNA processing were significantly affected.

Testicular cells are sensitive indicators of toxins. They 
have been used, for example, to monitor heavy metal pollu-
tion.⁷⁷ Changes resulting from GM soy may be an impair-
ment of gene expression due to toxins in the soy or it may 
be the cells’ attempt to protect itself in response to toxins. 
In any case, findings are preliminary and require follow-up  
studies to determine what component of the GM soy (or 
herbicide residue) is the cause and if the changes impair 
fertility or offspring health.

Changes in Sertoli cells
Sertoli cells are known as the “nurse” cell of the testicles. 
“Sertoli cells from GM-fed mice of all ages showed en-
larged vesicles of the smooth endoplasmic reticulum 
(SER).” ⁷⁸ The SER is involved in metabolizing lipids and 
detoxification. Its increased size suggests an increase in one 
or both of these functions. It is not clear if this interferes 
with the Sertoli cells’ support of sperm development.

In two- and five-month-old GM-fed mice, “The nucle-
oli appeared larger and more reticulated”⁷⁹ (network-like). 
Nucleoli contain genes that produce the RNA used in ribo-
somes. Ribosomes are the protein-synthesizing machines 
of the cell. The changes suggest that the cell is producing 
larger quantities of ribosomes and is operating at a much 
higher metabolic state, perhaps in response to stress.

Changes in Sertoli cells and spermatocytes
“At all the ages considered, a statistically significant increase 
in perichromatin granules (PGs) was observed not only in 
Sertoli cells but also in spermatocytes of GM-fed mice.” 
⁸⁰ PGs are small particles that contain (pre)messenger 
RNAs.⁸¹ Accumulation of PGs in the nucleus may have 
several causes. It may be due to higher levels of gene 
expression—genes that are normally active in the cell might 

have increased production, or the GM soy caused silent 
genes to become active. Or it may be that (pre)messenger 
RNAs are no longer being adequately processed or their 
normal export from the nucleus into the cytoplasm is being 
inhibited. Such interference with normal gene expression 
may result in unhealthy Sertoli cells or spermatocytes, either 
of which might interfere with sperm health or quantity.

As in the case of pancreatic cells in the previous study, 
“A decrease in the number of nuclear pores (NP) was also 
detected in GM soy fed mice.” ⁸² Pores are the gateway 
through which RNA and proteins move in and out of 
the cell nucleus. Their reduced number in Sertoli cells 
and spermatocytes suggests lower molecular trafficking. 
This supports the notion above that RNA accumulates 
within the PG because its transport out of the nucleus is 
inhibited.

Finally, components involved in either gene expression 
(RNA Polymerase II) or RNA processing (Sm antigen, 
hnRNPs, and SC35) were “decreased in two- and five-
month-old GM-fed mice, and … restored to normal at 
eight months.”⁸³ This implies that components in the GM 
soy diet resulted in lower metabolic activity in Sertoli cells 
and spermatocytes during the early stages of adulthood of 
the mice.

Although there is no clear explanation for these changes, 
the authors speculate that there is a reduction of transcrip-
tion (from DNA to RNA) that “takes place in parallel with 
a decrease in NP density.” This results in “accumulation 
of RNAs in the form of PG” within the nucleus. This ex-
planation is similar to a feedback mechanism that was ob-
served in another study, in which the accumulation of PG 
in the nucleus was observed in response to stress factors and 
to drugs that inhibit translation of RNA into proteins.⁸⁴ If 
such a mechanism is operating here, it points to an imbal-
anced pattern of gene expression, an imbalanced pattern of 
proteins and an unhealthy cell. 

Although the far-reaching implications of this study im-
ply that GM soy might impact male fertility and the health 
of human offspring, such speculation is premature without 
substantial follow-up research. The researchers did, how-
ever, conduct a study in which they found an overall reduc-
tion in the level of gene expression inside early stage (four 
to eight cells) mouse embryos from parents fed GM soy. 
They identified “a temporary decrease in the transcription 
and maturation of [messenger] RNA.”⁸⁵ More work will be 
needed to see if this carries any health risks.
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“An increased activity 
of LDH1 occurred 

in three organs from GM-fed 
rabbits.”⁸⁶
— R. Tudisco, et al., 
Animal Science

“Any significant 
change in organ-

specific enzyme activity 
during a feeding trial is cause 
for concern.” 
— David Schubert, 
molecular biologist and 
protein chemist, Salk 
Institute for Biological 
Studies

1.  Rabbits fed GM soy for about 40 days showed 
significant differences in the amounts of 
certain enzymes in their kidneys, hearts, and 
livers.

2.  A rise in LDH1 levels in all three organs sug-
gests an increase in cellular metabolism.

3.  Changes in other enzymes point to other 
alterations in the organs.

Roundup Ready soy changed cell metabolism
in rabbit organs
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Roundup Ready soybean meal was added to the 
diet of 10 30-day-old rabbits. After about 40 
days, measurements of enzyme activity in organs 

showed significant differences in the kidney, heart, and 
liver, compared with organs of control rabbits fed non-
GM soy meal.⁸⁷

Enzymes in the kidney showed the greatest difference, 
with the levels of three enzymes significantly higher (ala-
nine aminotransferase, lactic dehydrogenase, and gamma 
glutamyltransferase). According to the researchers, “Such 
a result seems to indicate that some alteration occurred in 
[the] kidney.” One of the three enzymes, lactic dehydroge-
nase (LDH), also increased significantly in the heart. The 
authors noted that this shows “that the local production of 
LDH altered in two of the most important organs of the 
body.”

Subtle changes in LDH
LDH is divided into five different protein fractions, called 
isoenzymes. They are labeled LDH-1 through LDH-5 
and their concentration tends to vary per organ type. Tests 
that measure changes in the relative levels of these isoen-
zymes are used to evaluate the presence of certain diseases 
or injuries. In the GM-fed rabbits, LDH-1 levels in the 
kidneys were 20% higher. In the heart, LDH-1 levels were 
25% higher and LDH-2 levels were 69% higher. 

In the liver, although the overall LDH levels were not 
significantly different, LDH-1 was significantly higher 
(by 16%) and LDH-4 was significantly lower (by 46%). 
This “shift supports the hypothesis that some metabolic 
changes occurred in the liver.” According to the authors, 
the increased levels of LDH-1 found in all three organs 
“should indicate a general increase of cell metabolism.” Ac-
cording to molecular geneticist Michael Antoniou, it also 
indicates changes in the underlying pattern of expression 
of the LDH genes.

The rabbits showed no signs of any particular disease as 
a result of this short 40-day diet. There were indications, 
however, that the diet caused changes in the cell metabo-
lism in key organs. While the particular patterns are not 
known to be a precursor of illness, the effects indicate that 
the rabbit physiology reacts differently to GM soy; long-
term impacts may result. The indication of increased meta-
bolic activity, according to the authors, is consistent with 
the apparent increase in liver metabolism in mice fed GM 
soy, noted in section 1.10. Further study is needed to evalu-
ate whether such changes are indicative of a toxic reaction 
or some other health problem.
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Most offspring of rats fed Roundup Ready soy
died within three weeks

1.  Female rats were fed Roundup Ready soy starting 
before conception and continuing through pregnan-
cy and weaning.

2.  Of the offspring, 55.6% died within three weeks 
compared to 9% from non-GM soy controls. 

3.  Some pups from GM-fed mothers were significantly 
smaller and both mothers and pups were more 
aggressive.

4.  In a separate study, after a lab began feeding rats a 
commercial diet containing GM soy, offspring mor-
tality reached 55.3%.

5.  When offspring from GM-fed rats were mated to-
gether, they were unable to conceive.

“We need 
rigor-

ous, independent and 
long-term studies to 
evaluate if these foods 
put the population at 
risk.” 
—Jim Willoughby, 
past president of the 
American Academy 
of Environmental 
Medicine, which 
passed a resolution 
asking the US 
National Institutes of 
Health to sponsor a 
follow-up of this rat 
study

The smaller rat is 20 
days old, while the 
larger is 19 days old. 
The mother of the 
smaller rat was fed 
GM soy.

1 . 1 4
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A leading scientist at the Institute of Higher Ner-
vous Activity and Neurophysiology of the Rus-
sian Academy of Sciences (RAS) conducted re-

search in 2005, which if confirmed, suggests that GM 
soy fed to mothers may significantly harm the health and 
viability of offspring.

Flour from Roundup Ready GM soy was added to the 
diet of female rats. Other females were fed non-GM soy 
or no soy at all. The diet began two weeks before the rats 
conceived and continued through pregnancy and nursing. 
After weaning (at 13–14 days), the rat pup’s diet was also 
supplemented with soy flour.

High mortality and illness
Within three weeks of birth, 25 of the 45 (55.6%) rats from 
the GM soy group died, compared to only 3 of 33 (9%) 
from the non-GM soy group and 3 of 44 (6.8%) from the 
non-soy controls. The timing of the deaths for the GM soy 
group was also more spread out: 14 occurred in week one, 
6 in week two, and 5 in week three. Among the non-soy 
controls, all three deaths occurred during week one, and in 
the non-GM soy group, two deaths were in week one, and 
one was in week two.

Pups from the non-GM soy group weighed, on average, 
13% more than those whose mothers consumed GM soy. 
Many from the GM group were quite small. At two weeks, 
36% weighed less than 20 grams, compared to about 6% 
from the other two groups (see photo at left). The stunted 
growth was not likely due to a limitation in the quantity of 
mothers’ milk. Because of the high death rate in the GM-
soy litters, the mothers presumably had more milk available 
per pup, not less (assuming the GM soy diet did not reduce 
milk production).

The livers, lungs, hearts, kidneys, spleens, and testicles 
from the GM-group were tiny compared to the other 
groups. The brain was not substantially smaller, suggest-
ing that its size is primarily dictated by age. Researchers 
also noted “a high level of anxiety and aggression” in both 
the “females and young pups from GM groups. … They 
attacked and bit each other and the worker.” In another 
unpublished study on male rats, aggressive behavior was 
also noted in the GM-fed group.⁸⁸

When the offspring of GM-fed rats in this study were 
mated, they did not produce offspring. This apparent ste-
rility persisted whether or not they continued to feed on 
GM soy. When the female offspring were mated with male 
controls, they did conceive. The size of the litters, however, 
was about 25% less than controls.

The study’s author, Irina Ermakova, notes that, “The 

morphology and biochemical structures of rats are very 
similar to those of humans, and this makes the results we 
obtained very disturbing.”⁸⁹

Repetitions yield similar results
The data presented above, which was published in the Rus-
sian peer-reviewed journal Ecosinform,⁹⁰ was actually de-
rived from two successive experiments conducted in June–
July and August–September, 2005. Ermakova,  who is now 
the vice president of the Russian National Genetic Safety 
Association, also repeated it a third time in September–
October. The combined results for all 221 rat pups used in 
the three experiments yielded an offspring mortality rate of 
51.6% for the GM soy group, 10% for non-GM soy, 15.1% 
for GM soy protein isolate and 8.1% for non-soy controls. 
“High pup mortality was characteristic of every litter from 
mothers fed the GM soy flour.”⁹¹

As there was no detailed analysis of the feed, it is pos-
sible that substances such as mycotoxins had contaminated 
the GM soy flour and were responsible for the damage to 
the offspring. More recent events from the same labora-
tory, however, suggest that whatever caused the high mor-
tality is not unique to the one batch of GM flour used in 
the experiments.

In November 2005, the supplier of rat food used at the 
RAS laboratory began using GM soy in the formulation. 
The presence of GM soy in the diet of all rats housed there 
disallowed further repetitions of the mortality study. After 
two months, however, Ermakova inquired of other scien-
tists about the mortality rate of rat offspring used for other 
experiments. It turned out that 99 of 179 (55.3%) rat pups 
whose parents were fed GM soy-based rat chow had died 
within the first 20 days.⁹²

Follow-up is urgently needed
This is the only published research in which female rats 
were fed GM feed prior to conception. Other studies intro-
duced GM feed during pregnancy, which may miss toxic 
effects to reproductive organs, eggs, and sperm.

The study is preliminary, the number of rats was small, 
the feed was not evaluated, and the organs were not ana-
lyzed. But given the enormous implications, immediate 
replication, and expansion of the study is the only respon-
sible option. According to Ermakova, however, she and 
her colleagues were forced to stop all GMO studies by the 
institute’s administration, who were put under pressure by 
the Presidium of the Russian Academy of Sciences.
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“Their findings pro-
vide real evidence 

that GM food could have a 
tangible, harmful impact on 
the human body.”⁹³ 
— Daily Express

1.  In a single year, 1999, soy allergies in the 
United Kingdom jumped from 10% to 15% of 
the sampled population.

2.  GM soy was imported into the country shortly 
before 1999.

3.  Antibody tests verify that some individuals 
react differently to GM and non-GM soy 
varieties.

4.  GM soy also has an increased concentration of 
a known allergen.

Soy allergies skyrocketed in the UK, soon after GM soy
was introduced
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In March 1999, researchers at the United Kingdom’s 
York Laboratory tested 4,500 people for allergic re-
actions and sensitivities to a wide range of foods. In 

previous years, soy had affected 10% of consumers. In 
1999, that figure jumped to 15%. Soy entered the “Top 
Ten” list of allergens for the first time in the 17 years of 
testing. The United Kingdom’s Daily Express wrote, soy 
“moved up four places to ninth and now sits alongside 
foodstuffs with a long history of causing allergies, such as 
yeast, sunflower seeds, and nuts.”⁹⁴

Reactions included irritable bowel syndrome, diges-
tion problems, skin complaints including acne and eczema, 
chronic fatigue, headaches, and lethargy. Blood tests con-
firmed an antibody reaction to soy.

Roundup Ready soy had recently entered the United 
Kingdom from US imports. The soy used in the study was 
also largely GM. John Graham, spokesman for the York 
laboratory, said, “We believe this raises serious new ques-
tions about the safety of GM foods.”⁹⁵

GM soy has unique allergic response
Remarkably, no follow-up tests to the UK allergy study 
were conducted at the time to see if individuals reacted dif-
ferently to GM and non-GM soybeans. A study published 
six years later, however, verified that the immune system 
of some individuals does react differently to the two soy 
types. Using a skin prick test of 49 subjects, 13 exhibited 
positive reactions to non-GM soybeans while 8 reacted to 
GMO soybeans. “One patient had a positive skin test result 
to GMO soybeans only.”⁹⁶ Geneticist Joe Cummins says, 
“The GM-soy-only individual stands out and should have 
triggered a review”⁹⁷ by regulators.

Tests verified that GM soy contained proteins that the 
natural soy did not have, and vice versa. Furthermore, an 
antibody related to allergies (IgE) had strong binding with 
one protein in the GM soy (at 25 kDa), while the non-
GM variety had a “moderately strong” reaction to proteins 
of a different weight (30-36 kDa). Although further tests 
are needed to verify if this protein is unique to GM soy 
and not an artifact of a particular growing condition, this 
demonstration “of an extra IgE/binding protein allergen in 
Roundup Ready soybean,” says biologist Arpad Pusztai, “is 
highly significant per se. And again it shows the superfici-
ality of the risk assessment studies done by the Monsanto 
scientists.”⁹⁸ 

GM process can boost allergencity
There are many other possible reasons why GM soy may 
provoke allergic responses. The transgenic protein, which 
has amino acid sequences identical to known allergens (see 
section 3.2), might cause a reaction. The damaged sections 
of its DNA may participate in creating allergens (see sec-
tion 2.9). And altered levels of gene expression due to the 
process of genetic transformation might introduce a new 
allergen or increase levels of a known allergen. Indeed, ac-
cording to a study by Monsanto, Roundup Ready soybeans 
contain 27% more trypsin inhibitor, a known allergen, 
compared to matched non-GM soy. Once heated, how-
ever, that difference jumped to threefold and sevenfold in 
the two Roundup Ready soy lines tested. This suggests that 
the allergen in GM soybeans does not break down as read-
ily by heating (see section 2.11). (Monsanto had left out 
this comparison from its published report, but it was later 
recovered in the journal archives by an investigator.)

There is also cross-reactivity between proteins in natural 
soybeans and in peanuts.⁹⁹ Unpredicted changes in GM 
soybeans might increase the amount or power of this po-
tentially dangerous allergen as well. If so, it might have 
contributed to the doubling of peanut allergies among chil-
dren in the United States from 1997–2002. GM soy was 
introduced into the US food supply in late 1996.

It is not confirmed that the GM soy caused the rise in 
UK soy allergies. The suspicious timing of the increase, 
combined with the multiple ways that GM soy might 
increase allergen production, however, demands further 
study. In the meantime, many people are not waiting to 
take steps to protect themselves.  

Physician John Boyles, an allergy specialist from Ohio, 
says, “I used to test for soy allergies all the time, but now 
that soy is genetically engineered, it is so dangerous that I 
tell people never to eat it—unless it says organic.”¹⁰⁰
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“We are concerned 
that ANZFA 

may be comfortable with the 
possibility of a significant 
number of people suffering a 
hepatitis-like illness as a result 
of a food that ANZFA has 
assessed to be safe.”¹⁰¹
— Public Health 
Association of Australia

1.  The livers of rats fed GM canola were 12%–
16% heavier than those fed non-GM varieties.

2.  The liver is a chemical factory and primary 
detoxifier for the body.

3.  Heavier livers may indicate liver disease or 
inflammation.

4.  If this were caused by oil-soluble toxins, they 
may be present in canola oil.

Rats fed Roundup Ready canola had heavier livers



53E V I D E N C E  O F  R E A C T I O N S

In Monsanto’s application for their Roundup Ready 
(GT73) canola, rats were fed ground canola and pro-
cessed canola meal (toasted and defatted) for four 

weeks. Oddly, researchers used a mixture of the variety 
being studied, GT73, with another GM variety, GT200. 
The male rats gained significantly less weight than those 
fed the non-GM canola and meal. Differences in the 
amount of food consumed, however, did not account for 
this result.

In a second test, rats were fed only processed cano-
la meal. In the group that was fed the pure GM variety 
(GT73), both sexes had livers that were 12%–16% heavier 
compared to controls. “This time, non-significant dif-
ferences were observed in body weights and body weight 
gain.”¹⁰²

The researchers attributed the heavier livers to a 
higher level of glucosinolates in the GM canola, which 
they said would not appear in the oil portion consumed 
by humans. They did not, however, actually investigate 
to see if rats fed similar levels of glucosinolates had 
comparable abnormalities; thus, their conclusion remains 
an unsupported assertion. 

Even the UK Government scientific advisors, known 
for their staunchly pro-GM stance, wrote, “ACRE and 
ACAF are not satisfied that the notifiers have supported 
the hypothesis that increased liver weight in rats fed GT73 
compared with controls is attributed to higher glucosino-
late content levels in the test material. A satisfactory expla-
nation for this potentially adverse response observed in the 
rat feeding study is required.”¹⁰³

The level of glucosinolates in the GM canola meal was 
only about one-third the limit determined as safe for animal 
feed according to CODEX, a global United Nations agency 
for setting food standards. If such a low level was the actual 
cause for the heavier livers, then this study provides evidence 
that the CODEX limit is too high and should be lowered 
to a level below that found in the GM canola. Since canola 
meal is routinely fed to animals, admittance that the GM 
meal contains levels of glucosinolates sufficient to increase 
liver size by such a margin is paramount to declaring the GM 
brand unsafe.

In reality, the glucosinolate limit set by CODEX is proba-
bly not so dramatically flawed. Rather, the liver changes likely 
resulted from something else present in the GM canola.

The size of the liver is normally very stable. Such an in-
crease in weight is unusual and implies a disturbance in its 
function. It may be due to increased cell numbers or inflam-
mation. The condition known as Fatty Liver (Steatosis), 
usually due to alcohol consumption, can increase liver 
weight, as can hepatitis. Unfortunately, since no detailed 
analysis of the liver and no follow-up studies were conducted, 
the cause of the weight gain remains speculative.

That researchers did not undertake additional studies to 
verify the cause of the rats’ heavier livers is a dangerous omis-
sion. If the condition had been created by a fat-soluble com-
pound that is present in canola oil, it might adversely affect 
liver function in humans.



1 . 1 7

54 T H E  D O C U M E N T E D  H E A L T H  R I S K S

“Mortality was 
twice as high 

amongst those fed the GM 
maize as amongst those fed 
non-GM maize.”¹⁰⁴
— Eva Novotny, 
astrophysicist, report for the 
UK Chardon LL hearing

1.  The death rate for chickens fed Chardon LL 
GM corn for 42 days was 7%, compared to 
3.5% among controls.

2.  GM-fed chickens also had more erratic body 
weight and food intake, and less weight gain 
overall.

3.  The study was designed so that only huge dif-
ferences would be statistically significant.

4.  The results were therefore dismissed without 
follow-up.

Twice the number of chickens died when fed
Liberty Link corn
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Chardon Liberty Link corn, engineered to with-
stand the herbicide glufosinate ammonium, was 
tested on chickens for 42 days.¹⁰⁵ One hundred 

and forty chickens were divided into four pens of 35 
chickens each and fed as much of the GM corn as they 
wanted. Chickens in four other pens were fed a commer-
cial corn diet. Ten chickens (7.14% ) from the GM group 
died, while only 5 died (3.57%) from the non-GM group. 
The UK industry average was 4%. The GM-fed group 
also gained less weight and had far greater body weight 
variability. Their feed intake was also more erratic.

The Public Health Association of Australia (PHAA) 
pointed out that “Although birds who died underwent post 
mortems, no data on what was done, what was found, or 
any statistical differences were given.”¹⁰⁶ 

Veterinary scientists Steve Kestin and Toby Knowles 
testified in a hearing in the UK¹⁰⁷ that the study had major 
flaws. Most especially, the number of chicken pens was so 
small that the differences in death rates and weight gain 
were not statistically significant. The study could only 
demonstrate a “trend.” Kestin and Knowles calculated that 
with such a poor research design, statistical significance 
would only be identified for very large differences, such as a 
“huge” weight difference. Using such insufficient numbers 
of pens (replicates), they said, is “one of the best methods” 
to “show no effect,” if that is the aim.

They testified that the study was “inadequate in terms of 
providing any evidence or conclusions” and “not of a stan-
dard that would be acceptable for publication in a scientific 
journal.” It had inadequate controls and insufficient report-
ing. “If anything,” they concluded, “the results as reported 
arouse suspicions of real differences between the treat-
ments. This should act as a spur to further investigation.”

Although the study was not followed up, a related study 
also showed lower weight gain and erratic feeding. Rats 
were not fed Liberty Link corn; they were fed either high or 
low doses of the transgenic protein (PAT protein) that the 
GM corn was designed to create. According to a detailed 
analysis, “The slow rates of gain in weight of several of the 

animals eating PAT-protein indicate that they are not 
thriving as well as the rats in the control groups. Unusual 
patterns in the average food intake of animals consuming 
PAT-protein also suggest that the diet does not suit them.” 
Here, like in the chicken study, the “data are not conclusive 
because too few animals (five per gender per group) were 
studied over too short a time.” (13 days).¹⁰⁸

It is interesting to note that the corn’s producer claimed 
that the increased death rates were not significant because 
the research institute where the study took place typically 
has death rates of 5%–8%. Not only was this contention 
unsupported with data, it is largely irrelevant. Comparison 
with data collected from other studies is not a valid means 
for determining biological significance. Appropriate com-
parisons in animal feeding studies are between experimen-
tal and control groups using identical conditions (see part 
3). In fact, this study should not have fed controls a com-
mercial diet, but rather used Liberty Link’s parental line, 
i.e., identical genetics (isogenic) prior to the insertion.

Liberty Link corn is currently marketed by Bayer Crop-
Science. Without adequate tests, we do not know if the 
weight differences or higher death rate is significant and 
might impact human health. The lack of follow-up, how-
ever, shows a profound lack of rigor in the safety assess-
ments and requirements for approval.
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“This is probably the 
single most impor-

tant study published to date 
showing the potential dangers 
of GE crops because allergens 
can be dangerous at incredibly 
low levels and most if not all 
GE proteins have antigenic 
properties that are different 
from their normal counter-
part.”
— David Schubert, 
molecular biologist and 
protein chemist, Salk 
Institute for Biological 
Studies

1.  In advanced tests not normally part of GM 
crop evaluations, protein produced by GM 
peas generated a dangerous immune response 
in mice.

2.  That “same” protein, when produced naturally 
in beans, had no effect.

3.  The GM peas produced a subtle, hard-to-
detect difference in the way sugar molecules 
attached to the protein, which likely caused 
the problem.

4.  The response in mice suggested that the GM 
peas could provoke inflammatory or allergic 
reactions in humans; commercialization of the 
peas was therefore cancelled.

5.  This type of subtle but dangerous change in 
the GM protein would rarely, if ever, be de-
tected in the safety assessments typically used 
to approve GM crops.

GM peas generated an allergic-type inflammatory response 
in mice
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In the mid-1990s, Australian scientists at the Com-
monwealth Scientific and Industrial Research Orga-
nization (CSIRO) began research into manufacturing 

a GM pea that would be resistant to a pest known as the 
pea weevil. They inserted a gene from the kidney bean, 
which produces an antinutrient (alpha-amylase inhibi-
tor) that interferes with the weevils’ digestion—starving 
them to death. The natural protein in beans, when fully 
cooked, is safe for humans.

As part of the pea’s safety assessment,¹⁰⁹ groups of mice 
were fed a commercial diet and also given GM peas, non-
GM peas or kidney beans, twice a week for four weeks. The 
mice were then put through a battery of immune response 
tests that are considered predictive of human allergenicity. 
Only mice that were fed GM peas developed a reaction. 
Specifically, injections of the GM protein into the footpad 
resulted in significant swelling. When introduced into the 
trachea, it caused mild lung damage and tissue inflamma-
tion (similar to asthma in humans). Lymph nodes also re-
sponded to the GM protein.

In addition, mice fed GM peas became more sensitive 
to other substances. They reacted to egg albumin, for ex-
ample, while those fed non-GM peas did not. Even GM 
peas that had been boiled for 20 minutes and were no lon-
ger effective at protecting against weevils still caused an im-
mune response in mice. The findings suggested that both 
raw and cooked GM peas might cause allergic or inflam-
matory reactions in humans, as well as promote reactions 
to a wide range of other foods.

Subtle protein changes may be dangerous
The alpha-amylase inhibitor protein produced in GM peas 
had the same amino acid sequence as the protein produced 
in kidney beans. But only the GM protein created an im-
mune response. Using an advanced test (MALDI-TOF), 
researchers identified subtle differences in the sugar chains 
(glycosylation patterns) that were attached to the protein. 
Since glycosylation is known to impact allergenicity, they 
concluded it was the likely cause.

The study reveals that when genes are passed between 
even closely related species, subtle and unpredictable 
changes in the protein can make it dangerous – even deadly. 
This information contradicts industry’s assumptions that 
differences in glycosylation patterns are irrelevant and can 
be ignored. Their safety assessments don’t adequately test 
for these types of changes in the protein. In fact, if those 
GM peas had been evaluated by tests normally used to 
assess the allergenicity of GM proteins (e.g. comparing 
amino acid sequences to known allergens and testing sta-

bility of the protein in a simulated digestive solution), they 
would have passed.

The mouse test that alerted researchers about the dan-
gers of their peas is typically used to test medicines. It had 
never before been used on an approved GM crop. Further-
more, the MALDI-TOF test that precisely identified the 
glycosylation patterns is almost never used on GM crops. 
Instead, the test normally relied on to examine protein 
structure, the SDS gel test, is not as sensitive; it does not 
give any molecular detail of the glycosylation patterns. Ac-
cording to former EPA scientist Doug Gurian-Sherman, 
those subtle differences in glycosylation patterns found in 
the pea study “would not be detected by the tests that are 
currently required by US regulatory agencies.” In fact, in 
the 1990s, when the GM peas were tested with an inferior 
“gel test” method that is sometimes used in GM food as-
sessments, researchers didn’t see any difference between the 
GM and non-GM proteins. The peas had passed this test. 
Thus, normal testing protocols are not adequate to identify 
potential allergenic crops (see part 3).

Cooked GM food may cause allergies 
One argument used to defend the safety of GM crops is 
that cooking will change the shape (denature) the protein 
so that it will not be allergenic. Advocates assert, for ex-
ample, that when Bt crops are cooked, the Bt-toxin is de-
natured and will no longer act as a pesticide. They claim, 
without evidence, that it would also lose any potentially al-
lergenic properties. The pea study refuted this assumption. 
The cooked GM pea was denatured and no longer effec-
tive as a pesticide, but it was still able to create an immune 
response in the mice.

Approved crops may have similar problems
If the GM peas had been commercialized in Australia, they 
would have been widely consumed in India where they may 
have caused dangerous allergic reactions. The GM crops 
on the market, however, contain novel proteins derived 
from bacteria or viruses. When expressed in a plant, they 
also may undergo unintended modifications with unknown 
consequences. These transgenic proteins have never been 
tested with the same rigor as the peas and may be harmful.
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“If a field contained GM 
and non-GM corn, 

cattle would always eat the 
non-GM first.”¹¹⁰
— Gale Lush, Nebraska

“A neighbor had been 
growing Pioneer Bt 

corn. When the cattle were 
turned out onto the stalks they 
just wouldn’t eat them.”¹¹¹
— Gary Smith, Montana

“While my cows 
show a prefer-

ence for open-pollinated corn 
over the hybrid varieties, 
they both beat Bt corn hands 
down.”¹¹²
— Tim Eisenbeis,
South Dakota

1.  When given a choice, several animals avoid 
eating GM food.

2.  In farmer-run tests, cows and pigs repeatedly 
passed up GM corn.

3.  Animals that avoided GM food include cows, 
pigs, geese, squirrels, elk, deer, raccoons, mice, 
and rats.

Eyewitness reports: Animals avoid GMOs
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Avoiding GM soybeans
A flock of geese visit an Illinois pond each year and feed on 
soybeans from a nearby 50-acre field. The year the farmer 
planted GM soybeans on half the field, he was shocked 
to discover that the geese ate only from non-GM side. 
There was a line right down the middle of his field with the 
natural beans on one side and the genetically engineered 
beans, untouched by the geese, on the other. Agricultural 
writer C.F. Marley reported, “I’ve never seen anything like 
it. What’s amazing is that the field with Roundup Ready 
beans had been planted with conventional beans the previ-
ous year, and the geese ate them. This year, they won’t go 
near that field.”¹¹³

A herd of about 40 deer ate organic soybeans from one 
field, but avoided the Roundup Ready variety across the 
road.¹¹⁴

Avoiding GM corn
In 1998, Iowa farmer Howard Vlieger filled one side of his 
sixteen-foot trough with the Bt corn and dumped non-GM 
corn on the other. When he let his cows into the pen, they 
all congregated on the side with the natural corn. When it 
was gone, they nibbled a bit on the Bt, but quickly changed 
their minds and walked away.¹¹⁵

Inspired by this story, several farmers in Northwest 
Iowa conducted their own tests. They let two or three cows 
into the feeding area at a time. The cows came to the first 
trough containing Bt corn, sniffed it and withdrew. They 
then walked over to the next trough and finished off the 
non-GM corn. Some would then go back for a sniff or taste 
of the Bt variety, but then walk away. This same scenario 
was repeated by both cows and pigs over and over again on 
six or seven farms in 1998, and again in 1999.¹¹⁶

After a 2000 campaign speech to farmers by Al Gore, 
Vlieger told the presidential candidate about his cow’s pref-
erence for non-GM corn. Gore asked if other farmers no-
ticed that their animals responded differently to GM food. 
About 12 to 15 hands went up.¹¹⁷

Cattle even broke through a fence and walked through a 
field of Roundup Ready corn in order to consume the non-
GM variety on the other side.¹¹⁸

A retired Iowa farmer fed squirrels through the winter 
months by placing corncobs on feeders. One year, he put 
non-GM corn in one feeder and Bt in another about 20 feet 
away. The squirrels ate all the corn off the natural cobs but 
didn’t touch the Bt. Each time the farmer refilled the feeder 
with natural corn, it was soon gone. The Bt remained un-
touched. Out of curiosity, he didn’t refill the natural corn. 
During the coldest days of winter, the Bt cob remained in-

tact. After about 10 days, the squirrels ate about an inch off 
the tip of an ear, but that’s all. The farmer felt sorry for the 
squirrels and put natural corn back into the feeders, which 
the squirrels once again consumed.¹¹⁹

Raccoons devoured organic corn, but didn’t touch the 
Bt variety growing down the road.¹²⁰ Mice consumed a pile 
of non-GM corn in a barn in Holland, but left the GM pile 
nearby untouched.¹²¹ A couple in Minnesota reported, “A 
captive elk escaped and took up residence in our crops of 
organic corn and soy. It had total access to the neighboring 
fields of GM crops, but never went into them.”¹²²

A Dutch undergraduate student offered mice a choice 
between GM and non-GM mixture of corn and soy. Over 
a nine-week period, the mice consumed 61% non-GM and 
39% GM food. (When he forced half the mice to eat only 
GM and the other half to eat non-GM, the GM group 
ate more food, gained less weight, and “seemed less active 
while in their cages.” When picked up to be weighed at 
the end of the experiment, he said the GM-fed mice were 
“more distressed. … Many were running round and round 
the basket, scrabbling desperately in the sawdust, and even 
frantically jumping up the sides, something I’d never seen 
before.”)¹²³

Avoiding GM tomatoes
The Washington Post reported that rodents, usually happy 
to munch on tomatoes, turned their noses up at the geneti-
cally modified FlavrSavr tomato that scientists were so anx-
ious to test on them. Calgene CEO Roger Salquist said of 
his tomato, “I gotta tell you, you can be Chef Boyardee and 
. . . [they] are still not going to like them.”¹²⁴ These were 
the rats described in section 1.2. They were force-fed the 
tomato through gastric tubes. Several developed stomach 
lesions; 7 of 40 died within two weeks.
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“Impurities in Showa 
Denko’s genetically “en-

gineered” tryptophan happened 
to cause an illness—EMS—
which was novel. The surge of 
numbers therefore stood out and 
got noticed. If [Showa Denko’s] 
poison had caused the same 
numbers of a common illness 
instead, say asthma, we would 
still not know about it. Or if it 
had caused delayed harm, such 
as cancer 20–30 years later, or 
senile dementia in some whose 
mothers had taken it early in 
pregnancy, there would have 
been no way to attribute the 
harm to the cause.”¹²⁵
— L. R. B.` Mann, et al., 
“The Thalidomide of 
Genetic Engineering”

1.  One brand of the supplement L-tryptophan 
created a deadly US epidemic in the 1980s.

2.  The company genetically engineered 
bacteria to produce the supplement more 
economically.

3.  Their product contained many contaminants, 
five or six of which were suspected as the cause 
of the disease.

4.  Discovering the epidemic required multiple 
coincidences, suggesting that adverse reactions 
to GM foods may be hard to identify.

A GM food supplement killed about 100 people
and caused 5,000–10,000 to fall sick
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In the 1980s, thousands of individuals in the United 
States contracted a disease that physicians could not 
at first identify. The symptoms varied by patient and 

included swelling, coughs, rashes, physical weakness, 
pneumonia, breathing difficulties, hardening of the skin, 
mouth ulcers, nausea, shortness of breath, muscle spasms, 
visual problems, hair loss, difficulty with concentration 
or memory, and paralysis. The one symptom shared by 
all was intense debilitating muscle pain (myalgia). The 
patients’ levels of white blood cells, called eosinophils, 
also skyrocketed, suggesting a severely disrupted immune 
system.

After several years, a series of coincidences allowed doc-
tors to identify that an epidemic of a new disease was taking 
place and that all victims had consumed the food supple-
ment L-Tryptophan (LT). LT is an essential amino acid 
found in turkey, milk, and other foods. It is a precursor 
to the neurotransmitter serotonin and had been taken as a 
supplement for stress, insomnia, and depression.

The disease was named eosinophilia myalgia syndrome 
(EMS). Trace-back studies revealed that only one of the six 
LT brands imported into the United States caused EMS. 
The brand contained five or six unique contaminants, one 
or more of which was likely to be the cause. The Japanese 
manufacturer, Showa Denko, had taken precautions against 
contaminants entering the production process. They were, 
however, the only company that had genetically engineered 
their bacteria to produce LT. And starting in 1984, as they 
progressively added more genes to their bacteria, there was 
a corresponding increase in contamination levels. The final 
strain, which caused the most illness, contained five sepa-
rate transgenes.¹²⁶

There are several ways in which genetic engineer-
ing could have produced the contaminants. Unintended 
changes in the DNA might create unintended proteins 
or shift proportions of naturally occurring ones. Showa 
Denko’s bacteria produced enzymes in higher than normal 
concentrations, which might interact in unpredictable ways 
to produce contaminants.

In addition, if LT molecules were changed in structure 
or concentration, they might produce additional problems. 
For example, LT is toxic to the bacteria that create 
it. Thus, the bacteria might have modified the more 
concentrated LT, or itself, or the environment, as a means 
of self-preservation. Also, LT is one of the inputs used 
by organisms to produce niacin. During this process, a 
number of intermediate substances are created, which help 
regulate immune system responses. An altered LT could 
theoretically produce a change in these immune regulators, 
causing significant disruption of the immune system.

Alternative causes unsupported
Several alternative explanations attempt to shift blame away 
from genetic engineering. Some are based on the miscon-
ception that the first GM strain of bacteria was introduced 
in December 1988. Proponents argued that since some 
EMS cases had been contracted from LT manufactured 
prior to that point, “there would have to be a cause other 
than just the mere engineering of the strains.”¹²⁷ Since four 
earlier GM strains had been used during the four years 
prior to December 1988, this theory is baseless.

Similarly, some had blamed the epidemic on a change in 
the filter used at the factory to purify the LT. But the filter 
change occurred in January 1989, years after EMS had been 
first contracted. (It is interesting to note that after being 
filtered, the LT was still more than 99.6% pure—passing 
US pharmaceutical standards. The suspected toxins were 
present at less than 0.1% of the final product.)

Some, including the FDA, argued that LT itself was 
dangerous and responsible for EMS. According to epide-
miologist Edwin Kilbourne who investigated EMS while at 
the Centers for Disease Control (CDC), if this were true, 
then “all tryptophan products of equal dose produced from 
different companies should have had the same [effect].”¹²⁸ 
Kilbourne insists that no evidence supports this. In fact, 
EMS investigator William Crist revealed that in every case 
where the origins of EMS-associated LT were identified, 
Showa Denko was the source. EMS expert Gerald Gleich 
says, “Tryptophan itself clearly is not the cause of EMS in 
that individuals who consumed products from companies 
other than Showa Denko did not develop EMS. The evi-
dence points to Showa Denko product as the culprit and to 
the contaminants as the cause.”¹²⁹

Sobering lessons
According to CDC officials, the GM supplement killed 
about 100 people and caused 5,000–10,000 others to fall 
sick or become disabled. There are still no special safe-
guards for GM-produced supplements. If that same LT 
were first introduced today, it could get on the market.

The epidemic took years to identify. It was discovered 
only because the disease was rare, acute, came on quickly, 
and had a unique source. If one of these four attributes were 
not present, the epidemic might have remained undiscov-
ered. Similarly, if common GM food ingredients are creat-
ing adverse reactions, the problems and their source may 
go undetected.



“The products of genetic engineering today 
are still at the level of a dinosaur technol-

ogy. We use genes, which are foreign to a species, not 
knowing where they are inserted or what else will 
change in the whole chain from gene to protein.”¹

— Cesare Gessler, The ETH Swiss Federal 
Institute of Technology

“The default prediction for the impacts of 
expression of a new gene (and its products) 

within a transgenic organism would . . . be that 
this expression will be accompanied by a range 
of collateral changes in expression of other genes, 
changes in the pattern of proteins produced and/or 
changes in metabolic activities.”² 

—The Royal Society of Canada



SECTION 2:
Gene insertion

disrupts the DNA
The process of genetic engineering results in 
widespread mutations—within the transgene, 
in DNA flanking the transgene and in hundreds 
or thousands of locations throughout the 
genome. These disruptions, which are usually 
overlooked by scientists and regulators,³ are 
“far greater than previously thought,” says 
molecular geneticist Michael Antoniou, who 
warns that they can lead “to the generation 
of novel toxic effects, allergies, and altered 
nutritional value.” 
Research on these mutations overturns the 
central arguments by biotech advocates—that 
the technology is precise, predictable, and safe, 
and that current studies are adequate.

63
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“Widespread use of 
transgenic crops 

carrying insertion-site muta-
tions of this magnitude will, 
in our opinion, lead sooner or 
later to harmful consequences. 
Nevertheless, detailed inspec-
tion has shown that mutations 
such as these would almost cer-
tainly pass unnoticed through 
both the molecular and pheno-
typic characterization stages of 
the regulatory systems of both 
the European Union and the 
United States.”⁴
—Allison Wilson, et al, 
Nature Biotechnology

1.  When genes are inserted at random in the 
DNA, their location can influence their func-
tion, as well as the function of natural genes.

2.  “Insertion mutations” can scramble, delete or 
relocate the genetic code near the insertion 
site.

3.  Evaluation of insertion sites have shown relo-
cations of up to 40,000 DNA base pairs, mix-
ing together of foreign and host DNA, large 
scale deletions of more than a dozen genes 
and multiple random insertions of foreign 
DNA fragments.

Foreign genes disrupt the DNA at the insertion site
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Inserting transgenes usually disrupts sections of plant 
DNA near the insertion site. Called insertional mu-
tagenesis or insertion mutation, this effect has been 

known for years, but it wasn’t until 2003 that a large sys-
tematic analysis was done. Scientists looked at 112 plants 
(Arabidopsis thaliana) engineered with the Agrobacterium 
method.⁵ Only plants with single copies of the transgene 
were used. (Most commercialized GM crops have single 
copies.) Of 112, 80 (71%) had small mutations near the 
insertion site, including deletions of 1-100 base pairs 
and/or insertions of 1-100 extraneous base pairs. The ex-
tra base pairs came from the transgene, other parts of the 
plant’s DNA or the circular (plasmid) DNA used in the 
Agrobacterium insertion process. The remaining 32 plants 
(29%) appeared to have large-scale insertions, rearrange-
ments, duplications, and/or deletions. In two, parts of 
whole chromosomes broke off and translocated next to 
the inserted gene.

In a study of the same plant species, a section of at least 
40,000 base pairs long had translocated from one chromo-
some to another. In fact, it had been duplicated, since it 
was also found intact in its original position.⁶ A third study 
identified a deletion of 75,800 base pairs—approximately 
15 genes.⁷

These three studies used Agrobacterium insertions. The 
very few that analyze insertion mutations from the gene 
gun method consistently demonstrate large-scale DNA 
disruptions. According to a comprehensive review, “The 
majority of transgene insertion events created by particle 
bombardment are complex, having multiple copies of the 
transgenic DNA integrated at a single [insertion-site].”⁸ 
They contain large amounts of extraneous DNA, including 
multiple fragments of the transgene and/or small or large 
fragments of plant DNA interspersed with inserted genes. 
One study found 155 separate breaks, indicating recombi-
nations of the inserted genetic material.⁹ In rare cases where 
only a single copy of the foreign gene is inserted, they “turn 
out to contain fragments of superfluous DNA and/or they 
appear to be associated with large deletions and/or rear-
rangements of the target plant DNA.”¹⁰

In a study of an oat plant, for example, the host DNA 
contained the full sequence of the foreign gene (plasmid), 
plus a small stretch in which oat DNA was mixed with for-
eign plasmid DNA, plus a partial copy of the plasmid, plus 
another section with oat and plasmid sequences scrambled 
together.¹¹ DNA on either side of the insertion appeared to 
contain rearrangements or deletions. Two additional inser-
tions were also identified elsewhere in the DNA. One had 
a rearranged section of the plasmid (296 base pairs), scram-
bled plant DNA on both sides, and a deletion of 845 base 

pairs. The study employed DNA sequence analysis, the 
most thorough method for evaluating insertion mutations. 
Genetic engineers, however, usually rely on the less pre-
cise Southern blot test, which picks up only major changes. 
When this test was applied to the oat DNA above, it in-
dicated the presence of only a single intact inserted gene. 
It missed all of the mutations and fragments as well as the 
two additional insertions. This means that on the whole, 
biologists who create GM plants and the regulators that 
approve them have no idea of the extent of DNA damage 
or the associated unintended effects.

Transgene location can cause problems
Scientists cannot “aim” the transgene into the DNA and 
they rarely conduct tests to find out where it ends up. But 
its placement has a “position effect,” which can determine 
the level and reliability of transgene expression as well as 
the severity of unpredicted side effects.

Even though only about 1–10% of plant DNA con-
stitutes actual genes, Agrobacterium insertions in the most 
commonly studied GM plants disrupt known gene se-
quences between 27%–63% of the time.¹² (The percentage 
using gene guns is unknown, but probably similar.) One 
reason is that in order for transgenes to function, they need 
to be located within “active” regions of the host DNA, 
which are more densely populated with functioning genes. 
If inserted into inactive sections, transgenes and marker 
genes would not function. (When antibiotic was applied, 
the cell would die because the antibiotic resistant marker 
would be inactive. Those cells would not be grown into 
GM plants.)

Transgenes can alter host gene expression when they 
land inside of or next to genes, or when they disrupt related 
genes (most genes operate in coordinated clusters). Protein 
production can be increased, decreased, or shut off. Ac-
cording to the FDA, transgene location might cause “the 
food derived from the plant to have higher levels of toxins 
than normal, or lower levels of a significant nutrient.”¹³ 
New or increased levels of allergens and antinutrients are 
also possible. According to a 2005 study sponsored by the 
UK’s Food Standards Agency, “Information on the ge-
nomic location of transgenes would seem to be essential to 
any safety assessment.”¹⁴
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“Insertional mutation 
damages the target ge-

nome in unpredictable ways, 
rendering literally unforesee-
able the many properties of 
any surviving GM-cells. The 
unforeseeability is compounded 
by somaclonal variation in the 
GM-progeny: plants grown 
from single cells.”¹⁵ 
—Robert Mann, bio-
chemist,  University of 
Auckland

1.  The process of growing plant cells into GM 
plants may create hundreds or thousands of 
mutations throughout the genome.

2.  While a change in a single base pair may have 
serious consequences, widespread changes 
in the genome can have multiple, interacting 
effects.

3.  Most scientists working in the field are un-
aware of the extent of these mutations, and no 
studies have examined genome-wide changes 
in commercialized GM plants.

Growing GM crops using tissue culture can create
hundreds or thousands of DNA mutations
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In order to create a GM plant, scientists first isolate 
and grow plant cells in the laboratory using a pro-
cess known as tissue culture. After transgenes are in-

serted and the transformed genes are selected (e.g. using 
antibiotics) they use tissue culture, again, but change the 
nutrient medium in which the cells grow. The new con-
ditions facilitate differentiation, allowing cells to develop 
roots and shoots. When ready, they are placed into soil 
and grown into plants. Tissue culture may be used a third 
time, to multiply a single GM plant into many others 
with identical DNA. Thus, GM plants are clones from a 
single GM transformed cell.

Unfortunately, the tissue culture method of plant propa-
gation results in widespread mutations throughout the ge-
nome, called somaclonal variation. In fact, tissue culture is 
sometimes used specifically to create mutations in plant DNA, 
although the mechanics of how this occurs is not yet clear. 
Changes range from small deletions or base changes, to en-
tire translocation of chromosomes from one region of the 
DNA to another. These mutations can influence the crops’ 
height, resistance to disease, oil content, number of seeds, 
and many other traits.¹⁶

In some cases, cells that undergo tissue culture and ge-
netic modification will have significantly more genome-
wide mutations than cells just grown by tissue culture. It 
is unclear why gene insertion has this effect, but scientists 
speculate that it may, in part, come from unsuccessful in-
sertions or insertions of small fragments of GM plasmid 
DNA that are sometimes scattered throughout the ge-
nome. Some mutations may also be due to the added stress 
from infection by agrobacteria, bombardment of particles 
or exposure to antibiotics.¹⁷ 

Taken together, the process of gene insertion com-
bined with tissue culture typically results in hundreds or 
even thousands of mutations, including small deletions, 
substitutions, insertions, or large chromosomal rearrange-
ments in the genetic code. The changes are vast. Two stud-
ies suggested that 2%-4% of the random stretches of DNA 
sampled from tissue culture samples were different than 
non-GM controls.¹⁸,¹⁹ Furthermore, estimates are based 
on detection methods that may miss many mutations, such 
as short deletions and insertions, and most base pair substi-
tutions. Thus, the actual degree of gene disruption is prob-
ably greater. These genome-wide mutations are found in 
every GM plant analyzed and are greater in number than 
mutations produced by transgene insertion. Studies in 
2005 confirmed that the production of RNA, proteins and 
metabolites are significantly influenced by tissue-culture-
induced changes,²⁰ and one concluded that “somaclonal 
variation may be an underestimated source of composi-

tional variation.”²¹ These types of mutations, however, are 
not evaluated in commercially released GM food crops.

If the original GM plant is crossed (mated) through 
many generations with the parent or other lines, many (but 
not all) of these small, genome-wide mutations may get 
corrected. It is unknown, however, how many crossings 
have been conducted on food crops and how many muta-
tions persist. Furthermore, certain plant species are propa-
gated vegetatively—they don’t cross with other plants. 
These plants would retain the vast number of mutations 
created during the GM transformation process. The GM 
potato that was on the market years ago and the papaya 
currently on the market are examples of GM crops that are 
propagated vegetatively and therefore pose greater risks as 
a result.

Mutations carry serious consequences
Mutations and extraneous insertions might permanently 
turn genes on or off, alter their function, and/or change 
the structure or function of the proteins they create. Even a 
single base pair change may result in serious consequences. 
Because of our limited understanding of the DNA, even if 
we knew which parts were disrupted, we would not neces-
sarily know the impact.

In reality, many biotech scientists are unaware of the 
massive quantity of mutations that are generated by the 
GM transformation process (gene insertion and tissue 
culture). In fact, the regulatory agencies that approve GM 
foods operate as if the insertion process has no impact on 
safety.²²,²³ They do not require extensive evaluation of the 
mutations and therefore the extent of these in approved 
GM food crops has not been identified. The few studies 
that have been conducted revealed many significant prob-
lems. GM varieties contain truncated or multiple fragments 
of the inserted gene and extraneous or scrambled DNA. 
One GM corn variety (Bt 11) contained a fragment from a 
gene that was supposed to be inserted into a different GM 
variety (E 176).

Advocates of biotechnology often defend the safety of 
their products by claming that modern methods of plant 
development other than genetic engineering, such as expo-
sure to radiation, are used on a wide scale, have a history 
of safe use and create comparable mutations. This is pure 
speculation. There is no evidence that these modern meth-
ods are used widely, are consistently safe or create mutations 
of the same kind or frequency as genetic engineering.²⁴
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“Introduction of one gene 
usually alters the gene 

expression pattern of the whole 
cell, and typically each cell type 
of the organism will respond 
differently.”²⁵
 — David Schubert, 
molecular biologist and 
protein chemist, Salk 
Institute for Biological 
Studies

1.  One study using a micro-array gene chip 
found that 5% of the host’s genes changed 
their levels of expression after a single gene 
was inserted.

2.  The changes, which are in addition to the 
deletions and mutations already discussed, are 
not predictable and have not been fully inves-
tigated in the GM crops on the market.

3.  These massive changes may have multiple 
health-related effects.

Gene insertion creates genome-wide changes 
in gene expression
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Gene chips allows scientists to monitor the ex-
pression levels of nearly all the genes in an or-
ganism’s DNA simultaneously. They identify 

changes in messenger RNA levels, from which we can 
infer changes in their corresponding proteins, affording 
a more holistic evaluation of the gene function. This is 
a fairly new technology and has not been widely used in 
plant biotechnology. In fact, there are no records of these 
gene chips ever being used by a biotech company with the 
GM crops currently on the market.

Scientists studying cystic fibrosis (CF) inserted a gene 
that regulates the passage of chloride into human cells.²⁶ 
After the insertion took place, the gene chip revealed that 
up to 5% of the levels of messenger RNA that were moni-
tored either increased or decreased. Extrapolated to the 
number of active genes in plants, a single insertion might 
change the expression of hundreds, possibly thousands of 
genes. The authors wrote, “This is a remarkable and some-
what unexpected finding in view of the implicit assumption 
that gene transfer . . . ought only to have the consequence 
of increasing the level of functional . . . protein in the target 
cell. Instead, we find here that many changes occur.”²⁷

According to the Royal Society of Canada, “Thousands 
of genes are being expressed in a plant in an orchestrated 
manner at any given time. The rate and timing of transcript 
expression from any given gene in any particular cell repre-
sents an integrated response to many factors, internal and 
external, that impinge on that cell. The pattern of expres-
sion of all transcripts is thus an exquisitely sensitive moni-
tor of cell and tissue status. . . . Carefully controlled DNA 
microarray analysis has the potential to reveal significant 
shifts in the overall pattern of gene expression associated 
with transgene insertion.” ²⁸

Thus, the impact of gene transfer, whether in human 
gene therapy or transgenic plants, is holistic; gene regula-
tion is an integrated affair. The huge number of changes 
will alter the types and levels of proteins in significant, but 
entirely unpredictable, ways. In the cystic fibrosis study, the 
scientists were at a loss to determine the impact. “In the 
absence of more biological information,” they wrote, “we 
cannot discern which directions are better or worse, since 
any of these may have positive or negative effects on the 
physiology of the CF cell.”²⁹

It is expected that the genes in a corn or soybean plant 
may react on a similar scale to the insertion of a transgene. 
The changes may result in the “synthesis of toxic, 
carcinogenic, teratogenic [causing changes in the fetus], 
or allergenic compounds,”or inhibit “the synthesis of a 
beneficial plant molecule.” ³⁰ Even if we monitored all the 
changes in protein levels in GM plants (which we don’t), 
it would be impossible to predict the impact of a single 
protein on the cell since they act differently depending on 
the cell type, organism and circumstance. For example, the 
“the over-expression of a gene involved in pectin synthesis 
had no effect in tobacco, but caused major structural 
changes and premature leaf shedding in apple trees.”³¹ 
Newly introduced enzymes could create unexpected, even 
totally new products, by interacting with other enzymatic 
pathways. 

While evaluating the impact of a few new proteins or 
enzymes is difficult or impossible, consider the complex 
interaction of hundreds of thousands of changed protein 
levels that may result from gene insertion. According to 
Schubert, “While these types of unpredicted changes in 
gene expression are very real, they have not received much 
attention outside the community of the DNA chip users. 
Furthermore, they are not unexpected.” ³²
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“The activity of the 
CaMV promoter 

is itself unregulated, acting 
something like an out-of-con-
trol flywheel that drives what-
ever gene(s) it lands closest to, 
without consideration of the 
balance, integration, and co-
ordination that regulate gene 
function in a normal plant.”³³
— E. Ann Clark, 
crop physiologist, 
University of Guelph

1. Promoters are switches that turn on genes.

2.  The promoter used in nearly all GM crops is 
designed to permanently turn on the foreign 
gene at high output.

3.  Although scientists had claimed that the 
promoter would only turn on the foreign gene, 
it can accidentally turn on other natural plant 
genes—permanently.

4.  These genes may overproduce an allergen, 
toxin, carcinogen or antinutrient, or regulators 
that block other genes.

The promoter may accidentally switch on harmful genes
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Although the plant genome contains tens of thou-
sands of genes, they are not all active at the same 
time; sets of genes are switched on at different 

times and locations. The amount of RNA and proteins 
that each gene produces, if any, is normally determined 
by the needs of the cells or tissues. This is ultimately 
accomplished through the action of promoters, genetic 
sequences located immediately next to the gene, which 
dictate its level of expression. (The DNA sequence of the 
promoter is able to bind with certain proteins, which in 
turn attract another protein complex called RNA poly-
merase. The more RNA polymerase that is recruited to a 
promoter, the more RNA is transcribed from the DNA.) 
The effectiveness of the promoter can be greatly mag-
nified by other genetic sequences called enhancers. The 
enhancers can be located much further away from a gene, 
and can multiply the gene expression tens, hundreds, or 
even thousands of times.

Genetic engineering places new genes into the DNA of 
the host, which have not evolved as a part of the organism 
and are not turned on based on the needs of the cell. In 
most cases, therefore, scientists attach to the transgenes 
a powerful promoter (usually with associated enhancer 
sequences) designed to permanently switch genes on. 
Thus, transgenes operate independently of the cells’ self-
regulatory mechanisms. They are artificially stimulated to 
continuously produce large quantities of proteins.

A significant risk of inserting a transgene into a genome 
is that the new promoter (or its enhancers) might unin-
tentionally either switch on inactive genes or increase the 
expression of already active genes present in the host DNA. 
If this happens, then the natural genes are no longer under 
the cells’ control, but are forced to overproduce proteins 
without a break.

A tragic example of this mechanism occurred in the 
treatment of boys with Severe Combined Immune Defi-
ciency type X, known as X-SCID. Scientists inserted the 
gene that was missing in the boys’ DNA. It cured their 
condition but three of the boys developed leukemia. It is 
believed that the enhancer, that was part of the inserted 
therapy gene unit, stimulated a nearby promoter, which 
switched on a gene permanently. The gene made a growth 
regulator (LMO2). Expression levels went up one-thou-
sandfold. T-cells grew out of control and caused cancer.³⁴

The promoter can switch on host genes
The powerful promoter used in nearly all GM crops is 
called the cauliflower mosaic virus (CaMV) 35S promoter. 
It originates from the cauliflower mosaic virus, but is al-
tered in several significant ways.

Advocates of the promoter insisted that it would only 
turn on the transgene to which it was attached. Studies 
show, however, that the CaMV 35S promoter can and does 
switch on other natural genes. Ann Clark notes, “The 35S 
viral promoter can force hyperexpression of wholly unre-
lated genes, not just the original transgene.”³⁵

Another popular defense of the CaMV 35S promoter 
is that since it is found naturally in a plant virus, infected 
plants like cauliflowers are regularly exposed to the virus 
in nature; its promoter must not be harmful. But in its 
natural state, writes geneticist Joseph Cummins and oth-
ers, the promoter “is a stable, integral part of the virus, 
and cannot be compared to the 35S promoter in artificial 
transgenic constructs.”³⁶ The virus normally replicates in 
the cytoplasm of the cell—not in the nucleus. Thus, the 
natural virus promoter would not even be in the vicinity of 
the host plant’s genes. With genetic engineering, however, 
the promoter is integrated into the genome, next to genes. 
According to Pusztai and Bardocz, it is “unacceptable to 
expect that the behavior and the potential hazard of the 
CaMV 35S promoter incorporated into the chromosome 
of transgenic plants is the same as the replication and be-
havior of the virus whose DNA possibly never integrates 
into the chromosomes of the infected plant cell.”³⁷

Switching on genes at random may produce toxins, car-
cinogens, allergens, antinutrients, enzymes that stimulate 
or inhibit hormone production, RNA that silences genes, 
or changes that will affect fetal development. In many ex-
perimental GM crops, the insertion sites have been mapped 
and scientists can speculate whether the foreign promoter 
may be impacting a dangerous gene in the host DNA. But 
with commercialized GM crops, no studies have actually 
looked at this potentially lethal problem.
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“A possible scenario, 
in the case of the 

CaMV promoter, is for a 
sleeping pararetrovirus 
that has lost its promoter, to 
recombine with the CaMV 
promoter to give an infectious 
recombinant virus.”³⁸
—Mae-Wan Ho, et al, 
Microbial Ecology in Health 
and Disease

1.  When certain viruses infect an organism, they 
splice themselves into the host’s DNA.

2.  These embedded viral sequences can be passed 
on to future generations and even inherited by 
future species.

3.  Most ancient embedded viral sequences be-
come mutated over time, but some may be 
intact, just not switched on.

4.  If the GM promoter is inserted in the vicin-
ity of a dormant virus, it might switch it on, 
resulting in virus production and a potential 
catastrophe.

The promoter might switch on a dormant virus in plants
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Certain viruses splice themselves into the DNA of 
organisms they infect. Once integrated into the 
DNA, these viral sequences, called proviruses, 

can synthesize genetic material to produce new viruses. 
Since proviruses are embedded in the DNA, they can be 
inherited by offspring and are even passed on to future 
species. Thus, the DNA of many organisms, including 
plants, animals and humans, contain ancient viral 
sequences.

Most of these proviruses have become non-functional 
due to eons of mutation. In some cases, however, the virus-
producing sequence may be intact, but the accompanying 
promoter or enhancer is no longer functioning. In theory, 
a GM promoter or enhancer might be inserted near such 
a provirus, causing it to produce potentially dangerous 
viruses.

Reactivation of dormant (endogenous) retroviruses has 
been observed in many different kinds of cells. To guard 
against this, all GM crops should have the insertion site 
mapped and sequenced to make sure that the transgene 
has not been inserted near known proviral genetic material. 
Such mapping is simple and takes only a few days, but is 
not generally done.

It is true that the chance of waking a dormant virus is 
quite small. There are presumably very few intact provi-
ruses and billions of possible locations where a transgene 
might end up. But the potential severity of activating an 
ancient virus if it were to occur, demands investigation. 
Even a miniscule but finite possibility, given enough time, 
becomes a certainty.
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“The CaMV 35S 
promoter sequence 

contains a “recombination hot-
spot,” meaning it is especially 
prone to breaking and rejoin-
ing with other DNA. Herein 
lies the potential for unin-
tended side effects.”³⁹
—E. Ann Clark, 
crop physiologist, 
University of Guelph

1.  Evidence suggests that the CaMV promoter, 
used in most GM foods, contains a recombi-
nation hotspot.

2.  If confirmed, this might result in breakup and 
recombination of the gene sequence.

3.  This instability of the inserted gene material 
might create unpredicted effects.

The promoter might create genetic instability and mutations
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Recombination hotspots are genetic sequences that 
attract enzymes, which then cut the nearby DNA 
and reconnect it in different combinations. This 

recombination is often done for repair purposes but is 
sometimes destructive. Researchers identified such a hot-
spot in a 19 base pair sequence within the CaMV 35S 
promoter, which is used in most GM foods.⁴⁰ In their 
study, they identified seven places in the promoter where 
the DNA had recombined; six out of the seven were 
found near the hotspot. Another study also found that 
fragmentation and recombination of genetic sequences 
occurred frequently within the promoter.⁴¹

Instability of the CaMV 35S promoter may help explain 
a study that was reported in 2003. Scientists analyzed the 
transgene sequence of five GM crop varieties. In each case, 
the sequence identified was not the same as had been regis-
tered with the European Union by the biotech company.⁴² 
This suggests instability and spontaneous rearrangements. 
According to Mae-Wan Ho, director of the Institute of 
Science in Society, “Many of the breakpoints for rearrange-
ment involve the CaMV 35S promoter, as can be predicted 
from its known recombination hotspot.”⁴³

The scale of genetic instability caused by CaMV is un-
known, but there is certainly a limit. If it recombined too 
extensively, it would quickly self-destruct and no longer 
switch on the transgene. GM crop developers verify that 
their introduced traits are stable over several generations 
prior to commercialization. But small scale, localized re-
combinations that do not switch off gene expression may 
be a greater concern, because the mutated transgene may 
continue to create unintended RNA and proteins.

There is also evidence that other genetic elements in-
serted into plants “may act as ‘hotspots’ and elicit recombi-
nation at high frequencies (the Ti plasmid of Agrobacterium 
tumefasciens and the NOS terminator).”⁴⁴
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“It is very likely that the 
activation of transpos-

able elements and their largely 
random reinsertion into the 
host DNA is the biggest single 
source for mutations in the 
genetic engineering of plants..”
— David Schubert,
molecular biologist and pro-
tein chemist, Salk Institute 
for Biological Studies

1.  In plant DNA, mobile elements called trans-
posons move from place to place and can lead 
to mutations.

2.  The tissue culture process used in genetic 
engineering activates transposons, and is a 
major factor for the resulting genome-wide 
mutations.

3.  Transgenes in commercial GM crops tend to 
be inserted near transposons.

4.  This insertion might alter the transgene 
expression.

Genetic engineering activates mobile DNA, 
called transposons, which generate mutations
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Throughout the genome of plants are virus-like 
DNA sequences called transposons. Under condi-
tions of stress, transposons are activated and make 

RNA. Their RNA, however, produces DNA, which then 
reinserts itself back into the genome in a new location. 
This reinsertion causes a mutation at the insertion site 
and may disrupt gene expression in some way.

Under normal conditions, transposons are rarely acti-
vated. During tissue culture, however, they are widely ac-
tivated, which helps explain the extensive DNA mutations 
associated with this method. According to biologist David 
Schubert, “This is the biggest single source for mutations 
in genetic engineering.”⁴⁵

Based on analysis of six transgene insertion sites, four 
corn varieties (T25, Mon 810, GA21, and Bt 11) appeared 
to be in or near transposons.⁴⁶ “This poses additional 
risks.”⁴⁷ The promoter (and enhancers) that accompany 
the transgene may cause the transposons to become more 
active and mobile. In addition, the strong promoters that 
are often associated with transposons may increase the 
expression levels of the transgenes. According to Traavik 
and Heinemann, “All these events may have unpredictable 
effects on the long-term genetic stability of [GMOs], as 
well as on their nutritional value, allergenicity, and toxicant 
contents.”⁴⁸

Biophysicist and geneticist Mae-Wan Ho points out an-
other risk of transgene insertion near transposons. She says 
that the transgene may become mobile with the transposon 
and deposit additional copies of itself in other locations in 
the DNA, also resulting in further genome scrambling.

[Some advocates of GM crops argue that transgene in-
sertions act just like transposons in the DNA, and there-
fore GM technology is nothing new or special. According 
to Freese and Schubert, “This natural process, however, is 
very distinct from GE gene insertion.” Transposons do not 
have a “viral promoter to drive continuous expression” and 
“while the transposon event in wild-type plants is rare and 
subject to natural selection,” the GM insertion is artificially 
selected by the scientist. In addition, the “sites of transpo-
son insertion are not completely random throughout the 
chromosome, and may be quite distinct from the insertion 
sites of engineered genes.”⁴⁹]
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“The creation of novel 
RNA molecules by 

insertion of DNA into the 
maize genome could create spe-
cies of RNA that are harmful to 
humans, possibly through food. 
. . . There is also evidence in 
animal studies that some small 
RNA molecules can be trans-
mitted through food, causing 
lasting, sometimes heritable, 
effects on consumers and their 
children.”⁵⁰
—New Zealand Institute of 
Gene Ecology

1.  Small RNA sequences can regulate gene ex-
pression, most commonly by silencing genes.

2.  RNA is stable, survives digestion and, can 
impact gene expression in mammals that 
ingest it.

3.  The impact can be passed on to future 
generations.

4.  Genetic modification introduces new DNA 
combinations and mutations, which increase 
the likelihood that harmful regulatory RNA 
will be accidentally produced.

Novel RNA may be harmful to humans and their offspring
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RNA has a far more important role in controlling 
gene expression and cellular processes than previ-
ously thought. Consider that 63% of the mouse 

genome is transcribed into RNA, while only about 1%–
2% of the genome actually codes for proteins.⁵¹ “The 
newly revealed ferment of RNA transcription,” according 
to Nature, combined with the finding that ‘microRNAs’ 
and other RNA molecules are “now known to be vital in 
controlling many cellular processes in plants and animals . 
. . contributes to the view that RNA actively processes and 
carries out the instructions in the genome.”⁵² In fact, “well 
over one-third of human genes appear to be” regulated by 
double stranded RNA (dsRNA).⁵³

One of the best known functions of regulatory RNA is 
to silence genes. This is typically accomplished by very small 
RNA molecules, e.g. less than 30 nucleotides,⁵⁴ usually in 
the form of double-stranded RNA. “Silencing instigated by 
dsRNA occurs in organisms of all biological kingdoms.”⁵⁵

According to the Centre for Integrated Research on Bio-
safety (INBI), “Once introduced into a model plant or ani-
mal, the effect of dsRNA is systemically spread throughout 
the organism and persists through the entire developmental 
period. Uniquely in humans, so far as is known from tissue 
culture experiments, [dsRNA species longer than 50 nucle-
otides cause a complete cessation of all gene expression⁵⁶ 
(and thus effectively kill human cells).”⁵⁷

RNA effects can transmit through food and then be 
inherited by the next generation in many different or-
ganisms (although this has not been demonstrated in hu-
mans).⁵⁸ When worms were fed bacteria engineered to pro-
duce dsRNA, for example, the dsRNA survived digestion 
and penetrated into the worms’ gut cells and deeper tissues. 
It silenced the corresponding gene in the worm and in the 
offspring for at least two generations.⁵⁹ In other studies, inher-
ited RNA apparently silenced a gene in mice⁶⁰ and repaired 
an abnormal DNA sequence in a plant.⁶¹ 

GM crops raise RNA risks
Changes produced by GM transformation might create 
harmful RNA in many ways. A segment of the transgene 
may be nearly identical to a sequence of the plant genome. 
This increases the likelihood that they will together form 
dsRNA. Shorter regulatory RNA may also be produced 
when transcription stops before the full gene is read (called 
an aborted transcript), and RNA sequences can be further 
rearranged by the cell after transcription. The probability of 
randomly producing dangerous RNA is increased because 
regulatory sequences can be very short.

Activation or interference with a pseudogene can also 
impact RNA regulation. “A pseudogene is a gene copy that 
does not produce a functional, full-length protein. The hu-
man genome is estimated to contain up to 20,000 pseudo-
genes. . . . Their biological roles remain largely unknown.”⁶² 
A study in Nature confirmed that a gene insert into mouse 
DNA altered the expression of a nearby pseudogene, which 
in turn altered the activity of regulatory RNA.

According to INBI, “The same dsRNA can have physi-
ologically different effects⁶³ at different concentrations.”⁶⁴ 
It is not always clear in advance which gene the dsRNA will 
affect. “The potential to inadvertently create novel RNA 
regulatory molecules, usually in the form of dsRNA, is too 
high by chance to ignore.”⁶⁵ They say it is “imperative” to 
find out if and how much regulatory RNA is produced by 
GM crops and how this might influence the plant, wildlife 
exposed to the plant (by “grafting or pollination”), and hu-
mans who consume it.⁶⁶

Regulators rely on obsolete assumptions
Regulators dismiss concerns about RNA based on ob-
solete assumptions. FSANZ, for example, said “RNA is 
rapidly degraded even in intact cells. Following harvest, 
processing, cooking, and digestion, it is unlikely that intact 
RNA would remain. Even if it did, it is very unlikely that 
it would enter human cells and be able to exert effects on 
endogenous genes.” INBI points out that dsRNA is, in fact 
“stable enough in mammalian cells to be routinely used as 
gene regulators. . . . It is transmitted through food in other 
animals, where it survives degradation in bacteria producing 
the molecule and digestion in the animal gut. The medical 
literature is already exploring the use of exogenously de-
veloped dsRNA as therapeutics.⁶⁷ Delivery mechanism in 
mammals include through food⁶⁸ and injection.⁶⁹ Injection 
of dsRNA into the tail of a mouse affects gene expression in 
broadly distributed organs,⁷⁰ thus demonstrating its stability 
and transmissibility inside mammals.”⁷¹

INBI further cites a study in which “Mice were fed E. 
coli expressing dsRNA. … The bacteria were nonpathogen-
ic but engineered to invade human cells.⁷² What the study 
demonstrates is that dsRNA is stable in E. coli, stable in the 
human stomach under some conditions, survives the intes-
tine, and is biologically active in intestinal cells. The dsRNA 
was transmitted to the animal through oral ingestion, as if it 
were food.”⁷³



2 . 9

80 T H E  D O C U M E N T E D  H E A L T H  R I S K S

“The NOS terminator 
signal of transcrip-

tion introduced into the ge-
nome in [Roundup Ready soy] 
is (at least in part) ignored, 
resulting in the production 
of an over-length transcript. 
Furthermore, this transcript 
was found to be processed . . . 
resulting in the production of 
different RNA variants. . . . 
Since the nos terminator was 
introduced as regulatory re-
gion in several other GMOs, 
read-through products and 
RNA variants might be tran-
scribed in these transgenic crops 
as well.” ⁷⁴
—Andreas Rang, et al, 
European Food Research and 
Technology

1.  A “stop signal” is placed after the transgene, 
telling the cell, “STOP TRANSCRIBING AT THIS 
POINT.”

2.  The stop is ignored in GM soy, resulting in 
longer than intended RNA.

3.  It is transcribed from a combination of the 
transgene, an adjacent transgene fragment, 
and a mutated sequence of DNA.

4.  The RNA is further rearranged into four 
variations, any of which may be harmful.

5.  The faulty “stop” signal may have triggered 
the rearrangements.

6.  The same “stop” signal is used in other crops, 
and might lead to similar “read-throughs” and 
RNA processing.

Roundup Ready soybeans produce unintentional
RNA variations
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Inserted promoters instruct the cell, “START READ-
ING THE TRANSGENE FROM HERE.” Another genet-
ic sequence, called the stop signal or stop sequence, 

is located on the opposite side of the transgene. It tells 
the transcription mechanism, “STOP READING AT THIS 
POINT.” The promoter and stop signal, therefore, set the 
length of the RNA that is transcribed from the DNA. 
The terminator used most often in GM crops is called 
the NOS terminator.

In 2000, years after GM soybeans were introduced, 
scientists discovered two extra Roundup Ready transgene 
fragments in the soy DNA. One of these fragments 
(254 base pairs) was located immediately after the NOS 
terminator.⁷⁵

A 2005 study further determined that the NOS termi-
nator was not functioning as expected. The stop signal was 
ignored and the cell continued to read the DNA “resulting 
in the production of an over-length transcript.” The result-
ing RNA combined sequences from both the transgene and 
the adjacent transgene fragment. But it didn’t stop there. It 
also contained sequences from plant DNA located down-
stream from the fragment.⁷⁶ That plant DNA was actually 
part of a section (534 base pairs) that had been significantly 
mutated⁷⁷ (probably due to insertion mutation) and was 
unlike any known natural soy sequence.

To complicate things further, for some unknown reason 
this longer-than-intended RNA strand was processed by 
the cell into four different variations. Four sections of the 
code, ranging from 368 to 413 bases, were deleted and the 
remaining RNA was reattached into four strands of vary-
ing lengths.

The splicing and rearranging of RNA is a common fea-
ture in gene expression. It allows a gene to produce more 
than one protein. Indeed, the authors state, “As deduced 
from our data, the RNA variants described in this study 
may code for as yet unknown … fusion proteins.” In this 
case, the fusion protein includes amino acids translated 
from three sources: the transgene, transgene fragment and 
mutated plant DNA. It is unknown if the proteins would 
be harmful.

The four RNA variants present another risk. Sections 
may turn out to be regulatory RNA, which might silence a 
gene in the plant or even in humans who consume the soy. 
The Centre for Integrated Research on Biosafety (INBI) 
says that the “post-transcriptional processing” of RNA 
into the four variants “could signal entry into pathways that 
produce regulatory RNAs.”⁷⁸ No one has yet studied this 
possibility.

Problems may be common to GM crops
The authors speculate that sequences within the NOS ter-
minator may “be responsible for processing the RNA” into 
four variants. Furthermore, “Since the NOS terminator was 
and still is commonly used” in GM crops, “read-through 
products and RNA variants could also be expressed in these 
plants.”⁷⁹ In other words, because of an unreliable NOS 
terminator, GM crops might regularly create over-length 
RNAs, which are then spliced into various sizes. These, 
in turn, might create dangerous regulatory RNA or fusion 
proteins.

Monsanto offers baseless denials
In response to the 2001 study that identified the location 
of the gene fragment and scrambled plant DNA in GM 
soybeans, Monsanto boldly assured everyone that “no 
new mRNA transcripts or proteins are produced from the 
newly described DNA.”⁸⁰ Monsanto’s assurances notwith-
standing, the mutations and extra transgene sequences do 
produce  new transcripts and may in fact lead to unknown 
proteins.

Monsanto also claimed in 2002 that RNA “is generally 
recognized as safe (GRAS),” and thus “the presence of . . . 
secondary RNA transcripts themselves raises no safety con-
cern.”⁸¹ As for being safe, INBI says that “such claims are 
incongruous with the literature on small RNA molecules 
and gene silencing effects.”⁸²
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“O f particular concern 
in plants is the po-

tential for induced alterations 
in their secondary metabolite 
patterns.”⁸³ 
—Royal Society of Canada

“It is the alterations in 
the synthesis of low 

molecular weight toxins, mu-
tagens and carcinogens caused 
by GE that has the potential 
to be the single greatest long-
term health risk entailed by 
this technology.”
— David Schubert, 
molecular biologist and 
protein chemist, Salk 
Institute for Biological 
Studies

1.  Plants produce thousands of chemicals which, 
if ingested, may fight disease, influence behav-
ior or be toxic.

2.  The genome changes described in this section 
can alter the composition and concentration of 
these chemicals.

3.  GM soybeans, for example, produce less 
cancer-fighting isoflavones.

4.  Most GM-induced changes in these natural 
products go undetected.

Changes in proteins can alter thousands of natural chemicals
in plants, increasing toxins or reducing phytonutrients
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Most plants “make a unique mixture of chemi-
cals” ⁸⁴ called natural products (also known as 
secondary metabolites). About 100,000 natural 

products have been identified and researchers say there may 
be more than half a million.⁸⁵ A single plant can produce 
more than 5,000.⁸⁶ Proteins provide inputs for biochemi-
cal pathways that create natural products. “When you in-
sert a foreign gene, you are changing the whole metabolic 
process,” says horticulture professor Sharad Phatak. “You 
just don’t change one thing. Each change is going to have 
an effect on other pathways.”⁸⁷ According to a UK gov-
ernment funded study, changes “to a specific biochemical 
pathway can result in unintended effects to related and 
unrelated pathways.”⁸⁸ This can be triggered by the GM 
protein and by unintended changes in gene expression due 
to genetic engineering.

Toxins may increase
“Most of mankind’s staple food plants were once low yield 
and very pest resistant,” says microbiologist Mark Rasmus-
sen. “Pest resistance was due to the presence of a wide array 
of defensive chemical compounds within the plant.”⁸⁹ Ac-
cording to the Royal Society of Canada, “These ‘secondary’ 
metabolites represent an extraordinarily rich chemical arse-
nal that enables plants to survive as immobile organisms in a 
challenging environment.”⁹⁰ 

Many plant compounds are toxic or carcinogenic. 
Some, called excitotoxins, can cause neurological damage.⁹¹ 
Through selective breeding over centuries, harmful com-
pounds in food have been suppressed. These include crops 
that have been genetically engineered, e.g. corn, soybean, 
canola, tomato, alfalfa, and potato.⁹² “However, secondary 
metabolism is highly plastic,” warns the Royal Society, and 
“changes in enzyme levels” and/or other input levels “can 
have a marked effect⁹³ on the final metabolite profile.” It is 
“important to establish that transgene insertion has not sig-
nificantly altered the secondary metabolite profile.”⁹⁴

In fact, “in most advisory reports it is stated that the pos-
sibility of altered levels of natural toxins and important nu-
trients should be investigated.”⁹⁵ Unfortunately, adequately 
safeguarding against toxic natural products may be impossi-
ble at this point. “Every plant and microbial species will pos-
sess a unique spectrum of chemicals,” says natural products 
specialist Richard Firn. “Natural product metabolism is pre-
dictably unpredictable.” He says that a gene that codes for an 
enzyme used to create a natural product “might be produc-
ing several unknown new structures. Looking for unknowns 
is a challenge and determining the structures of these new 
chemicals is an even greater challenge.” Extracting or syn-

thesizing sufficient quantities of the chemicals for toxicologi-
cal studies may be impossible and there is no reference data 
to determine if slight changes in the chemicals produced in 
GM plants would be harmful. Furthermore, the production 
of natural products varies with temperature, water, insects, 
infection, and many other factors. “Consequently, any analy-
sis that is undertaken of the natural product composition of 
a plant really only applies to the conditions used,” Firn says. 
“Studies of the composition of plants grown under a range 
of conditions, with and without infestations and infections, 
would be required to provide meaningful conclusions.”⁹⁶

Rasmussen, who was formerly with the USDA, says that 
long-term, “full life cycle” feeding studies, which include re-
production analysis are “the best, if not the only means by 
which to identify those plant modifications with unexpected 
or novel toxins.”⁹⁷ But David Schubert points out, “Even 
extensive animal testing might not detect the consequences 
of deficiencies in beneficial plant products.”⁹⁸ In any case, 
extensive animal testing is not done for GM crops.

Beneficial compounds may change
A new science has emerged to study useful phytonutrients. A 
USDA Website reported, “On the cusp of the millennium, 
researchers are busily uncovering a host of beneficial com-
pounds in plant foods. …They apparently reduce risks of dis-
eases of aging. For example, the isoflavones in soy products 
may reduce the risk of heart disease, osteoporosis, and several 
types of cancer.”⁹⁹ Antioxidants found in grape skins may 
also fight cancer and reduce heart disease and the pigment 
in blueberries may revive the brain’s neural communication 
system. “Plants make a very large variety of nutrients and an-
tioxidants whose loss or reduction could have serious adverse 
consequences for human health.”¹⁰⁰ But unpredicted changes 
due to genetic modification might eliminate important ones 
before they are identified. Researchers have already shown 
that some Roundup Ready soy varieties contain 12%–14% 
less of the cancer-fighting isoflavones touted by the USDA. 
The levels in GM soy were also more variable.¹⁰¹

A study in Science in December 2002 described that “food 
molecules act like hormones, regulating body functioning 
and triggering cell division. The molecules can cause mental 
imbalances ranging from attention-deficit and hyperactivity 
disorder to serious mental illness.”¹⁰² Preliminary evidence 
of changed behavior in GM-fed animals was presented in 
section 1.14 and 1.19.
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“No one can scien-
tif ically claim to be 

able to predict all consequences 
of the presence and function-
ing of a new gene (and even 
less for several) in a genome 
which has never been exposed 
[to] or contained this gene. 
The potential hazard here is 
not a consequence of the ac-
tion of modification [of ] the 
plant genome, but of the fact 
that it generates high levels of 
unpredictability.”¹⁰³
— European Commission

1.  Numerous studies on GMOs reveal 
unintended changes in nutrients, toxins, 
allergens, and small molecule products of 
metabolism.

2.  These demonstrate the risks associated with 
unintended changes that occur due to genetic 
engineering. 

3.  Safety assessments are not adequate to guard 
against potential health risks associated with 
these changes.

GM crops have altered levels of nutrients and toxins
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Previous pages in this section describe how the GM 
transformation process may alter the composition 
of GM crops. Unfortunately, biotech companies 

avoid using modern techniques to identify and quantify 
many known nutrients, antioxidants, mutagens, carcino-
gens and toxins in plants. Instead, they typically measure 
only a few items at a gross compositional level (e.g. total 
protein, total carbohydrates) rather than specific compo-
nents (e.g. what proteins, what carbohydrates). Further-
more, studies are designed to make it difficult to identify 
significant differences (see part 3).

Reviews of safety assessments for GM crop approvals in 
the United States¹⁰⁴ and Europe¹⁰⁵ show that composition-
al analyses are highly inconsistent between submissions. In 
several, “no declarations even on essential inherent plant 
toxins and antinutrients could be found.”¹⁰⁶ Reviewers call 
for “consistent guidelines” that specify harmful compounds 
to be evaluated for each species¹⁰⁷ and the US National 
Academy of Sciences recommends “the establishment of a 
database for natural plant compounds of potential dietary 
or other toxicological concern.”¹⁰⁸ Even without consistent 
and meaningful measurements, there is plenty of evidence 
of unexpected compositional changes in experimental and 
commercialized GMOs.

Changed metabolites
Metabolites are small molecules that are the intermedi-
ate and end products of metabolism. They can be benefi-
cial or harmful (e.g. nutrients or toxins). In four lines of 
potatoes engineered to alter sugar metabolism, scientists 
measured the presence of 88 metabolites. Most levels had 
been changed and 9 of the 88 were only present in the GM 
potatoes—not controls.¹⁰⁹ David Schubert writes, “Given 
the enormous pool of plant metabolites, the observation 
that 10% of those assayed are new in one set of transfec-
tions [GM transformation events] strongly suggests that 
undesirable or harmful metabolites may be produced and 
accumulate.”¹¹⁰

In most cases, changed metabolites in GM crops are not 
measured. By knowing which major compound has been 
altered, sometimes one can infer changes in intermedi-
ate products. For example, the stems of Bt-corn varieties 
MON 810 and Bt-11,¹¹¹ as well as Roundup Ready soy-
beans, have markedly increased levels of lignin (by 20%)—a 
woody, non-digestible compound.¹¹² Lignin is produced 
through a complex series of steps, which also create other 
important plant constituents. Since lignin has increased, 
the amount of the other related compounds may have 
changed. According to David Schubert, “Components of 

this same biochemical pathway also produce both flavo-
noids and isoflavonoids that have a high nutritional value, 
and rotenone, a plant-produced insecticide that may cause 
Parkinson’s disease.”¹¹³,¹¹⁴ No tests have been done to eval-
uate changes in these other components. In fact, even the 
increased lignin content in corn was not discovered until 
the varieties had been on the market for five years. The 
higher lignin in soybeans was only identified after the stems 
of plants inexplicably split in the heat at the height of the 
growing season.

It is odd that lignin increased in three separate GM 
products. Schubert and Freese write, “Normally, one would 
expect that each non-repeatable, unique transformation 
event [gene insertion] would yield unique unintended ef-
fects.” They suggest that an increase in lignin, and possibly 
other undetected effects, may be an unintentional response 
to the insertion of a unique gene, as opposed to the usu-
ally random mutations caused by the genetic engineering 
process.

Examples of unpredicted changes
Tobacco: When genes were inserted into tobacco to pro-
duce a particular acid, the plant also created a toxic com-
pound not normally found in tobacco.¹¹⁵

Yeast: Yeast DNA was inserted with multiple copies of 
its own genes in order to increase alcohol production. This 
unexpectedly raised levels of a naturally occurring toxin and 
potential carcinogen by 40 to 200 times. The authors said 
that their results “may raise some questions regarding the 
safety and acceptability of genetically engineered food, and 
give some credence to the many consumers who are not yet 
prepared to accept food produced using gene engineering 
techniques.”¹¹⁶

Potatoes: When Oxford University scientists attempted 
to suppress a potato enzyme, the starch content increased 
substantially. Plant scientist Chris Leaver said, “We were 
as surprised as anyone. . . . Nothing in our current under-
standing of the metabolic pathways of plants would have 
suggested that our enzyme would have such a profound in-
fluence on starch production.”¹¹⁷ In other potatoes inserted 
with a soybean gene (glycinin), some vitamins were reduced 
and dangerous toxins (solanine and chaconine) increased. 
And although the insertion was designed to increase pro-
tein content, the transgenic version has less protein than 
the controls.¹¹⁸

Potatoes engineered to produce an insecticide (GNA 
lectin), contained 22% less protein than their own parent 
line. And the nutritional content of two different GM po-
tatoes from the same parent line grown in identical condi-
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tions was significantly different. Other GM potato varieties 
had problems with tissues¹¹⁹ and carbohydrate process-
ing.¹²⁰

Wheat: One GM wheat variety showed lesions,¹²¹ an-
other variety had higher levels of toxicity.¹²²

Rice: One GM rice unexpectedly produced 50% more 
vitamin B6.¹²³ Another designed to produce vitamin A al-
tered other compounds (carotenoid derivatives).¹²⁴

Peas: GM pea varieties showed a fourfold increase in 
lectins and a doubling of trypsin inhibitor.¹²⁵

Squash: A USDA-approved GM squash contains 67 
times less beta-carotene and 4 times more sodium than 
non-GM squash.¹²⁶

Soy: Monsanto’s own study on Roundup Ready soy 
showed significant differences in the ash, fat, and carbo-
hydrate content as well as a 27% increase in trypsin in-
hibitor,¹²⁷ a known allergen. Additional differences (which 
Monsanto had omitted from their paper but were later 
recovered in journal archives) showed that GM soy had 
significantly lower levels of protein, a fatty acid, and phe-
nylalanine (an essential amino acid). The toasted GM soy 
meal contained nearly twice the amount of a lectin, which 
may interfere with assimilation of nutrients.¹²⁸

There was also a disturbing finding related to trypsin 
inhibitor. Cooking normally breaks down (denatures) this 
potential allergen, making it safer to consume, but “heat 
treatment appeared to have a far lesser denaturing effect 
on the trypsin inhibitor content of the GM lines.”¹²⁹ The 
cooked soy had nearly as much trypsin inhibitor as the un-
cooked variety—as much as seven times more than non-
GM soy.

In the same study, both rats and catfish fed various lines 
of Roundup Ready soybeans exhibited different growth 
rates, suggesting that the nutrition content of the soybeans 
varied significantly. Also, cows fed GM soy produced milk 
with a higher fat content than those fed non-GM soy.¹³⁰

In a 2004 study, cooked soybean meal from Argentina 
had about 18.5% less protein than meal from China and 
India. US soybean meal had about 8.5% less. These dif-
ferences might be attributable to the genetic modification. 
At the time of the study, soy from Argentina was almost 
all GM, while soy from the United States was mixed. Soy 
from China and India, which had the higher protein con-
tent, was non-GM.¹³¹

Corn: In Bt-corn MON 810, 8 out of the 18 amino 
acids measured (44%) were significantly different than 
the controls. The Public Health Association of Australia 
(PHAA) points out that the expected new protein created 
from the transgene “constitutes less than 0.001% of the total 
protein … the change in amino acid profile cannot be at-

tributed to the presence of this new, expected protein in the 
plant. It indicates that other proteins may have been pro-
duced, which may be potentially toxic.”¹³² The calcium and 
beta tocopherols levels were also significantly different.¹³³

Roundup Ready corn varied significantly in five amino 
acids. As amino acids may form potentially harmful pro-
teins, the PHAA, said it was “of concern that these results 
have not been followed-up with experiments of the whole 
food to determine if any new, unexpected substances are 
present which may cause disease.”¹³⁴ 

In Liberty Link corn, two of six fatty acids, 7 of 18 
amino acids, and calcium, phosphorus, protein, and car-
bohydrate levels were statistically different. (Calcium was 
down 64%.)¹³⁵

A high-lysine corn under review for commercialization 
“had higher levels in all of the 18 measured amino acids 
among the four commercial varieties used as references.”¹³⁶ 
(115.17 mg/g compared to an average of 77.8 mg/g.)

Canola: Although the vitamin A (carotene) content of 
canola seeds was successfully increased (50-fold) with the 
addition of a bacterial gene, there was an unexpected and 
significant decrease in vitamin E (tocopherol). The fatty 
acid composition was significantly altered and chlorophyll 
levels were also reduced.¹³⁷

Monsanto’s Roundup Ready Canola line Gt173 has sig-
nificantly higher levels of amino acids compared to its parent 
line. The increase is greater that the additional protein pro-
duced from the inserted genes and, according to the PHAA, 
should have been further evaluated for possible toxicity.¹³⁸ 
The canola also had a significantly altered fat content.¹³⁹

Unexpected agricultural performance
In addition to lab tests, we can infer other compositional 
differences based on varied agronomic performance of GM 
crops and the reactions of plants to various conditions of 
disease and stress. The levels of certain toxins in potatoes 
(sesquiterpenes and the glycoalkaloids—PGAs), for exam-
ple, differed between GM potatoes and non-GM potatoes, 
after they were exposed to a variety of stresses in the field 
and at the store.¹⁴⁰

GM cotton has greater susceptibility to nematodes¹⁴¹ 
and other pests, and in various conditions, dropped their 
cotton bolls, died on contact with the herbicide they were 
engineered to tolerate, succumbed to disease or drought, 
failed to germinate, or had smaller cotton bolls and poorer 
cotton quality. Monsanto paid millions in settlements with 
farmers.¹⁴²

Yields of GM Roundup Ready soy have been on aver-
age 7%–10% less than equivalent conventional varieties.¹⁴³ 
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rigorous way.
Much of the criticism of this study 

has come from rumors that were cir-
culated while the scientists were under 
gag orders and could not respond. For 
more information, see Seeds of Decep-
tion, Chapter 1. 
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Furthermore, a study consisting of side-by-side field trials 
over a two-year period at four different locations of GM 
and equivalent non-GM varieties of glyphosate-resistant 
(GR) soybean cultivars concluded that, “Yields were sup-
pressed  with GR soybean cultivars. … The work reported 
here demonstrates that a 5% yield suppression was related 
to the gene or its insertion process and another 5% sup-
pression was due to cultivar genetic differential.”¹⁴⁴ Given 
that yield is dependent on the overall physiological condi-
tion of the plants and not just on the function of a single 
gene, the results from these controlled studies demonstrate 
the general disruptive effect that the GM transformation 
process has on the genome and consequent biochemical 
functioning as a whole.

In spite of the overwhelming evidence of substantial 
compositional changes in GM crops, advocates continue 
to deny the presence of these unpredictable, potentially 
harmful changes. In a 2002 article, for example, the au-
thors claimed that “transgenic varieties expressing a single 
agronomic trait (are) not expected to (have an) altered nu-
trient composition.”¹⁴⁵ According to Pusztai and Bardocz, 
“It would be helpful in the interests of science to generally 
recognize and accept that views such as that . . . fly in the 
face of the facts and published data.”¹⁴⁶

New studies reveal more unknowns
Modern techniques can provide data on a full range of 
RNA transcripts, proteins, and metabolites (transcrip-
tome, proteome, and metabolome) that are produced by 
an organism. Scientists have been calling for GM foods 
to be submitted to these analyses for some time. A 2005 
UK government-funded study concluded that “a combina-
tion of proteomic, metabolomic, and genomic approaches 
would seem to be necessary for any safety assessment to be 
as comprehensive as possible.”¹⁴⁷ 

Recent studies using these techniques demonstrated that 
the impacts of the GM transformation process vary con-
siderably from one “event” to another, producing both in-
tended and unintended effects. In one study, the expression 
of “up to 58 genes” was increased or decreased “more than 
fivefold.”¹⁴⁸ Another study concluded that “the unintended 
effects” of GM transformation were greater than the natu-
ral biological variation of the plant, when comparing plants 
grown under a specific experimental condition.¹⁴⁹

Using these techniques to quantify how many proteins 
change and by how much, is limited by our lack of under-
standing of biochemical pathways. In a study of GM pota-
toes for example, researchers found that only 9 of the 730 
proteins they analyzed showed significant differences. But 

they were at a loss to explain how such small differences 
could result in some potato lines being extremely stunted 
with low tuber yield.¹⁵⁰

Scientists have been cataloging various enzymes and 
their effects in their native organism for years. But ac-
cording to Richard Firn, this “is only partly useful be-
cause it is the properties of the enzyme in its new biochemi-
cal environment that will determine which chemicals it 
transforms and at what rate.”¹⁵¹ Similarly, the European 
Commission says that “Even if a given protein per se 
does not represent an allergen, its expression in another 
host organism may indirectly upregulate the expression of 
potential allergens.”¹⁵² 

Our lack of understanding of the effects of transport-
ing material between species is compounded by our in-
ability to grasp the holistic complexity at work inside 
plants and animals. “If a biologist is shown a map of all 
known biochemical pathways,” says Firn, “they are unlikely 
to see any patterns—to most biologists it is just a collection 
of names and arrows. There is much knowledge, and some 
understanding, of many individual enzymes and most bio-
chemical pathways, but how and why has evolution shaped 
biochemistry as an entity? If we cannot answer that ques-
tion how can we confidently predict the outcomes of at-
tempts to change an organism’s biochemical repertoire by 
genetic manipulation?”¹⁵³

The quest to understand these mechanics at work in 
plants is made more complicated by the finding that pat-
terns of gene expression vary considerably due to changing 
environmental conditions. Variations in response to the 
environment, according to recent studies, were “generally 
greater than the effect of the genetic transformation.”¹⁵⁴ 
This doesn’t minimize the potential harm that can arise 
from the GM transformation process. Quite the contrary; 
changes due to genetic engineering would be added onto—
and possibly interfere with—changes caused by the envi-
ronment. For example, suppose that a gene or gene cluster 
designed to protect the plant from a specific infestation is 
disabled. If an infestation occurs, the plant may compensate 
by producing compounds that are toxic to humans. Safety 
assessments of GM crops grown only under a narrow range 
of conditions would overlook this risk and might not even 
identify that the genes were impaired.



“We have such a miserably poor 
understanding of how the 

organism develops from its DNA that 
I would be surprised if we don’t get one 
rude shock after another.”¹

— Professor Richard Lewontin, 
professor of genetics, Harvard 
University



SECTION 3:

The protein produced
by the inserted gene
may create problems

Many safety assessments focus solely on 
the health implications of the GM protein 
created by the transgene and ignore the 
potential for widespread damage in the 
DNA, presented in the previous section. 
Even if we limit our focus to the narrow 
evaluation of these single proteins, how-
ever, there are significant health risks.
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“In trying to build a bet-
ter soybean the com-

pany had made a potentially 
deadly one.”²
—Washington Post

1.  A gene from a Brazil nut was inserted into 
soybeans.

2.  When tests verified that people allergic to 
Brazil nuts would react to the GM soy, the 
project was canceled.

3.  This research verified that genetic engineering 
can transfer allergenic proteins into crops.

A gene from a Brazil nut carried allergies into soybeans
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Pioneer Hi-Bred wanted to create a soybean that 
had a more complete balance of protein. They in-
serted a gene from a Brazil nut into soy DNA to 

increase production of an amino acid (methionine). Al-
though the soy was planned for use in animal feed, some 
would certainly end up in the human food chain. Since 
some people are allergic to Brazil nuts, the company had 
the soybean tested for allergenicity.

“I didn’t think we’d find anything interesting,”³ said sci-
entist Steve Taylor, who figured that Brazil nuts produce 
thousands of proteins. The chances were quite small that 
the one created by the inserted gene was allergenic. None-
theless, three separate tests (radioallergosorbent testing, 
immunoblotting, and skin-prick testing) all demonstrated 
that the soy did in fact cause reactions in people allergic to 
Brazil nuts.⁴ The study, which was published in 1996 in 
the New England Journal of Medicine, confirmed that genes 
inserted into crops can carry allergenic properties.

New proteins are hard to test for allergies
Allergic reactions develop over time with repeated ex-
posure. The above study had the advantage of using test 
subjects who had been exposed to Brazil nuts in the past 
and had developed confirmed allergic reactions. If they 
had tested the GM soy on people who had never before 
been exposed to the Brazil nut protein, their blood and skin 
would not have reacted.

This illustrates the problem with allergenicity testing in 
the current GM crops. Their DNA is inserted with genes 
from bacteria, viruses, and other organisms. The proteins 
they create have never before been part of the human food 
supply. People will not react to the protein in the first ex-
posure and no one knows how many will develop allergies 
over time.

The FDA acknowledged this difficulty. Agency toxi-
cologist Louis Pribyl wrote, “there are very few allergens 

that have been identified at the protein or gene level.”⁵ The 
FDA’s 1992 policy states, “At this time, FDA is unaware 
of any practical method to predict or assess the potential for 
new proteins in food to induce allergenicity and requests 
comments on this issue.”⁶ Part 3 of this book reveals that 
the methods used still offer no guarantees and expose the 
population to significant allergy risks.

Avoiding GM allergens is difficult
People with food allergies often read labels carefully and 
interview restaurant wait staff to avoid allergens. Imagine 
what might have happened if Pioneer Hi-Bred’s Brazil nut 
soybean were produced in the United States, where GM 
foods are not labeled. Those with Brazil nut allergies might 
have reacted to a wide range of foods containing soy de-
rivatives without any understanding of the cause. A similar 
situation may already be occurring with GM foods on the 
market. A percentage of the population may have allergic 
reactions without a clue as to the origin of their condition.

Even if a country had strictly enforced mandatory la-
beling, there is always a threshold level below which GM 
content does not have to be labeled. Since some allergens 
can elicit responses at very low levels, reactions to small 
amounts of GM content are possible. Furthermore, GM 
content can vary with each shipment. Thus, people’s reac-
tion to a food may vary from day to day or brand to brand, 
making it difficult to identify the allergen.
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“While the EPA os-
tensibly ‘requires’ 

data on these three parameters 
for all Bt crop proteins ‘to pro-
vide a reasonable certainty 
that no harm will result from 
the aggregate exposure’⁷ to 
them, in practice it has simply 
not collected pertinent studies, 
accepted substandard ones, or 
ignored relevant evidence.”⁸
 —William Freese and 
David Schubert, 
Nature Biotechnology

1.  Tests cannot guarantee that a GM protein will 
not cause allergies.

2.  The WHO and FAO offer criteria that help 
minimize the likelihood that allergenic GM 
crops are approved.

3.  GM soybeans, corn, and papaya fail those 
criteria.

4.  The GM proteins from these foods are too 
similar to known allergens.

5.  This evidence was ignored by regulators, who 
approved the crops.

GM proteins in soy, corn, and papaya may be allergens
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Although tests cannot verify that a novel GM 
protein won’t cause allergies, the World Health 
Organization (WHO) and UN Food and Agri-

culture Organization (FAO) offer criteria to reduce the 
likelihood that allergenic GM crops are approved.⁹ This 
includes examining GM protein for 1) similarity of amino 
acid sequences to known allergens, 2) digestive stability, 
and 3) heat stability. These three aren’t predictive of aller-
genicity, but according to experts, their presence should 
be sufficient to reject the crop or at least require more 
testing. GM soy, corn, and papaya fail the WHO/FAO 
criteria, but all have been approved without follow-up 
testing.

GM proteins fail allergy tests
Crop developers search databases to see if the overall amino 
acid sequence of their GM protein is similar to known al-
lergens. WHO/FAO also recommends comparing each 
segment of six amino acids with sections (epitopes) from 
known allergens where IgE antibodies (Immunoglobulin 
E) are known to attach.¹⁰ IgE binding is required for a 
common type of allergic reaction to take place.

This method offers no guarantees. 1) Not all allergenic 
sequences have been identified. 2) Once the protein is 
folded, the exposed amino acid sequences are reconfig-
ured anyway. 3) This method ignores allergies and food 
sensitivities that are unrelated to IgE. For these and other 
reasons, allergenic proteins can pass undetected using this 
method (see part 3). 

Ironically, proteins that have been identified as having 
similarities to known allergies have been approved without 
regulators even officially acknowledging this red flag. In 
1998, for example, an FDA researcher discovered that the 
Cry1Ab protein created in Bt corn shared a sequence of 
9–12 amino acids with vitellogenin, an egg yolk allergen. 
The study concluded that “the similarity . . . might be suf-
ficient to warrant additional evaluation.”¹¹ No evaluation 
took place, however, and in 2001, the EPA re-registered 
the corn variety for an additional seven years.¹²

The two herbicide-resistance proteins produced by 
Roundup Ready crops were found to have sequences iden-
tical to those found in a shrimp allergen and a house dust 
mite allergen. This was discovered years after Roundup 
Ready soybeans were on the market. The protein in GM 
papaya also possesses allergen look-alike sequences.¹³

Since many food allergens are stable during digestion 
(giving people more time to get a reaction) a second test 
evaluates GM protein stability. Rather than using animal 
or human subjects to see if their proteins survive digestion, 

safety assessments rely on an inferior, but less expensive 
method. They put GM protein into test tubes with diges-
tive enzymes (pepsin) and, acid and measure how quickly 
the protein is broken down.

Test tube studies, however, do not accurately predict 
what happens inside the human gut. Several animal studies 
demonstrate that GM proteins, which break down quickly 
in test tubes, survive much longer in the actual digestive 
system.¹⁴ Research also showed that these test tube studies 
cannot accurately distinguish between known allergens and 
non-allergens.¹⁵,¹⁶

In addition, companies manipulate results by using a 
stronger pH and more enzymes to breakdown their protein 
more quickly. Monsanto, for example, “used 2000 times the 
amount of pepsin by weight recommended in the WHO/
FAO protocol,”¹⁷ and a pH of 1.2, rather than the recom-
mended 2.0. The EPA’s Scientific Advisory Panel also con-
curred that “The normal population has a relative higher 
gastric value than the pH 1.2 or 1.5,” and that using lower 
values does “not mimic the physiological state.”¹⁸

The Bt protein Cry1Ab,¹⁹ found in Monsanto’s Yield 
Guard and Syngenta’s Bt-11 corn varieties, fails the WHO/
FAO criteria. It is particularly resistant to digestion—near-
ly as stable as the Bt found in the unapproved corn variety 
StarLink. One test tube study reported that 10% of Cry1Ab 
survived for one to two hours.²⁰ At two hours, there were 
still protein fragments of substantial size—within the range 
considered typical of food allergens (15 kilodaltons). If the 
conditions used were those specified by the WHO/FAO, 
the protein would have lasted even longer. (By contrast, 
Monsanto used so much pepsin and acid that they reported 
over 90% degradation in just two minutes.) Animal studies 
demonstrated that “Cry1Ab protein is 92% indigestible in 
pigs.”²¹ Similarly, after calves were fed Bt-11, undigested 
Cry1Ab was found in the stomach, intestine and feces.

A third test for allergenicity measures how well the pro-
tein survives heat treatment. This not only indicates general 
stability, it also suggests how well the protein might survive 
food processing. In one study, Cry1Ab was described as 
having “relatively significant thermostability . . . compa-
rable to that of . . . Cry9C protein” found in StarLink corn. 
Although the study did not provide any additional mea-
surements for Cry1AB, it did report that Cry9C protein 
was stable for 120 minutes at 90°C.²² Here again, the EPA 
failed to collect the required heat stability data on Cry1Ab 
from Monsanto on its MON 810 corn variety.²³
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“The findings on Bt-
toxins have been 

completely ignored in a regu-
latory process that can only be 
described as a sham.”²⁴ 
—Mae-Wan Ho and 
Joseph Cummins, 
Briefing to Parliament

1.  Soil bacteria (Bt) create a natural pesticide that 
has been used in spray form for years.

2.  Genes from the bacteria are inserted into crop 
DNA, so the plant produces Bt-toxin.

3.  Approvals of Bt crops are based on the claim 
that the spray is harmless and Bt-toxin does 
not react with mammals.

4.  In reality, Bt spray is linked to allergies and 
illness in humans and mammals.

5.  Bt-toxins also elicit immune responses in 
mice.

Bt crops may create allergies and illness
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Bt (Bacillus thuringiensis) is a soil bacterium that 
produces a pesticide. Solutions containing the 
bacteria (including spores and protein crystals) 

are sprayed on plants as a method of insect control, used 
by organic farmers. Scientists altered the sequence of the 
gene that produces Bt-toxin and inserted it into plant 
DNA. Very few studies have assessed the health effects of 
Bt crops. Instead, justification for their approval is largely 
based on the argument that Bt sprays have a history of 
safe use and that the Bt-toxin does not react with mam-
mals. Research contradicts both arguments.

Bt spray is dangerous to humans
When Bt was sprayed over areas around Vancouver to 
fight gypsy moth infestations, nearly 250 people reported 
reactions—mostly allergy or flu-like symptoms. Spraying 
over Washington resulted in more than 250 health 
complaints; six people had to go to the emergency room 
for allergies or asthma.²⁵,²⁶ Workers who apply Bt sprays 
reported eye, nose, throat, and respiratory irritation. The 
frequency of symptoms correlated with the degree of 
exposure.²⁷ The allergic symptoms associated with Bt spray 
exposure (allergic rhinitis (sneezing, running nose, watery 
eyes), dermatitis (skin inflammation), pruritis (itching), 
swelling, erythema (redness) with conjunctival infection 
(red eye), exacerbations of asthma, angioedema (facial 
swelling), and rash)²⁸ are nearly identical to those of Bt 
cotton workers in section 1.5.

One farmer who splashed a liquid Bt formulation in his 
eye developed an infection and an ulcer on his cornea.²⁹ 
Another splashed a Bt solution on his face and eyes and 
developed skin irritation, burning, swelling, and redness.³⁰ 
A woman exposed to Bt from spray drift went to the hos-
pital due to burning, itching, and swelling of her face and 
upper chest. She later had a fever, altered consciousness, 
and seizures.³¹ In one study, two farm workers exposed to 
Bt-toxins by inhalation, skin contact, and possibly inges-
tion had “indicators” of allergenicity. (Protein extracts of 
Bt pesticides containing Cry1Ab and Cry1Ac elicited posi-
tive skin tests and IgE antibody responses.) Although the 
workers did not have allergic reactions, they were tested 
after only one to four months. “Clinical symptoms would 
not be anticipated unless there was repeated long-term ex-
posure.”³² In addition, the “healthy worker effect” might 
have biased the results, i.e., workers who were allergic to Bt 
may have already quit.

“People with compromised immune systems or preexist-
ing allergies may be particularly susceptible to the effects of 
Bt.”³³ Before a Bt spray program, the Oregon Health Divi-

sion advises that “individuals with . . . physician-diagnosed 
causes of severe immune disorders may consider leaving the 
area during the actual spraying.”³⁴ A spray manufacturer 
warns, “Repeated exposure via inhalation can result in sen-
sitization and allergic response in hypersensitive individu-
als.”³⁵ And injections of natural Bt were considerably more 
lethal to mice with reduced immune function compared to 
healthy mice.³⁶,³⁷

Bt-toxin is dangerous to mammals
Although inert chemicals added to Bt sprays may contribute 
to adverse reactions, isolated Bt-toxin clearly has an impact. 
In a series of mouse studies, for example, researchers demon-
strated that Bt-toxin elicited an immune response through-
out the system (“an intense systemic antibody response”) as 
well as in localized areas (“the secretion of specific mucosal 
antibodies”).³⁸ The immune response to Bt-toxin was “as 
potent as cholera toxin.” In addition, the Bt-toxin caused 
the immune system to become overly sensitive to other com-
pounds (eliciting systemic and mucosal adjuvant respons-
es).³⁹ This suggests, for example, that Bt-toxin might make 
a person more susceptible to allergic reactions from a wide 
range of substances. These studies administered the Bt-toxin 
(Cry1Ac protoxin and toxin) by injection (intraperitoneally) 
and ingestion (intragastrically). In another study, Bt exposure 
via the nose and rectum induced antibody responses (“IgM, 
IgG, and IgA in all the mucosal surfaces analyzed”).⁴⁰

Expert advisors to the EPA said that the mouse and 
farm worker studies above “suggest that Bt proteins could 
act as antigenic and allergenic sources. … Only surveillance 
and clinical assessment of exposed individuals will confirm 
the allergenicity of Bt products.”⁴¹

GMO proponents claimed that since mammals (includ-
ing humans) don’t have receptors in their gut for Bt-toxin, 
it will not create a reaction. A 2000 study, however, con-
firmed that a Bt protein binds to surface proteins in the 
mouse’s small intestine, with corresponding “changes in the 
electrophysiological properties” of the organ.⁴² The form of 
the Bt protein used (Cry1Ac) is quite similar in structure 
to the Bt protein used in most Bt corn varieties (Cry1Ab). 
Binding tests on Cry1Ab have yielded ambiguous results. 
Cry1Ab created from GM E. coli did not show binding in 
rats, while test tube studies using tissue from the cecum 
and colon of rhesus monkeys did show some binding.⁴³ In 
addition, research presented in section 1.4 verified that Bt-
toxin not only interacted with the small intestine (ileum), it 
caused abnormal and excessive cell growth.
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“It is very important to 
be aware of the fact 

that the Bt-toxins expressed in 
[genetically engineered plants] 
have never been carefully 
analyzed, and accordingly, 
their characteristics and 
properties are not known. What 
is clear from the starting point, 
however, is that they are vastly 
different from the bacterial 
Bacillus thuringiensis 
protoxins, used in organic 
and traditional farming and 
forestry for decennia.”⁴⁴ 
—Terje Traavik and 
Jack Heinemann

1.  Bt-toxin in GM crops is more harmful than 
Bt spray due to differences in the concentra-
tion and form of the protein.

2.  Bt sprays are used intermittently and degrade 
in the environment.

3.  The Bt-toxin in crops is thousands of times 
more concentrated and is continuously pro-
duced in every plant cell.

4.  The form of the Bt-toxin protein in GM crops 
is also more toxic.

The Bt in crops is more toxic than the Bt spray



97T H E  P R O T E I N  M A Y  C R E A T E  P R O B L E M S

Not only is Bt spray associated with allergies and 
immune responses, the Bt in GM crops is far 
more dangerous, based on the total exposure and 

the form of the protein.

Bt-toxin is more concentrated in crops
Bt spray is applied in organic agriculture only during high 
insect infestation emergencies. It is applied on the plant’s 
surface and the concentration of the toxin quickly dissi-
pates. “There is a rapid decline in the ability of the bacteria 
to infect insects within 12 to 48 hours after it is applied.”⁴⁵ 
Furthermore, it is broken down within a few days to two 
weeks upon exposure to UV light from the sun.⁴⁶ “It is also 
degraded rapidly by high temperatures and substances on 
plants’ leaves. It is also washed from leaves into the soil by 
rainfall”⁴⁷ or can be washed off by consumers.

A Bt crop, however, makes the toxin in every cell on a 
continuous basis. The concentration does not dissipate by 
the weather and it cannot be washed off. 

It is estimated that the plants produce 3,000–5,000 
times the amount of toxin as the sprays, but it varies with 
plants. Mon 810, for example, had 1,500–3,000 times the 
level found in sprayed plants. Since the Bt-toxin is exempt-
ed from the requirement of a tolerance, there are no legal 
limits as to how much can be expressed in food.

The higher concentration of Bt-toxin is by design. It is 
believed that by making the dose acutely toxic to pests, it 
will slow development of pest resistance to Bt crops.⁴⁸ As 
newer Bt crop varieties enter the market, the trend is to in-
crease the amount of Bt protein even further. For instance, 
Mycogen/Pioneer’s Herculex Cry1F corn, registered in 
2001, expresses at least 10 times more Cry protein in ker-
nels than MON 810.⁴⁹

The Bt levels are therefore much higher for consumers. 
Farm workers exposed to corn dust and workers in mills 
and other processing plants would conceivably have an even 
greater risk.

The Bt protein in crops is more toxic
Bt sprays contain bacterial spores and the Bt-toxin pro-
tein—primarily in an inactive crystalline form (protoxin). 
The shape of the inactive protoxin does not necessarily alert 
the immune system that a toxin is present. Once inside the 
alkaline gut of an insect, the crystalline form becomes solu-
ble and enzymes cut off a portion of the protein. When the 
extra amino acids are removed, the Bt becomes active.⁵⁰ It 
changes into a new shape that sounds the immune system’s 
alarm.

When scientists engineer Bt crops, however, they usu-
ally remove the part of the gene that codes for the extra 
amino acids that make the toxin inactive. Thus, Bt crops 
such as Bt-11 corn, produce Bt-toxin which is immediately 
active without the need for an alkaline gut or further pro-
cessing. Evidence suggests that these Bt-toxins will elicit 
a greater immune response in mammals than the natural 
inactive protoxin state.

Studies also demonstrate that that the toxin produced 
in Bt plants can be more deadly to insects than the natu-
ral bacterial variety. For example, when green lacewings 
consume lepidopterans that had previously consumed 
Bt-toxin, the chances of the green lacewing dying or suf-
fering delayed development is greater if the lepidopterans 
had consumed Bt corn (containing Cry1AB) than if it had 
consumed much higher levels of natural Bt.⁵¹

When people eat Bt corn, they consume Bt-toxin in 
every bite. It is remarkable that regulators have allowed 
this into our food based on obsolete assumptions that Bt  
sprays are harmless and that the form and exposure level 
of GM Bt  is equivalent to sprayed Bt . It is particularly 
alarming in light of consistent reports of immune system 
responses in lab animals and humans exposed to Bt, in 
animals fed Bt crops and in humans handling Bt cotton or 
breathing Bt corn pollen (see section 1).
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“Based on reasonable 
scientific certainty, 

there is no identifiable maxi-
mum level of Cry9C protein 
that can be suggested that 
would not provoke an allergic 
response and thus would not 
be harmful to the public.”⁵²
— EPA’s Scientific Advisory 
Panel

1.  StarLink corn, considered potentially 
allergenic by the US EPA, was approved as 
animal feed but not for human consumption.

2.  The tiny amount planted in the United States 
nonetheless contaminated the food supply, 
prompting massive food recalls.

3.  Thousands reported health effects, including 
life-threatening episodes they thought may be 
related to StarLink.

4.  The FDA was unable to create a test to rule 
out allergenicity and experts say it has a 
“medium likelihood” of being an allergen.

5.  A small amount remains in the food supply.

StarLink corn’s built-in pesticide has a “medium likelihood” 
of being an allergen



99T H E  P R O T E I N  M A Y  C R E A T E  P R O B L E M S

The Bt protein in StarLink corn (Cry9C) was de-
signed to be more stable to enhance its ability to 
kill pests. As a result, it took longer to break down 

by heat and simulated gastric juices than other Bt pro-
teins. Concerned that it may cause allergies, the EPA did 
not approve the corn for human consumption. They did 
approve StarLink as animal feed.

The agency told the seed’s producer that farmers must 
sign statements that any StarLink they grew, plus any corn 
grown within 660 feet of it, was to be used for animal feed 
or industrial (fuel) purposes—not for human food. In spite 
of the rules, many farmers and grain elevators were never 
informed. Some StarLink seed tags even stated that the 
corn was suitable for “food, feed, or grain processing.”⁵³ 

In 1999, StarLink was planted on well under 1% of US 
corn acreage (247,694 acres). At least 60% was likely used 
for animal feed or ethanol.⁵⁴ But by the time a coalition of 
environmental groups discovered StarLink in store-bought 
taco shells in September 2000, StarLink was throughout 
the food chain. It was identified in 22% of the corn samples 
tested by the USDA. US shipments of corn were halted, 
the price of US corn dropped and over 10 million indi-
vidual food items were subject to recall.⁵⁵ The debacle cost 
about $1 billion and exposed tens of millions of people to 
the potential allergen.⁵⁶

Thousands complain of reactions 
When the StarLink contamination was reported in the US 
media, thousands of people complained to food companies 
of reactions. It is not clear how many, if any, were Star-
Link-related, as neither the companies nor the FDA fol-
lowed up. Hundreds contacted the FDA directly, but only 
51 individuals bothered to fill out the paperwork necessary 
to officially register their reaction with the agency. Symp-
toms “varied from just abdominal pain and diarrhea [and] 
skin rashes to . . . a very small group having very severe life-
threatening reactions.”⁵⁷

Prior to its discovery, people may have been having al-
lergic reactions to StarLink for months without knowing 
the cause. In April 2000, for example, five months before 
the StarLink recall, one person “experienced immediate 
respiratory failure after ingesting two taco products.”⁵⁸ He 
had a heart attack and died soon after. No one at the time 
knew to question whether the corn was the culprit.

It took the FDA nine months to develop and execute 
a test to see if StarLink’s Bt protein was a human allergen. 
Even then, officials claimed that it wasn’t definitive. A sci-
entist working for StarLink’s producer, Aventis, acknowl-
edged that there is no way to ensure that a novel protein is 

not an allergen, other than “giving it to a lot of people and 
seeing what happens.”⁵⁹

The FDA’s test found no positive reactions to Star-
Link’s protein, but allergy experts on the EPA’s Scientific 
Advisory Panel (SAP) said the test was so poorly designed 
(see part 3), its conclusions should not be accepted. They 
wrote, “The test, as conducted, does not eliminate StarLink 
Cry9C as a potential cause of allergic symptoms.”⁶⁰ The 
SAP’s final determination was that StarLink had a “me-
dium likelihood” of being an allergen.

The panel also rejected a request by Aventis to allow a 
20 parts per billion tolerance for Cry9C. The SAP stated 
that “smaller doses are more likely to sensitize the immune 
system than to induce tolerance.” (Billionths of a gram of 
peanut allergen can provoke an allergic response.)

Although EPA’s Stephen Johnson said it “would require 
many months or years of continued scientific evaluation to 
answer the question of allergenicity,”⁶¹ the agency is not 
pursuing further study. The SAP recommended that al-
lergy testing be expanded to include all GM foods, but this 
too is not being done. StarLink was officially withdrawn 
from commercial production, but continues to show up in 
corn around the world.

The StarLink affair brought to light several issues: 1) 
There is no secure way to segregate varieties of GM crops 
that look the same; 2) Even a small amount of dangerous 
GM foods could create a massive health and economic 
catastrophe; 3) Health effects from dangerous GM crops 
can go unidentified (if it hadn’t been for a privately funded 
effort by Friends of the Earth and others, StarLink might 
still be on the market); 4) Testing procedures have not yet 
been designed to adequately verify that GM crops are free 
from allergens.

The criteria used by the EPA to ban StarLink from 
human food also raise questions about the allergenicity 
of other Bt proteins. StarLink’s Cr9C protein was not 
approved for human consumption primarily because it 
broke down slowly in simulated gastric fluid. But according 
to industry research, the Cry1Ab protein that is still on the 
market “was digested at a similar, if slightly faster, rate 
than the E. coli-derived Cry9C protein in simulated gastric 
fluid.”⁶²

Allergies have skyrocketed since GM crops have been 
on the market. Without post-market surveillance or better 
allergy screening methods, GM crops must be considered a 
suspect for contributing to this situation.
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“In its consultation with 
Aventis on the com-

pany’s GE male-sterile corn, 
the FDA apparently raised no 
concerns about Aventis’ failure 
to test for possible expression 
of the pollen-sterilizing GE 
toxin . . . in kernels, leaves, or 
other non-pollen corn tissues, . . 
. despite evidence that bacterial 
barnase causes kidney damage 
in rats.”⁶³
—William Freese and 
David Schubert, 
Nature Biotechnology

1.  Corn and canola are engineered to produce a 
pollen-sterilizing toxin called barnase.

2.  Barnase is toxic to human cells and causes 
kidney damage in rats.

3.  Although the GM plants were designed to 
produce the toxin in a non-food portion of the 
plant, some of the toxin is likely produced in 
all parts of the plant.

Pollen-sterilizing barnase in GM crops may cause
kidney damage
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As part of the process of breeding hybrid corn, 
Aventis (now Bayer CropScience) developed 
male-sterile corn (MS6) that is incapable of 

producing viable pollen—it will not out-cross or self-
pollinate.* This was accomplished by inserting a gene 
from a bacterium that creates the enzyme barnase.

Barnase is a known toxin. It degrades single-stranded 
RNA, is toxic to a variety of human cell lines,⁶⁴ and can 
destroy plant cells in which it is expressed.⁶⁵ When injected 
into rats, it causes kidney damage.⁶⁶

Although the barnase gene is present in all cells of the 
corn plant, the company hoped that the toxic enzyme was 
produced only in the anther—the pollen-bearing part of 
the stamen. They therefore used a promoter to switch on 
the barnase gene which is “tissue-specific,” normally acti-
vated in the anther.

According to Freese and Schubert, “It is well-known 
that so-called tissue-specific promoters drive production 
of low levels of transgenic protein in non-target tissues.”⁶⁷ 
Thus, it is likely that low levels of barnase are created in the 
edible portions of the corn plant as well.

In 2002, three years after the USDA approved its male-
sterile corn, Aventis was granted a patent on a new method 
for creating male sterile plants, one that used both the bar-
nase gene and a “barstar” gene. In its patent application, the 
company admitted that the barnase gene can be expressed 
at low levels “in tissues other than the stamen cells,” includ-
ing “somatic cells of the plants or seeds.” They therefore 
added barstar, a barnase inhibitor, “to counteract the un-
desired effects of possible low level expression of the male-
sterility gene (e.g. comprising the barnase DNA).”⁶⁸

Aventis did not elaborate on the nature of the “undesired 
effects” of barnase in its 2002 patent, yet the very existence 
of the patent suggests that the effects were serious enough 
to take measures to counteract them. But what about the 
MS6 (barnase only) line approved three years earlier? Ac-
cording to their application, Aventis did not even test for 
the presence of barnase in the MS6 corn kernels. Instead, they 
made the claim—without research to back it up—that any 
level of barnase in the corn plant would create “abnormal 
plant growth.” Since they didn’t see any growth problems, 
they argued that there was no toxic barnase produced in the 
corn plant other than in the anther. Three years later, how-
ever, they acknowledged that barnase could be produced in 
the kernels.

The MS6 corn line also had a PAT gene inserted to 
confer tolerance to the herbicide glufosinate. It is interest-

ing to note that Aventis did test their corn for the presence 
of the PAT enzyme but not for barnase. Why did they omit 
such an obvious test? According to William Freese, “One 
possible explanation is that the company realized that bar-
nase would be found in corn kernels, and that this would 
raise food safety concerns that it preferred not to deal 
with.”⁶⁹ Regardless of Aventis’ motivation, it is remarkable 
that the US regulatory agencies accepted the company’s 
unsupported claim that the corn was safe.

GM canola also produces toxic barnase
The same company inserted a barnase gene in canola. 
When the Australia New Zealand Food Authority ac-
cepted company claims that the canola was safe, the Public 
Health Association of Australia wrote, “This GE plant has 
this gene in every cell of the plant and in the seeds produced 
by the plant. As it is such a comprehensive cell poison, it 
is of concern that it is being placed in plants that enter the 
human and animal food supply. … There is no guarantee 
that it will remain unexpressed in these plants or during 
digestion by animals or humans.”⁷⁰ 

Barnase may damage human health
Because barnase is known to cause kidney damage in rats, 
degrade RNA, and be toxic to human cells, its presence in 
food may lead to a wide range of potential problems. “Dur-
ing seed production,” says Joe Cummins, “barnase may be 
present in dust and debris from the crop and surface along 
with groundwater may be contaminated with the toxin. 
Humans or animals breathing the plant material may ex-
perience severe toxicity.”⁷¹ The toxin might also theoreti-
cally have effects on offspring (by transmission through the 
placenta and via damage to the parents’ sex cells), as well as 
effects via milk or meat from animals exposed to barnase, 
and honey from bees in contact with the pollen may also 
be toxic. Cummins adds, “There is strong evidence that 
barstar induces a strong immune response.”⁷²

* This is not a “terminator” crop with sterile seeds, though the 
same genes have been used in terminator crops.
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“A change in the lysine 
concentration may 

generate new classes of tox-
ins, or new concentrations 
of toxins that are presently 
extremely rare in our diets.”⁷³
— Centre for Integrated 
Research on Biosafety 

1.  Monsanto produced corn with higher levels of 
lysine.

2.  If consumed in high quantities, the elevated 
lysine may adversely affect human health in 
unpredictable ways.

3.  The corn also contains increased amounts of 
known toxins and other potentially harmful 
substances.

4.  The growth rate of chickens fed high-lysine 
corn was less than those fed corn plus lysine.

High lysine corn contains increased toxins and may
retard growth
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Monsanto is seeking approval to market high ly-
sine corn (LY038), the first GM crop designed 
to deliver “enhanced” nutrition. The corn is de-

signed to be used as animal feed, where it may reduce the 
cost for lysine supplementation (which accelerates growth 
rate). But as StarLink contamination made clear (see sec-
tion 3.5), any GM corn intended for animal feed will cer-
tainly be consumed by humans as well. Not wanting to 
make a similar mistake, Monsanto applied for approval of 
the high lysine corn as a human food, so that its inevitable 
contamination into the food supply will not be grounds for 
recalls or trade disruptions.

Increasing the amount of a single amino acid may alter 
growth and metabolism in unpredicted ways. In a chicken 
feeding study, the addition of lysine resulted “in a growth 
rate defect and a reduction in breast muscle creatine.”⁷⁴,⁷⁵ 
High amounts of lysine in the diet of rabbits increased se-
rum cholesterol and phospholipids in the liver.⁷⁶ Elevated 
levels of lysine may be a health consideration, particularly 
in cultures where corn is a staple.

Lysine normally increases the weight of chickens. Dur-
ing tests of high-lysine corn, however, their increased 
growth rate during the first 21 days was significantly less 
than that obtained from regular corn with lysine supple-
ments. According to the Centre for Integrated Research 
in Biosafety (INBI), “This result suggests that there may 
be an unexpected and unexplained negative factor acting 
on broilers fed GM lysine-producing corn that prevented 
them from reaching the same growth rates as broilers fed 
conventional corn.”⁷⁷ Unfortunately, the researchers did 
not provide blood or organ weight data which might have 
isolated the mechanism for this difference.

Huge exposure to an unusual protein
The gene that is inserted into the corn creates an enzyme 
(DHDPS) that is necessary for the synthesis of lysine. Un-
der natural conditions in plants, when the desirable level 
of lysine is reached, DHDPS production is inhibited. The 
gene inserted into the corn, however, is taken from soil 
bacteria. The bacterial version of this enzyme ignores the 
feedback and continues to produce lysine.

Food Standards Australia New Zealand (FSANZ), 
which is reviewing Monsanto’s application, maintains that 
the enzyme has a history of safe use and therefore does not 
require any special evaluations. INBI points out, however, 
that the structure and quantity of the enzyme is unprec-
edented in human food.

DHDPS is highly unusual in that the bacterial form 
is substantially different than the plant variety normally 

found in corn. When the bacterial enzymes join together, 
their combined three-dimensional structure (quaternary 
structure) is entirely different than the plant form. Since 
different structures can turn a benign protein into an al-
lergen, it makes sense to carefully evaluate the impact of 
the bacterial enzyme. This is particularly important because 
of the quantities involved. People normally consume only 
minute amounts of bacterial DHDPS when they ingest soil 
residues on food. INBI compared the estimated intake via 
soil with the amount of the enzyme that an average US 
citizen would eat if all of their corn were the high-lysine 
variety. The exposure to the bacterial enzyme increases 30 
billion to 4 trillion times.

Toxic components increased
When lysine is produced in corn, other by-products of 
lysine metabolism are also formed. In high lysine corn, 
the amount of these by-products increases substantially, 
including those with known toxic effects. Alpha-
aminoadipic acid, which is at least ten times higher in 
LY038 corn, has a neurotoxic activity.⁷⁸ Pipecolic acid, 
which is at least double in quantity, is “considered to 
be a neurotransmitter or neuromodulator”⁷⁹ and may 
promote brain and nervous system damage that result from 
liver disorders (chronic hepatic encephalopathy). And 
cadaverine can promote allergic reactions by inhibiting 
the breakdown of histamine. Symptoms are “expressed as 
mild skin discomfort to nausea, vomiting, and diarrhea”⁸⁰ 
There are also “indicators that elevated levels of cadaverine 
in corn could have physiological consequences altering 
other nutrient levels or in the creation of potential food 
hazards.”⁸¹ Cadaverine levels have not been reported for 
Monsanto’s corn, but are expected to be higher.

FSANZ argues that people are already exposed to these 
byproducts of lysine in commonly available foods. Accord-
ing to the INBI, however, “these other foods do not have 
the same concentration of other metabolites as corn, are 
not eaten or prepared in precisely the same ways as corn, or 
eaten in the same quantities.” For example, high lysine corn 
contains at least 50 times the amount of a lysine byproduct 
called saccharopine, compared to normal corn. Based on 
the average corn consumption in the United States, high 
lysine corn could boost the average exposure to saccharo-
pine fifteenfold. Each of these components must be evalu-
ated, not only in raw corn, but as the next section makes 
clear, health effects should be tested after cooking the corn 
as well.
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“There is overwhelm-
ing reason to suspect 

that LY038 will produce an 
entirely unique spectrum of 
food hazards when cooked or 
processed. These hazards will 
be completely beyond what can 
be predicted from raw LY038 
corn or raw or cooked conven-
tional corn.”
— Centre for Integrated 
Research on Biosafety 

1.  A GM corn variety is engineered to produce 
high levels of lysine.

2.  When cooked and processed, it may produce 
toxic compounds associated with symptoms of 
Alzheimer’s, diabetes, allergies, kidney dis-
ease, cancer, and aging. 

Cooking high lysine corn may create disease-promoting
toxins
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When certain foods are roasted or baked, they 
turn brown or golden and their taste and 
aroma are enhanced. This is from the Mail-

lard reaction, which occurs when amino acids are cooked 
in the presence of carbohydrates (particularly reduc-
ing sugars such as glucose). This reaction can produce 
compounds called advanced glycoxidation endproducts 
(AGEs), which are of significant concern.

AGEs are linked to cancer and “enhanced cancer pro-
gression,”⁸² diabetes, kidney disease, aging,⁸³ and neurode-
generative diseases such as Alzheimer’s.⁸⁴ AGEs are also 
implicated in slower healing of wounds in diabetics⁸⁵ as 
well as diabetes-related autoimmunity.⁸⁶ AGEs may re-
duce nutritive value,⁸⁷ as well as increase protein stability, 
and therefore allergenicity. Higher levels of AGEs are also 
detected in patients with Creuzfeldt-Jacob Disease (CJD), 
but it is not clear if they contribute to the disease.⁸⁸

Corn contains protein, carbohydrates, and amino 
acids—components of the Maillard reaction that can 
create AGEs. The most significant amino acid is lysine. 
It is particularly reactive, capable of producing many toxic 
products,⁸⁹ and is often a major component of the first stage 
of the reaction.⁹⁰ In one study, for example, up to half of the 
corn’s lysine was incorporated in a Maillard reaction that 
can occur spontaneously with stored corn.⁹¹ In this process, 
known as stackburn, the corn turns brown due to the build 
up of heat and can become significantly less nutritious. 
Stackburn takes place with non-GM corn “at temperatures 
much milder than those that may be used during processing 
and cooking for human foods.”⁹² 

Monsanto’s high lysine corn, however, presents greater 
risks. Not only does it contain substantial amounts of car-
bohydrates with reducing sugars, it contains much higher 
concentrations of total lysine and free lysine (not part of a 
protein), as well as other related compounds that may pro-
duce AGEs (e.g. saccharopine, α-aminoadipic acid, cadav-
erine, and pipecolic acid).⁹³ According to the Centre for 
Integrated Research in Biosafety (INBI), “There is over-
whelming scientific reason . . . to believe that LY038 com-
position is likely to yield Maillard reaction products, includ-
ing anti-nutrients and AGEs, and that it will produce these 
compounds in higher quantities than conventional corn and 
many other foods with comparable total lysine.”⁹⁴

Assessments ignore cooking hazards
In Monsanto’s submission for approval of their high-lysine 
corn to Food Standards Australia New Zealand (FSANZ), 
the company not only failed to address the Maillard reac-
tion, they did not offer a single test result based on cooked 

corn. The Codex Alimentarius Commission acknowledges 
that heating or processing a GM food might create toxins 
and asks regulatory agencies to consider related informa-
tion.⁹⁵ Nonetheless, FSANZ “made no attempt to assess 
food hazards resulting from cooking or processing”⁹⁶ and 
has deemed Monsanto’s submission as adequate and wor-
thy of approval.

FSANZ says that there are other food products in the 
diet, such as meat and eggs, which have higher levels of total 
lysine than the GM corn. INBI points out, however, that 
“conventional foods with high lysine levels are extremely 
low in carbohydrates” and “are usually extremely low in 
free lysine”⁹⁷—both part of the Maillard reaction. High 
lysine corn accumulated more than 50 times more free 
lysine than control corn.⁹⁸ The ratio of free lysine to total 
lysine is also a significant factor determining the reaction 
rate and byproducts.⁹⁹ That ratio in LY038 is between 19 
and 70 times that of other foods whose ratios have been 
published.¹⁰⁰ Thus, Monsanto’s high lysine corn may be 
uniquely suited to add significant levels of toxic and disease-
related products into our diet from the Maillard reaction.

Children’s risk is higher
Infant formula (e.g. Enfamil) contains corn and corn-
derived products and is one-hundredfold higher in AGE 
content compared to human or bovine milk.¹⁰¹ INBI 
writes, “The use of infant formula has been associated with 
a rise in childhood autoimmune diseases. . . .  There can 
be no justification for increasing higher concentrations of 
glycation reactants [AGEs] in infant formula.” ¹⁰²

Children also eat plenty of corn products. According to 
an article in the Journal of the American Dietetic Association, 
“Processing of some ready-to-eat cereals, which includes 
heating at temperatures over 230°C, may explain the high 
AGE content of these products. Also, many cereals and 
snack-type foods undergo an extrusion process under high 
pressure to produce pellets of various shapes and densities. 
This treatment causes major chemical changes . . . all of 
which can promote glycoxidation [AGEs].”¹⁰³

Those with wheat allergies (e.g. Celiac disease) use corn 
as an important substitute. Since AGEs may cause allergic 
reactions, those with the disease may become “sensitized to 
AGEs in high lysine corn that [make] them allergic to all 
corn, effectively removing this important food source from 
their already limited diets.”¹⁰⁴ Those who inhale corn flour 
are also at risk of an allergic response.
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“The public has always 
been assured that 

only well-understood proteins 
would ever be inserted into 
transgenic plants, yet new 
functions are continuously 
being discovered for plant viral 
proteins—including some that 
appear to have implications for 
human health.”
—Jonathan Latham, 
molecular biologist and 
plant virologist, Bioscience 
Resource Project

1.  Viral genes inserted into disease-resistant 
crops produce “viral” proteins.

2.  Consuming these may suppress the body’s 
defense against viral infections, particularly in 
the gut.

3.  The proteins may also be toxic and lead to 
disease.

4.  Viral transgenes produce RNA that might 
influence gene expression in humans in 
unpredicted ways.

Disease-resistant crops may promote human viruses 
and other diseases
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Virus-resistant crops comprise less than 1% of 
GM acreage worldwide. Three varieties are on 
the market: zucchini, crookneck, squash and 

Hawaiian-grown papaya. Virus-resistant potatoes were 
withdrawn in 2001. To understand the unique risks that 
these crops pose, it is important to review some basics of 
plant viral defense.

Although some viruses are DNA-based, most plant 
viruses are RNA strands. When an RNA virus attacks a 
cell, it typically produces an enormous number of copies of 
itself. These copies produce viral proteins, which can help 
disable the cell’s defenses to viruses.

Plants have evolved a gene silencing mechanism to fight 
back. The mechanism recognizes an RNA virus, cuts its 
double-stranded RNA (dsRNA) into short pieces and 
strips it into a single strand. That strand is then used as 
a reference to “find” other RNA with identical or similar 
sequences, which are then destroyed or degraded.

The gene inserted into crops produces a piece of viral 
RNA as reference material. Thus, it arms the gene silenc-
ing mechanism to be on the lookout for a specific target 
virus. This transgenic RNA may also produce viral proteins 
in every cell.

Viral proteins may increase viral infections
Viruses create proteins that not only attack the cell’s defense 
against that specific virus, but more than 100 studies have 
shown that viral proteins can promote infections by related 
and unrelated viruses.¹⁰⁵ (Nearly every type of virus protein 
has this ability: viral coat proteins,¹⁰⁶ viral movement pro-
teins, ¹⁰⁷ viral replicase proteins,¹⁰⁸  viral proteins involved 
in overcoming host defenses,¹⁰⁹ and miscellaneous viral 
proteins.¹¹⁰”) Since important viral defense mechanisms in 
plants (such as gene silencing) are very similar in humans, 
proteins that work in plants may also disable human de-
fenses. GM crops that produce viral proteins in every cell 
expose us to unprecedented levels. This could weaken our 
resistance to viral infections, particularly in the gut, where 
viral proteins circulate after a meal. (The gut is an impor-
tant entry point for infections by viruses.) The mouth is 
also at risk, and the nose and lungs may be impacted if pro-
tein is expressed in GM pollen.

We do not understand all the ways in which plant virus-
es overcome host defenses and we do not know which viral 
proteins are involved. Thus, we cannot identify in advance 
which viral transgenes are hazardous.

Viral proteins may be toxic
In addition to disturbing viral defenses, viral proteins are 
often toxic to their hosts. They attack fundamental pro-
cesses, such as the cycle by which a cell divides and the 
mechanism for creating proteins from RNA.¹¹¹ If these 
were damaged in human beings, it could have serious con-
sequences and may cause disease. (Disrupting the cell cycle, 
for example, can lead to cancer.)

Since these metabolic activities are similar in plants and 
humans, a toxic viral protein that disables them in crops 
might attack that same process in people. Viral proteins from 
one kingdom have in fact been shown to be toxic to organ-
isms from other kingdoms. Plant viral proteins can affect 
yeast and some human viral proteins can disrupt plants. Ac-
cording to molecular biologist and plant virologist Jonathan 
Latham of the Bioscience Resource Project, “There is no 
good reason why it should not happen the other way round.” 
According to Latham, the proteins produced in GM crops 
have never been properly evaluated for human toxicity.

If GM viral proteins disrupt plant metabolism, the im-
pact might be obvious and the variety would not be used. 
But this might not always be the case. Humans may be 
more sensitive than plants to the effects of the protein. 
Also, the quantity of viral protein produced in a GM plant 
can significantly increase in certain circumstances (e.g. 
when the plant is infected with a non-target virus).

Government agencies claim that people have eaten 
virus-infected food for a long time, so these viral proteins 
must be safe for humans. Latham points out that this 
reasoning “is a half-argument. The other half requires 
reliable evidence that people who ate the virus-infected 
crops were absolutely fine in every way.” He says that 
“an experiment is only as good as its controls, but in this 
‘experiment’ there were none, because no one was found 
who hadn’t eaten viruses.”¹¹²

Similarly, in response to a virus-resistant plum devel-
oped by the USDA, geneticist Joe Cummins says, “The 
fact that people may have eaten virus-infected plums does 
not really indicate that the transgenic plum that resists virus 
infection in a novel way is safe for people.” 

Virus-resistant GM crops are engineered to create large 
quantities of small regulatory dsRNA. As described in sec-
tion 2.8, regulatory RNA can influence gene expression, 
even in future generations. Cummins says, “It is not un-
reasonable to suggest that a unique interfering plum RNA 
may be active in humans and animals.” Although this 
proposition is speculative, Cummins says that “common 
sense requires adequate safety experiments,” and calls for 
“fuller testing of the small silencing RNA” used in trans-
genic crops.¹¹³



“By transferring genes across spe-
cies barriers, which have existed 

for aeons between species like humans and 
sheep, we risk breaching natural thresholds 
against unexpected biological processes. For 
example, an incorrectly folded form of an 
ordinary cellular protein can under certain 
circumstances be replicative and give rise 
to infectious neurological disease.”¹

— Dr. Peter Wills,
  theoretical biologist,
 Auckland University



SECTION 4:
The foreign protein

may be different than
what is intended

There are four fundamental ways in which the 
structure of a protein can influence its function 
and impact health:
1.  The amino acid sequence of the protein;
2.  How the protein is folded; 
3.  How proteins interact and create aggregate 

shapes; and
4.  The content, shape, and location of other 

molecules, such as sugars, phosphates, or lipids, 
that become attached to the proteins.

This section shows how each of these structural 
aspects of proteins may be altered in GM crops in 
unpredictable ways.

109
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“Slight structural chang-
es may occur depend-

ing on the producing organism. 
These can affect the primary 
sequence of the protein due to 
point mutations . . . or can be 
due to post-translational mod-
ifications, i.e., variations in 
the glycosylation or phosphory-
lation levels. Such modifica-
tions may have an incidence 
on the immunoreactivity of the 
protein.”²
— J. M. Wal, food scientist, 
French National Institute of 
Agricultural Research

1.  Proteins expressed in a GM plant may be pro-
cessed differently than in the donor organism.

2.  Those changes, which could include misfold-
ing or molecular attachments, can be harmful 
in unpredicted ways.

3.  Current studies do not adequately test for 
these changes.

GM proteins may be misfolded or have added molecules
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Proteins are not wholly characterized just by amino 
acids. The sequences do not necessarily reveal their 
structure, function, biological activity, stability, and 

uniqueness. Characteristics of proteins can vary between 
species and even between different cells in the same spe-
cies. The bacterial and viral genes put into GM foods, 
however, cross entire kingdoms. It is unclear how plants 
might alter the bacterial or viral proteins. According to 
David Schubert, “A toxin that is harmless to humans when 
made in bacteria could be modified by plant cells in many 
ways, some of which might be harmful.”³

GM proteins can become harmful
Depending on where a protein is produced, molecular chains, 
such as sugars, phosphate, sulfate, or lipids, can become at-
tached to the protein and alter its function. Doug Gurian-
Sherman, a plant pathologist who formerly evaluated GM 
crops at the EPA, says “Such alterations may change the 
structure, allergenicity, and other properties of a protein.”⁴ 
Schubert adds, “With our current state of knowledge . . . 
there is no way of predicting either the modifications or their 
biological effects.”⁵ 

Several studies confirm that when sugar chains become 
attached to proteins, this process, known as glycosylation, 
can turn a harmless protein into a dangerous allergen.⁶ Al-
though bacteria do not add sugar molecules to proteins, 
plants do. It is possible that a bacterial protein expressed in a 
GM plant can be glycosylated.

Peas were inserted with genes from kidney beans. The 
glycosylation pattern in the kidney bean protein, which was 
apparently harmless, underwent subtle, unpredicted changes 
when expressed in the pea plant. Researchers believe this 
surprising difference found between closely related species, 
was responsible for the pea becoming a potential allergen. 
(See section 1.18.)

A protein’s shape also determines its effect. According 
to cellular biologist Barry Commoner, “The newly made 
protein, a strung-out ribbon of a molecule, must be folded 
up into a precisely organized . . . structure.” He points out 
that according to the old theory of genetics, the protein “al-
ways folded itself up in the right way once its amino acid se-
quence had been determined. In the 1980s, however, it was 
discovered that some . . . proteins are, on their own, likely 
to become misfolded—and therefore remain biochemically 
inactive—unless they come in contact with a special type of 
‘chaperone’ protein that properly folds them.”⁷

For millions of years the chaperone folders have evolved 
along with the proteins they fold. When a foreign bacterial 
protein comes in contact with a plant’s chaperone folders, it 

is not clear what the results will be. If the protein becomes 
folded differently, it might create problems. According to 
the Centre for Integrated Research on Biosafety (INBI), 
“proteins derived from natural sources generally regarded as 
safe can be [toxic to cells] if allowed to re-fold under differ-
ent conditions.”⁸

Sometimes, refolding can result in groups of proteins 
aggregating into shapes with harmful consequences. INBI 
points out that certain aggregations of “proteins that have 
sustained mutations or have been misfolded” (amyloid fi-
brils) are involved in a variety of medical conditions such 
as Alzheimer’s and Parkinson’s diseases.”⁹ “Studies indicate 
that any protein can adopt” the amyloid configuration¹⁰ 
upon exposure to appropriate environmental conditions.”¹¹ 
Consumption of GM crops with misfolded proteins could 
theoretically trigger diseases, since “hazardous aggregates of 
proteins survive digestion and are distributed throughout the 
human body.” A difficulty in safety assessment of GM crops 
is that “exposure to some aggregated proteins in the amyloid 
form can take decades to produce an effect.”¹²

One of the most well-known examples of dangerous 
misfolded aggregated proteins are prions (proteinaceous 
infectious particles), responsible for mad cow disease (bovine 
spongiform encephalopathy) and the deadly Creutzfeld-
Jacob disease in humans. Prions cause other healthy proteins 
to also become misfolded. Over time, they cause holes in the 
brain, severe dysfunction, and death. Prions survive cooking 
and are believed to be transmittable to humans who eat 
meat from infected “mad” cows. The disease may incubate 
undetected for about two to eight years in cows and up to 30 
years in humans.

Although we do not fully understand prions, it is not ex-
pected that protein from bacteria, viruses or plants can infect 
humans or animals. Therefore, it is unlikely that misfolded 
proteins in current GM food crops would pose such a threat. 
When human or animal genes are inserted into plants, how-
ever, the possibility that the proteins may become prions is 
more of a concern. This type of human/plant combination 
has been used with some experimental crops, including those 
designed to produce drugs.
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“R earrangement of the 
nucleotide sequence 

of a gene often occurs during 
the insertion of that gene into 
the genome of the recipient 
plant, . . . Even single nucleo-
tide changes can alter a pro-
tein’s amino acid sequence and 
affect the protein’s properties. 
… FDA provides little guid-
ance for assuring that poten-
tially deleterious changes have 
not occurred in the transgene, 
and consequently to the GE 
protein, due to transformation 
of the plant.”¹³
— Doug Gurian-Sherman, 
former EPA scientist

1.  During insertion, the transgene may become 
truncated, rearranged, or interspersed with 
extraneous pieces of DNA.

2.  The transgene in MON 810 corn was trun-
cated; the protein it produces is derived from 
a combination of the transgene sequence and 
the corn’s own DNA.

3.  Proteins produced from altered transgenes 
may have unpredictable harmful effects.

Transgenes may be altered during insertion
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The transgene sequence determines the amino acids 
of the protein it produces. This sequence, how-
ever, can get mixed up when the gene is inserted 

into DNA.¹⁴ Genes spliced into soybeans and corn, for 
example, were mutated, fragmented, or truncated. The 
amino acids that they produce, therefore, may be quite 
different from those that were intended. 

Fusion proteins
Scientists put stop signal sequences at the end of their 
transgenes, so that transcription ends at that point. If 
this signal is lost during insertion, transcription may con-
tinue, resulting in a “fusion protein” made from both the 
transgene and plant DNA. This happened in an herbicide 
(glyphosate) tolerant sugar beet developed by Monsanto 
and Novartis. Only 69% of the transgene made it into the 
DNA.”¹⁵ The protein it produces combines amino acids 
made from the inserted gene with “43 amino acids from 
sugarbeet DNA.”¹⁶

In Monsanto’s MON 810 corn,¹⁷ the genetic construct 
also broke apart during insertion. Only about 70% of the 
intended gene, (which codes for Cry1AB) was incorpo-
rated into the corn DNA. The NOS terminator stop signal 
was lost. As a result, when the plant creates a GM protein, 
two additional amino acids are created from the host corn, 
not the transgene.

Extraneous DNA fragments
Transgenes are multiplied prior to insertion, often as part 
of a circular piece of bacterial DNA called a plasmid. These 
days, extraneous bacterial DNA from the plasmid is usu-
ally removed prior to insertion. But most GM crops on the 
market were inserted with plasmid DNA. Fragments of 
this plasmid can get mixed up into host DNA and into the 
transgene sequence.¹⁸ This could alter the amino acids of 
the GM protein. In addition, multiple or partial copies of 
the transgene can get inserted, as happened with Roundup 
Ready soybeans. Two transgene fragments were discovered 
after the crop was commercialized. Syngenta’s Bt-176 “con-
tains five to six entire pieces of the transgenic DNA.”¹⁹ 

Mutations
When a transgene is inserted, a significant number of mu-
tations and rearrangements can occur.²⁰ Transgenes can 
become reversed, broken up, or mixed up. In one analysis, 
researchers identified a huge amount of scrambling of trans-
gene and plant genomic sequences with 155 “break points.”

Commercialized GM crops also contain significant 
mutations. In MON 810 corn, for example, the promoter 
sequence (that turns on the foreign gene) was only partially 
incorporated into host DNA. The transgene in MON 863 
corn underwent some degree of mutation as well,²¹ and 
Syngenta’s Bt-176 corn was supposed to create the Cry-
1Ab form of Bt, but according to a report by Mae-Wan 
Ho, analysis “carried out both by French and Belgian gov-
ernment scientists” showed that the transgene had only a 
65% similarity to the intended protein. She believes that 
the company may have “misreported or misidentified the 
transgene” since it actually “showed 94% similarity with a 
synthetic construct of crylAc gene”—a different form of the 
toxin.²²

Sometimes the insertion process results in a change of 
a single base in the transgene (point mutation), which in 
turn can alter a single amino acid in the protein. Studies 
show that these point mutations can change the protein’s 
immunogenicity and allergenicity.²³

Assessments miss these problems
Regulatory agencies do not require companies to check 
the gene and amino acid sequences to see if unpredicted 
changes have occurred. The US National Academy of Sci-
ences advised the FDA to “require reporting of full DNA 
sequences of transgenes as they are integrated into the 
plant genome unless the applicant can provide scientific 
justification not to do so.”²⁴ But an analysis of 14 submis-
sions to the FDA revealed that none included sequences.²⁵ 
Similarly, sequencing amino acids has been recommended 
by several bodies,²⁶ but companies typically provide just 5 
to 25 amino acids even if the protein has more than 600 
in total. The EPA’s review of Cry1F corn, for example, 
states: “sequencing of five [amino acids] determined that 
the microbial and plant expressed protein maintained this 
sequence intact.”²⁷ In fact, it is common for scientists seek-
ing permission to study a GM crop to have to pledge that 
they will not sequence the protein.²⁸

A rearranged protein could be quite dangerous. In lieu 
of sequences, evaluators sometimes look at the molecular 
weight of the protein to see if the size matches expectations. 
For certain Bt proteins, the weight varies significantly from 
what was expected.²⁹
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“French government 
scientists examined 

five GM varieties already 
commercialized, and found all 
the GM inserts had rearranged 
themselves. Belgian govern-
ment scientists confirmed those 
results, and found some of the 
[changes in the] GM varieties 
were also non-uniform.”³⁰
—Mae-Wan Ho, biophysi-
cist and geneticist, director, 
Institute of Science in 
Society

1.  At least two studies showed that the sequence 
of inserted genes was different than what was 
described by the company.

2.  This suggests that transgenes are unstable and 
spontaneously rearrange.

3.  The GM protein may therefore change, with 
unpredictable consequences for health.

4.  If so, safety assessments conducted on the 
original protein do not apply to to the new 
version.

Transgenes may be unstable and rearrange over time
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In 2003, two French laboratories analyzed the inserted 
genes in five GM varieties.³¹ In each case, the genetic 
sequence was different than that described by biotech 

companies years earlier. In Liberty Link corn by Bayer, a 
“sequence [was] missing,”³² a second truncated and rear-
ranged promoter (CaMV 35S) was added to one side of 
the gene cassette, and additional sequences were added 
to the other. In Mon 810 (YieldGard) by Monsanto, 
the NOS terminator and other portions were not pres-
ent in the gene cassette, but the terminator was “detected 
elsewhere in the genome, indicating that it has moved 
from its original position.”³³ In Monsanto’s Roundup 
Ready soybeans, a 254 base pair fragment of the herbi-
cide-tolerant gene, plus a 534 base pair section of un-
known DNA was added to one end. In Bt-176 corn by 
Syngenta, “the differences are even more drastic as three 
rearranged fragments were detected.”³⁴ Each contained 
a promoter (CaMV), as well as other sequences from 
either the gene cassette or unknown material. A second 
inserted gene sequence, which confers an additional trait, 
was not analyzed, but “at least three integration sites were 
detected.”³⁵ Roundup Ready corn contained three com-
plete cassettes, along with partial ones. Analysis verified 
deleted sequences, including missing stop signals in two 
cassettes.

It is not clear from these results alone whether the 
transgene rearrangements were made during the insertion 
process or afterwards, due to genetic instability. But results 
obtained in Belgium by the Scientific Institute of Public 
Health (IPH) and presented at a meeting of the Belgian 
Biosafety Advisory Council, provide evidence of transgene 
instability. Their study, which compiled data from various 
institutes, papers, and applications, reviewed sequences 
from six GM lines, four that the French labs had exam-
ined and two they had not. (In the latter group, Syngenta’s 
Bt-11 corn not only showed rearrangements, but appeared 
to be contaminated with sequences from Bt-176.) Among 
the four lines in common, the Belgian “reports found evi-
dence of genetic instability similar to those described in the 
French study. However, there are small and large discrep-
ancies when the two sets of data are compared.”³⁶ Differ-
ences ranged from variations in small sequences to differ-
ences in the number of transgenes present in the genome. 
These differences among the same GM crop varieties not 
only suggest that transgenes are unstable after insertion, but 
that their changes are non-uniform, i.e., they can mutate in 
different ways. It also means that GM crops may create 
new proteins that were never intended or tested.

Traavik and Heinemann summarize the rearrange-
ments in the five most thoroughly studied GM crop variet-

ies. “Deletions (Mon 810, GA21, Bt 176), recombination 
(T25, GTS 40-3-2, Bt 176), tandem or inverted repeats 
(T25, GA21, Bt 176) as well as rearranged transgenic 
fragments scattered through the genome (Mon 810) have 
been reported.”³⁷,³⁸ They say that “transgenic modification 
techniques are prone to introduce such rearrangements be-
cause exogenous [foreign] DNA transfer in plants elicits 
a ‘wound’ response, which activates nucleases and DNA 
repair enzymes. This may result in either degradation of 
the incoming DNA, or insertion of rearranged copies into 
the plant DNA.”³⁹,⁴⁰

Stability is necessary for safety and approvals
According to Ho and Cummins, “Transgenic instability 
is a key safety issue. A GM variety that has changed its 
identity since characterized by the company invalidates any 
safety tests or assessments that may have been done.”⁴¹ If 
the transgene or its protein changed enough, than it would 
not be possible to identify a GM variety after it is released. 
Identification is essential for implementing remedial action 
in case of harm, or for assigning liability.”

According to a 2001 European Directive (2001/18/EC), 
it is a requirement that GM crops are stable. So far, regula-
tory agencies have largely ignored the evidence above. If 
they officially acknowledged that GM crops were unstable, 
it would likely force their withdrawal.

Instability may account for hazards
Section 1 reported various problems linked to GM crops, 
including sterile pigs, dead cows and sheep, a mysterious 
disease in the Philippines, high offspring mortality among 
rats, and allergic reactions among Bt cotton workers. In 
general, follow-up studies are not carried out. If they were, 
then the element of instability adds a serious complicating 
factor. Are the adverse findings generic to the GM variety 
or have they resulted from GM crops that had “gone bad” 
due to genetic rearrangements? In the case of the latter, fol-
low-up research might not be able to replicate the problems 
unless the exact same GM plants are used.
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“The fact that one gene 
can give rise to mul-

tiple proteins . . . destroys the 
theoretical foundation of a 
multibillion-dollar industry, 
the genetic engineering of food 
crops.”⁴²
—Barry Commoner, 
biologist, Center for the 
Biology of Natural Systems 
at Queens College

“Genes can be ‘ambigu-
ous’ in the sense that 

each of them can use differently 
its information to give more 
than one protein. This can 
be done through differential 
‘reading’ the genetic message 
starting and ending at differ-
ent points of the sequence, or 
through alternative splicing, 
i.e. shuffling of RNA exons 
giving rise to different mature 
RNAs from the same initial 
gene transcript.”⁴³
—Marcello Buiatti, 
geneticist, University of 
Florence

1.  Genetic engineering technology was created 
based on the outmoded notion that a single 
gene will create only a single protein.

2.  Due to a process called alternative splicing, 
a single gene can produce many different 
proteins.

3.  Although the bacterial genes used in GM 
crops will not, in their natural state, be alter-
natively spliced, scientists modify the sequence 
in a way that may facilitate this. 

Transgenes may create more than one protein
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The old theory of genetics asserted that each gene 
is coded to produce one single unique protein. On 
this basis, biologists predicted that there would 

be about 100,000 genes in human DNA to account for 
the various proteins. When the number of human genes 
was reported on June 26, 2000 as approximately 30,000, 
it exploded the myth of one-gene, one-protein. In reality, 
the vast majority of genes can encode for more than one 
protein; some can produce several.

Splicing RNA produces new proteins
In organisms that have cells with a nucleus (eukaryotes), 
most genes include two types of sequences. Sections that 
code for proteins are called exons. Sections located be-
tween exons but do not create proteins are called introns. 
After the gene creates a replica of itself in RNA, molecules 
called spliceosomes can cut out the introns and leave just 
the exons intact to create their protein. But spliceosomes 
can also cut out one or more sections of exons, resulting in 
altered RNA sequences. These in turn create proteins with 
different amino acid sequences. This process is known as 
alternative splicing and can rearrange a single RNA code 
in numerous ways, creating multiple proteins from a single 
gene.

Unlike genes from plants, animals, and humans, bacte-
rial genes usually do not contain introns and so they cannot 
be rearranged by spliceosomes. By inserting bacterial genes 
into plants, proponents argue that the transgene will not be 
alternatively spliced and will therefore produce only a single 
protein. But scientists almost always link introns to bacte-
rial genes in order to enhance the production of the desired 
protein. (The introns facilitate the movement of messen-
ger RNA from within the nucleus out to the cytoplasm.) 
These introns that are added to transgenes, however, are 
not located within the protein-creating portion of the gene. 
Rather, they are inserted next to it. Proponents assume that 
this placement of the introns will prevent alternative splic-
ing from occurring within a GM plant, but this assumption 
has not been adequately researched.

Alternative splicing can theoretically create a protein 
that is toxic, allergenic, or the source of a new disease. But 
systematic analysis to verify the absence of unintended pro-
teins is not required and is not done. Michael Antoniou 
says, “I think the possibility of a nearby intron within a 
transgene being involved in aberrant splicing is very low, 
but that doesn’t mean that academia and industry shouldn’t 
test for alternative or unexpected splicing events—it’s very 
easy to do.”

There is another way that an intron in a transgene can 

also generate an unintended proteins. As is observed in 
some plants, if the intron is not removed from the RNA, 
the intron sequence might contribute amino acids to the 
GM protein. 

Altered reading produces new proteins
Specific sequences on the gene tell the transcription mech-
anism where to start reading and where to end. After the 
DNA is transcribed into RNA, every three bases are trans-
lated into a single amino acid. If the translation skips one 
base, than each subsequent group of three bases will be dif-
ferent. The reading frame will have shifted and the amino 
acids would be different. This can be illustrated using the 
alphabet. If groups of three letters formed the code, each 
amino acid would normally be created by the following 
groups: ABC DEF GHI. If the letter A was skipped, the 
code would change to BCD EFG HIJ. Hence, the amino 
acids would be different. Similarly, if the translation skips 
two bases, amino acids will also change. If it skips three 
bases, then it will simply leave out the first amino acid, but 
the rest will be the same. (In the alphabet example, shift-
ing three means starting with DEF, then GHI, etc.) By 
shifting reading frames, the same gene can have different 
starting and ending points and produce completely differ-
ent proteins. It is another method by which a transgene can 
produce unintended and potentially hazardous proteins. 
Frame shifts can be created by mutations that delete or add 
bases, which can occur through tissue culture or insertion 
mutations described in section 2.

Some genes naturally create more than one protein by 
having alternative start positions or end positions when 
DNA is transcribed to RNA. Although genetic engineers 
will likely avoid inclusion of such alternative signals within 
their transgene, mutation of the transgenes during or af-
ter insertion may create one of these alternate stopping or 
starting points.

Although assessments don’t usually involve rigorous 
analysis of the protein profile of GM crops, the Canadi-
an Food Inspection Agency reported that the Bt-11 corn 
produced four separate Bt proteins, each of different sizes. 
This was confirmed by a crude measure of weight, not se-
quence. The explanation put forward by some scientists 
was that the Bt toxic protein may be “processed or degraded 
in Bt 11.”⁴⁴ However, it is also possible that the transgene 
produced more than one protein through the mechanisms 
described above.
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“Living organisms in-
teract with the en-

vironment, they behave quite 
differently under differing 
weather and soil conditions, 
they cross-pollinate, and they 
have a large range of natural 
genetic variability. . . . Ge-
netically engineered plants are 
alive, and cannot be regulated 
with a system developed for in-
ert chemicals.”⁴⁵
—William Freese, 
testimony before the EPA’s 
Scientific Advisory Panel

1.  Environmental factors, natural and man-made 
substances, and genetic disposition of a par-
ticular plant can influence levels of transgene 
expression and cause unique health effects.

2.  These factors are not adequately accounted for 
in assessments.

Weather, environmental stress, and genetic disposition
can significantly change gene expression
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Just as humans have genetic differences that make in-
dividuals and sub-groups unique, so do plants. Insert-
ing the same gene into different varieties of the same

plant species can have widely varying results. While 
this difference may be due to insert location and unique 
disruptions of the DNA, it may also be associated with 
innate differences from one plant to the next caused by 
slight variations of genes and overall patterns of gene 
expression.

Once the transgene is integrated into the genome, its ex-
pression may also differ from plant to plant and even within 
different parts of the same plant. This is due to individual 
genetic disposition and unique environmental influences. It 
is well-known that variations in water, soil nutrients, sun-
light, temperature, and stress can alter nutritional value and 
health-related properties of plants. Transgene expression 
may be affected as well.

According to the Royal Society of Canada, “The nature 
of any such transgene-related changes is likely to be con-
ditioned by the genetic background within which the new 
gene is being expressed; the developmental and physiologi-
cal status of the transgenic organism; and the environmen-
tal pressures impinging upon it.”⁴⁶ They say unanticipated 
changes “may only appear at a particular growth stage, or in 
response to specific environmental conditions.”⁴⁷

Bt-toxin levels vary in the same GM crop
The levels of Bt-toxin produced from GM crops, for ex-
ample, can vary significantly. William Freese says, “You 
simply cannot do a study on a Bt corn plant and say that 
the results represent all other plants in the field—much less 
all plants of its variety. . . . we are dealing with living things 
here, not inert chemicals.”⁴⁸

Consider the experience of Filipinos described in sec-
tion 1.7, where during the time of corn pollination, nearby 
residents reported severe skin, intestinal and respiratory 
reactions and fever. It is possible that the Bt expression of 
the corn was significantly elevated. When researchers test-
ed the corn, amounts varied greatly, even between kernels 
from the same plant. Levels varied at least sixty-fourfold 
(from 0.014 ug to 0.9 ug) with other kernels expressing 
both above and below the limits of detection of the test 
equipment.⁴⁹

It is unknown what caused this huge difference in Bt 
expression, but it is likely to be alterations in the molecular 
mechanisms that control overall patterns of gene function 
known as “epigenetics.” These can change in response to 
environmental influences either natural or man-made.

Environment silences genes, boosts toxins
Scientists inserted a foreign gene into petunias, designed 
to turn petals red. Instead, flowers varied in both color and 
pattern. The variation was thought to be due to gene si-
lencing brought about by a “position effect,” i.e., changes 
based on where the transgene was inserted in the genome.⁵⁰ 
As the season progressed, however, the red in some plants 
disappeared as more transgenes switched off. This unex-
pected change in gene expression was apparently due to en-
vironmental changes and according to Michael Antoniou, 
probably working through an epigenetic mechanism.

Natural or man-made substances might also dictate how 
GM crops impact health. University of Wisconsin scien-
tists, for example, accidentally discovered that Bt-toxin be-
comes more deadly to insects when mixed with very small 
amounts of a naturally occurring antibiotic (zwittermicin 
A—a byproduct of bacteria).⁵¹ Tests have not been con-
ducted to determine if the enhanced toxicity is also more 
dangerous to animals or humans.

Regulators overlook environmental effects
Several experts agree that “environmental influences” on 
GM crops “need more attention.”⁵² Codex, for example, 
“has pointed to the need for evaluation of stress in the ap-
proval of GM crops.”⁵³ The Royal Society says that po-
tential changes in the GM crop “need to be assessed em-
pirically across time and environments.”⁵⁴ Others ask “that 
every application for commercial release should include 
data from diverse climatic and ecological conditions and 
from several years.” Overall gene expression will vary mark-
edly from season to season and location to location as the 
plant tries to adapt to different environments.

According to Florianne Koechlin, “Monsanto tests its 
new Bt-maize in Missouri and claims validity of the re-
sults in Sweden or Kenya.” ⁵⁵ Cummins and Ho write, “It 
is certainly clear that GM crops approved under optimum 
environmental conditions cannot presume to be substan-
tially equivalent to GM crops produced under conditions 
of extreme stress.”⁵⁶

By not evaluating the health impacts of GM crops un-
der a wide variety of conditions, dangerous side effects due 
to variations within a species may be missed. 

According to Freese, the natural variability of transgene 
expressions “is especially worrisome when we consider chil-
dren eating pesticidal plant products. We know that chil-
dren are especially prone to allergies, as reflected in their 
much higher incidence of allergic conditions.”⁵⁶
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“Biology is so much 
more complex than 

technology.”
—Robert Mann,
biochemist, University of 
Auckland

1.  The GM transformation process can disrupt 
networks of genes that function together.

2.  Synthetic transgenes may act different than 
natural ones.

3.  Multiple transgenes may interact in 
unpredicted ways.

4.  Genetic engineering may disrupt a newly 
discovered second code in the DNA.

Genetic engineering ignores and disrupts complex
relationships in the DNA
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Molecular geneticist Michael Antoniou told 
New Zealand’s Royal Commission of Inquiry 
on Genetic Modification in 2001, “Genetic 

engineering technology, as it’s being applied in agricul-
ture now, [is] based on the understanding of genetics we 
had 15 years ago, about genes being isolated little units 
that work independently of each other.” He explained 
that genes actually “work as an integrated whole of fami-
lies.” Two years after his testimony, he discovered that 
the biotech industry still espoused the outdated theory 
of gene independence. As a member of the UK’s GM 
Science Review Panel in 2003, he sat with 11 other scien-
tists who represented either the biotech industry or were 
appointed by the pro-biotech UK government. The 11 
summarily dismissed the body of studies demonstrating 
coordination between genes and even claimed that the 
order of genes in the genome was entirely irrelevant.

A year later, a paper in Nature Reviews Genetics further 
validated Antoniou’s position. It acknowledged that “gene 
order has typically been assumed to be random. However, 
the first statistically rigorous analyses of complete genomes, 
together with the availability of abundant gene-expression 
data, have forced a paradigm shift.” It concludes, “Gene 
order is not random. It seems that genes that have similar 
and/or coordinated expression are often clustered.”⁵⁷

Researchers have also identified unusual genes, such as 
one that is nestled within a portion (intron) of another. In 
a second unusual variety, “protein is assembled when four 
different RNA molecules, made from DNA scattered over 
40,000 base pairs, are assembled into one transcript.”⁵⁸

All this new information about genes was not consid-
ered when gene insertion technology was developed. A 
random insertion with its associated mutations and dele-
tions might wreak havoc throughout a network of finely 
tuned and coordinated genes. 

There are also other principles and properties of gene 
expression that are not accounted for in the simplistic 
model of gene insertion and its accompanying safety as-
sessments. For example:
1.  Certain proteins are gene regulators. They can switch 

genes on or off. If genetic engineering changes the 
amount of such proteins, that can disrupt other genes.

2.  Inserted genes are synthetic. Since plant and bacteria 
genes use different sequences to code for certain amino 
acids, part of bacterial genes have to be altered so they 
will be read efficiently in the plant. Crop developers and 
regulators have made the assumption that synthetic and 
natural genes are equivalent, but there is insufficient re-
search to verify this assumption.

3.  Some crops stack multiple transgenes on a single 
DNA. One version of Monsanto’s New Leaf potato, 
for example, was stacked with eight different traits—
it created its own pesticide, resisted diseases, was 
tolerant to herbicide, gained more weight and reduced 
bruising.⁵⁹ Some GM crops also acquire additional 
foreign transgenes accidentally—through cross-
pollination. Canola plants in Canada, for example, 
ended up with foreign genes from two different 
varieties, each conferring tolerance to a different brand 
of herbicide. Multiple transgenes increase the potential 
for unpredicted interactions. Regulatory agencies ignore 
this risk and have approved stacked varieties without 
additional evaluation. 

4.  Scientists have discovered a new code in the genome 
(in addition to the genetic code) that is now known 
to be a major factor in determining which genes are 
turned on or off.⁶⁰ This “epigenetic” code determines 
“the placement of the nucleosomes, miniature protein 
spools around which the DNA is looped”⁶¹ and has 
a significant influence on the overall pattern of gene 
expression.
As our understanding of the complexity of DNA in-

creases, it reveals how primitive genetic engineering is and 
how many subtleties and principles are not taken into ac-
count. While it is beyond our current understanding to 
identify the various effects from the GM transformation 
process, there are tools to help evaluate the results. Gene 
chips can be used to monitor gene expression from the 
entire DNA in a given part of the plant and proteomics 
measures proteins created. It seems an obvious choice to 
employ these techniques in safety assessments, but thus far, 
producers of GM crops have not generally used them.



“There is something profoundly amiss in 
our stampede down the biotech path 

for every trivial application. The level of the 
change now possible, the speed at which we can 
make these dramatic alterations and the poten-
tial consequences for animals, the environment 
and ourselves—for the world as we know it—
ought to give us great pause. It is naive to think 
that this research, unbridled, will have only a 
trivial impact.”¹

— Autumn Fiester, bioethicist, 
University of Pennsylvania School of 
Medicine



SECTION 5:

Transfer of genes to
gut bacteria, internal

organs, or viruses
Genes transfer readily between bacteria and fungi. 
“This form of horizontal gene transfer (HGT) is 
part of an ongoing evolutionary process.” ² Since 
it had been assumed that HGT is rare in other 
kingdoms or between kingdoms, its consequences 
were not considered as part of GMO risk 
assessments. New information shows that not only 
do transgenes jump from GM crops to gut and soil 
bacteria, but the way they are constructed might 
actually facilitate gene transfer. Had this been 
known before, the current generation of GM crops 
might never have been approved. Nonetheless, 
assessments and regulations have still not been 
updated to adequately deal with this confirmed risk.
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“There is evidence that 
relatively long frag-

ments of DNA survive for ex-
tended periods after ingestion. 
DNA may be detected in the 
feces, the intestinal wall, pe-
ripheral white blood cells, liver, 
spleen and kidney, and the for-
eign DNA may be found inte-
grated in the recipient genome. 
When pregnant animals are fed 
foreign DNA, fragments may 
be traced to small cell clusters in 
fetuses and newborns.” ³
— Terje Traavik and 
Jack Heinemann

1.  Industry advocates claimed that genes were 
destroyed during the digestion of food and 
therefore gene transfer to gut bacteria or or-
gans was extremely unlikely.

2.  Studies now verify that genes can survive di-
gestion, both in humans and animals.

3.  Animal studies on non-GM DNA also verify 
that it can pass through the placenta into the 
fetus, from the digestive channels into the 
blood and organs, and even penetrate the 
blood brain barrier.

In spite of industry claims, transgenes survive
the digestive system and can wander
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In the 1970s⁴ and 1980s,⁵ researchers were unable to 
find any DNA that survived digestion in mammals. 
It was therefore commonly assumed that DNA was 

fully destroyed in the gut. According to Steinbrecher and 
Latham, “This understanding was largely responsible for 
the omission of [horizontal gene transfer] from risk as-
sessment of GM plants and foods.”⁶ They did not ex-
plore the possibility that transgenes might transfer into 
gut bacteria or human DNA. In the mid-1990s, scientists 
used much more sensitive detection techniques (hybrid-
ization methods and polymerase chain reaction) and dis-
covered that a significant percentage of DNA can survive 
the digestive system.

According to Traavik and Heinemann, “A restricted 
number of recent publications have demonstrated that for-
eign DNA and also proteins may escape degradation, to 
persist in the [gastro-intestinal tract] and even to be taken 
up from the intestines and transported by the blood to in-
ternal organs in biologically meaningful versions.”⁷

DNA fed to mice was found to “persist in fragmented 
form in the gastrointestinal tract, penetrate the intestinal 
wall, and reach the nuclei of leukocytes, spleen, and liver 
cells.”⁸ When pregnant mice were fed DNA, it was also 
found in several organs of the offspring, including their 
brains.

In pigs fed GM and non-GM corn, transgene and gene 
fragments were detected in the lower gastrointestinal tract 
(rectal and cecal).⁹ In chicks fed GM corn, antibiotic resis-
tance marker genes were found in their stomachs.¹⁰ The 
transgene for a Bt corn line (the full length of the coding 
portion for cry1AB) was found in-tact in sheep rumen 
(the first compartment of a ruminant animal’s stomach). 
The authors concluded, “DNA in maize grains persists for 
a significant time and may, therefore, provide a source of 
transforming DNA [i.e., horizontal gene transfer] in the 
rumen.”¹¹ 

Short DNA fragments from plant chloroplasts were 
found in the lymphocytes of cows, and possibly in their 

milk. And gene fragments from feed were also found in 
muscle, liver, spleen, and kidney tissues in chickens.¹² And 
when humans were fed rabbit meat, fragments of rabbit 
DNA were found in the bloodstream.¹³

A test tube simulation of human digestion indicated that 
transgenes may survive in the stomach and small intestine 
for up to four hours.¹⁴ A human feeding study was con-
ducted on seven subjects who used ileostomy bags—their 
lower intestines had been removed and digestive material 
passed from the small intestine into an attached bag. They 
were fed a meal of GM soy burgers and a soy milkshake. 
In six of the seven, small but measurable amounts of the 
full length transgene from the soybean was present in the 
bag—it had survived digestion through the stomach and 
small intestine.

According to Steinbrecher and Latham, “The old as-
sumption of risk analysis of [horizontal gene transfer] was 
that it was essentially impossible and that the consequences 
need not be considered. Now that evidence is steadily accu-
mulating that HGT is likely to occur the onus must shift to 
an examination of the likely consequences.”¹⁵ It raises the 
risk that transgenes and/or promoters might transfer to gut 
bacteria and integrate into our own cell’s DNA. Traavik and 
Heinemann say that uptake of transgenes could “ultimately 
lead to development of chronic disease conditions.”¹⁶ GM 
material may even pass into the unborn fetus through the 
placenta or integrate into adult sex cells, altering the genet-
ics of future generations. The long-term impact of any of 
these possibilities, however remote, demands that they be 
evaluated carefully before GM crops are released.
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“Because small gene 
sequences and genes 

driven by the CaMV 35S pro-
moter . . . are introduced into 
plants the opportunity for selec-
tive forces to operate on HGT 
[horizontal gene transfer] is 
significantly enhanced.”¹⁷
—Ricarda A. Steinbrecher 
and Jonathan R. Latham

1.  Genes can naturally transfer between species 
and even kingdoms, but it is uncommon.

2.  GM crops may be especially suited to over-
come the natural barriers of this transfer.

3.  Short bacterial sequences and higher herbicide 
residues, for example, may significantly in-
crease the transfer rate. 

4.  Transgenes may therefore readily travel from 
GM food into the DNA of gut bacteria.

Transgene design facilitates transfer into gut bacteria
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There is limited understanding about natural hori-
zontal gene transfer (HGT) between species, 
genera, and even kingdoms,¹⁸ but it is believed 

to be an uncommon occurrence. Certain environments 
are more conducive to HGT than others since they have 
the nutrients available to support a high density of bacte-
ria. The gut of humans and mammals in particular is one 
such “hot spot” for gene transfer. Studies have confirmed 
that antibiotic resistance genes from soil organisms have 
transferred into the human and animal intestinal tracts, 
as well as the human mouth.¹⁹ Several characteristics of 
GM crops, however, may overcome the natural barriers 
to transfer, making gene exchanges between GM foods 
and gut bacteria much more frequent. 

1. Antibiotics: Gene transfer among certain bacteria 
increases one-hundredfold in the presence of the antibiotic 
tetracycline. Some herbicides used on herbicide-tolerant 
GM plants, such as glufosinate ammonium, “exhibit an-
tibiotic activity²⁰ or are thought to do so.”²¹ The increased 
herbicide residues on these crops may stimulate transfer.

2. Similarity of genetic sequence (homology): For 
some types of bacteria, the critical factor allowing transfer 
is the presence of genetic sequences that are similar (ho-
mologous) to the bacteria’s DNA. In E.coli, for example, “a 
minimal length of a 20 [base pair] homology is required²² 
for recombination.” ²³ In many cases, as the similarity be-
tween the genetic sequences declines, there is an exponen-
tial decrease in the integration of the foreign gene.

Gene sequences normally found in plants are not similar 
to those in bacteria. GM crops, however, contain bacterial 
sequences. Bt and herbicide tolerant transgenes, for exam-
ple, come from bacteria. Also, prior to insertion, transgenes 
are usually incorporated into circular DNA (plasmids) in 
order to generate multiple copies. The plasmids are made 
from bacteria, including E. coli—common gut bacteria—
and are often inserted into the crop along with the trans-
gene. Bacterial sequences from either the transgene or the 
flanking plasmids may therefore be similar to the DNA in 
gut bacteria and facilitate gene transfer.

Although scientists almost always alter some of the ge-
netic sequences in bacteria-derived transgenes (so that they 
work properly in a plant cell), the changes may not be sub-
stantial enough to prevent gene transfer. Studies have veri-
fied that genetic material that is non-homologous can still 
become integrated into bacteria if the regions on either side 
of that material are homologous. In addition, analysis of 
plant DNA that had been integrated into bacteria showed 
that some sequences that had originally been deleted were 
actually restored. 

A number of GM plants have sufficient similarities in 
their genetic structure to facilitate transfer into gut (or soil) 
bacteria. Chardon LL corn by Bayer, for example, contains 
most parts of a bacteria-derived ampicillin resistance gene, 
a modified bacterial sequence that is 70% homologous to 
the original, and most of a plasmid made from E. coli.

3. Self-replicating bacteria: The plasmids used to mul-
tiply transgenes contain a piece of DNA called an “origin 
of replication.” This sequence causes the plasmid to repli-
cate itself over and over again. Since the whole plasmid was 
often inserted with the transgene, many GM crops (e.g. 
GM papaya and potatoes) contain this origin of replica-
tion sequence. If activated, it might multiply the bacte-
rial sequences, increasing the likelihood of horizontal gene 
transfer.²⁴ 

4. Gene length and introns: Genes in plants normally 
have sections that do not code for proteins (introns) in-
serted between sections that do (exons). Plants cells have 
mechanisms that remove these non-coding sections from 
the RNA transcripts. The presence of introns in plant genes 
may inhibit gene transfer to bacteria in two ways. First, 
shorter genes may transfer more easily. Introns increase 
the length of the gene and may make it more difficult for 
bacterial DNA to take it up. Second, if plant genes do end 
up in bacteria, they may not function. That’s because bac-
teria do not have a mechanism to remove the introns. This 
reduces its potential for harm and its chances for survival 
in a colony of bacteria. GM crops, however, do not have 
introns within the coding regions of the transgene. This 
may facilitate transfer and enable the gene to be expressed 
in bacteria.

GM crops may vastly increase
the rate of gene transfer
Transgenes are present in every cell of a GM plant. By 
stripping them of natural barriers to horizontal gene trans-
fer, they could, “in principle, transfer into any organism 
that ingests these materials or comes into contact with 
DNA released from that plant, including microorganisms 
(bacteria, fungi, protozoa, and viruses) of soil, of sewage, 
and of the digestive tract, including those of humans, cows, 
bees, slugs, or earthworms.”²⁵ The potential for unprec-
edented cross kingdom gene transfers carries a significant 
element of risk.
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“There is horizontal 
gene transfer from 

plant material to gut bacteria 
and if for some reason there is 
a selective advantage for those 
bacteria expressing the gene 
(for example, during a course 
of antibiotics), they could be-
come the dominant population 
within the gut.”²⁶
— David Schubert, 
molecular biologist and 
protein chemist, Salk 
Institute for Biological 
Studies

1.  Once transferred into gut bacteria, transgenes 
may confer survival advantages, allowing them 
to endure and spread.

2.  These advantages may be due to antibiotic 
or herbicide resistance, promoters that func-
tion in bacteria and genetic mechanisms that 
promote uncontrolled replication.

3.  Having “infected” our gut bacteria, the foreign 
genes and the proteins they create may be 
harmful.

Transgenes may proliferate in gut bacteria over the long-term
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If transgenes end up in gut bacteria, will they live 
long and proliferate? If the transgenes give the new 
host organism some survival advantage, the answer 

is probably yes. There are several characteristics of trans-
genes that might facilitate this “selection pressure,” al-
lowing them to survive in the gut over the long-term.

Transgenes are more likely than natural plant genes 
to function in bacterial DNA. This is due in part to their 
shorter length and lack of introns described in the previous 
page. In addition, most transgenes are switched on with 
the cauliflower mosaic virus promoter (CaMV 35S), which 
does function in bacteria.²⁷ Plant genes, on the other hand, 
often use promoters that only function in plants and not 
in bacteria. Thus, if a transgene becomes integrated into 
bacterial DNA, it carries with it a functioning “on switch.”

[For years, the biotech industry relied on the incorrect 
assumption that the CaMV 35S promoter does not func-
tion in bacteria. In a February 20, 2002 submission for their 
GM corn, for example, Aventis CropScience wrote: “The 
cauliflower mosaic promoter, associated with the pat gene 
is only active in plants, not in bacteria, thus even if hori-
zontal gene transfer did take place, the PAT protein would 
not be expressed in the soil bacteria without the presence 
of a suitable promoter.” In spite of several studies that had 
already proven this assertion false, the UK regulatory com-
mittee (ACRE) repeated the company’s claim that the pro-
moter does not function in bacteria.²⁸]

Herbicide tolerant (HT) transgenes allow crops to 
survive herbicide applications. The most popular her-
bicides used with HT crops, glyphosate and glufosinate 
ammonium, can kill bacteria²⁹ and might be toxic to gut 
bacteria. HT transgenes may therefore allow gut bacteria to 
survive herbicide that enters the gut from crop residues.

In fact, HT crops typically have higher levels of her-
bicide residues. Thus, they provide a greater threat to gut 
bacteria (through their residues) and a key for the bacteria’s 
survival (through their HT transgene). It appears to be a 
diabolical combination, uniquely designed to promote 
transgene survival in the gut.

Scientists from the Institute for Bee Research at the 
University of Jena in Germany reported that “the herbicide-
resistant genes in . . . rapeseed transferred across to the 
bacteria and yeast inside the intestines of young bees.” 
Professor HH Kaatz said, “This happened rarely, but it did 
happen.”³⁰

The gene that transferred inside the bees was the “PAT 
gene,” used in Liberty Link crops. The gene produces an 
enzyme called the PAT protein, which converts the toxic 
Liberty herbicide into a supposedly non-toxic substance 
called NAG. NAG accumulates and is eaten as part of 

the crop. As described in section 6.1, certain gut micro-
organisms in mammals may re-toxify NAG, re-convert-
ing it back into herbicide inside our intestines. Since some 
enzymes facilitate chemical transformations in both direc-
tions, it raises a critical question of whether the PAT pro-
tein has this ability. If so—if it also re-toxifies NAG into 
herbicide—then pat genes in gut bacteria might create a 
dangerous feedback loop: we eat Liberty Link corn, for ex-
ample. Our gut bacteria, equipped with the PAT protein, 
turns some of the NAG in the corn back into herbicide. 
The release of herbicide kills gut bacteria. Those bacteria 
with the pat gene have a survival advantage in the presence 
of the herbicide. The survival advantage creates selection 
pressure, prompting the transgene to further proliferate in 
the bacteria population. With this, more PAT protein is 
produced, which converts more NAG into herbicide, which 
threatens more bacteria, which creates more selection pres-
sure, and so on. Since studies have not been done to see if 
such a cycle is occurring, we can only speculate.

Antibiotic resistant marker genes, used in most GM 
crops, could allow gut bacteria to survive in the presence 
of antibiotics. This would be particularly dangerous if 
disease-creating bacteria obtained the transgene, allowing 
it to withstand antibiotic medicine. (See page 132–133.)

Another way in which transgenes may proliferate in gut 
bacteria is via “origin of replication” sequences that were 
described on the previous page. They are part of the plas-
mids used to multiply copies of the transgene prior to in-
sertion. Some GM crops contain this sequence, which, if 
transferred with the transgene into gut bacteria, may cause 
the transgene to rapidly multiply.

Some people argue that only one bacterium in a billion 
would take up a transgene. If this were true, with 10¹⁵ bac-
teria in the human gut and 10¹⁷ in a cow’s gut, that works 
out to 1 million transformed bacteria in the former and 100 
million in the latter. This may provide an ample start for 
selective pressure to expand the population.
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“Contrary to the views 
expressed by plant 

biologists, it has clearly been 
shown that a transgene from 
GE soya can survive passage 
through the small intestine 
and can transfer its DNA 
to the microflora of the small in-
testine. Although the gene was 
a fragment of the glyphosate 
resistance gene from soybeans, 
there is no reason why other 
genes could not also transfer.”³¹
— David Schubert, 
molecular biologist and 
protein chemist, Salk 
Institute for Biological 
Studies

1.  The only human feeding trial ever published 
confirmed that genetic material from Round-
up Ready soy transferred into the gut bacteria 
in three of seven human volunteers.

2.  The transferred portion of the transgene was 
stable inside the bacteria and appeared to pro-
duce herbicide-tolerant protein.

3.  There is no known way to treat such a condi-
tion, which may be long-term.

Transgene transfer to human gut bacteria is confirmed
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In the only human feeding study ever conducted on 
GM foods, in three out of seven human volunteers, 
genes were found to have transferred from GM soy 

into the DNA of gut bacteria. Sequences from the her-
bicide tolerant bacterial gene, the CaMV promoter and a 
petunia plant, which are all part of the Roundup Ready 
soybean gene cassette, were confirmed as present in the 
bacteria (using PCR analysis).³²

The bacteria were cultured in a medium containing 
glyphosate, the active ingredient of Roundup herbicide. 
The survival of the bacteria suggests that it had become 
“Roundup Ready,” i.e, that the CaMV promoter was func-
tioning in the bacteria and that the transgene was switched 
on, actively producing herbicide-tolerant protein within 
the human gut.

This UK government-funded research used seven vol-
unteers who were ileostomy patients, i.e., they had their 
lower intestines removed and their food, after passing 
through the stomach and small intestine, was collected in 
a bag. Researchers identified the soy transgenes in the gut 
bacteria of three subjects, indicating that the transfer had 
occurred from previous ingestion of soy products and that 
the transgene was stably integrated. Harry Gilbert, one of 
the authors, said, “The thing I worry about in our work is 
that we have failed to identify the bacteria or bacterium 
that contains the transgene. We want to identify the mi-
croorganism and we want to know where in the genome it 
is integrated.”³³ 

All seven subjects were also fed a single meal consisting 
of a GM soy burger and a soy milk shake. Although GM 
DNA was found among the digestive material, there was 
no indication that any of the soy contained in the single 
meal had transferred into bacterial DNA. It was not clear 
why three of the seven subjects had integrated soy trans-
genes into their gut microflora in the past and why no sub-
jects showed an increase in transferred transgenes after the 
single meal. The authors guessed that transfer might re-
quire long-term exposure to GM soy, but there was no data 
to support this. If degree of exposure were a factor, then 
the amount of transgenes in gut bacteria would presumably 
be much larger for subjects tested from the United States, 
where GM consumption is considerably more than in the 
United Kingdom.

The researchers also fed 12 healthy volunteers the same 
soy-based meal. In contrast to rat studies, in which GM 
DNA was found in feces for up to 79 hours after feeding,³⁴ 
analysis of the feces from the 12 human subjects showed 
no intact transgenic DNA. The detection method used 
in the study, however, was sharply criticized as not sensi-
tive enough. Nonetheless, a lack of DNA in feces would 

simply indicate that the DNA had either been destroyed 
during passage through the digestive tract or transferred 
to microflora along the way. “Another interpretation,” says 
epidemiologist Judy Carman “is that the transgenic DNA 
may have entered intestinal cells and/or passed into the 
bloodstream.³⁵ This went unassessed, even though several 
bacteria can invade intestinal cells and transfer genes into 
mammalian cells.³⁶”

Health concerns dismissed
without data or follow-up
Based on the detection methods used in the study, the 
researchers said, “The bacteria containing the transgene 
represented a very small proportion of the microbial popu-
lation.” On this basis, and without conducting any tests 
measuring possible health impacts of the gene transfer, 
they claimed, “It is highly unlikely that the gene transfer 
events seen would alter gastrointestinal function or pose a 
risk to human health.” Many scientists were critical of this 
unsupported conclusion, which appeared more to echo at-
titudes of the pro-GM lobby rather than prudent scientific 
reasoning. The researchers, for example, did not address 
possible allergenic properties of the GM protein, the po-
tential for spontaneous rearrangement of the transgene and 
resulting changes in protein structure and effect, selective 
pressure that might cause the transgenes to proliferate and 
the potential for the CaMV promoter to switch on other 
genes in the bacteria.

A more accurate conclusion might be the following: 
In the only human feeding study ever conducted on GM 
crops, long-standing assumptions that genes would not 
transfer to human gut bacteria were overturned. The find-
ings should prompt immediate comprehensive follow-up 
tests to determine the implications for health among both 
the general population and at-risk subgroups. Additional 
tests should also look for genes from other GM crops, 
including antibiotic resistant markers, Bt genes, and viral 
transgenes.
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“IT WOULD BE A 
SERIOUS HEALTH 

HAZARD TO INTRO-
DUCE A GENE THAT 
CODES FOR ANTI-
BIOTIC RESISTANCE 
INTO THE NORMAL 
FLORA OF THE GENER-
AL POPULATION.”³⁷ 

“The benefit to be 
gained by the use 

of the kanamycin resistance 
marker in transgenic plants is 
outweighed by the risk.” ³⁸
—Internal memos 
from FDA’s Division of 
Anti-Infective Drug 
Products

1.  Antibiotic resistant marker (ARM) genes 
have been inserted into most GM foods on 
the market.

2.  If ARM genes were to transfer to pathogenic 
bacteria inside the gut or mouth, they might 
create super diseases, untreatable with one or 
more types of antibiotics.

3.  GM crops may therefore accelerate the rise of 
antibiotic-resistant illnesses, which are already 
responsible for death and disease.

GM foods might create antibiotic-resistant diseases
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Antibiotic Resistant Marker (ARM) genes allow 
cells to survive applications of an antibiotic. They 
are attached to transgenes prior to insertion. Af-

ter insertion, cells are doused with antibiotics. Only those 
whose DNA has integrated and activated the ARM gene 
survive. ARM genes remain in every cell of GM crops 
and are consumed by humans and animals.

Medical organizations worldwide³⁹ have expressed con-
cern that ARM genes may transfer into bacteria in the di-
gestive tract or environment, spread to pathogenic bacteria, 
and create antibiotic-resistant diseases. Such “super” dis-
eases are prevalent due to overuse of antibiotics in food and 
feed. According to the FDA, they “increase risk of death, 
and are often associated with prolonged hospital stays.”⁴⁰ 

In the FDA’s first GM crop review in 1992 (FlavrSavr 
tomatoes), the director of the Division of Anti-Infective 
Drug Products wrote, “The Division comes down fairly 
squarely against the [antibiotic resistant] gene marker in 
the genetically engineered tomatoes. I know this could have 
serious ramifications.”⁴¹ Political appointees approved ARM 
genes and a 1998 FDA document states, “It is highly unlikely 
that antibiotic resistance genes could be transferred from 
plant genomes to gut microorganisms.”⁴² This assumption 
has yet to be tested in humans, although antibiotic resistant 
genes can transfer into bacteria typically found in the human 
mouth (see section 5.8) as well as into soil microorganisms.⁴³ 
If transfer does occur, the presence of antibiotics might offer 
survival advantages to the antibiotic resistant bacteria and 
might also increase the rate of gene transfer (in one study, 
gene transfer increased one-hundredfold in the presence of 
tetracycline).⁴⁴

Ampicillin resistant markers
Ampicillin is a widely used antibiotic and the drug of choice 
for several types of human and animal infections.⁴⁵ According 
to the UK’s Department of Environment Antimicrobial 
Resistance Coordination Group, in some important animal 
pathogens there is “extremely low or no detected resistance 
(to ampicillin) in certain bacterial species,” so that “any 
occasional transfer of resistance genes to these organisms 
would be a very significant event.” If transfer occurred and 
other antibiotics were needed for the animals, “then there 
could be significant consequences for the consumer through 
the food chain.”⁴⁶ by increasing disease resistance to other 
antibiotics.

The Bt-176 corn variety by Syngenta, which uses an 
ampicillin resistant marker, carries an additional risk—a 
genetic sequence that, “if it were transferred from the GM 
corn to a bacterium . . . could allow many copies of the 

gene to be generated in a cell.” The UK Advisory Commit-
tee on Novel Foods and Processes (ACNFP) concluded in 
1995 that the risk of transfer, “however remote, was unac-
ceptable.”⁴⁷ They therefore did not approve the use of the 
raw corn variety in animal feed. The committee was under 
the mistaken impression that transgenes and ARM genes 
would be destroyed when the corn was cooked. They there-
fore approved the use of Bt-176 for processed human food 
and animal feed.

In April 2004, the European Food Safety Authority de-
clared that ampicillin resistant marker genes “should be re-
stricted to field trials and not be present in genetically mod-
ified plants placed on the market.” Spain promptly banned 
Bt-176 corn, which was growing there.⁴⁸ In March 2005, 
the US government revealed that an unapproved corn vari-
ety with ampicillin resistant genes (Bt-10) was accidentally 
mixed into the food chain by its producer Syngenta. The 
US government, which has not banned ampicillin resistant 
markers, insists that Bt-10 is safe.

Kanamycin resistant markers
Most GM crops on the market use kanamycin resistant 
genes. Regulators insist that the antibiotic is not used much 
anymore, so kanamycin-resistant bacteria would not be too 
dangerous. “There is evidence that the antibiotic is used 
extensively for some applications.”⁴⁹ Geneticist Joe Cum-
mins says,⁵⁰ “Kanamycin is used prior to endoscopy of co-
lon and rectum⁵¹ and to treat ocular infections.⁵² It is used 
in blunt trauma emergency treatment⁵³ and has been found 
to be effective against E coli 0157 without causing release 
of the deadly verotoxin.⁵⁴” It is also used often in veterinary 
medicine.

In addition, kanamycin-resistant bacteria may mutate 
and develop resistance to members of the same family of an-
tibiotics.⁵⁵ That family (aminoglycoside antibiotics) includes 
streptomycin, gentamycin, tobramycin, and neomycin, all 
currently used on humans.⁵⁶ The bacteria may also cross-
react with the other antibiotics. According to biochemist and 
nutritionist Susan Bardocz, after bacteria acquire one ARM 
gene, it is easier and quicker for them to take up additional 
antibiotic resistant genes. Cummins says, “the kanamycin-
resistant gene” might “start a resistance chain reaction lead-
ing to the accumulation of multiple resistance on a plasmid”⁵⁷ 
in pathogenic bacteria.

In addition, the loss of effectiveness of animal antibiot-
ics will increase the rate of infections. There is a possibility 
that animals with infectious diseases may have toxins that 
will impact those who eat the meat of the animals.
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“It is no longer acceptable 
to have bland assur-

ances, such as that CaMV 35S 
promoter is specific to plants 
and will not work in ani-
mal cells, when indeed this is 
against the observed biological 
wisdom.”⁵⁸
—Arpad Pusztai and 
Susan Bardocz

“To ignore [the CaMV 
promoter’s]  capacity 

to be universally active in al-
most any organism is irrespon-
sible and careless and shows a 
serious lack of scientific rigor 
and commitment to safety.”⁵⁹
—Ricarda A. Steinbrecher, 
molecular geneticist, 
Econexus

1.  Contrary to prior assumptions, the CaMV 
promoter does function in human, animal, 
and bacteria DNA.

2.  This promoter does transfer into the DNA 
of human gut bacteria and might also transfer 
into human DNA.

3.  Once transferred, it may switch on genes that 
produce toxins, allergens, or carcinogens, 
create genetic instability and, in higher organ-
isms, switch on dormant viruses.

The promoter can also transfer and may switch on
random genes or viruses
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Critics of GM crops have been concerned that the 
CaMV promoter, used in nearly all GM crops, 
might transfer into gut bacteria or human DNA. 

If it does, it may permanently turn on native genes to 
produce toxins, allergens, carcinogens, or antinutrients. 
It may turn on genes that regulate cell division, causing 
cancer. In addition, the recombinant hotspot believed to 
be located in the promoter might lead to instability (ad-
ditional recombinations) in the DNA, with unpredicted 
consequences. Since the DNA of higher organisms such 
as humans, animals, and plants contains dormant viruses, 
the transfer of promoters between species may also in-
crease the likelihood that such a virus would be activated 
(see section 2.5).

Defenders of the promoter contend that humans are ex-
posed to the cauliflower mosaic virus promoter all the time 
when eating vegetables infected with the virus. Thus, if there 
were a risk of transfer, we would find it commonplace. This 
position has three flaws.
1.  By eating GM crops, humans are exposed to far greater 

quantities of the CaMV promoter than normal. The 
promoter is found in every cell of GM crops whereas the 
actual virus is limited to a small percentage of a few vege-
tables. Moreover, when the vegetable becomes infected, it 
typically looks or tastes⁶⁰ bad, inspiring avoidance rather 
than consumption.

2.  The CaMV promoter operates differently in GM crops 
than in packaged viruses. As a packaged virus, it won’t 
infect bacteria and may have a very low likelihood of in-
tegrating into the DNA of mammals. The promoter in 
GM crops, however, is without its normal protein coat. 
Studies have verified that naked viral DNA can infect 
species that are not susceptible to the intact virus.⁶¹ The 
CaMV (a pararetrovirus) operates in the cytoplasm of the 
cell and does not integrate into the hosts’ genome.⁶² The 
promoter in GM crops, on the other hand, is placed into 
plant DNA and is more likely to transfer and integrate 
into foreign DNA. 

3.  Whereas CaMV will be killed when the vegetable is 
cooked, heating fragments of the CaMV promoter in 
GM crops may make it easier for the bacteria to take it up.
Proponents of the CaMV promoter have also claimed 

that it is plant-specific and will not function in bacteria or 
mammals if transferred. This assumption ignores research as 
far back as 1990, which verified that the promoter is active in 
bacteria,⁶³ fungi, and yeast.⁶⁴ Evidence that CaMV works in 
human cells dates back to 1982.⁶⁵ More recent research also 
demonstrates that it functions in bacteria,⁶⁶ mammalian,⁶⁷ 
and human cells.⁶⁸ A 2006 study, for example, showed that 
the promoter works in human enterocyte-like cells, similar 

to those found in the small and large intestines that would 
come in contact with GM food.⁶⁹ The authors wrote, “Tak-
ing the published studies together, it may now be concluded 
that the CaMV 35S promoter is capable of initiating gene 
expression in some mammalian cell lines under a range of 
different conditions and circumstances.”⁷⁰

Promoters may transfer
In the study published in 2004 in which GM soy transgenes 
were found to be stably incorporated in human gut bacteria 
(see section 5.4), possibly all (but at least part) of the CaMV 
promoter had transferred with the transgene. Furthermore, 
the bacteria survived in the presence of glyphosate, 
suggesting that the promoter had activated the herbicide-
tolerant transgene. The same study was unable to simulate a 
transfer of the promoter into human enterocyte-like cells in 
test tubes, although the authors cautioned that conditions 
inside humans may differ from laboratory simulations. 

An unpublished study presented at a conference in 2004⁷¹ 
also reported that the full 1,100 base pairs of the CaMV pro-
moter were found intact in rat tissues after a single meal. The 
promoter was found

In stomach cells and in intestinal (mesenteric) lymph 
nodes two hours after eating;
In intestinal lymph nodes, kidney, and liver cells six hours 
after eating; and
In intestinal lymph nodes, spleen, and liver cells three full 
days after eating.
It was not clear if the promoter had integrated into the 

DNA or not.
[Study specifics: Groups of six rats were fed a balanced 

diet (through a tube), to which was added artificial DNA 
sequences similar to those used in GM crops. The genetic 
material, which was in both circular and linear forms, con-
tained a CaMV promoter attached to a gene that codes for 
green fluorescent protein. Other groups were given genes 
without a promoter, with a promoter known to be active in 
all mammalian cells (human cytomegalovirus promoter) or 
no DNA at all. About half of the CaMV-fed rats in each of 
the circular and linear DNA groups were found to contain 
intact CaMV promoters.]

The evidence that the ingested CaMV promoter trav-
eled to rat organs and integrated into human gut bacteria 
suggests that this powerful gene regulator could have ran-
dom, unpredictable, and dangerous consequences.
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“As shown in the human 
feeding experiment, 

a fully functional transgenic 
construct rendering Roundup 
Ready soya resistant to glypho-
sate can partially survive in 
the human gut, it is possible 
that funtional Bt-toxin trans-
genes can also survive, be taken 
up by bacteria resident in ali-
mentary tract and convert us 
and our animals into pesticide 
factories.” 
—Susan Bardocz,  
Biochemist and nutritionist, 
University of Debrecen

1.  Transfer of the Bt transgene could cause our 
intestinal flora to produce Bt-toxin.

2.  With increased exposure to Bt crops and 
through selective pressure, the number of gut 
bacteria producing Bt may increase over time.

3.  Since Bt-toxin has been associated with 
immune responses and damaged cells in 
animal intestines, long-term exposure may 
cause significant health problems.

If Bt genes transfer, they could turn our gut bacteria
into living pesticide factories
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Although much of the concern expressed about 
horizontal gene transfer has focused on antibiotic 
resistance, the impact of Bt gene transfer may be 

more dangerous. Earlier sections have revealed biological 
effects and apparent allergic or toxic reactions traced to Bt 
spray and Bt crops. The gene that codes for Bt has proven 
stable in the presence of saliva and within the digestive 
tract of animals.⁷² The CaMV promoter, which drives 
the expression of Bt genes, is active in bacteria. There 
may be little standing in the way of Bt gene transfer.

If the gene transfers to gut bacteria, it is unknown 
whether there will be a selection pressure that enhances the 
trait’s survival and replication. According to Steinbrecher 
and Latham, “For those traits/genes for which selection 
pressure is not known it does not follow that none exist. 
Too little is known about microbial communities in gut, 
soil or rhizosphere to make confident predictions.”⁷³ In fact 
the purpose of the Bt gene in its original form in a soil bac-
terium (Bacillus thuringiensis) is not known.

Bt genes are used in GM corn. For the people of Mex-
ico, Southern Africa, and elsewhere, corn is a food staple, 
eaten as much as three times per day. With greater expo-
sure comes greater risk of gene transfer. If Bt genes become 
stably incorporated into gut bacteria and continue to pro-
duce the Bt-toxin, the impact of those infected might range 
from chronic low-level toxicity to life-threatening allergic 
reactions. The problems may be difficult to trace back to 
the Bt corn and the condition may be difficult to treat.
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Microbiologist John 
Heritage  “said the 

risk of spreading antibiotic 
resistance occurred when cells 
were broken open during the 
processing of the food, releas-
ing the modified DNA into 
the environment. The risk was 
magnified when the process-
ing created dust, Dr. Heritage 
said, because the dust would be 
breathed in.”⁷⁴
—BBC

1.  Bacteria in the mouth can take up free DNA.

2.  GM DNA might similarly transfer from food.

3.  Breathing dust or pollen from GM crops 
might cause genes to transfer to microorgan-
isms in the respiratory tract.

4.  These might impact health and possibly pass 
from person to person.

Genes may transfer to bacteria in the mouth or throat
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The argument that GM DNA is destroyed during 
digestion had been used to claim that antibiotic 
resistant marker genes would not transfer to gut 

bacteria. It is odd, however, that this line of reasoning 
completely overlooked the possibility of gene transfer in 
the mouth. Several studies now confirm that such trans-
fers are possible.

Bt genes (in plasmid form) were placed in a sheep’s 
mouth for eight minutes in order to evaluate how thor-
oughly they were broken down by the saliva. The authors 
concluded that there was still sufficient genetic material to 
allow for the possible transfer of antibiotic resistance genes 
into E-coli. They said that this implies “that DNA released 
from the diet within the mouth may retain sufficient bio-
logical activity” to transfer into “oral bacteria.”⁷⁵

In another study, an oral bacterium was able to take-
up and express foreign genes within a minute.⁷⁶ And in 
a third study, 40%–65% of a GM plasmid survived after 
10 minutes in human saliva and 6%–25% remained after a 
full hour. The authors also verified that partially degraded 
plasmids were able to transfer antibiotic resistance to bac-
teria (Streptococcus gordonii) that normally live in the mouth. 
Their data also “suggest that human saliva may itself con-
tain factors that promote” the receptivity of the bacteria to 
gene transfer.⁷⁷ 

The study concludes that there is no reason to assume 
that transgenes would not transfer to bacteria in the mouth. 
“It should be clear that even very infrequent transformation 
events can be highly significant if the transforming DNA 
bestows a selective advantage on the recipient.”⁷⁸

Thus, the bacteria within our mouth may already be 
transformed by the GM crops we eat. The antibiotic resis-
tant markers, for example, may transfer to oral bacteria and 
contribute to antibiotic resistant infections of the mouth. 
Bt, Roundup Ready, or viral transgenes might similarly be-
come expressed in our mouth and throat. Moreover, the 
bacteria might also pass to others via salvia.

Breathing GM dust may transfer genes
In a report sent to the FDA by experts on the UK Gov-
ernment’s Advisory Committee on Novel Foods, scientists 
warned US regulators that antibiotic resistant genes may 
transfer into bacteria in the respiratory system from dust 
breathed in from GM crops. They said that when GM 
food is processed, dust containing DNA can become air-
borne and be inhaled.

One of the UK committee members, microbiologist John 
Heritage, expressed particular concern about meningitis 
bacteria becoming resistant to antibiotics. Approximately 
one person in five is a carrier of the bacteria, even though 
carriers do not necessarily contract the disease. Heritage 
says, “It’s a huge concern to me. While the risk is small, the 
consequences of an untreatable, life-threatening infection 
spreading within the population are enormous.”⁷⁹
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“Some plant viral pro-
teins may be harmful 

to humans. Therefore the 
transfer of viral genes from 
GM crops to gut bacteria could 
have very serious
consequences.” 
—Jonathan Latham, 
molecular biologist and 
plant virologist, Bioscience 
Resource Project

1.  As discussed earlier, proteins produced from 
viruses can be toxic and disable viral defenses.

2.  If viral genes from GM crops transferred to 
gut microorganisms, they might produce large 
quantities of potentially harmful proteins.

3.  Viral transgene characteristics make transfer 
to gut microorganisms much more likely.

Transfer of viral genes into gut microorganisms
may create toxins and weaken viral defenses
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Section 3.9 described how viral transgenes are 
inserted into crops to create resistance to infection 
from a specific virus. These transgenes produce viral 

proteins, which may be toxic or suppress viral defenses in 
humans. If transferred into the DNA of gut microorgan-
isms, they may produce viral proteins (and RNA) in the 
gut over the long-term.

Viral transgenes increase transfer risk
According to molecular biologist and plant virologist Jona-
than Latham, creating and inserting viral transgenes car-
ries a potential risk that is not generally acknowledged. 
When scientists create a viral transgene from an RNA 
virus (as is the case with all US-approved virus-resistant 
GM crops) they synthesize a DNA version of a viral gene 
that had previously existed only as an RNA molecule. Since 
DNA only recombines with DNA, and RNA only with 
RNA, this means that the viral sequence can now integrate 
(recombine) for the first time into the genome of DNA-
based organisms.  Latham says, “The virus is available for 
recombination with a totally new spectrum of organisms.” 
He warns, “The danger would become especially important 
if the transgenic protein were useful to the organism that 
picked it up.”

Transferred genes may increase proteins
One of the “selling points” of the plum pox-resistant GM 
plum developed by the USDA is that it produces little or 
no viral proteins. This is not a trait of its viral transgene per 
se. When that same gene was inserted into other cells from 
the same type of plum, the resulting line did produce viral 
proteins. It just so happened that in one of the insertion 
“events,” due to the unique location and characteristics of 
the insertion, viral proteins were not produced. Developers 
chose that line to develop for commercialization.

There is a possibility that over time, however, the gene 
may become unstable and begin to produce proteins. Fur-
thermore, if the transgene from this plum variety transfers 
to gut bacteria, it may start to produce viral proteins. The 
level of expression of a transgene is governed by local fac-
tors. Whatever silenced protein expression in the plum 
might not be functioning in gut bacteria. Similarly, viral 
transgenes from any virus-resistant GM plant that trans-
fers into gut microorganisms may produce higher levels of 
proteins than was produced in the plant.



“The gene-manipulators claim 
they can foresee the evolution-

ary results of their artificial transposings 
of human genes into sheep, bovine genes 
into tomatoes, altered bacterial genes 
into eggplant, etc. But such claims are a 
reflection more of arrogance than of sci-
entific analysis.”

— Robert Mann, biochemist, 
University of Auckland



SECTION 6:

GM crops may increase
environmental toxins and

bioaccumulate toxins
in the food chain

GM crops do not exist in isolation. They are a 
component of industrial farming practices and 
part of a complex ecosystem and food web. 
This section looks at potential health problems 
that may arise from these relationships. 
Topics include the impact of toxic herbicides 
that are applied to herbicide tolerant crops, 
bioaccumulation of other toxins within GM 
crops, concentration of toxins in the milk or 
meat of animals, and the consequences if virus-
resistant GM plants promote new plant viruses.

143
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“Some of the N-acetyl-
L-glufosinate   had 

been converted back to the toxic 
form L-glufosinate in the intes-
tine of the animals, probably by 
the activity of microorganisms 
in the gut. . . . the data obtained 
strongly suggest that the bal-
ance of gut bacteria will be af-
fected, that the wellbeing of the 
feeding host will be affected.”¹ 
—Ricarda A. Steinbrecher, 
molecular geneticist,
Econexus

1.  Some crops are engineered to withstand 
glufosinate-based herbicide.

2.  The crops transform the herbicide into a 
compound regarded as nontoxic, called NAG, 
which remains in the plant.

3.  Once humans or animals consume NAG, gut 
bacteria can revert some NAG back into toxic 
herbicide.

4.  The herbicide has known toxic effects, acts as 
an antibiotic and may kill off or disturb gut 
micro-flora.

5.  If the herbicide-tolerant gene transfers to gut 
bacteria, it could magnify the problems.

Glufosinate-tolerant crops may produce herbicide
“inside” our intestines
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Liberty Link crops, marketed by Bayer Crop-
Science, are tolerant to Liberty herbicide (glufos-
inate ammonium). Liberty kills a wide variety of 

plants and can also kill bacteria,² fungi,³ and insects.⁴ It is 
toxic to humans and animals.⁵

The herbicide is derived from a natural antibiotic pro-
duced by two strains of a soil bacterium. So that the bacteria 
are not killed by the antibiotic they create, the strains also 
produce specialized enzymes that transform the antibiotic 
to a form called NAG (N-acetyl-L-glufosinate), believed 
to be non-toxic. The enzymes are called the PAT and bar 
proteins, which are produced by the PAT and bar genes. 
These genes are inserted into the DNA of GM crops, 
where they produce the enzymes in every cell. When the 
plant is sprayed, Liberty’s solvents and surfactants trans-
port glufosinate ammonium throughout the plant, where 
the enzymes convert it primarily into NAG. Thus, the GM 
plant detoxifies the herbicide and lives, while the surround-
ing weeds die.

The problem is that the NAG, which is not naturally 
present in plants, remains there and accumulates with every 
subsequent spray. Thus, when we eat these GM crops, we 
consume NAG. Once the NAG is inside our digestive sys-
tem, some of it may be re-transformed back into the toxic 
herbicide. In rats fed NAG, for example, 10% of it was 
converted back to glufosinate by the time it was excreted in 
the feces.⁶ Another rat study found a 1% conversion.⁷ And 
with goats, more than one-third of what was excreted had 
turned into glufosinate.⁸

It is believed that gut bacteria, primarily found in the 
colon or rectum, are responsible for this re-toxification.⁹ 
Although these parts of the gut do not absorb as many 
nutrients as other sections, rats fed NAG did show toxic 
effects. This indicates that the herbicide had been regener-
ated, was biologically active and had been assimilated by 
the rats.¹⁰ A goat study also confirmed that some of the 
herbicide regenerated from NAG ended up in the kidneys, 
liver, muscle, fat, and milk.¹¹ [More information about 
the impact of this conversion is probably in documenta-
tion submitted to European regulators by AgrEvo (now 
Bayer CropScience), but public access was blocked by the 
company’s threats of legal action.¹²]

Toxic to children, fetuses, and gut bacteria
Glufosinate is structurally similar to a natural amino acid 
called glutamic acid, which can stimulate the central ner-
vous system and, in excess levels, cause the death of nerve 
cells in the brain.¹³ The common reactions to glufosinate 
poisoning in humans include unconsciousness, respiratory 

distress, and convulsions. One study also linked the her-
bicide with a kidney disorder.¹⁴ These reactions typically 
involve large amounts of the herbicide. It is unclear if the 
amount converted from GM crops would accumulate to 
promote such responses or if there are low-dose chronic 
effects.

Infants or fetal development may be impacted with 
smaller doses. According to Yoichiro Kuroda, the principal 
investigator in the Japanese project entitled “Effects of En-
docrine Disrupters on the Developing Brain,” glufosinate is 
like a “mock neurotransmitter” and disturbs gene functions 
that regulate brain development.¹⁵ Exposure of a baby or 
embryo to the chemical can affect behavior.¹⁶

When mouse embryos were exposed, it resulted in 
growth retardation, increased death rates, incomplete de-
velopment of the forebrain, and cleft lips,¹⁷ as well as death 
of brain cells.¹⁸ After pregnant rats were injected with glu-
fosinate, the number of glutamate receptors in the brains 
of the offspring appeared to be reduced. ¹⁹ When infant 
rats were exposed to low doses of glufosinate, some of their 
brain receptors seemed to change as well.²⁰

Glufosinate might also influence behavior. According 
to Kuroda, “female rats born from mothers that were given 
high doses of glufosinate became aggressive and started to 
bite each other—in some cases until one died.” He added, 
“That report sent a chill through me.”²¹

If the herbicide is regenerated from NAG inside our 
gut, since it has antibacterial properties, it will likely kill gut 
bacteria. Gut microorganisms are crucial for health. They 
not only provide essential metabolites like certain vitamins 
and short fatty acids, but also help the breakdown and ab-
sorption of food and protect against pathogens. Disrupting 
the balance of gut bacteria can cause a wide range of prob-
lems. According to molecular geneticist Ricarda Steinbre-
cher, “the data obtained strongly suggest that the balance of 
gut bacteria will be affected”²² by the conversion of NAG 
to glufosinate.

The way the PAT protein detoxifies Liberty is by adding 
an acetyl group to the compound. The Public Health As-
sociation of Australia raises another risk: “No information 
is given as to the enzyme’s specificity to just this substance. 
. . . If this enzyme is not specific to this substrate, it may 
acetylate or deacetylate other proteins in humans and farm 
animals.” The Australian authorities claim “that process-
ing to produce processed corn products would inactivate 
the enzyme. However, this ignores the minimal cooking of 
corn kernels or whole corn cobs as a vegetable, and the use 
of raw corn kernels in salads.”²³ 
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“HT [herbicide toler-
ant] crops have 

increased herbicide use 138 
million pounds.”²⁴
—Based on first nine years 
of use in the United States, 
according to USDA data, 
Charles Benbrook

1.  Herbicide-tolerant crops increase the use of 
their associated herbicides.

2.  Increased herbicide residues in crops can 
promote the toxic effects of these chemicals on 
humans, animals, and their offspring.

3.  Increased herbicide use can also alter nutrient 
content, such as flavonoids, making GM crops 
less nutritious.

4.  The accelerated emergence of herbicide-
resistant weeds has resulted in the increased 
use of even more toxic varieties of herbicides.

Herbicide-tolerant crops increase herbicide use
and residues in food
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When herbicide tolerant (HT) GM crops came 
to market in 1996, the biotech industry claimed 
that they would need less herbicide. That was 

true for the first three years. The repeated use of Roundup, 
however, caused weeds to develop resistance to the her-
bicide’s active ingredient glyphosate. Farmers used more 
Roundup or added more toxic herbicide varieties, such as 
Paraquat and 2,4-D. According to USDA data, the net 
effect of HT soybeans, cotton, and corn in the United 
States was a 138 million pound (5%) increase in herbicides 
from 1996–2004. That is accelerating. By 2004, Roundup 
Ready soybeans received an estimated 86% more herbicide 
than conventional beans.²⁵

Increased herbicide use is bad for human health:
1.  Herbicides can alter crop nutrient content. Flavonoids, an 

important family of nutrients, for example, are reduced in 
Roundup Ready soybeans due to Roundup.²⁶

2.  Farmers and their families, herbicide applicators, and 
workers at food processing facilities are all exposed to 
higher levels of herbicides.

3.  Herbicides may accumulate in the water table. In Den-
mark, for example, glyphosate contaminated the drink-
ing water supply at five times allowable levels, overturn-
ing the belief that the toxin was fully broken down by 
soil bacteria.²⁷

   Use of Roundup increased the rate of fusarium head 
blight (fungal infection) in spring wheat.²⁸ According 
to New Scientist, “The fungi that cause the disease also 
produce toxins that can kill humans and animals.”²⁹ A 
USDA researcher also showed “that Roundup Ready 
soybeans . . . have significantly greater colonization of 
fusarium on their roots than untreated soybeans.”³⁰ The 
increase was between 50% and fivefold.³¹ According to 
the European Commission, “Findings do rather point in 
the direction of a change in soil microbial activity towards 
favouring fungi over bacteria. . . . It would in fact be rather 
surprising if such intensive use of one chemical would 
NOT cause a change in the microbial communities.” ³² 

4.  Because herbicides are applied directly onto HT crops, 
herbicide residues on GM food is significantly higher. In 
1992, Monsanto successfully petitioned the EPA to in-
crease allowable residue levels of glyphosate on soybeans 
more than threefold (from 6 to 20 ppm) in anticipation of 
their HT crops.³³ They also asked regulators in Australia 
and New Zealand for a two-hundredfold increase in al-
lowable residues.³⁴ When the company performs tests on 
its Roundup Ready soybeans, however, they typically use 
beans that were never sprayed with Roundup.

5.  Roundup Ready soybeans convert much of the 
applied glyphosate into a metabolite called AMPA 

(aminomethylphosphonic acid) with unknown health 
properties. In one study, the beans contained 3 mg/kg 
of glyphosate and up to 25 mg/kg of AMPA.³⁵ “The 
presence of high AMPA residues in Roundup Ready 
soybean was not anticipated and presents a new type of 
consumer exposure.”³⁶

Glyphosate is toxic
According to the Journal of Pesticide Reform, “Symptoms of 
exposure to glyphosate include eye irritation, burning eyes, 
blurred vision, skin rashes, burning or itchy skin, nausea, sore 
throat, asthma and difficulty breathing, headache, lethargy, 
nose bleeds, and dizziness. Glyphosate and glyphosate-con-
taining herbicides caused genetic damage in laboratory tests 
with human cells, as well as in tests with laboratory animals. 
. . . Exposure is linked with increased risks of the cancer non-
Hodgkin’s lymphoma,³⁷ miscarriages, and attention deficit 
disorder,” ³⁸ as well as Parkinson’s disease.³⁹

Exposure to mouse testicular cells (Leydig cells) resulted 
in a 94% reduction in sex hormone production.⁴⁰ In a study 
on human cells, a non-toxic concentration of Roundup as 
small as “100 times lower than the recommended use in ag-
riculture,” significantly disrupted the activity of aromatase—
an enzyme crucial to sex hormone production.⁴¹ Roundup 
administered to pregnant rats induced inhibition of enzyme 
activity in the liver, heart, and brains, which might lead to 
abnormalities in functional development of offspring.⁴²

Although glyphosate is the “active” ingredient, Roundup 
contains many so-called “inert” ingredients. In herbicides, 
inert ingredients can be more toxic than the active one, and 
the combination of active and inert ingredients may surpass 
the toxicity of the chemicals on their own. Several studies 
demonstrate that Roundup is far more toxic than glypho-
sate.⁴³ For example, while Roundup is toxic to human pla-
cental cells at levels 10 times lower than those found in ag-
ricultural use, the toxicity of glyphosate alone was measured 
at half or less.⁴⁴ In an animal cell study, Roundup—but not 
glyphosate alone—disrupted the cell cycle, “the universal 
process by which cells reproduce.” This may be linked to hu-
man diseases, including cancer.⁴⁵ And Roundup caused sig-
nificant changes in rat liver activity, while glyphosate alone 
had no effect.⁴⁶

Roundup’s higher toxicity is often attributed to the in-
ert ingredient POEA (polyethoxylated tallowamine), which 
helps the herbicide penetrate into leaves. It appears to help 
the toxin penetrate into human cells as well.⁴⁷ In spite of 
conclusive evidence that inert ingredients increase toxicity, 
many of the safety assessments on herbicides conducted by 
manufacturers for the EPA test only the active ingredient.
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“Endocrine and toxic 
effects of Roundup, 

not just glyphosate, can be 
observed in mammals.”⁴⁸
—Sofie Richard, et al,
Environmental Health Per-
spectives

1.  Certain chemicals may disrupt endocrine 
function at extremely low concentrations.

2.  Research on Roundup suggests it may be such 
a chemical, disrupting endocrine activity re-
lated to human sex hormone production, but 
more research on this and other herbicides is 
needed.

3.  The increased use of Liberty and Roundup, 
due to GM crops, may expose the population 
through food and water to these low-dose 
effects.

Tiny amounts of herbicide may act as endocrine disruptors



149E N V I R O N M E N TA L  A N D  B I OAC C U M U L AT E D  T OX I N S

Endocrine-disrupting chemicals (EDCs) can have 
significant hormonal effects at doses far below 
those previously thought to be significant. The 

disruptive effects are often found only at minute levels, 
which are measured in parts per trillion or in the low parts 
per billion. This is seen, for example, in the way estro-
gen works in women. When the brain encounters a mere 
three parts per trillion, it shuts down production of key 
hormones. When estrogen concentration reaches 10 parts 
per trillion, however, there is a hormone surge, followed 
by ovulation.

Herbicides may act as EDCs and their increased use on 
herbicide tolerant crops may multiply their low-dose expo-
sure via food, air, and water. Unfortunately, the regulation 
and testing of agricultural chemicals, including herbicides, 
has lagged behind the findings of extremely low-dose ef-
fects. The determination of legally acceptable levels of her-
bicide residues on food was based on a linear model, where 
the effect of toxic chemicals was thought to be consistent 
and proportional with its dosage. But as the paper Large Ef-
fects from Small Exposures shows, this model underestimates 
biological effects of EDCs as much as ten-thousandfold.⁴⁹

The shortcomings of testing and regulation were high-
lighted in comments submitted to the EPA by the Sierra 
Club. They were in response to Bayer CropScience’s 2003 
petition to approve maximum threshold levels of glufos-
inate ammonium on rice, anticipating the marketing of 
their Liberty Link variety.

“We find EPA’s statements on the potential of glufos-
inate to function as an endocrine-disrupting substance in 
humans and animals as not founded on logical information 
or peer-reviewed studies. In fact EPA states that no special 
studies have been conducted to investigate the potential of 
glufosinate ammonium to induce estrogenic or other en-
docrine effects. . . . We feel it’s totally premature for EPA 
at this time to dismiss all concerns about glufosinate as an 
endocrine-disrupting substance. . . . Due to the millions of 
Americans and their children exposed to glufosinate and its 
metabolites, EPA needs to conclusively determine if this 
herbicide has endocrine-disrupting potential.”

The EPA responded that “glufosinate ammonium may 
be subjected to additional screening and/or testing to bet-
ter characterize effects related to endocrine disruption”⁵⁰ 
but this will only take place after these protocols are devel-
oped. In the mean time, the agency approved glufosinate 
ammonium residues on rice at one part per million. At this 
level, the dosage range normally associated with EDCs is 
considered acceptable. As mentioned in pages earlier in this 
section, gut bacteria may convert small amounts of NAG 
residues in Liberty Link crops into glufosinate ammonium 

inside our intestines. This may carry significant health risks 
for ourselves and our children.

Roundup shows endocrine disruption
A 2005 study on Roundup illustrated that it may disrupt 
endocrine functioning at low doses. As described in the 
previous page, at concentrations 100 times lower than 
concentrations recommended in agriculture, Roundup 
disrupted an enzyme crucial to sex hormone production 
(aromatase) in humans.⁵¹ The authors concluded, “The di-
lution of glyphosate in Roundup formulation may multiply 
its endocrine effect. Roundup may be thus considered as a 
potential endocrine disruptor.”⁵²

The residues of Roundup in the water supply might be 
of the concentration range that has an endocrine disrup-
tive effect. In Denmark, they found a concentration of 0.54 
micrograms per liter.⁵³ In addition, Roundup residues on 
beans were found to be 3 mg/kg, and allowable levels in 
the United States are 20 ppm. The impacts of Roundup 
at these levels in water and GM crop residues needs to be 
studied.
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“There are new pes-
ticide residues and 

possibilities of accumulation of 
residues because of the pesticide 
tolerance.” ⁵⁴
—Gilles-Eric Seralini, 
toxicologist, 
University of Caen

1.  FDA scientists warned that GM crops may 
concentrate toxins, such as heavy metals and 
herbicides, from the environment.

2.  There is evidence of heavy metals in GM soy-
bean oil.

3.  FDA scientists also said that toxins in GM 
feed might concentrate in milk or meat.

4.  GM DNA fragments were found in milk.

5.  While very little research has been done on 
this, small amounts of Roundup may be re-
tained in the body of animals and affect sperm 
quality.

6.  The overuse of Roundup and Liberty herbi-
cides on GM crops magnifies these types of 
risks.

GM crops may accumulate environmental toxins
or concentrate toxins in milk and meat of GM-fed animals
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The Division of Food Chemistry and Technology 
of the FDA outlined four potential dangers of 
GM crops. In addition to a potential “increased 

levels of known naturally occurring toxins,” the “appear-
ance of new, not previously identified” toxins, and “un-
desirable alterations in the levels of nutrients,” they said 
that GM crops might gather “toxic substances from the 
environment” such as “pesticides or heavy metals.”⁵⁵ The 
FDA division warned, “unless genetically engineered 
plants are evaluated specifically for these changes,” the 
four potential dangers “may escape breeders’ attention.” 
The division recommended testing every GM food “be-
fore it enters the marketplace.”⁵⁶

Although their recommendation was ignored by the US 
government, research presented in the preceding pages did 
reveal that herbicide residues and their metabolic byprod-
ucts (NAG and AMPA) do increase in GM crops. A 2006 
study also “showed that transgenic soybean oil in Beijing 
was presumably polluted with zinc, chromium, and lead,” 
and also with arsenic and titanium.⁵⁷ The levels were not 
above the Chinese allowable limits and the study did not 
present data from non-GM soy oil controls. Thus, we can 
only conclude that heavy metals can accumulate in GM 
soy oil. As the paper states, little attention has been given 
to “whether the accumulation pattern and levels of heavy 
metals could change after the insertion of foreign genes.”⁵⁸

The scientists at the FDA’s Center for Veterinary 
Medicine (CVM) also concluded that there is “ample sci-
entific justification” to require testing and review of each 
GM food before approval. Their concern, according to 
CVM’s director, was that “residues of plant constituents or 
toxicants in meat and milk products may pose human food 
safety concerns.”⁵⁹ Bioaccumulation of toxins in animals is 
a well-documented phenomenon—when an animal eats a 
plant, some fat-soluble plant toxins may “collect in animal 
tissues and pass to humans when we eat the animal—and 
can be secreted in human and animal milk (for example, 
solanine from potatoes).”⁶⁰

Any of the toxins that may be taken in from the environ-
ment or produced due to the process of GM transforma-
tion might possibly build up in animals and be consumed 
in milk or meat. According to the European Commission, 
“The European Communities considers that it is now clear 
that Bt-toxin could accumulate in Bt resistant herbivores 
(e.g. caterpillars which are able to ingest the Bt-toxin and 
thus accumulate it and/or its metabolites without dying), 
and so pass the Bt-toxin and/or its metabolites to organ-
isms higher up the food web (e.g. to predators and parasit-
oids which feed on Bt-resistant herbivores).”⁶¹

Fragments of GM DNA were also found in milk. A 
2006 study of 60 samples of 12 brands of milk purchased 
in Italy “demonstrated the presence of GM corn sequences 
in 15 (25%) and of GM soybean sequences in seven sam-
ples (11.7%).” The researchers also “demonstrated that the 
pasteurization process is not able to degrade the DNA se-
quences in spiked milk samples.”⁶² (The presence of the 
DNA may have come from GM feed that was fed to the 
cows, or possibly through contamination of the milk after 
it was produced.)

The high levels of herbicides used to treat herbicide-
tolerant crops may also bioaccumulate in animals or hu-
mans. The inert ingredients in particular are fat soluble 
(nonionic), so they may be stored in cell membranes and 
other lipids in the body. Tests for these residues are not 
generally done.

Roundup may accumulate
“Even though absorbed Roundup is excreted rapidly from 
the body, usually in feces,”⁶³ researchers suggest that “a part 
may be retained or conjugated with other compounds that 
can stimulate biochemical and physiologic responses.”⁶⁴ 
Although in one study, glyphosate did not appear to ac-
cumulate in fish,⁶⁵ evidence of glyphosate retention was 
found in a study of rabbits. Six weeks after male rabbits 
were exposed, the glyphosate still had a harmful impact on 
semen quality.⁶⁶

Toxicologist Gilles-Eric Seralini called for labeling of 
animal products from GMO-fed animals “because pesti-
cide residues associated [with] GMOs may bioaccumulate 
in the food chain, especially Roundup residues and adju-
vants, and because animals may have metabolic disorders 
when they eat GMOs.”⁶⁷

The European Commission acknowledges that, “indi-
rect environmental or human health effects that may arise 
from direct impacts on animal health or GM plant-induced 
imbalance in the animal interactions with the ecosystem is 
still largely an unexplored area.”⁶⁸
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“GM crops may be 
especially suscep-

tible to new infectious viral 
diseases.”
—Coalition report, 
Comments on GM Science 
Review

1.  Virus-resistant transgenes protect crops from 
one target virus, but may increase susceptibil-
ity to other plant viruses.

2.  Infected plants put humans at risk due to in-
creased pesticide use.

3.  They may also lead to increased consumption 
of potentially harmful viral proteins.

Disease-resistant crops may promote new plant viruses, 
which carry risks for humans
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Virus-resistant GM crops are designed to bol-
ster the plants’ defenses against one single virus. 
While the plant may successfully ward off that 

target virus, the presence of the viral transgenes and pro-
teins in the GM crop can actually increase the likelihood 
that other viruses infect the plant. There are at least three 
routes by which this can occur:
1.  Viral proteins produced by the transgene may attack the 

host cell’s defenses, making it more susceptible to other 
viruses. In one study, proteins from viral transgenes even 
allowed a plant to become infected with an insect virus, 
not normally found in plants.⁶⁹

2.  One type of viral protein is called a coat protein. It sur-
rounds (encapsidates) the RNA, protecting it from 
threats such as ultraviolet light or enzymes that would 
normally break it down. This allows that new virus to be 
picked up by an insect and transported to other plants. 
In fact, the coat protein typically specifies which spe-
cies of insect can take up the virus. Since it is possible 
for a coat protein from one virus to encapsidate another 
virus, this would allow the latter to be picked up by a 
new insect species and be transported to a new spectrum 
of host plants. The risk of encapsidating the wrong vi-
rus (transcapsidation) is not unique to GM plants, but 
the presence of viral coat protein in every plant cell can 
greatly increase the probability that it will occur.

3.  Inserted viral genes that come into proximity with re-
lated and unrelated natural viruses may recombine (ex-
change RNA) to create new versions. These “offspring” 
viruses can be quite different from either “parent.” Nu-
merous scientists have expressed concerns that viral 
inserts in GM crops may recombine with other plant 
viruses.⁷⁰ Several experiments specifically demonstrate 
that this takes place⁷¹ (including recombination with 
the transgene used in plums developed by the USDA⁷²). 
According to a paper by Latham and Steinbrecher, “In 
some cases recombination occurred at very high rates—
in up to 80% of all plants tested. ⁷³ … The published 
scientific data best supports the conclusion that GM 
crops containing virus-derived transgenes should not 
at present receive commercial approval. This is because 
recombination (HGT) leading to the creation of new 
viruses is inevitable, while the consequences of such re-
combination cannot at present be predicted.”⁷⁴
By recombining with a transgene, the new virus may 

gain an evolutional advantage. For example, one particular 
concern is that the viral transgene will transfer to a virus 
that does not normally infect the plant.⁷⁵ The invading 
virus, which is not adapted to that plant, would acquire a 

transgene that is adapted, thereby increasing its ability to 
attack it.⁷⁶ It is ironic that GM crops designed to resist one 
virus “may be especially susceptible to new infectious viral 
diseases.”⁷⁷

Diseased plants may impact human health
Plants that develop novel viruses are also more likely to 
be treated with pesticides, which increase human health 
risks. In addition, some forms of plant viruses produce large 
quantities of viral proteins. As described in section 3.9, 
consumption of viral proteins may increase susceptibility to 
viral infection or be toxic. 

It is important to note that this concern about creating 
new viruses is related to plant viruses, not human viruses. 
Natural barriers tend to block a virus in one kingdom from 
attacking organisms in another kingdom. Therefore, the 
tendency to create new viruses in plants does not mean that 
they will attack humans. (However, instances of viruses 
operating between kingdoms do occur on rare occasions. 
As mentioned above, when genes from two distinct viruses 
were inserted separately into a plant, the two viral proteins 
made the plant susceptible to infection by an animal (in-
sect) virus. There are also other examples of cross kingdom 
viral adaptations.⁷⁸)

USDA ignores scientific opinion
According to Latham and Steinbrecher, ⁷⁹ “The views 

of many scientists working in this area (as reflected in the 
scientific literature) are at odds with the policy of wide-
spread commercialization of virus-containing GM crops 
being pursued by the USDA.” Biotech companies and 
regulatory agencies have ignored the data and cling to un-
proven or obsolete safety assumptions. (For examples of 
these assumptions, see part 3.)



“Next time you hear a scientist as-
serting that gene splicing is safe, 

remind yourself that there is no scientific 
evidence for that statement. We are pro-
foundly ignorant about what we are doing 
to the code that generates all life. And un-
fortunately some scientists, including those 
entrusted with public safety, are willing to 
lie”.

— Donella H. Meadows, biophysicist 
and environmentalist, Dartmouth 
College



SECTION 7:

Other types of GM foods
carry risks

GM crops are not the only food items that are altered 
through genetic engineering. The technology is 
used to insert transgenes into bacteria, fungi, and 
yeast, converting the microorganisms into living 
factories. This technique is used to produce certain 
enzymes and additives used in food preparation 
as well as a sweetener called aspartame. It is also 
used in the production of recombinant bovine 
growth hormone, which is injected into cows to 
increase milk supply. This section looks at health 
impacts associated with these products of genetic 
modification.
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“We feel fairly 
confident in 

being able to demonstrate that 
the safety of European citizens 
who consume [rbGH] products 
cannot be guaranteed.”¹
—Fredrich-Wilhelm 
Graefe zu Baringdorf, 
former Vice President of the 
Agriculture Committee of 
the European Commission

1.  Monsanto’s genetically engineered bovine 
growth hormone is injected into dairy cows in 
the United States and elsewhere, to increase 
milk production.

2.  Milk from treated cows has much higher 
levels of IGF-1, a hormone considered to be 
a high risk factor for breast, prostate, colon, 
lung, and other cancers.

3.  The milk also has lowered nutritional value, 
increased antibiotics and more pus from in-
fected udders. 

Milk from rbGH-treated cows may increase risk of cancer
and other diseases
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Monsanto inserted cow genes into bacteria to 
produce recombinant bovine growth hormone 
(rbGH), a drug that increases milk production 

in cows.² Approved in the United States in 1993, by 2002 
it was used on 22% of the nation’s dairy cows.³ It is also 
used in South Africa and Brazil, but is banned in the Euro-
pean Union, Canada, Australia, New Zealand, and Japan.

Dairy products from treated cows carry several health 
risks, the most serious of which is higher levels of the hor-
mone insulin-like growth factor 1 (IGF-1). It is one of the 
most powerful growth hormones in the human body and is 
naturally present in cows’ milk. One study showed a 10% 
increase in the free levels of IGF-1 in subjects that drank 
milk; the controls showed no change.⁴ Analysis of the diets 
of more than 1,000 nurses revealed that the food most as-
sociated with high IGF-1 levels was milk.⁵ Neither of these 
studies used milk from cows treated with rbGH. If they had, 
the results may have been considerably more significant, 
since levels of IGF-1 in milk from treated cows can be up to 
10 times higher,⁶ and detection methods may underestimate 
the amount and impact of this increase by up to fortyfold.⁷

High levels of IGF-1 raise cancer risk
IGF-1 causes cells to divide; more than three dozen stud-
ies unequivocally link high levels to increased cancer risk.⁸ 
A Harvard study of 15,000 white males found those with 
elevated blood levels to be four times more likely to get pros-
tate cancer than average men.⁹  In a Lancet study, premeno-
pausal US women below age 50 with high IGF-1 levels were 
seven times as likely to develop breast cancer. “With the ex-
ception of a strong family history of breast cancer,” the au-
thors warned, “the relation between IGF-1 and risk of breast 
cancer may be greater than that of other established breast-
cancer risk factors.”¹⁰ The International Journal of Cancer de-
scribed a “significant association between circulating IGF-1 
concentrations and an increased risk of lung, colon, prostate, 
and pre-menopausal breast cancer.” It concluded, “Lower-
ing plasma IGF-1 may thus represent an attractive strategy 
to be pursued.”¹¹ A 1999 European Commission report 
concluded: “Avoidance of rbGH dairy products in favor of 
natural products would appear to be the most practical and 
immediate dietary intervention to . . . (achieve) the goal of 
preventing cancer.”¹²

One way that IGF-1 may promote cancer is by reducing 
programmed cell death (apoptosis) in tumor cells. IGF-1 
also inhibits the ability of various anti-cancer drugs to kill 
cultured human breast cancer cells.¹³

Rat pups fed IGF-I in milk increased the growth of their 
brains and livers.¹⁴ And IGF-1 boosted the expression of the 

prion protein gene in rat cells, raising “unresolved questions 
on the possible effects of increased IGF-1 levels on suscepti-
bility to bovine (BSE) and human prion disease (CJD).”¹⁵

Increased antibiotics, reduced nutrition
There are more than 20 side effects to cows listed on Mon-
santo’s rbGH label, including cystic ovaries, uterine disor-
ders, decreased gestation period, decreased calf birth weight, 
and increased twinning rates.¹⁶ Udder infection (mastitis) is 
the most widely reported. This painful disease increases the 
pus (somatic cells) in milk; milk from treated cows has 19% 
more.¹⁷ To manage infections and pus levels, farmers using 
rbGH typically treat their herd with extra antibiotics, which 
increases antibiotic residues in milk.

Milk from cows treated with rbGH has higher levels of 
bovine growth hormone (methionyl-rBST),¹⁸ a thyroid hor-
mone (tri-iodothyronine),¹⁹ lactose and long chain fatty 
acids (up to 27%),²⁰ and less casein and short and medium 
chain fatty acids.²¹ One reviewer said that the composition 
changed “in directions detrimental to the nutritional quality 
of milk. Health risks to individual consumers . . . would thus 
depend on how much of the milk consumed was from cows 
treated with [rbGH].”²²

Regulators pressured for drug approval
One FDA scientist said he was fired after expressing con-
cerns about insufficient data in the rbGH analysis. Other 
FDA employees sent an anonymous letter complaining of 
“fraud” and “conflict of interest” in relation to the drug’s 
approval. They claimed, for example, that a Monsanto-re-
searcher-turned-FDA-employee raised allowable levels of 
antibiotics in milk one-hundredfold, to pave the way for 
rbGH approval.²³ And when Canadian government scien-
tists analyzed how the FDA approved rbGH, they wrote 
that the “evaluation was largely a theoretical review taking 
the manufacturer’s conclusions at face value. No details of 
the studies nor a critical analysis of the quality of the data 
was provided.” Because critical studies were not conducted, 
“such possibilities and potential as sterility, infertility, birth 
defects, cancer, and immunological derangements were not 
addressed.”²⁴

The Canadian scientists also testified before the Senate 
that they were pressured to approve rbGH by their superiors, 
that documents were stolen from a locked file cabinet and 
that Monsanto offered them a bribe of $1–$2 million to ap-
prove the drug without further study.²⁵
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“The more IGF, the 
more the ovary is 

stimulated to release addition-
al eggs at ovulation.”²⁶
—Gary Steinman, obstetri-
cian, multiple birth expert, 
Albert Einstein College of 
Medicine

1.  Higher IGF-1 levels increase the rate of twin 
births.

2.  Since milk drinkers increase their IGF-1, cor-
respondingly they have higher twinning rates.

3.  Milk from cows injected with bovine growth 
hormone has higher IGF-1 levels.

4.  Drinking milk from injected cows should 
increase the twinning rate even more.

5.  The number of twins grew at twice the rate 
in the United States compared to the United 
Kingdom, where rbGH is banned.

Milk from rbGH-treated cows likely increases the rate
of twin births
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Higher levels of blood IGF-1 increase the tendency 
to have fraternal twins. The hormone increases 
ovulation and appears to support embryo 

survival.²⁷ Cows with high twin rates have IGF-1 levels 
1.5–2 times higher than normal.²⁸ It is also noteworthy 
that the gene in cows that produces IGF-1 is located 
in close proximity to the genes that control the rate of 
twinning.²⁹

In human populations, African Americans have higher 
IGF-1 levels than Caucasians, who in turn have higher lev-
els than Asians. Correspondingly, the twinning rates for 
African Americans are 30% higher than Caucasians and 
83% higher than Asians.³⁰

Milk consumption increases IGF-1 levels. As men-
tioned in the previous section, one study showed that a 
glass of milk each day for 12 weeks increased blood IGF-1 
levels by 10%.³¹ Vegan women who do not drink milk have 
13% less IGF-1 levels.³² Male vegans have 9% less.³³

Since milk increases IGF-1 and IGF-1 increases twin-
ning rates, one would expect that milk consumption in-
creases twinning. This is confirmed by several studies. For 
example, twinning rates in 15 European countries corre-
lated with average milk consumption.³⁴ The rate of twins in 
some countries also dropped when dairy consumption fell 
during World War II.³⁵ A study in the Journal of Reproduc-
tive Medicine reported that mothers who consumed milk 
were five times more likely to give birth to fraternal twins, 
compared to vegans (1.9% compared to .4%).³⁶

Bovine growth hormone increases 
twinning rates
Cows injected with recombinant bovine growth hormone 
(rbGH) have elevated IGF-1, increased ovulation and more 
embryos available.³⁷ Monsanto lists on its rbGH label that 
increased twinning rates is one of the possible side effects 
of use. Gary Steinman, an expert on multiple births and as-
sistant clinical professor of obstetrics at the Albert Einstein 
College of Medicine, contends that since dairy products 
from injected cows have higher IGF-1 levels, they should 
likewise increase twinning rates among milk drinkers.³⁸ 

Twinning rates have tripled over the last 30 years, in 
part due to the increased amount of in vitro fertilization 
and the tendency for women to have children later in life. 
Between 1992 and 2001, however, the rate of twins born in 
the United Kingdom increased by 16% while the increase 
in the United States was 32%. A significant difference be-
tween the two populations is that a large number of dairy 
cows in the United States are treated with rbGH, whereas 
the drug is banned in the United Kingdom and throughout 
Europe.

Steinman says, “Because multiple gestations are more 
prone to complications such as premature delivery, con-
genital defects and pregnancy-induced hypertension in the 
mother than singleton pregnancies, the findings of this 
study suggest that women contemplating pregnancy might 
consider substituting meat and dairy products with other 
protein sources, especially in countries that allow growth 
hormone administration to cattle.”³⁹
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“This is a novel pro-
tein manufactured 

by genetically modified organ-
isms and its characteristics 
have never been fully  evalu-
ated. It needs to be checked out 
before it is widely introduced 
into the human diet.”⁴⁰
—Malcolm Hooper, emeri-
tus  professor of Medical 
Chemistry at Sunderland 
University, regarding GM 
fish protein used in ice 
cream

1.  Certain food ingredients and processing 
agents are derived from GM bacteria, fungus, 
or yeast.

2.  Even if the transgene is not found in the food, 
the GM process still carries risks.

3.  The GM protein may be unhealthy, have 
altered properties or react with other com-
pounds in unpredictable ways.

4.  The gene insertion process might also 
disrupt normal gene expression of the 
microorganisms.

Food additives created from GM microorganisms
pose health risks
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Several enzymes, cooking agents, and other proteins 
used in food are created from genetically engineered 
bacteria, fungus, or yeast. The GM organism is not 

added to the food; rather, the inserted genes produce pro-
teins that are used.

By using GM microorganisms, companies may have 
access to proteins that would be too expensive to use oth-
erwise. Genetic engineering, therefore, allows new ingre-
dients, or higher concentrations of existing ingredients, 
into the human diet. Not only does this carry risks, the 
process of genetic engineering can lead to unpredictable 
outcomes.

Since the genes are not ingested, there is no risk of 
horizontal gene transfer. GM microorganisms also do 
not undergo tissue culture, so they avoid the associated 
genome-wide mutations that can occur with GM crops. 
But microorganisms still undergo insertion mutation, and 
transgenes may be truncated, fragmented, scrambled, mixed 
with host DNA, or be unstable. Gene insertion might also 
alter expression levels of natural genes in host DNA. In 
addition, the GM protein may be misfolded or attached 
to molecular chains, making it harmful. And the protein 
may also interact with other compounds produced by the 
microorganism, leading to new or higher levels of toxins, 
allergens, or antinutrients. These risks provide possible ex-
planations why L-tryptophan, produced by GM bacteria, 
contained contaminants that were responsible for a deadly 
epidemic in the 1980s (See section 1.20).

Unfortunately, there are no special precautions for in-
gredients produced through GMOs. And like GM crops, 
the safety testing does not adequately guard against unpre-
dicted outcomes of the technology.

Case study: fish protein in ice cream
To improve the taste and texture of its lowfat ice cream, 
Unilever introduced GM ice-structuring protein (ISP), 
which lowers the temperature at which ice crystals grow. 
Although ISP is naturally found in an eel-like arctic fish 
called the ocean pout, isolating the protein from the fish 
is expensive. To make it affordable, the company inserted 
multiple copies of a fish gene into yeast DNA.

After it produces ISP, the yeast is removed using mi-
crofiltration. The resulting mixture contains ISP, proteins, 
and peptides made by the yeast, as well as sugars, acids, and 
salts.⁴¹ If the GM transformation process resulted in unex-
pected contaminants, it is possible that they might remain 
in the mix as well.

Although GM ISP has the same 66 amino acid se-
quence as the natural version, it is unknown if the protein 

is folded the same. There are certainly some differences in 
the shape, since a sugar chain is added in the ISP produced 
by the yeast. Such additions (glycosylation) to protein pro-
duced in GM peas led to a dangerous inflammation re-
sponse in mice (see section 1.18). Geneticist Joe Cummins 
and others said that the ISP could likewise “be letting off 
an immunological time bomb,”⁴² and called for long-term 
safety tests. Unilever refused. They claim that since the 
glycosylation pattern in their ISP is typical of yeast, and 
because yeast does not cause immune problems in humans, 
the protein should be harmless. This assumption, however, 
fails to take into account that when GM yeast was used 
to create human pharmaceutical proteins, the glycosylation 
did cause problems related to immunity and enzyme func-
tioning. Scientists had to change (humanize) the yeast’s 
sugar patterns to solve the issue.⁴³

ISP has a history of use in the diet. Ocean pout has been 
used as a food in North America, particularly during World 
War II. Its presence in ice cream, however, vastly increases 
its exposure. A 160-pound young man in the United States 
who consumes a lot of ice cream would eat as much as 23 
milligrams of ISP per day.⁴⁴ That’s certainly enough to war-
rant concerns about allergies. Unilever tested their protein 
with the stability and amino acid sequence evaluations that 
are used for GM crops (see part 3). They also went a step 
further and looked for reactions in the blood (sera) from 22 
individuals known to be allergic to cod fish. But according 
to Cummins, “This experiment was deceptive because the 
cod allergy is caused by a cod blood protein unrelated to 
grouper ISP.”⁴⁵ Similarly, pediatrician Jim Diamond of the 
Sierra Club points out that “if this particular fish antifreeze 
protein is allergenic apart from the usual fish allergy to par-
valbumin, the test wouldn’t pick that up.”

Unilever also fed ISP to human volunteers, five days a 
week for eight weeks. Although this was certainly not the 
long-term study called for by Cummins, it is a protocol that 
has not been used for GM crops assessments; they do not 
test products on humans.

Unilever’s ice cream is not labeled as derived from GM 
ingredients. If ISP or a GMO-related contaminant created 
health problems in some people, it may be quite difficult to 
identify the cause—especially if the reactions were a com-
mon disease or took years to develop. “If labels are not pro-
vided for foods manufactured with protein produced from 
recombinant organisms,” says Cummins, “serious human 
injury from such foods may go undetected in a huge unsus-
pecting population.”



“While we have mounting evi-
dences for epigenetics the out-

dated central dogma of the gene still exists 
– mainly in the field of agro-biotechnology 
and commercial applications of GM crops. 
We seem to hang in a state of suspense. The 
stubborn perseverance with which some 
still cling to the old dogma might have to 
do with commercial pressures and with 
patents. It’s easier to patent genes than to 
patent complex epigenetic networks.”¹

— Florianne Koechlin, biologist,
 Blueridge Institute



SECTION 8:

Risks are greater for
children and newborns
This section explores the special risks 
that GM crops pose for children and 
developing fetuses.
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“Over the past 10,000 
years, it is likely 

that plant varieties that have 
adverse reproductive effects 
have been eliminated from our 
food supply, but modern GE 
technology may accidentally ac-
tivate dormant pathways that 
adversely affect development.”²
—William Freese and David 
Schubert, Biotechnology and 
Genetic Engineering Reviews

1.  Embryo development can be adversely af-
fected by tiny amounts of substances in the 
mother’s diet.

2.  A pregnant mother’s diet may even alter gene 
expression in children and be passed on to 
future generations.

3.  GM crops may contain substances that im-
pact normal fetal development, but have never 
been adequately tested for these effects.

Pregnant mothers eating GM foods may endanger offspring



165R I S K S  A R E  G R E AT E R  F O R  C H I L D R E N  A N D  N E W B O R N S

Embryo development may be highly sensitive to 
changes in the diet due to GM foods, but almost 
no intergenerational feeding studies have been 

conducted. According to an article in Biotechnology and 
Genetic Engineering Reviews, “Embryogenesis is an ex-
quisitely fine-tuned process controlled by ultra-low levels 
of small molecules, such as steroids and retinoids. Plants 
can make related molecules that may interfere with nor-
mal development.”³ These molecules may have little or 
no effect on adult humans or animals, they may be most 
active at very low levels, and may not even be identified or 
classified. All this makes testing of the effects of GM on 
the embryo more difficult, but no less imperative.

The safety evaluation is complicated by the fact that em-
bryos develop in stages; some substances may have a mea-
surable impact only during specific time periods. Accord-
ing to a paper in Diabetes, both human and animal studies 
provide “considerable evidence to suggest that maternal 
nutritional imbalance and metabolic disturbances, during 
critical time windows of development, may have a persis-
tent effect on the health of the offspring.”⁴ 

Epigenetics
Recent breakthroughs in the field of epigenetics have revo-
lutionized our understanding of gene expression and add an 
unprecedented risk of GM foods. Not only will nutritional 
imbalances and metabolic disturbances affect infant health, 
they can even influence gene expression “and may even be 
transmitted to the next generation.”⁵

This concept was illustrated by a remarkable study, fea-
tured on the cover of a 2003 issue of Molecular and Cellular 
Biology. “Scientists showed they could change the coat color 
of baby mice simply by feeding their mothers four common 
nutritional supplements before and during pregnancy and 
lactation.” The diet changed the gene expression of the 
offspring and also lowered their “susceptibility to obesity, 
diabetes, and cancer.”⁶ These epigenetic alterations, which 
cause permanent changes in gene expression, have been 
seen for some time in cancer research.⁷

Diet choices during pregnancy can make the offspring 
healthier or have the opposite effect, and the impact may 
not show up until years after birth. This casts a long shadow 
over the vast number of unpredicted compounds that may 
be produced as a result of the GM transformation process. 
Natural genes can be deleted, scrambled, turned off, per-
manently turned on, reversed, duplicated, or moved, and 
the expression levels of hundreds of genes can be altered 
(see section 2).⁸

Other factors
Other risks to offspring that have been cited in this book 
include:

  Fragments of DNA from the diet of pregnant mice 
ended up in the brains of their offspring.⁹ The effect 
of migrating transgenes or of natural DNA in food 
that has been mutated by gene insertion is not known. 
(See section 5 and section 2.)

  If transgenes were to transfer into human sex cells, 
they might impact the genetic expression of offspring 
and future generations. (See section 5.)

  GM soy adversely affected the structure and function 
of testicle cells in mice, potentially influencing off-
spring health. (See section 1.12.)

  Gene expression in early mice embryos was tempo-
rarily inhibited in the group whose mothers were fed 
GM soy. (See section 1.12.)

  Increased herbicide residues associated with GM 
crops might cause endocrine disruption or toxic ef-
fects in fetal development. (See section 6.)

  One of the few intergenerational studies reported 
more than a sixfold increase (55.6% vs 9%) in offspring 
mortality within three weeks. (See section 1.14.)

The vulnerability of the unborn and the lack of regula-
tory safeguards were highlighted in a January 2006 report 
issued by the Environmental Protection Agency’s (EPA) 
Office of Inspector General. According to the document, 
studies demonstrate that certain pesticides easily enter the 
brain of young children and fetuses, and can destroy cells. 
The report concluded that the EPA lacks standard evalu-
ation protocols for measuring the toxicity of pesticides on 
developing nervous systems.¹⁰ EPA scientists also charged 
that “risk assessments cannot state with confidence the de-
gree to which any exposure of a fetus, infant, or child to a 
pesticide will or will not adversely affect their neurological 
development.”¹¹ This is even truer with GM crops.

Furthermore, three trade unions representing 9,000 
EPA workers claimed that the evaluation techniques used 
at the agency were highly politicized. According to a May 
24, 2006 letter to the EPA’s administrator, the unions cited 
“political pressure exerted by Agency officials perceived to 
be too closely aligned with the pesticide industry and for-
mer EPA officials now representing the pesticide and agri-
cultural community.”¹²
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“Swapping genes be-
tween organisms can 

produce unknown toxic effects 
and allergies that are most 
likely to affect children.”¹³
—Vyvyan Howard, expert 
in infant toxico-pathology 
at Liverpool University 
Hospital, United Kingdom

1.  Children are generally more susceptible to 
toxins, allergens, and nutritional problems.

2.  They consume more milk, which may be from 
cows treated with rbGH. 

3.  The emergence of antibiotic-resistant diseases 
may also significantly impact those children 
who are prone to recurring infections.

GM foods are more dangerous for children than adults
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Changes in nutrition have a greater impact on the 
structure and functioning of young, fast-growing 
bodies. More of the food is converted to build 

organs and tissues, whereas adults convert more to energy 
and store this as fat.

The UK Royal Society said that genetic modification 
“could lead to unpredicted harmful changes in the nu-
tritional state of foods” and recommended that potential 
health effects of GM foods be rigorously researched be-
fore being fed to pregnant or breast-feeding women and 
babies.”¹⁴ Epidemiologist Eric Brunner said that “small 
changes to the nutritional content might have effects on 
infant bowel function.”¹⁵

Children are more susceptible to problems
Children are three to four times more prone to allergies 
than adults and “are at highest risk of death from food al-
lergy.”¹⁶ Infants below two years old have the highest inci-
dence of reactions, especially to new allergens encountered 
in the diet. Even tiny amounts of allergens can sometimes 
cause reactions. One reason for this sensitivity, according to 
the EPA, is that “An immature gut or permeable mucosal 
epithelium is more likely to allow a higher degree of macro-
molecular transport and access to the immune system than 
the intact barrier of a normal mature gut. . . . The immune 
system must also be of sufficient maturity. . . . Both systems 
appear to be functioning optimally by age three to five.”¹⁷

According to the Royal Society of Canada, “The poten-
tially widespread use of GM food products as food addi-
tives and staple foods, including use in baby foods, may lead 
to earlier introduction of these novel proteins to susceptible 
infants either directly or via the presence of the maternally 
ingested proteins in breast milk.”¹⁸

The UK Royal Society suggested that “post-marketing 
surveillance should be part of the overall safety strategy for 
allergies, especially of high-risk groups such as infants,” but 
acknowledged that it is not clear “whether such monitoring 
is feasible for GM food.”¹⁹

Children can react to much smaller doses of toxins than 
adults. Exposure to hormones or endocrine disruptors may 
also severely affect normal development. And children who 
are prone to infections may be severely impacted if anti-
biotics lose their effectiveness due to antibiotic-resistant 
genes in GM food and the overuse of antibiotics in rbGH 
treated cows.

Children have a high exposure to GMOs
Children consume a large amount of products that may 
be genetically engineered. They eat a higher percentage of 

corn in their diet compared to adults, and allergic children 
often rely on corn as a source of protein. Mothers using 
cornstarch as a talc substitute on their children’s skin might 
also expose them via inhalation. Infants are sometimes 
reared on soy infant formula. The Royal Society wrote, 
“Infant formulas, in particular, are “consumed as a single 
food over extended periods of time by those who are 
especially vulnerable” and “should be investigated most 
rigorously.”²⁰ Among the potential side effects are changes 
in soy’s natural estrogen mimickers, which may influence 
sexual development.

Children consume a disproportionately large amount of 
milk. In the United States and elsewhere, dairy products 
may come from cows treated with the genetically engi-
neered bovine growth hormone (rbGH). The milk con-
tains increased amounts of hormones and antibiotics and 
an altered nutritional content (see section 7.1). According 
to a discussion paper on the public health implications of 
rbGH, published in the Journal of the Royal Society of Medi-
cine, an “infant would be exposed to a dose of IGF-1, which 
was 12.5 times the recommended minimum.”²¹ Samuel 
Epstein, chairman of the Cancer Prevention Coalition and 
an expert on the health effects of rbGH, says that risks of 
high exposure to IGF-1 are “of particular concern . . . to 
infants and children in view of their high susceptibility to 
cancer-causing products and chemicals.”²² He also suggests 
that regular exposure might promote “premature growth 
stimulation in infants, gynecomastia [development of ab-
normally large breasts on males] in young children.”²³

Safety assessments ignore children
An FAO/WHO task force on GM food said that “Atten-
tion should be paid to the particular physiological charac-
teristics and metabolic requirements of specific population 
subgroups, such as infants [and] children.”²⁴ In practice, 
GM safety assessments ignore them. In fact, industry-
funded studies often use mature animals instead of the 
more sensitive young ones, in order to mask results (see 
part 3).

Biologist David Schubert warns, “Since children are the 
most likely to be adversely effected by toxins and other di-
etary problems, if the GM food is given to them without 
proper testing, they will be the experimental animals. If 
there are problems, we will probably never know because 
the cause will not be traceable and many diseases take a very 
long time to develop.”²⁵



Connecting the dots: looking for patterns and causes

Part 1 began with 20 reports of adverse effects from GM foods. These included lab animals with damage to 
virtually every system studied, thousands of sick, sterile, or dead livestock and people around the world who 
traced toxic or allergic reactions to eating GM products, breathing GM pollen, or touching GM crops at 

harvest. Then, 45 ways in which genetic engineering may be responsible for these and other health problems were 
presented. Here we review the findings, looking for patterns and discussing probable causes for some of the adverse 
reactions.

Gambling with the genome and our health
Inserting transgenes is like throwing darts that can land in more than a billion possible locations in a genome. At the 
insertion site, the host’s natural genes may become mutated, deleted, altered, or permanently turned on or off. In addi-
tion, up to 5% of the active genes throughout the genome may change expression levels, and growing GM cells in tissue 
culture can cause hundreds or thousands of additional genome-wide mutations. All this can change RNA, proteins, and 
other substances, including the countless natural products in plants. Any one might be harmful.

The inserted transgene introduces a new protein into our diet, which may be allergenic, toxic, or antinutritional. The 
structure and function of the protein may change unpredictably when processed in the new organism. In addition, the 
transgene sequence may be altered, truncated, or mixed with other DNA during insertion, or it may rearrange spontane-
ously years later—creating proteins with amino acid sequences that were never intended.

The unpredictable nature of GM crops is compounded by influences from the plants’ genetic dispositions, growing 
conditions, interactions between multiple gene inserts, and heavier applications of herbicides. Toxins produced or ac-
cumulated in GM crops may also be concentrated into meat or milk, or bioaccumulate in humans.

In addition, the transgene, antibiotic resistant marker gene, or promoter might transfer into the DNA of our gut 
bacteria or internal organs; genetic material may also pass through the placenta into the unborn or possibly influence sex 
cells prior to conception.

Each of these risks is unique to GM crops in character and scale, but because regulators accept producers’ myths 
about the safety of their products, GMOs are approved without checking for most potential problems.

Allergies and immune responses
According to the Indian Council of Medical Research, “The allergenicity potential of GM food has often been difficult 
to establish with existing methods as the transgenes transferred are frequently from sources not eaten before, many have 
unknown allergenicity, or there may be a potential for the genetic modification process to result in increase of an allergen 
already present in the food.”¹

The threat is not trivial. In 2001, scientists estimated that about “150 people die each year in the United States of 
food-related allergic reactions and 29,000 have a severe anaphylactic episode,”² (The actual number may be significantly 
different due to unreported or misdiagnosed cases.) Allergic reactions are a defensive, often harmful immune system 
response to an external irritant. The body interprets something as foreign, different, and offensive, and reacts accord-
ingly. All GM foods, by definition, have something foreign and different. Studies confirm immune responses to GM 
crops and several reveal probable causes.

Soybeans outfitted with a Brazil nut gene created allergic reactions in the blood of those allergic to the nuts³ (section 
3.1). The cause is almost certainly the fact that the GM protein was an allergen. It provoked allergic reactions in sensitive 
people when it was produced in Brazil nuts, and those same people showed reactions when the protein was expressed 
in soybeans. 

A GM enzyme produced in peas triggered inflammatory responses in mice, suggesting that it would cause allergies 
in humans⁴ (section 1.18). In this case, the protein in its natural state—produced in kidney beans—was not harmful. 
Only when expressed in GM peas did it provoke a response. The reason is likely due to unpredicted subtle changes in 
the attached sugar chain patterns (glycosylation).

Potatoes engineered with a snowdrop lectin caused immune damage to rats⁵ (section 1.1). Here too, the protein in its 
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natural state was found to be safe. (Rats fed potatoes spiked with the lectin showed no such immune dysfunction). The 
cause was therefore either a modification in the protein or some other change in the composition of the potato brought 
about by the GM transformation process.

Soy allergies jumped 50% in the United Kingdom just after GM soy was introduced⁶ (section 1.15). If GM soy was 
the cause, it may be due to several things.
1.  The GM protein that makes Roundup Ready soy resistant to herbicide does not have a history of safe use in the 

human diet and may be an allergen. In fact, sections of its amino acid sequence are identical with known allergens⁷ 
(section 3.2).

2.  A portion of the transgene from GM soybeans is transferred into human gut bacteria. The transferred genetic mate-
rial included the promoter, which turns on the transgene. In addition, the gut bacteria survived doses of Roundup’s 
active ingredient glyphosate. This suggests that the transgene continues to produce its Roundup Ready protein from 
within the intestinal bacteria.⁸ If true, than long after people stop eating GM soy, they may be constantly exposed to 
its potentially allergenic protein (section 5.4). 

3.  The GM transformation process may have increased natural allergens in soybeans. The level of one known allergen, 
trypsin inhibitor, was 27% higher in raw GM soy varieties. More worrisome, it was as much as sevenfold higher in 
cooked GM soy compared to cooked non-GM soy (section 2.11). Not only is this higher amount potentially harm-
ful, the findings also suggests that the trypsin inhibitor in GM soy might be more heat stable and therefore even more 
allergenic than the natural variety.⁹ There are also one or more proteins in natural soybeans that show cross-reactivity 
with a peanut allergens.¹⁰ Changes in GM soy DNA may increase the amount or potency of this potentially dangerous 
source of allergies, and may have contributed to the doubling of peanut allergies from 1997 to 2002 (see section 1.15).

4.  Changes in GM soy DNA may produce new allergens. Although there has never been an exhaustive analysis of the 
proteins or natural products in GM soy, unpredicted changes in the DNA were discovered. A mutated section of 
soy DNA was found near the transgene. This may contribute to some unpredicted effect. Moreover, between this 
scrambled DNA and the transgene is an extra transgene fragment, not discovered until years after soy was on the 
market. The RNA produced is completely unexpected. It combines material from all three sections: the full length 
transgene, the transgene fragment, and the mutated DNA sequence. This RNA is then further processed into four 
different variations¹¹ (section 2.9). These might lead to the production of some unknown allergen.

5.  Another study verified that GM soybeans contain an IgE-binding allergenic protein not found in non-GM soy 
controls¹² (section 1.15).

6.  One of eight subjects that showed a skin prick allergic reaction to GM soy had no reaction to non-GM soy¹³ (section 
1.15). Although the sample size is small, the implication that certain people react only to GM soy is huge.

7.  Increased residues of Roundup herbicide in GM soy might contribute to increased allergies. In fact, the symptoms 
identified in the UK soy allergy study are among those related to glyphosate exposure. The allergy study identified 
irritable bowel syndrome, digestion problems, chronic fatigue, headaches, lethargy, and skin complaints including 
acne and eczema (section 1.15). Symptoms of glyphosate exposure include nausea, headaches, lethargy, skin rashes, 
and burning or itchy skin¹⁴ (section 6.2). It is also possible that glyphosate’s breakdown product AMPA, which 
accumulates in GM soybeans, might contribute to allergies.

8.  The GM protein in the soy may have changed due to misfolding, attached molecular chains, or rearrangements of 
unstable transgenes (section 4). There is insufficient data to support or rule out these possibilities.

9.  Mice fed GM soy had reduced levels of pancreatic enzymes¹⁵ (section 1.11). When protein digesting enzymes are 
suppressed, proteins may last longer in the gut, giving more time for an allergic reaction to take place. Any reduction 
in protein digestion could therefore promote allergic reactions to a wide range of proteins, not just to the GM soy.

Bt-toxin triggers immune responses
Bt-toxin is consistently associated with immune and allergic-type responses. Even if unpredicted consequences of the 
GM transformation process contribute to allergic reactions from Bt crops, the evidence suggests that the Bt-toxin itself 
is a major factor. The Bt proteins found in most currently registered Bt corn varieties would not pass the allergy test 
protocol described in the 2001 FAO/WHO report¹⁶ (section 3.2). They have amino acid sections identical with known 
allergens and are too stable in simulated digestive solutions. Furthermore, immune responses are triggered by both the 
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natural Bt-toxin in spray form and Bt crops. (The concentration of Bt-toxin in crops, however, can be thousands of 
times higher than in sprays; and changes in its protein structure make the crop version more likely to provoke reactions 
in humans (section 3.4).)

Here is additional evidence:
Bt spray, hundreds complained of allergic reactions and some were hospitalized¹⁷ 

(section 3.3).
Bt spray¹⁸ (section 3.3).

Bt-toxin fed to mice induced a significant immune response and an increased reactivity to other substances (section 3.3).
Bt corn had a significant increase in three types of blood cells related to the immune system: 

basophils, lymphocytes (22%), and total white cell counts (20%)¹⁹ (section 1.3).

panel determined that its Bt protein had a “medium likelihood” of being a human allergen²⁰ (section 3.5).
Bt cornfields were  pollinating²¹ (section 

1.7).
Bt cotton developed moderate or severe allergic reactions²² (section 1.5).

Bt cotton plants²³ (section 1.6).
The consistency between the reactions related to Bt sprays and those reported by Bt cotton workers is astounding. 

The Bt spray was associated with sneezing, runny nose, watery eyes, skin inflammation and irritation, rashes, itching and 
burning, swelling, red skin and red eyes, exacerbations of asthma, facial swelling, and fever. Some people required hos-
pitalization. Bt cotton workers in India reported sneezing, runny nose, watery eyes, skin eruptions, itching and burning, 
red skin and red eyes, facial swelling, and fever. Some people required hospitalization. The two lists are nearly identical. 
Only “exacerbations of asthma” was in one list (spray) and not the other (cotton).

Asthma and breathing difficulties were reported by Filipinos who inhaled Bt corn pollen. They also described swollen 
faces, flu-like symptoms, fever, and sneezing—all symptoms listed above. Some individuals in both India and the Phil-
ippines reported long-term effects after exposure. The list of symptoms in the Philippines, however, did contain items 
not reported by the other two groups. These included coughs, headache, stomachache, dizziness, diarrhea, vomiting, 
weakness, and numbness.

For the sake of comparison, sheep that grazed on Bt cotton plants had nasal discharge, reddish and erosive mouth 
lesions, cough, bloat and diarrhea, and occasional red colored urine. They were also described as dull and depressed.

Allergies are on the rise
It is difficult to confirm that GM crops are contributing to allergies among the GMO-eating United Station popula-
tion. Although many scientists and organizations have called for post-marketing surveillance to find out, scientists Terje 
Traavik and Jack Heinemann question “whether post-marketing surveillance can provide useful information about 
allergens in GE foods. For a number of reasons,” they conclude, “this is not likely to happen. Treatment of allergy is 
symptomatic, whatever the cause may be. The allergic case is often isolated, and the potential allergen is rarely identified. 
The number of allergy-related medical visits is not tabulated. Even repeated visits due to well-known allergens are not 
counted as part of any established surveillance system.”²⁴

According to a 2002 report looking at allergy research in the United States in relation to GM foods, there is a lack of 
“robust and reliable data on the prevalence (total cases), incidence (new cases per year), and trends of food allergy.”²⁵ Un-
der such conditions, it would be difficult to identify anything less than a huge increase. But according to the June 2006 
Chicago Tribune article entitled, “Scientists see spike in kids’ food allergies,” “Medical personnel, from school nurses to 
chiefs of hospital pediatric departments,” are describing just that—among US children. Dr. Jacqueline Pongracic, head 
of the allergy department at Children’s Memorial Hospital in Chicago said, “I’ve been treating children in the field of 
allergy immunology for 15 years, and in recent years I’ve really seen the rates of food allergy skyrocket.”²⁶ Whether GM 
food is a factor remains to be seen, but the evidence suggests that it is likely.
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Several signs of toxic reactions
The same mechanism for producing allergens in GM crops can also lead to toxins. The GM protein, alterations in that 
protein, mutations in the host DNA, transferred genes, and excess herbicide residues can all have toxic effects. To see if 
the foods are toxic, Arpad Pusztai suggests that analysis of the digestive tract should be the first target of GM food risk 
assessment. The gut is the initial and largest point of contact and can reveal reactions to various toxins.

In one of the first animal studies, female rats fed the FlavrSavr tomato developed lesions in the stomach.²⁷ Although 
the researchers never looked at the intestines, other studies that did look found effects. Mice fed Bt-toxin and Bt potatoes 
had cell damage in the lower part of the small intestines (ileum). There was also abnormal and proliferative cell growth.²⁸ 
Similarly, rats fed GM lectin potatoes showed significant proliferative cell growth in both stomach and intestines.²⁹ Al-
though the guts of rats fed GM peas were not examined for cell growth, the intestines were heavier, which might result 
from such growth.³⁰ Since proliferation of cells may be a precursor to cancer, it is an area of special concern.

Another indication of toxins is the state of the liver—a main detoxifier for the body. Several studies showed adverse 
effects. Rats fed lectin potatoes had smaller and partially atrophied livers.³¹ Rats fed Mon 863 had liver lesions.³² Mice 
fed Roundup Ready soybeans had altered gene expression and structural and functional changes in their liver cells.³³ In 
particular, the livers may have exhibited higher metabolic activity in response to a toxic insult. Rabbits fed GM soy also 
showed higher metabolic activity and the enzyme production in their livers was altered.³⁴ The livers of rats fed Roundup 
Ready canola were 12%–16% heavier, possibly indicating liver disease or inflammation.³⁵

Post mortems conducted on the Indian sheep that ate Bt cotton plants showed severe irritation and black patches in 
both intestines and liver (as well as enlarged bile ducts). Investigators said preliminary evidence “strongly suggests that 
the sheep mortality was due to a toxin. . . . most probably Bt-toxin.”³⁶ It is noteworthy that these animals had higher 
exposure to GM crops than any of those used in GM lab studies. The sheep grazed continuously and exclusively on Bt 
cotton plants. The results were chilling. Seventy-one shepherds reported that 25% of their herds died within 5–7 days.

Another area to look for toxic effects is in fetuses and children, the most vulnerable populations. The findings and 
risks have already been summarized in the preceding sections.

Consistent avoidance of further investigations
In a 2006 paper, Traavik and Heinemann write, “Some of the most crucial scientific questions concerning the health 
effects of genetic engineering (GE) and genetically engineered organisms were raised up to 20 years ago. Most of them 
still have not been answered at all, or have found unsatisfactory answers.”³⁷ The lack of rigorous follow-up has been a 
consistent theme in this book. 

Consider the issue of horizontal gene transfer. Many organizations expressed concerns, for example, that antibiotic 
resistant marker genes might transfer from GM food to gut bacteria. The primary defense for using the genes was the as-
sumption that it could not happen—genes were destroyed quickly during digestion of GM food. When the only human 
feeding study verified that transgenes can survive digestion and do transfer into gut bacteria, no follow-up studies were 
conducted. No one has yet studied the frequency and impact of transgenes (Roundup Ready, Bt, and viral), promoters, 
or antibiotic resistant markers transferring to gut bacteria or human DNA. Since such transfers carry the potential for 
long-term damage from short-term exposure to GM crops, the lack of investigation is appalling.

So too is the non-investigation of deaths among lab animals and offspring, livestock sterility, reports of illness by 
those exposed to GM crops and pollen, unidentified proteins, and the overwhelming evidence linking cancer with a 
hormone that is significantly elevated in milk from rbGH-treated cows. Even when StarLink—a potentially allergenic 
corn variety unapproved for human consumption—contaminated the US food supply, the response was feeble at best.

It is not as if science lacks the tools for proper investigations. Rather, it seems that those promoting GM crops prefer 
the “don’t look, don’t find” strategy of avoiding problems. They even forgo basic analyses of their transgene and protein 
sequences, when not required.

This reveals the predominance of corporate interests over science. Companies don’t want to set precedents of hav-
ing to perform expensive tests on GM crops—and not finding problems promotes commercialization and helps shield 
companies from legal liability.

Normally, strong, independent regulation would step in and force compliance with basic principles of safety, but as 
part 2 illustrates, corporate interests predominate there as well.



“The fundamental problem of 
the way in which GM foods 

have been approved is that they haven’t 
really been tested properly at all. All 
that has happened is something which 
I would characterize as an exercise in 
wishful thinking.”

— Erik Millstone, professor of 
Science Policy at the University 
of Sussex 



INTRODUCTION
to Parts 2 and 3

Having characterized extensive risks associated with GM crops in part 1, parts 2 and 3 explain that there is no 
competent mechanism in place to protect the public from these dangers. Specifically, part 2 describes how 
the requirements by government regulators worldwide are not sufficient to identify most of the health issues 

described in the book. Part 3 exposes how the industry’s safety studies—which are relied upon by regulators for GM 
crop approvals—are rigged to avoid finding problems. 

The text is organized so you can scan these parts quickly. Each heading or subhead provides conclusions, which are 
illustrated or elaborated in the text or excerpts that follow. Reading just the headings, therefore, provides an executive 
summary, similar to the left hand pages of part 1. The excerpts are largely taken from expert reviews that spell out the 
shortcomings of regulations and industry studies in great detail. The authors of these reports are among the hand-
ful of people who have combed through scores of documents, many of which are obscure and unseen by the general 
scientific community. 

Former EPA scientist Doug Gurian-Sherman, for example, wrote a report “Holes in the Biotech Safety Net,” 
for the Center for Science in the Public Interest. He relied on 14 applications for GM crops presented to the FDA, 
which were obtained only through official Freedom of Information Act requests. William Freese, former research 
analyst for Friends of the Earth, also pored through industry submissions and government documents that most sci-
entists working in the field have never seen. Epidemiologist Judy Carman did the same with submissions to Australia 
and New Zealand regulators, publishing her own critiques and supporting the position of the Public Health Associa-
tion of Australia (PHAA) through their Food Legislation and Regulation Advisory Group. The Centre for Integrated 
Research on Biosafety (INBI), including Jack Heinemann, did an exhaustive analysis of a submission for high lysine 
GM corn by Monsanto, also to Australia and New Zealand regulators. Crop physiologist E. Ann Clark evaluates the 
Canadian approval system for GM crops. Biologist Arpad Pusztai and biochemist and nutritionist Susan Bardocz 
regularly review both published and unpublished submissions worldwide, and toxicologist Giles-Eric Seralini of-
ficially reviews submissions to the European Union both for a French committee and for an EU panel convened to 
defend the World Trade Association legal dispute. Molecular biologist and protein chemist David Schubert of the 
Salk Institute for Biological Studies regularly publishes scholarly articles that reveal the contradictions in the state-
ments and assumptions used by industry and regulators to claim that GM foods are safe. Biophysicist and geneticist 
Mae-Wan Ho, director of the Institute of Science in Society, has authored numerous evaluations, critiques and books 
on the science and risks related to GM crops. Ian Pryme and Rolf Lembcke reviewed all published, peer-reviewed 
animal feeding safety studies in their 2003 Nutrition and Health article. Excerpts are also used from previous works 
by this author. 

Because several documents are used multiple times, the sources are organized as a reference list at the end of the 
book, rather than numbered endnotes.
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“We should not lull ourselves 
into a false sense of secu-

rity: we should not think that by regu-
lating something which is inherently 
unpredictable and uncontainable it au-
tomatically becomes safe!”

— Michael Antoniou, molecular 
geneticist, King’s College 
London



The Regulation
of GM Foods

is Inadequate to Protect
Public Health

P A R T  2



Regulators are often hijacked by the biotech industry

In Indonesia, Monsanto gave bribes or illegal payments to at least 140 officials, attempting to get their GM 
cotton approved.¹ In a district in India, an official tampered with the report on Bt cotton, increasing the yield 
figures to favor Monsanto.² In Mexico, a senior government official allegedly threatened a University of Califor-

nia professor, implying “We know where your children go to school,” trying to get him not to publish incriminating 
evidence that would delay GM approvals.³* While most industry manipulation and political collusion is more subtle, 
none was more significant than that found at the US Food and Drug Administration (FDA).*

The FDA set the stage for “non-regulation” of GM foods
The country most supportive of GM foods and the first to approve them is the United States. According to US law, 
GM ingredients are considered food additives. Normally, additives must undergo extensive safety studies, including 
long-term animal feeding studies prior to approval.⁴ If approved, the label of food products containing the additive 
must list it as an ingredient.

There is an exception, however, for substances that are deemed “generally recognized as safe” (GRAS). GRAS 
status allows a product to be commercialized without any additional testing. According to US law, to be considered 
GRAS an additive must be the subject of a substantial amount of peer-reviewed published studies (or equivalent) 
and there must be overwhelming consensus among the scientific community that the product is safe. GM foods had 
neither. Nonetheless, in a precedent-setting move that some experts contend was illegal, the FDA declared that GM 
crops are GRAS as long as their producers say they are (which they do). Thus, FDA has required no safety evaluations 
(or labels) whatsoever. A company can even introduce a GM food to the market without telling the FDA.

Political and industry pressure won out over science
Such a lenient approach to GM crops was largely the result of Monsanto’s legendary influence over the US govern-
ment. According to the New York Times:

“What Monsanto wished for from Washington, Monsanto and—by extension, the biotechnology industry—got. 
If the company’s strategy demanded regulations, rules favored by the industry were adopted. When the company 
abruptly decided that it needed to throw off the regulations and speed its foods to market, the White House quickly 
ushered through an unusually generous policy of self-policing.

“Even longtime Washington hands said that the control this nascent industry exerted over its own regulatory 
destiny through the Environmental Protection Agency, the Agriculture Department and ultimately the Food and 
Drug Administration was astonishing.

“‘In this area, the US government agencies have done exactly what big agribusiness has asked them to do and told 
them to do,’ said Dr. Henry Miller . . . who was responsible for biotechnology issues at the Food and Drug Admin-
istration from 1979 to 1994.”⁵

Following Monsanto’s lead, in 1992 the Council on Competitiveness chaired by Vice President Dan Quayle iden-
tified GM crops as a promising industry that could increase US exports. On May 26, Quayle announced “reforms” 
to “speed up and simplify the process of bringing” GM products to market without “being hampered by unnecessary 
regulation.”⁶ Three days later, the FDA policy on non-regulation was unveiled.

The person who oversaw its development was the FDA’s Deputy Commissioner for Policy Michael Taylor, whose 
position had been created especially for him in 1991. Prior to that, Taylor was an outside attorney for Monsanto and 
the Food Biotechnology Council. Afterwards he became Monsanto’s vice president. Based on FDA documents that 
were later made public from a lawsuit, we can piece together the key role that Taylor played.
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His policy needed to give the impression that unintended effects from GM crops were not an issue. Otherwise 
their GRAS status would be undermined. According to an article in Biotechnology and Genetic Engineering Reviews, 
“This blanket GRAS exemption is based on the notion of ‘substantial equivalence’—the strong, a priori presumption 
that GE crops are largely the same as their conventional counterparts. This assumes not only the safety of the trans-
genic protein, but also the absence of any potentially harmful, unintended effects of transformation.”⁷

But internal memos showed that the overwhelming consensus among the agency scientists was that GM crops 
can have unpredictable, hard-to-detect side effects. Various departments even spelled these out in detail, listing 
potential allergies, toxins, nutritional effects, and new diseases. They had urged their superiors to require long-term 
safety studies.⁸

Freese and Schubert  “When this policy was being formulated in the early 1990s, scientists at the FDA raised 
numerous objections to a working draft of the policy.⁹ For instance, FDA scientists at the 
Division of Food Chemistry and Technology and the Division of Contaminants Chem-
istry called for mandatory review, stating that ‘every transformant should be evaluated 
before it enters the marketplace.’¹⁰ Dr. Samuel Shibko, Director of the Division of Toxi-
cological Review and Evaluation, recommended ‘a limited traditional toxicological study 
with the edible part of the plant,’ as well as ‘limited studies in humans’ and in vitro geno-
toxicity tests.¹¹ The most commonly expressed concern was unintended effects associated 
with the random nature of transformation techniques. Dr. Louis J. Pribyl’s comments 
are typical: ‘When the introduction of genes into a plant’s genome randomly occurs, as 
is the case with the current technology (but not traditional breeding), it seems apparent 
that many pleiotropic effects [unpredicted changed characteristics] will occur. Many of 
these effects might not be seen by the breeder because of the more or less similar growing 
conditions in the limited trials that are performed.’ Pribyl also raised concerns about ‘new, 
powerful regulatory elements being randomly inserted into the genome’ that could cause 
‘cryptic pathway activation’ that breeders might miss. ‘This situation is different than that 
experienced by traditional breeding techniques [sic].’”¹²,¹³

In spite of the warning by agency scientists, according to public interest attorney Steven Druker who studied the 
FDA’s internal files, “References to the unintended negative effects of bioengineering were progressively deleted from 
drafts of the policy statement (over the protests of agency scientists).”¹⁴ In their place, the policy manufactured the 
notion that there were no meaningful differences in GM crops.

Linda Kahl, an FDA compliance officer who summarized the position of agency scientists on GMOs, insisted that 
“the processes of genetic engineering and traditional breeding are different, and according to the technical experts in 
the agency, they lead to different risks.”¹⁵ Gerald Guest, the director of FDA’s Center for Veterinary Medicine wrote, 
“I would urge you to eliminate statements that suggest that the lack of information can be used as evidence for no 
regulatory concern.”¹⁶ FDA microbiologist Louis Pribyl challenged the policy, writing:
“What has happened to the scientific elements of this document? Without a sound scientific base to rest on, this 
becomes a broad, general, ‘What do I have to do to avoid trouble’-type document. . . . It will look like and probably 
be just a political document. . . . It reads very pro-industry, especially in the area of unintended effects.”¹⁷

The scientists’ concerns were not only ignored, their very existence was denied. The final policy contained the state-
ment, “The agency is not aware of any information showing that foods derived by these new methods differ from 
other foods in any meaningful or uniform way.”¹⁸ On the basis of this deceptive statement, the FDA did not require 
the testing normally necessary for a new food additive.

William Freese  “Contrary to popular opinion, the Food and Drug Administration (FDA) does not regu-
late GE foods. Instead, the FDA has a ‘voluntary consultation’ process that allows biotech-
nology companies to make all of the important decisions related to bringing their novel 
GE crops to market. The company, not the FDA, decides which, if any, safety tests to 
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conduct and how they will be performed. The company, not the FDA, determines which 
data, if any, are shared with regulators. In fact, the company even determines whether 
it will consult with the FDA at all. Because the process is voluntary, biotech companies 
sometimes refuse to supply additional data requested by the FDA. And at the end of the 
consultation, the FDA does NOT approve the GE food as safe, or even as similar enough 
to its conventional counterpart to exempt it from scrutiny. Instead, the pertinent biotech 
company makes these determinations on its own authority.”¹⁹

Freese and Schubert  “Without test protocols or other important data, the FDA is unable to identify uninten-
tional mistakes, errors in data interpretation or intentional deception, making it impos-
sible to conduct a thorough and critical review. The review process . . . makes it clear that, 
contrary to popular belief, the FDA has not formally approved a single GE crop as safe 
for human consumption. Instead, at the end of the consultation, the FDA merely issues a 
short note summarizing the review process and a letter that conveys the crop developer’s 
assurances that the GE crop is substantially equivalent to its conventional counterpart. 
The FDA’s letter to Monsanto regarding its MON810 Bt corn is typical: 

   ‘Based on the safety and nutritional assessment you have conducted, it is our under-
standing that Monsanto has concluded that corn products derived from this new variety 
are not materially different in composition, safety, and other relevant parameters from 
corn currently on the market, and that the genetically modified corn does not raise is-
sues that would require premarket review or approval by FDA. . . . as you are aware, it is 
Monsanto’s responsibility to ensure that foods marketed by the firm are safe, wholesome 
and in compliance with all applicable legal and regulatory requirements.’”²⁰

Doug Gurian-Sherman   “FDA did not generate its own safety assessment, but merely summarized for the public 
the developer’s food-safety analysis . . . The letter concluding the consultation between 
FDA and the developer clearly places responsibility for the safety of the GE food with 
the developer.”²¹

The bias of the FDA in favor of company wishes over science is not unprecedented at the agency. In July 2006, the 
Union of Concerned Scientists and Public Employees for Environmental Responsibility distributed a 38-question 
survey to nearly 6,000 FDA scientists. Nearly 1,000 scientists responded, disclosing that 61% knew of cases in which 
“Department of Health and Human Services or FDA political appointees have inappropriately injected themselves 
into FDA determinations or actions,” and 60% knew of cases “where commercial interests have inappropriately in-
duced or attempted to induce the reversal, withdrawal, or modification of FDA determinations or actions.” About 
one in five said, “I have been asked, for non-scientific reasons, to inappropriately exclude or alter technical informa-
tion or my conclusions in an FDA scientific document,” or “have been asked explicitly by FDA decision makers to 
provide incomplete, inaccurate, or misleading information to the public, regulated industry, media, or elected/senior 
government officials.” Nearly 70% do not believe the FDA has sufficient resources to effectively perform its mission 
of “protecting public health . . . and helping the public get the accurate, science-based information they need to use 
medicines and foods to improve their health.” An excerpt from one of the essay answers said, “Scientific discourse is 
strongly discouraged when it may jeopardize an approval. . . . Whenever safety or efficacy concerns are raised on scientific 
grounds . . . these concerns are not taken seriously.”²²
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The FDA voluntary review process is not competent
to identify most of the unintended hazards described in this book

Doug Gurian-Sherman  “It is clear that FDA’s current voluntary notification process (even if made mandatory) is 
not up to the task of ensuring the safety of future GE crops.”²³

Lancet editorial  “It is astounding that the US Food and Drug Administration has not changed their 
stance on genetically modified food adopted in 1992. . . . The policy is that genetically 
modified crops will receive the same consideration for potential health risks as any other 
new crop plant. This stance is taken despite good reasons to believe that specific risks 
may exist. . . . Governments should never have allowed these products into the food chain 
without insisting on rigorous testing for effects on health.”²⁴

William Freese  “Even though it is well-known that the process of genetic engineering causes numerous, 
unpredictable changes in plant composition due to its haphazard nature, neither indus-
try nor government conducts the sort of testing needed to detect them and determine 
whether they have human health or environmental impacts. . . . In addition, companies 
sometimes evaluate GE plants by looking for gross abnormalities through simple visual 
inspection rather than conducting specific laboratory tests to detect the presence of po-
tentially harmful compounds.”²⁵

Biotechnology “The first consultation for the delayed-ripening FlavrSavr tomato looked at intended as
at the Dinner Table  well as unintended effects. . . . For the unintended effects, the consultation considered any 

changes in toxicity for one known toxicant in the tomato.”²⁶

Judy Carman  “Such results [compositional changes in GM food] have led the Royal Society of Canada 
to describe the notion of substantial equivalence [which was used by US regulators] as 
‘scientifically unjustifiable and inconsistent with precautionary regulation of the technol-
ogy,’²⁷ and the American National Academy of Sciences to describe human health safety 
testing procedures to be ‘woefully inadequate.’ The Royal Society in London has also 
weighed into the argument, describing the current system of safety screening, developed 
in the United States, as flawed, subjective and inadequate and that manufacturers’ tests on 
such foods should be tightened and opened to independent scrutiny.”²⁸,²⁹

Philip Regal  “Over the last fifteen years, I and other scientists have put the FDA on notice about the 
potential dangers of genetically engineered foods. Instead of responsible regulation we 
have seen bureaucratic bungling and obfuscation that have left public health and the 
environment at risk.”³⁰

Suzanne Wuerthele  “This technology is being promoted, in the face of concerns by respectable scientists and 
(US Environmental  in the face of data to the contrary, by the very agencies which are supposed to be protecting
Protection Agency  human health and the environment. The bottom line in my view is that we are confronted
toxicologist)  with the most powerful technology the world has ever known, and it is being rapidly 

deployed with almost no thought whatsoever to its consequences.”³¹
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The FDA’s pro-GM attitude and dismissal of concerns
has been institutionalized throughout the US government

Dan Glickman “What I saw generically on the pro-biotech side was the attitude that the technology
(US secretary of was good, and that it was almost immoral to say that it wasn’t good, because it was going
agriculture under  to solve the problems of the human race and feed the hungry and clothe the naked. . . .
President Clinton)  And there was a lot of money that had been invested in this, and if you’re against it, 

you’re Luddites, you’re stupid. That, frankly, was the side our government was on. Without 
thinking, we had basically taken this issue as a trade issue and they, whoever ‘they’ were, 
wanted to keep our product out of their market. And they were foolish, or stupid, and 
didn’t have an effective regulatory system. There was rhetoric like that even here in this 
department. You felt like you were almost an alien, disloyal, by trying to present an open-
minded view on some of the issues being raised. So I pretty much spouted the rhetoric 
that everybody else around here spouted; it was written into my speeches.”³²

Canadian regulators are “compromised” by their
determination to appease and promote the biotech industry

Royal Society of Canada  “In meetings with senior managers from the various Canadian regulatory departments, 
the Expert Panel addressed questions related to their handling of the issues of transpar-
ency and confidentiality in dealing with applicants for licensing of new biotechnology. 
Their responses uniformly stressed the importance of maintaining a favorable climate for 
the biotechnology industry to develop new products and submit them for approval on the 
Canadian market. . . . Such concern with industry development, though understandable, 
highlights another aspect of the regulatory conflict. The conflict of interest involved in 
both promoting and regulating an industry or technology . . . is also a factor in the issue 
of maintaining the transparency, and therefore the scientific integrity, of the regulatory 
process. In effect, the public interest in a regulatory system that is ‘science based’ — that 
meets scientific standards of objectivity, a major aspect of which is full openness to scien-
tific peer review — is significantly compromised when that openness is negotiated away 
by regulators in exchange for cordial and supportive relationships with the industries be-
ing regulated.”³³ 

Many European regulators promote GMOs,
accept poor industry research, and disregard science-based concerns

Friends of the Earth  Regarding the European Food Safety Authority (EFSA) GMO Panel: “One member
Europe   has direct financial links with the biotech industry and others have indirect links, such as 

close involvement with major conferences organized by the biotech industry. Two mem-
bers have even appeared in promotional videos produced by the biotech industry. . . . Sev-
eral members of the panel, including the chair Professor Kuiper, have been involved with 
the EU-funded ENTRANSFOOD project. The aim of this project was to agree [to] safe-
ty assessment, risk management, and risk communication procedures that would ‘facilitate 
market introduction of GMOs in Europe, and therefore bring the European industry in a 
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competitive position.’ Professor Kuiper, who coordinated the ENTRANSFOOD project, 
sat on a working group that also included staff from Monsanto, Bayer CropScience, and 
Syngenta. . . . 

   “The importance of the ENTRANSFOOD project can be seen from its influence: 
For example, the biotechnology industry has received criticism from scientists worldwide 
for using antibiotic resistance marker genes (ARMs) in their GM crops, as they could be 
picked up and used by bacteria. In April 2004, the EFSA GMO Panel published a scien-
tific opinion on the use of ARMs. But the ENTRANSFOOD project had also looked at 
this issue, and a paper was submitted to a scientific journal in November 2003. Astonish-
ingly, the assessments of antibiotic resistance markers by the two groups were virtually 
identical, in places even down to the wording. . . 

   “Researchers commissioned by EFSA into how stakeholders view the authority, in-
terviewed the scientific Panels [of the EU member states] and reported that ‘GMO was 
mentioned as one very complex issue and there was some concern that the isolation of the 
safety assessment from other debates (socio-economical, biodiversity . . .) was somewhat 
artificial and that the EFSA “safe” stamp could potentially be abused for political purposes 
to legalize GMO.’ . . . 

   “The Commission does not appear to be using the EFSA as a means to further sci-
entific debate about GMOs and the concerns raised by scientists from around Europe. 
Instead, they are being used to create a false impression of scientific agreement when the 
real situation is one of intense and continuing debate and uncertainty.”³⁴

Jeffrey M. Smith  Regarding the French evaluation of Mon 863: “Without disclosure, says Seralini, just a 
few toxicologists can make the decision without public evaluation. And too often, the 
decision-making body is heavily influenced by the applying company. This appears to be 
the case with his French Commission for Biomolecular Genetics (CBG), which originally 
refused to approve Mon 863 based on the evidence. The CBG’s president, a geneticist who 
works very closely with industry, asked a consultant to re-evaluate just one significant 
difference and then forced a second vote without a quorum. With only 5 of 18 members 
present, Mon 863 passed 3 to 2. According to Seralini, one of the scientists who voted in 
favor is a toxicologist who, oddly enough, is ‘always against long animal toxicity tests.’ In 
fact, he had been part of the French committee that approved Novartis (now Syngenta) 
E 176 corn after it had been tested for only two weeks with three cows. Actually, there 
were four cows at the start of the study, but one died and was removed. That toxicologist 
is also on EFSA [the European Food Safety Authority], which has come under attack 
for including primarily pro-GM scientists. . . . It is no surprise, therefore, that EFSA 
endorsed and even repeated each of Monsanto’s excuses why the statistically significant 
health effects of rats fed Mon 863 were not relevant.”³⁵

Friends of the Earth  Regarding the EFSA evaluation of Mon 863: “In fact, member states raised a large
Europe  number of concerns about the quality of the assessment of MON 863. But the GMO 

Panel dismissed every one of the concerns and questions about MON 863 listed in its 
opinion as having been raised by scientific committees of the member states. This seems 
astonishing as it is hard to credit that so many scientists across Europe could be wrong in 
their concerns. It appears that the GMO Panel takes a far less precautionary approach to 
food safety than many of the member states’ own scientific bodies.”³⁶  
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The European Commission privately expresses concerns
about EFSA and GMO assessments while publicly touting product safety

Friends of the Earth  The WTO [World Trade Organization] documents obtained by Friends of the Earth,
Europe and Greenpeace  show that the commission fully appreciates the extent of the uncertainties and gaps in 

knowledge that exist in relation to the safety of GM crops. However, the commission 
normally keeps this uncertainty concealed from the public whilst presenting its decisions 
about the safety of GM crops and foods as being certain and scientifically based. . . . The 
commission has commercialized 31 varieties of GM maize since September 2004. In all 
cases the commission informed member states and the public that the GM foods or crops 
were “completely safe.” These new documents however show a different picture; one of 
uncertainties, lack of data, and subjective judgments that have to be made about the safety 
GM crops and food. They reveal that at the same time as taking a pro-GM line with the 
public, the commission was presenting evidence behind closed doors in the dispute at the 
WTO, that:

and its environment;

applications to market GMOs; . . .
    “One of the most striking aspects of the EC submissions [to the World Trade Organi-

zation] is that they frequently criticize the European Food Safety Authority (EFSA) and 
its assessments of the safety of GM foods and crops, even though the commission relies 
on these evaluations to make recommendations to member states. The commission has 
also continually used EFSA opinions to justify its decisions to approve new GM foods 
and feeds for import following a lack of agreement between member states.”³⁷ 



Inadequate testing requirements are the norm
among GM crop regulators worldwide

Genetics professor Marcello Buiatti points out that “present day genetically modified plants are the result of 
the obsolete technology of the time of their development, nearly 20 years ago, and that such technology has 
not yet been updated in coherence with the new knowledge gained in the last 10 years or so, for reasons not 

related to science but rather to complex market and commercial dynamics.” He calls for not only a “coordinated effort 
to update the methods of control of the genetic structure and function” of GMOs, but also “to drastically change” the 
requirements by regulators before GMOs are released into the environment or become part of the food chain.³⁸ Not 
only have regulators been negligent in following the progression of the science, they have failed to demand adherence 
to even basic principles of good science and regulation.

Public Health  Regarding Australia New Zealand Food Authority (ANZFA): “Its methodological and
Association of Australia  statistical reporting of animal experimentation is now much worse than it even was be-

fore. Now, it is routine for ANZFA to give no actual data from these experiments, but to 
just assert that no differences were found. This is totally unacceptable and a most retro-
grade step, particularly as the data of animal experiments in previous draft risk analysis 
reports showed adverse effects in spite of the assertion that no differences were found. It 
would seem that ANZFA now does not want outside scrutiny of these experiments. . . . 
ANZFA claims that it takes a cautious approach to the introduction of GE foods. How-
ever, ANZFA’s own document ‘GM Foods and the consumer, ANZFA’s safety assessment 
process for genetically modified foods’ clearly states that ANZFA considers that GE food 
is safe until proven unsafe, the opposite of the precautionary principle.”³⁹

Indian Council of  The Indian Council of Medical Research (ICMR) has raised some concerns over the
Medical Research  safety of genetically modified (GM) food and has urged for an overhaul of the existing
(From The Financial  regulatory mechanism. . . . “Specific safety issues associated with GM foods include direct
Express)  or indirect consequences of new gene product or altered levels of existing gene product 

due to GM, possibility of gene transfer from ingested GM food and potential adverse 
effects like allergenicity and toxic effects.”⁴⁰

Nature Biotechnology   Regarding insertion-site mutations: “Detailed inspection has shown that mutations such 
as these would almost certainly pass unnoticed through both the molecular and pheno-
typic characterization stages of the regulatory systems of both the European Union and 
the United States.”⁴¹

Regulators rely on untested assumptions, animal studies that
don’t actually feed the GM crop to animals, and absurd research designs

Judy Carman  Regarding Food Standards Australia New Zealand: “Whenever FSANZ reviews the safe-
ty of a GM food, it reviews the information presented to it and generates a report of about 
70 pages per application. A review of 12 reports covering 28 GM crops—four soy, three 
corn, ten potatoes, eight canola, one sugar beet and two cotton—revealed no feeding trials 
on people. In addition, one of the GM corn varieties had gone untested on animals. Some 
17 foods involved testing with only a single oral gavage (a type of forced-feeding), with 
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observation for 7–14 days, and only of the substance that had been genetically engineered 
to appear [the GM protein], not the whole food. Such testing assumes that the only new 
substance that will appear in the food is the one genetically engineered to appear, that the 
GM plant-produced substance will act in the same manner as the tested substance that 
was obtained from another source, and that the substance will create disease within a few 
days. All are untested hypotheses and make a mockery of GM proponents’ claims that the 
risk assessment of GM foods is based on sound science. Furthermore, where the whole 
food was given to animals to eat, sample sizes were often very low—for example, five to 
six cows per group for Roundup Ready soy—and they were fed for only four weeks.”⁴²

Public Health  (Note: ANZFA was the precursor to FSANZ) “ANZFA argues that feeding the whole
Association of Australia  food to experimental animals is not appropriate as it is ‘not possible to conduct dose-

response experiments for foods in the same way that these experiments are conducted 
for chemicals. In addition, a key factor . . . is the need to maintain the nutritional value 
and balance of the diet.’ Such a toxicological view of food ignores the whole body of 
literature associated with animal feeding studies for nutritional research. Even a brief 
view of this literature would make it clear to ANZFA that the type of studies that they 
view as inappropriate are in fact routinely done. Moreover, previous risk analysis reports 
of GE foods published by ANZFA have contained such studies. In fact, in the nutritional 
literature, the usual way of testing the health effects of a food is to feed the whole food 
to experimental animals first, and then follow-up any adverse effects with subsequent 
feeding and other studies of the components, a process that is the opposite of [that] 
accepted by ANZFA for these foods. ANZFA should also note that the acute toxicity 
testing proposed as adequate would simply not pick up cancer, teratology [birth defects] 
or the long-term effects of nutrient deficiencies or increases in anti-nutrients.”⁴³

Doug Gurian-Sherman  “Of the 14 BNF [FDA] submissions reviewed, six conducted whole-GE-plant animal-
feeding studies.” ⁴⁴

E. Ann Clark  “Evidence accepted by Health Canada for approval varies inconsistently among submis-
sions, with 10 of 15 GM corn crops and one of four potato crops presenting lab and puri-
fied protein feeding trial evidence, while the other five corn and three potato crops did 
not. Actual livestock feeding trial evidence, however limited, is provided for only one of 
five cotton crops and for one soybean, but not for other crops destined largely for livestock 
feed. Doses, durations, and all other aspects of experimental design appear to vary at the 
discretion of the industry sponsor, rather than under the direction of the regulatory bod-
ies. . . 

   “Heuristic (assumptions-based) reasoning is widely used in place of actual experimen-
tation. In virtually every case, it is reasoned that because the target proteins synthesized 
in response to the transgene insertions . . . either do not share characteristics commonly 
found in mammalian protein toxins, or do not show either amino acid and/or nucleotide 
homologies with known mammalian toxins, then the crops themselves are presumed to 
have no toxicity risk. And thus, there is no need for testing.”⁴⁵

European Commission  “The information requested and supplied from the company was mixed, scarce, delivered 
consecutively all over years, and not convincing. The quality of the dossier can therefore be 
considered as not sufficiently informative. . . . The major weaknesses of the dossier relate 
to : no sufficient experimental evidence to assess the safety; compositional data insufficient 
for a product directly consumed by human; no in vivo experiments conducted on labora-
tory or farm target animals with grain of the event “sweet maize”; field maize used as a 
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control—grain material was spiked with Bt proteins (resulting in poor and unsatisfactory 
experimental conditions); further experiments performed on ruminants using the whole 
plant silage or stalk have no meaning for the safety assessment. . . . These issues could be 
considered to have justified requests for further evidence on the safety of the product.” ⁴⁶ 

Regulators ignore compositional changes in GM crops
used for oil, as well as exposure to humans via animal feed

Public Health “The document states in several places the point that: ‘processing of canola seed to oil
Association of Australia  involves the removal of all DNA and protein, which effectively results in the removal of 

the CP4 EPSPS and GOX [GM] proteins from the food fraction.’ Yet in other places, it is 
stated that protein (and presumably DNA) is present in canola oil. Moreover, a concentra-
tion is even given for protein in refined oil, at 0.290 ppm for GT73 and 0.327 for the parent 
line, Westar. This is clearly contradictory. Moreover, no allowance is given for cold-pressed 
oil which may contain a much higher proportion of protein and DNA, as it may not go 
through the extent of processing as described in the document.”⁴⁷

  “Only the proteins expected to be produced by the plant were tested for. Moreover, it is
  assumed that any health problems would come from the production of proteins. The 

production of fat-soluble substances that may be present in the oil fraction is not con-
sidered. . . . Animal feeding studies using oil from these GE canola lines were not done, 
even though this fraction is consumed by people, because it may ‘cause nutritional and 
biochemical imbalances.’ Yet the scientific literature in nutrition contains thousands of 
these types of studies. So why does ANZFA insist that they are not viable?”⁴⁸

E. Ann Clark  Regarding Canadian GMO approvals: “No laboratory or feeding trial measurement of 
toxicity is presented in 70% (28 of 40) of the available crop Decisions. . . . The issue of 
potential toxicity in all canola and cotton crops is dealt with by assuming that a) all human 
exposure to GM plant toxins will occur only through consumption of oil, b) toxicity risk 
derives solely from proteinaceous material, and because c) all proteinaceous material is 
removed in the process of refining the oil, therefore, d) there is no risk, and hence, no need 
for testing. The evidence upon which each of these assumptions is made is not presented. 
. . . In sum, 70% of the currently available GM crops, including all of the canola and cot-
ton crops approved for commerce in Canada, have not been subjected to any actual lab or 
animal toxicity testing, either as refined oils for direct human consumption or indirectly as 
feedstuffs for livestock. The same finding pertains to all three GM tomato Decisions, the 
only GM flax, and to five GM corn crops . . . [For the 12 crops that are tested] all testing 
is limited to the purified target protein(s) only. . . . 

   “For crops such as canola and cotton, extraction of the oil for human consumption 
leaves a protein-rich byproduct, which is commonly fed to livestock, which then feed into 
the human food chain. . . . However, with two exceptions, no actual lab or feeding trial 
assessment of toxicity (or allergenicity) to livestock is referenced. . . . The logic is internally 
inconsistent for assessment of the potential toxicity (and allergenicity) of canola and cot-
ton. If such toxins or allergens exist, and are in fact present in the protein-rich residue left 
after refining the oils, why is toxicity assessment not more rigorous prior to feeding the 
protein-rich meal to livestock? Where are the trials showing lack of harm to fed livestock, 
or that meat and milk from livestock fed on GM feedstuffs are safe?”⁴⁹
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Regulators lack meaningful standards
William Freese  “Another problematic area is the lack of standardized procedures for those few tests that 

are conducted. Without standardization, companies can and do design test procedures to 
get the results they want.” ⁵⁰

Doug Gurian-Sherman  “Some submissions are hundreds of pages long while others are only 10 or 20.”⁵¹

E. Ann Clark  “Inconsistent standards detract from the perception of a meaningful, enforceable risk as-
sessment process.”⁵²

Arpad Pusztai  “Nutritional scientists and leading journals would not accept these blatant inadequacies 
and misinterpretations. How can regulators accept it for a novel genetically modified 
food?”⁵³

While proclaiming adherence to international standards
and legal requirements, regulators regularly ignore them

Centre for Integrated  “We agree that FSANZ should benchmark with international food safety recommenda-
Research in Biosafety  tions, but notes that FSANZ has accepted lower standards from submitted studies than 

recommended by these same bodies at several stages in assessing the safety of [high lysine 
GM corn LY038] . . . For example, FSANZ has accepted a study on cDHDPS [the GM 
protein] digestion that is outside of UN FAO/WHO protocols. It has ignored Codex 
Alimentarius recommendations for testing using cooked and processed LY038 corn, and 
their recommendations that all novel proteins be isolated. . . . In each case, the author-
ity has, in our view, relaxed adherence to international standards for safety testing when 
that better suited the Applicant’s submitted work, and imposed international standards 
whenever that was a lower standard than we recommended. . . . FSANZ claimed that cost 
to government was not in its purview, so they could avoid looking at labeling, etc. but 
regularly used costs to government when it suited their arguments, and used it in other 
decisions.”⁵⁴

Friends of the Earth “According to EU Regulation 178/2002 (Article 30), when different scientific opinions
Europe  emerge the EFSA and the member state(s) “are obliged to co-operate with a view to either 

resolving the divergence or preparing a joint document clarifying the contentious scien-
tific issues and identifying the relevant uncertainties in the data. This document should be 
made public.” The use of this regulation to deal with different opinions is also recognized 
by the commission. . . . Despite the substantive differences between some member states 
and the EFSA on virtually every opinion, there has been to date no evidence that there 
are attempts to resolve these differences and certainly no such joint documents have been 
made public. Considering the legal obligation the EFSA has this is quite astonishing. . . . 
In addition the panel ignores EU requirements to identify the level of uncertainty in its 
assumptions, and fails to take in legal requirements that regard is given to the long-term 
effects of eating or growing GM foods.”⁵⁵
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Regulators make errors in their evaluations
or overlook errors in submissions

Freese and Schubert  “The FDA . . . states in its consultation note that MON 810 contains one complete copy 
of the cry1Ab gene, a NOS termination sequence, and a “nature-identical” Cry1Ab pro-
tein, none of which is correct.⁵⁶ Apparently, either Monsanto submitted incomplete sum-
mary data to the FDA, or the FDA made serious errors in its consultation note. In either 
case, it is troubling that the US agency responsible for food safety has fundamentally 
flawed molecular characterization data on such a widely planted GE crop.”⁵⁷

Doug Gurian-Sherman  “In three of the 14 reviewed submissions, obvious errors were found that were not identi-
fied by FDA staff during their reviews of the submissions. Had FDA conducted thorough 
reviews, the errors would have been easily detected.”

   Regarding altered ripening tomato and cantaloupe: “In both cases, the developer of 
those crops argued that natural exposure to SAMase in T3 [the GM protein] found in the 
human digestive tract and drinking water supported a determination that the protein is 
safe for humans. . . . FDA considers previous dietary exposure to GE protein as important 
support for the safety of the GE crop. While the submissions claim scientific support for 
prior dietary exposure to SAMase, the papers cited for that support (and included with 
the data summary) do not mention T3 or SAMase occurring in the gut or in drinking wa-
ter. Another paper, included but not cited in the submission, states that ‘Coliphages [bac-
terial viruses] were not detected in finished drinking quality water.’  Therefore, contrary 
to the developer’s conclusion, the cited papers do not support prior dietary exposure, and 
no other support for dietary exposure (such as detection of SAMase in the intestines) is 
provided. There is no indication in publicly available files that FDA recognized the errors 
in the . . .  data summaries. Reading of the developer-supplied and cited papers should 
have revealed the errors.”⁵⁸

Centre for Integrated  Regarding high-lysine corn LY038: “In one section . . .  the authority indicates that
Research in Biosafety  cadaverine levels are elevated in LY038 relative to controls, but in another section asserts 

that cadaverine levels could not be measured because they were below detection concen-
trations in both LY038 and the controls. . . .

   [The breeding history of the control corn] in the breeding schemes provided by the 
Applicant . . . remains confusing. . . . The Applicant replied to a similar question from the 
Authority with the text they claimed they had also provided to the US FDA, but which 
is significantly different from what they told the USDA. . . . We do not see how both of 
these histories can be correct. . . . 

   “The amino acid sequence of cDHDPS [the GM protein] available on SwissProt re-
ports a leucine [amino acid] at position 266. The applicant reports a serine at position 266. 
. . . It appears that the applicant performed their bioinformatics [comparison with a data 
base of amino acid sequences from known allergens] using the Swissprot sequence with a 
leucine at position 268.”⁵⁹

Public Health  Regarding Mon 810 Bt corn: “The text associated with table 4 does not match the figures
Association of Australia  given in table 4. The text states that ‘the values were within the values reported in the 

literature.’ However, it is clear in table 4 that this is not the case for cysteine and histidine, 
which are both higher than the quoted literature range. . . . Moreover, it is stated in the 
caption of table 4 that the level of tryptophan was significantly different in line MON 810 
compared to its control, yet both have a mean of 0.6 in the table. It is highly unlikely that 
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two samples with the same mean would be significantly different, particularly with such low 
sample sizes.”

   Regarding Roundup Ready canola: “The concentration of arachidic acid . . . is given as 
1.02 in table 6. However, in table 9.1, the range for this is given as 0.6–0.8 for 1992 and 0.6-
0.7 for 1993. Clearly, the two tables contradict.”⁶⁰

Mae-Wan Ho  “The researchers made a big blunder. Two of the cows in the non-GM group were inad-
vertently fed on the GM-diet, so they ended up with 13 data points in the GM diet group 
and only 5 data points in the control non-GM diet group.”⁶¹ 

Regulators have unrealistic confidence
in their own assessment and in industry reporting

FSANZ  “GM food products are not permitted on the market if any question associated with 
negative health effects is left unanswered during the pre-market safety assessment. For 
this reason post-market monitoring is not considered necessary or useful as there is no 
potential adverse health outcome to monitor. In Australia and New Zealand, as in most 
other countries, the responsibility for post-market surveillance is covered by an ongoing 
duty of care on the part of the developer. The developer is expected to monitor for existing 
and emerging risks that may be associated with its product and notify regulatory authori-
ties whenever new information is uncovered.”⁶²

Multiple flaws in GM crop regulations and industry’s
control of the process leave consumers unprotected

Doug Gurian-Sherman  “The FDA consultation process does not allow the agency to require submission of data, 
misses obvious errors in company-submitted data summaries, provides insufficient test-
ing guidance, and does not require sufficiently detailed data to enable the FDA to assure 
that GE crops are safe to eat. Under the current process, FDA largely appears to rely on 
the developer’s judgment about what data it should provide to the FDA. That results in 
a conflict between the developer’s need to market the GE crop and the public’s need for 
assurance of safety.”⁶³

William Freese  “The StarLink debacle is a case study in the near total dependence of our regulatory agen-
cies on the ‘regulated’ biotech and food industries. If industry chooses to submit faulty, 
unpublishable studies, it does so without consequence. If it should respond to an agency 
request with deficient data, it does so without reprimand or follow-up (e.g., statistics on 
allergic reactions reported to food companies). If a company finds it disadvantageous to 
characterize its product, then its properties remain uncertain or unknown. If a corporation 
chooses to ignore scientifically sound testing standards (e.g., by using surrogate protein 
without first establishing test substance equivalence), then faulty tests are conducted in-
stead, and the results are considered legitimate. In the area of genetically engineered food 
regulation, the ‘competent’ agencies rarely if ever (know how to) conduct independent 
research to verify or supplement industry findings.”⁶⁴
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So-called “independent” scientific bodies
are often heavily influenced by industry

William Freese  “The expert bodies are often comprised mainly of plant science specialists who themselves 
receive research funding from biotechnology companies, or whose institutions receive 
such funding. . . . [A] common thread in the numerous expert reviews is their reliance on 
the opinions of national regulatory agencies, particularly the FDA, which as noted above 
are themselves based on ‘data summaries’ from the financially interested biotech com-
panies rather than the company’s full, original studies. Even if members of such expert 
bodies want to examine the original studies, they often either cannot gain access to this 
sensitive material (considered proprietary) or simply do not have time to examine those 
studies that may be available, relying instead on selective summaries of these studies by 
the regulatory agencies (e.g. Scientific Advisory Panels to the EPA).”⁶⁵

Jeffrey M. Smith  “Geneticist Michael Antoniou, who works on human gene therapy, told the New Zealand 
Commission, “genetic engineering technology, as it’s being applied in agriculture now, [is] 
based on the understanding of genetics we had 15 years ago, about genes being isolated 
little units that work independently of each other.” He explained that genes actually “work 
as an integrated whole of families.” In 2003, Antoniou represented non-governmental or-
ganizations on the UK’s supposedly balanced GM Science Review Panel that was part of 
the nationwide “GM Nation?” public debate. He was shocked to find scientists there still 
supporting obsolete theories of gene independence, even claiming that the order of genes 
in the DNA was entirely irrelevant. But Antoniou was outnumbered by 11 scientists rep-
resenting either the biotech industry or appointed by the pro-biotech UK government. 
His well-supported arguments fell on deaf ears. Since the debate, new studies have further 
verified Antoniou’s position by showing that genes are not randomly located along the 
DNA, but clustered into groups with related functions.”⁶⁶

Centre for Integrated  “In our view, FSANZ has provided the applicant and industry with an impressive and
Research in Biosafety   unacceptable level of involvement in the process, undermining our confidence in FSANZ’s 

impartiality. For example, FSANZ decided not to review our submission itself, but en-
gaged an “independent” expert from the Monash Molecular Plant Breeding CRC in Aus-
tralia to review our submission on high lysine corn. There are two worrying aspects about 
this. The first is that FSANZ sent our work to an institution with a clear vested interest in 
GM crops. For example, this institution lists the GM giant BASF as a corporate partner 
and has a joint 17 million euro investment in GM wheat development with it. The second 
is that FSANZ sent our work on human health to someone with no obvious training or 
experience in human health.”⁶⁷

“A Citizen Response”  “Immediately after its formation, serious questions were raised about the composition of 
the Health Commission GMO Task Force. Calls by both those supporting and opposing 
Measure Q to create a task force with equal representation were ignored. Instead: The 
selection process excluded persons openly expressing concern with GMOs; the selection 
process seated three pro-GMO activists, these three took the lead in composing three 
of the four main sections of the HC GMO Task Force Report; two task force members 
have direct financial ties to the GMO industry; the criterion for member selection has 
never been revealed even though numerous requests for this information have been made. 
As feared by many members of the public, a task force led solely by people with vested 
interests in the success of GMOs proved incapable of generating a report that accurately 
represented the science, regulatory, and ethical facts surrounding GMOs.”⁶⁸
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Scientific organizations raise concerns about GM crops
and regulations are often heavily influenced by industry

William Freese  “One source of confusion on the potential health impacts of genetically engineered foods 
is the tendency of many expert scientific bodies to issue reports that are inherently con-
tradictory.  (Examples include committees of the National Academy of Sciences and the 
UK Royal Society.) That is, they often call for more stringent testing regimens and state 
(or imply) that currently marketed GE crops are safe—which of course begs the ques-
tion of how inadequately tested crops can be judged safe. The purveyors of sound-bite 
science have made a cottage industry of publicizing the latter claims while ignoring the 
serious criticisms of current testing regimens made by the very same bodies. Often, the 
contradiction is only apparent. The expert body will say that there is no evidence that GE 
foods on the market are unsafe. Yet ‘lack of evidence’ often reflects the lack of adequate 
studies—absence of evidence rather than evidence of absence.”⁶⁹

Friends of the Earth  “Syngenta’s Bt-176 GM maize contains a gene for ampicillin resistance (ampR) that has
Europe  raised serious concerns from the competent authorities of member states. When the UK 

authorities looked at the data on Bt-176, they realized that the gene is structured in such 
a way that it could be used immediately by any bacteria that picks it up and it is different 
to naturally occurring ampR genes because it would allow bacteria to be able to break 
down ampicillin antibiotics much more rapidly than they could otherwise. During the 
original approvals process, 12 out of 15 member states were against granting European 
marketing approval for Bt-176, but they were overruled by the commission. The GMO 
Panel appears to have ignored the unique properties of the ampR gene in Bt-176, but 
even so they classified this gene as being in a group for which use “should be restricted to 
field trial purposes and should not be present in GM plants to be placed on the market.” 
However, when the GMO Panel was later asked by the commission to consider the ban 
on Bt-176 put in place by the Austrian government, it stated that it was “of the opinion 
that the use of these genes should be avoided in future GM plants to be placed on the 
market” /emphasis added/ and therefore that the Austrian Government did not have a 
good case for a ban. This is an odd interpretation of their own opinion on ARMs - it is 
unclear why the panel considers that one GM crop, which Syngenta is already selling to 
farmers, should be safe if it believes that in the future similar crops shouldn’t be allowed 
on safety grounds.”⁷⁰



Lack of safeguards exposes the food supply
to GM contamination

GM crops are a source of self-propagating genetic and environmental pollution. They contaminate non-GM 
crops and wild relatives and will persist in nature for generations to come. A decade of contamination from 
cross pollination, seed movement, “volunteer” crops from unharvested seeds, and accidents by seed compa-

nies and farmers has made it clear that the situation is out of control. Containment of GM crops is not practically 
achievable. And unlike traditional invasive plants or animals, GM crops do not look different than their natural 
counterparts. We have no technology to completely clean them up.

Not only is the gene pool at risk from commercialized GMOs, field trials of unapproved varieties can quietly 
spread genes into natural populations. In the United States alone, between 1986 and 2005 the USDA approved 
over 10,600 applications for more than 49,300 field sites. The government is supposed to make sure that these 
trials won’t contaminate the surrounding environment, but a report by the USDA Office of Inspector General in 
2005 harshly condemned the oversight of these trials by the USDA’s Animal and Plant Health Inspection Service 
(APHIS).⁷¹ The report said that “at various stages of the field test process—from approval of applications to inspec-
tion of fields—weaknesses in APHIS regulations and internal management controls increase the risk that regulated 
genetically engineered organisms will inadvertently persist in the environment before they are deemed safe to grow 
without regulation.” APHIS lacked “basic information about the field test sites it approves and is responsible for 
monitoring, including where and how the crops are being grown, and what becomes of them at the end of the field 
test. . . . APHIS does not review notification applicants’ containment protocols, which describe how the applicant 
plans to contain the GE crop within the field test site and prevent it from persisting in the environment.” Even with 
crops engineered to produce pharmaceutical and industrial products, “which are modified for nonfood purposes and 
may pose a threat to the food supply if unintentionally released,” APHIS “does not require permit holders to report 
on the final disposition.” In fact, the inspector found “that two large harvests of GE pharmaceutical crops remained 
in storage at the field test sites for over a year without APHIS’ knowledge or approval of the storage facility. . . .

“Approved applicants sometimes allow harvested crops to lie in the field test site for months at a time, their seeds 
exposed to animals and the elements. Also, because APHIS has not specifically addressed the need to physically re-
strict edible GE crops from public access,” the report said, “we found a regulated edible GE crop . . . growing where 
they could easily be taken and eaten by passersby.” The report “concluded that APHIS’ current regulations, policies, 
and procedures do not go far enough to ensure the safe introduction of agricultural biotechnology.”

There is no guarantee that this critical report will make things right. Consider that 10 years ago after another 
Office of Inspector General (OIG) audit, “APHIS agreed to improve its tracking of inspection reports.” Ten years 
later, the OIG said that “the agency continued to lack an effective, comprehensive management information system.” 
APHIS also failed to update “its regulations to reflect the Plant Protection Act of 2000.”
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“While the public was fed a steady barrage of 
revised, updated, and reworked regulatory 

guidelines, giving the appearance of rigorous scientific 
oversight, the insurance industry quietly let it be known 
that it would not insure the release of genetically 
engineered organisms into the environment against the 
possibility of catastrophic environmental damage.” 

— Jeremy Rifkin, president, 
Foundation on Economic Trends
Quotes from insurance spokespeople: ¹

“The worry is that GM could be like Thalidomide—
only after some time would the full extent of the 

problems be seen.”

“Fifty years ago they were writing policies for 
asbestos without a care in the world. Now they 

are faced with bills of hundreds of millions. There is a 
feeling that GM could come back and bite you in five 
years’ time.”

“If a farmer approached us with any kind of insur-
ance policy relating to a farm associated with GM 

we would have to refuse their application—whatever 
the kind of insurance applied for.”



Industry Studies
are Not Competent

to Identify Most
of the Unpredicted

Side Effects
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The enormous pressure not to discover problems results 
in very few studies, most of which are poorly done

Since GM food is proclaimed by proponents and some regulators to be as safe as its non-GM counterpart, the 
pressure on researchers to not contradict this assumption is considerable. Moreover, if any GM food study 
raises a safety issue, it might indict all GM foods on the market. This helps explain the lack of serious studies 

on GM foods and the explosive condemnations and denials that accompany adverse findings.
The tiny number of published safety assessments breathtaking. In December 2004, for example, Christopher 

Preston used the science search engine PubMed to find all studies in which animals were given food or food products 
from GM crops. The list contained only 41 studies.² That number combined both safety assessments and commercial 
feeding studies. Without the commercial studies, there were only 18 left, including four in Russian or Chinese.³

Ann Clark divided up Preston’s list another way. She found that 19 of the 41 (46%) were authored by one or more 
employees of the biotech industry. Of the remaining, 14 were in foreign journals, “not readily available in agricultural 
libraries.” That left eight studies, three of which “reported substantive concerns about GM crops.”⁴

Pryme and Lembcke  “Although very many have voiced their opinions both in the popular and scientific press 
there is only very limited data published in peer reviewed journals concerning the safety 
of GM food.⁵ It would seem apparent that GM food regulation is currently based on a 
series of extremely insufficient guidelines. . . . We feel that much more scientific effort 
and investigation is necessary before we can be satisfied that eating foods containing GM 
material in the long term is not likely to provoke any form of health problems. It will be 
essential to adequately test in a transparent manner each individual GM product before 
its introduction into the market.”⁶

Pusztai and Bardocz  “The biological testing of GM feeds, as presently carried out, is rather limited in scope and 
mainly aimed at finding the best conditions for commercial animal production. . . . The 
almost total absence of published data in peer-reviewed scientific literature indicates that 
the safety of GM foods rests more on trusting the assurances given by the biotechnology 
industry than on rigorous and independently verified risk assessment.”⁷

Traavik and Heinemann  “Most of the animal feeding studies conducted so far have been designed exclusively to 
reveal husbandry production differences between GEOs and their unmodified counter-
parts. Studies designed to reveal physiological or pathological effects are extremely few, 
and they demonstrate a quite worrisome trend: Studies performed by the industry find no 
problems, while studies from independent research groups often reveal effects that should 
have merited immediate follow-up, confirmation and extension.”⁸

William Freese  “‘Don’t look, don’t find’ is a common strategy in both industry and regulatory circles.”⁹

Industry stifles scientific criticism and thwarts independent studies

William Freese  “Even when independent researchers are funded, a finding of potential harm requiring 
follow-up can effectively disqualify those scientists from additional funding. For instance, 
one scientist found suggestive evidence that the insecticidal proteins found in Bt spray and 
Bt crops could be allergenic in a study approvingly cited and reviewed by expert advisers 
to the Environmental Protection Agency (EPA). He has been unable to obtain funding 
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for further research in this area. Another scientist has done EPA-sponsored research on 
unintended effects in Bt corn, as well as the environmental impacts of Bt insecticidal pro-
teins. He, too, has had difficulty obtaining funds to continue these lines of research.”¹⁰

Sue Kedgley  Testimony before the Royal Commission of Inquiry on Genetic Modification: “Personally
(New Zealand  I have been contacted by telephone and e-mail by a number of scientists who have serious
Member of Parliament)  concerns about aspects of the research that is taking place . . . and the increasingly close 

ties that are developing between science and commerce, but who are convinced that if 
they express these fears publicly, even at such a Commission. . . or even if they asked the 
awkward and difficult questions, they will be eased out of their institution.”¹¹

Turkish Daily News  “A bio-engineering scientist in Turkey with five years of experience in DNA testing of 
transgenic crops said that she came to the subject with an open mind, ‘neither for nor 
against, but now the risk side seems to outweigh the benefits for me.’ She declined to 
reveal her name while pursuing a court case against her university for this month reassign-
ing her to another department and taking her lab away. The researcher had raised funds 
from government and industry . . . to set up an independent laboratory. She was days away 
from final stage testing on seed samples gathered around Turkey when the news came 
from her rector. 

   “The chairman of the Agricultural Engineers Association, Gökhan Günaydin, said 
they were aware of the woman’s situation and were writing a formal letter of support. 
‘Where the pressure comes from is not clear, except that the same pressure is coming to 
our association.’”¹²

Anderson Valley “ The Mexican government had learned of the impending Nature publication [by 
Advertiser  Ignacio Chapela regarding findings of GM contamination of indigenous corn varieties] 

and went ballistico. Under-secretary of Agriculture Victor Villalobos fired off a furious 
letter accusing the microbiologist of ‘doing incalculable damage’ to the nation’s agricul-
ture and economy. “We hold you personally responsible,” Villalobos wrote. . . . The direc-
tor of Mexico’s bio-security commission, Dr. Fernando Ortiz Monasterio, summoned 
Ignacio to a meeting in an abandoned building in a wooded zone just outside Mexico 
City. . . .[Chapela said] He told me . . . ‘you will not stop us—no one will stop us!’ I 
had the impression he was threatening my life. . . .Big Biotech, alerted to the Mexi-
can corn study in advance, sought to pre-empt publication by hiring a high-powered 
Washington PR firm, the Bivings Group, which specializes in Internet subterfuge. The 
Chapela-Quist study had barely touched down on the newsstands when an orches-
trated barrage of letters decrying ‘fundamental flaws’ in the research began clogging up 
the list serve operated by AgBioWorld, a creature of the industry. Investigative report-
age by the British Guardian failed to verify the existence of the authors but traced the 
computer used to generate the e-mail campaign to one operated by a Bivings front. . . . 
‘They have made an example of me,’ [said Chapela]. ‘Other scientists see this and decide 
that maybe they should go back to studying the bristles on the back of a bug.’ That Ignacio 
Chapela would be denied tenure was a foregone conclusion.”¹³
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Research is stopped when companies refuse to provide GM seeds
Nature  “A team led by Allison Snow, a plant ecologist at Ohio State University in Columbus, 

has uncovered preliminary evidence that a transgene that confers insect resistance can in-
crease the number of seeds produced by wild sunflowers. This could allow the wild plants 
to proliferate as weeds. But Pioneer Hi-Bred International of Des Moines, Iowa, and 
Indianapolis-based Dow AgroSciences have now blocked a follow-up study by refusing 
to allow the team access to either the transgene or the seeds from the earlier study.

   “Nature has identified at least one other recent case in which a plant geneticist at a 
leading US research university, who wanted to carry out an evolutionary study of Mexican 
maize, was denied access to transgenic material by two companies.”¹⁴

William Freese  “Scientists have been unable to obtain the GE crop for independent animal feeding stud-
ies. One example is a Japanese scientist who was denied access to modest amounts of 
DuPont’s high-oleic soybeans by both DuPont and the Japanese government when that 
crop was being reviewed by Japanese regulatory authorities.¹⁵ A scientist studying the 
potential for a GE crop to spread beneficial traits to sexually compatible weeds (creating 
so-called ‘superweeds’) was denied access to the transgene by the GE crop developer.”¹⁶

GM Free Cymru  “When Prof. Bela Darvas and his colleagues in the Hungarian Academy of Sciences re-
vealed a massive buildup of toxins associated with plantings of a GM maize called MON 
810, and indicated that they wanted to repeat and extend their research, Monsanto im-
mediately shut off supplies of seeds and effectively killed off the research project. . . . In 
2005, when Dr. Judy Carman asked Bayer CropScience for 100g of GM InVigor canola 
seeds for field tests in Australia, the company simply ignored her request and made the 
research impossible.”¹⁷

Lappé and Bailey  “We were directly told by a Hartz seed company (a wholly-owned subsidiary of Mon-
santo) representative who graciously supplied us with seed for our initial study, that he 
was told he could no longer provide us with seed samples. Even if we were to obtain seeds 
the chances of finding isogenically matched varieties is becoming increasingly more dif-
ficult. When we contacted Hartz a few months ago, we were told there were 23 varieties 
of Roundup Ready soybeans and only 8 varieties of conventional.”¹⁸

Sacramento Bee  “Is the genetic diversity of Mexican maize—a biological insurance policy against pests 
and disease—in danger? . . . Two years ago, Gepts received a $25,000 grant to look for an-
swers. But when he asked three biotechnology companies for the seed samples he needed 
for his research, the trail went cold. Pioneer Hi-Bred International Inc. in Des Moines, 
Iowa, said no. Syngenta, of Switzerland, and St. Louis’  Monsanto Co. also turned him 
down. ‘I was not surprised,’ Gepts said. ‘If you want to study the effects of biotechnology, 
you come up against a wall.’”¹⁹

Traavik and Heinemann  “Follow-up studies have not been performed. There are two main factors accounting for 
this situation: The lack of funds for independent research, and the reluctance of producers 
to deliver GE materials for analysis.”²⁰
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Case study: One scientist’s shock with GM research
Years ago, a pro-GM scientist with a stellar reputation was awarded a £1.6 million UK government grant to design 
a rigorous safety assessment protocol for testing GM foods. The protocol was supposed to become a requirement 
for GM approvals in the United Kingdom and eventually in the European Union. The scientist led a 20-member 
research team from three prominent institutions to work on the design.

About two years into his research, he was asked to review several confidential industry studies that were used to get 
GM soy, corn and tomatoes approved in the United Kingdom. Reading those studies, he says, was one of the greatest 
shocks of his life. The studies were so superficial, so poorly done, he realized what he was doing and what industry was 
doing were diametrically opposed. “I was doing safety studies,” he said. “They were doing as little as possible to get 
their foods on the market as quickly as possible.”

A few weeks later, the scientist confirmed that a GM potato he was working on caused considerable health prob-
lems in rats, including damage to their organs and immune systems. He also realized that his dangerous potatoes 
could have sailed through industry ‘safety’ studies and onto plates around the world. He went public with his con-
cerns. The scientist’s name is Arpad Pusztai and he paid dearly for his integrity.

When Dr. Pusztai publicly expressed his concerns about GMOs, he was a hero at his institute. But this quickly be-
came a serious problem for the biotech industry and the pro-GM Blair government. Dr. Pusztai was the world leader 
in his field; he worked at the country’s most prestigious nutritional institute. Using cutting edge research funded by 
the government, he found problems; and now he claims that GM technology may be inherently unsafe. The press was 
ravenous. For two days, the institute’s director led the publicity efforts, describing Pusztai’s research as a huge advance 
in science. Then two phone calls were allegedly placed from the UK prime minister’s office, forwarded through the 
receptionist, to the director. The next morning, Dr. Pusztai was released from the institute after 35 years and silenced 
with threats of a lawsuit. His research team was disbanded and the government never implemented any long-term 
testing protocol. Disinformation was widely circulated. The institute and pro-biotech members of the Royal Society 
staged so-called peer-reviews, but didn’t use all the test data, had no nutritionists doing the critique of a nutritional 
study and made sweeping claims that contradicted the research. According to a leaked document obtained by the 
Independent on Sunday, even three government ministers prepared ‘an astonishingly detailed strategy for spinning, and 
mobilizing support for’ GM foods, including rubbishing Pusztai’s research.²¹ 

When Pusztai’s gag order was eventually lifted and he gained access to his data, 23 top scientists from around the 
world reviewed the research and came to his defense. The study was peer-reviewed and published in the prestigious 
Lancet (in spite of threats made to its editor by a Royal Society official).²²

Case study: Spinning failure into proclamations of success
GM peas under development were evaluated by tests normally applied to medicine—not to GM food.²³ The peas 
created a dangerous immune response in mice which, if found in humans, might be life-threatening. The 10-year pea 
project, costing over $2 million, was abandoned. If those same peas had been evaluated with tests used for other GM 
crops, however, they could have sailed through the approval process anywhere in the world.

So how did the GM industry defend a regulatory system that clings to outdated science and could have approved 
those dangerous peas if advanced tests had not been conducted? Tony Combes, Monsanto’s UK director of corporate 
affairs, said, “The CSIRO decision to halt research and destroy the GM pea that inflamed lung tissue in laboratory mice 
showed how the regulatory system was working exactly as intended.”²⁴

This carefully crafted PR spin appears logical only to those unfamiliar with GM safety assessments. In truth, very 
few people are familiar with exactly what goes on. Even many biotech researchers and crop developers make the as-
sumption that companies will do what is necessary to protect the public. If they discover the truth, they are often 
shocked. 

Higgins, the GM peas’ crop developer, may be in for such a shock. He too claimed that his pea study ‘shows that 
the regulatory system works.’²⁵ His explanation reveals what he doesn’t know. He said, “I didn’t feel that we were 
breaking particularly new ground... We were following basically the recommendations for a proper risk assessment 
and I feel it is typical of the kinds of assessments that have been done for other GM crops around the world.”²⁶ Pea 
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researcher Simon Hogan said the same thing. But neither scientist could name a single GM food on the market 
that has had the same level of testing. Experts who have studied GM safety assessments submitted around the world 
know that there are none.

Arpad Pusztai, for example, who had coauthored a paper with Higgins on GM peas in the 1990s, has studied 
nearly every industry submission to regulators. In fact, he recently published an analysis of all peer-reviewed safety as-
sessments. He says that the GM pea study, does, in fact, break new ground. Professor G.E. Seralini, who has officially 
reviewed all the submissions to Europe as well as all the commentaries on the submissions, wrote, “To my knowledge, 
no GM plant on the market has undergone such detailed experiments to assess allergenicity.”²⁷ 

Likewise, Doug Gurian-Sherman and William Freese, both experts on submissions to US authorities, acknowl-
edge that industry immune studies are considerably weaker than the pea study. Judy Carman, who has analyzed GM 
applications to Australia and New Zealand, concurs. In fact, Marc Rothenberg, who is a coauthor of the current pea 
study and was also on an expert panel assessing the allergenicity of a GM corn variety (StarLink), said of the pea 
research, “It was very unique. It was much more extensive and rigorous than what was previously done.”

There are currently seven such crops being produced for consumption: soy, corn, cottonseed, canola, Hawaiian pa-
paya, zucchini, and crook neck squash. None have been evaluated like the GM peas. None have been tested through 
long-term feeding studies. Any one of them might be creating serious health problems in the population.²⁸

Industry studies are designed not to find problems; 
if they do arise, they are misrepresented or hidden

Company-funded research that benefits the company is not new. Research bias has been identified across several in-
dustries. In pharmaceuticals, for example, positive results are four times more likely if the drug’s manufacturer funds 
the study.²⁹ When companies fund economic analyses of their own cancer drugs, the results are eight times more 
likely to be favorable.³⁰

Compared to drug research, the potential for industry manipulation in GM crop studies is considerably higher. 

uses its own testing parameters.

published and are kept secret from the public.

can show serious side effects and still be approved (GM food can’t). There is no toler-
ance for adverse reactions.

These conditions, combined with the lack of money available for rigorous independent research, provide ample 
motivation and opportunity for rigging studies to avoid finding problems.

William Freese  “Biotech companies are left to essentially regulate themselves. Without the discipline of 
regulatory standards, corporate testing practices are often ‘engineered’ to get the desired 
results.”³¹

Jeffrey M. Smith  “In 1996, Monsanto scientists published a feeding study in the Journal of Nutrition³² that 
purported to test their soybeans’ effect on rats, catfish, chicken, and cows. It has been used 
by the biotech industry as their primary scientific validation for safety claims. According 
to Arpad Pusztai, however, ‘It was obvious that the study had been designed to avoid find-
ing any problems. Everybody in our consortium knew this.’ Pusztai, who had published 
several studies in that same nutrition journal, said the Monsanto paper was ‘not really 
up to the normal journal standards.’ Pusztai says that if he had been asked to referee the 
paper for publication, ‘it would never have passed.’ He’s confident that even his graduate 
assistants would have taken the study apart in short order.”³³
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Doug Gurian-Sherman  “To determine the adequacy of FDA’s current voluntary consultation process, we per-
formed a detailed examination of more than a fourth of the data summaries (14 of 53) 
that FDA has reviewed. Our evaluation found that the biotechnology companies provide 
inadequate data to ensure their products are safe. In addition, it was clear from our review 
that FDA performs a less-than-thorough safety analysis.”³⁴

Pryme and Lembcke  “The work in five studies was regarded as having been performed more or less in col-
laboration with private companies. In none of these studies were effects related to GM-
materials reported. On the other hand, adverse effects were reported (but not explained) 
in independent studies by Pusztai (1998, 2002), Fares and El-Sayed (1998), Ewen and 
Pusztai (1999), and Pusztai et al., (1999). It is remarkable that these effects have all been 
observed after feeding for only 10–14 days.”³⁵

Sound statistical methods are ignored or key statistical data omitted
Unlike peer-reviewed publications, the scientists seem to consciously avoid using or reporting appropriate statistics, 
which obscure the results and make analysis by others impossible.

Doug Gurian-Sherman  “The data summaries reviewed by FDA often lacked sufficient detail, such as necessary 
statistical analyses needed for an adequate safety evaluation. . . . Seven of the submissions 
. . .  did not present chi-square (or any other) statistical analyses to verify the expected 
ratio of plants carrying the gene. . . . FDA did not comment on the absence of statistical 
analyses in the [submissions] we reviewed.”³⁶

Public Health  “In the statistical analyses presented in the draft risk analysis reports, often only a mean and 
Association of Australia  a range are given. Peer-reviewed scientific journals would require most or all of the number 

(n), mean, standard deviation, 95% confidence interval of the mean, the nature of the statisti-
cal test (e.g. t-test), and a p-value for each measurement, or the paper would be rejected for 
publication. Similar non-parametric statistics would be required if the data are not normally 
distributed. Why have these not been given? Their omission prevents a full assessment of 
the data by others. For example, as no standard deviations are given, sample size calculations 
cannot be done by others.”

   Regarding Roundup Ready corn: “Please describe what the ‘least squares mean’ is as it 
does not seem to appear in statistics text books and a number of statisticians consulted were 
unaware of its existence, and please provide reasons why this type of mean was used rather 
than a standard measure of central tendency.”³⁷ 

Companies keep information secret and unpublished, 
claiming “Confidential Business Information”

Royal Society of Canada  “In the judgment of the Expert Panel, the more regulatory agencies limit free access to 
the data upon which their decisions are based, the more compromised becomes the claim 
that the regulatory process is ‘science based.’ This is due to a simple but well-understood 
requirement of the scientific method itself—that it be an open, completely transparent 
enterprise in which any and all aspects of scientific research are open to full review by sci-
entific peers. Peer review and independent corroboration of research findings are axioms 
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of the scientific method, and part of the very meaning of the objectivity and neutrality of 
science.”³⁸

Public Health  “ANZFA has not released information relating to the exact combination of elements 
Association of Australia  present in each of the plasmids involved in the genetic engineering as ANZFA regards 

them as ‘commercial in confidence.’ This has prevented health experts from fully assessing 
the potential health effects of these foods and therefore ANZFA has placed commercial 
considerations ahead of health.”

Companies do not always comply with regulators’ requests
Jeffrey M. Smith  Regarding StarLink: “Cry9C created from StarLink corn has an added sugar chain. . 

. . The EPA had asked Aventis in 1997, long before the StarLink crisis, to determine 
the composition of the sugar chain in order to assess its allergenicity. Aventis responded 
that research was underway, but they never reported the results to the agency. . . . Also, 
the company consistently failed to provide critical information about the allergenicity of 
the product. Even before the contamination was discovered, an EPA Scientific Advisory 
Panel had asked Aventis to provide blood from animals fed StarLink and from humans 
who might have been sensitized by inhaling its pollen. They also asked that Aventis moni-
tor agricultural workers who had the greatest exposure to StarLink and were more likely 
to develop sensitivity. In spite of repeated requests, the data was not submitted. . . .

   “What Aventis did present to a July 2001 meeting of the EPA’s Scientific Advisory 
Panel was wholly inadequate. Mistakes in the document obscured the results, conclusions 
were at odds with the study’s own data, and Aventis failed to update a five-year-old test 
with newer more reliable methods. Moreover, it took the company eight months to deliver 
it to the panel.

   “One frustrated panel member, Dean Metcalfe, MD, who heads the National Insti-
tutes of Health Laboratory of Allergic Diseases and is the government’s top allergist, 
made the comment, ‘It is important, I think, for people listening to this to understand that 
the questions that we have are not really minor questions. To try to put this in perspective, 
most of us review for a lot of journals. And if this were presented for publication in the 
journals that I review for, it would be sent back to the authors with all of these questions. 
It would be rejected.’”³⁹,⁴⁰

Doug Gurian-Sherman  “Six of the 14 FDA consultation files contained requests by FDA for additional informa-
tion needed to fully assess food safety. In three (50%) of those cases FDA’s requests were 
either ignored by the developer or the developer affirmatively declined to provide the 
requested information. FDA had to complete those reviews with less-than-thorough data 
summaries. FDA has no authority to require the developers to submit the desired additional 
data unless it decided to evaluate the crop as a food additive. . . . It is worth noting that the 
data that FDA desired would not have been expensive or time consuming to obtain.”⁴¹

Friends of the Earth  “Two member states raised concerns about the impact of glyphosate residues in the GM
Europe  oilseed rape and the fact that no information on this issue had been provided by Mon-

santo. Pesticide residues in food have the potential to cause health implications for con-
sumers and so it is important to know what the likely level of these residues might be. 
However, the GMO Panel could not examine this issue because Monsanto simply refused 
to provide the data, stating that it had been provided under the 91/414 procedures for 
assessing pesticides.”⁴²
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Studies are rife with unsupported assumptions
E. Ann Clark  “Food safety assessment is largely an assumptions-based process. Most or all of the con-

clusions of food safety for individual GM crops are based on inferences and assumptions, 
rather than on actual testing. Evidence is needed to substantiate and validate these as-
sumptions. . . . Many of the assumptions are, in turn, based on other assumptions, which 
do not appear to have been validated.”⁴³

Public Health  “On the basis of these very limited animal tests on two GE canola lines, all seven canola 
Association of Australia  lines were considered to be safe for human consumption.”⁴⁴

Jeffrey M. Smith  “Regulatory agencies do not require companies to check the gene and amino acid se-
quences to see if unpredicted changes have occurred. According to William Freese, a 
research analyst at Friends of the Earth, ‘At present, the standard practice is to sequence 
just 5 to 25 amino acids’, even if the protein has more than 600 in total. If the short sample 
matches what is expected, they assume that the rest are also fine. If they are wrong, how-
ever, a rearranged protein could be quite dangerous.”⁴⁵

Centre for Integrated  Regarding Monsanto’s high lysine corn: “The Authority must refrain from substituting
Research on Biosafety   unsupported speculation—such as ‘expected to be,’ ‘not expected,’ ‘considered to be,’ or 

‘not considered to be’—for hard scientific data. . . .
   “It is impossible without testing to conclude that cDHDPS [the GM protein], in corn 

cells and through processing of foods with corn content, is ‘no more likely to form amy-
loid fibrils than any of the naturally occurring proteins in LY038.’. . . [see section 4.1.] Its 
tendency to form aggregates of potential cytotoxicity cannot be determined by argument 
or reliance on GRAS [generally recognized as safe]. . .

   “Structural comparisons between cDHDPS (recombinant protein) with the natu-
ral corn DHDPS (mDHDPS) demonstrate non-equivalence.⁴⁶ Therefore, the safety of 
cD HDPS in cooked human food cannot be extrapolated from the historical presence of 
mDHDPS in cooked human food. . . 

   “There is also no evidence that we are aware of that humans have had a significant 
exposure to cDHDPS in their diets. C. glutamicum is a soil microorganism. . . . At average 
daily corn consumption rates . . . the amount of cDHDPS consumed daily [in the United 
States, if the corn was the high lysine GM variety] would be . . . a total of 1mg for males 
and 0.857mg for females each day. For equivalent exposure, people would have to eat 
between 80–800 million (males) or 60–700 million (females) kg of soil each day, or nearly 
as much as 10,000kg/second 24 hours a day seven days a week. At actual estimated maxi-
mum daily soil intakes . . . we estimate daily human exposure to cDHDPS from natural 
sources to be . . . about 30 billion–4 trillion times less than exposure through LY038 corn. 
. . . The authority should justify how it can assume the history of safe use of cDHDPS 
based on historical human consumption of natural cDHDPS.”⁴⁷

Mae-Wan Ho  “The authors are wrong to claim that the 211-bp sequence is ‘very unlikely to transmit 
genetic information.’ For such sequences could be promoters or enhancers containing 
numerous binding motifs for transcription factors, and capable of boosting the expression 
of genes inappropriately.”⁴⁸

Judy Carman  “For the amino acid analyses, they also stated that no difference would be expected between 
Roundup Ready soybeans sprayed and not sprayed with Roundup, without apparently 
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measuring whether this would be the case. Yet, Roundup is designed to interrupt the 
biochemical pathway that makes some amino acids.”⁴⁹

For a list of some of the key assumptions that have been overturned, see table at the end of part 3.



Animal feeding studies overlook
most potential problems

Although animal studies have been used for decades to assess the safety of drugs, pesticides and other materi-
als, companies conducting GMO assessments seem to ignore the protocols used and lessons learned by the 
scientific community.

Judy Carman  “Some of these experiments used some very unusual animal models for human health, 
such as chickens, cows, and trout. Some of the measurements taken from these animals 
are also unusual measures of human health, such as abdominal fat pad weight, total de-
boned breast meat yield, and milk production. So it would appear that many of these tests 
have not been designed to measure human health at all, but rather to reassure primary 
producers that GM feed will permit farm animals to grow sufficiently to get a reason-
able price at market. In its safety assessments, FSANZ uses these kinds of experiments 
as evidence that these foods are safe for human consumption. Even worse is that often 
the only results given from these experiments were the death of experimental animals. 
If other information was given, it was usually only body weights, with possibly some 
organ weights. If gross pathology was examined, there was no description of what was 
involved. Certainly, biochemistry, immunology, tissue pathology, and gut, liver and kidney 
function, and microscopy results were not given. . . . In addition, animals were not fed for 
long enough for cancer studies, or studies into the effect on offspring, to be done. Conse-
quently, those experiments could be regarded as initial experiments in what should have 
been a long series, starting with several thorough animal experiments and finishing with 
several detailed human experiments, yet they remain the only ones done.”⁵⁰

Public Health  “Animal feeding studies using canola meal were undertaken but the results of these are
Association of Australia  not provided by ANZFA on the basis that this is not consumed by people, even though 

meal from a previous canola (GT73), when fed to animals, showed unexpected adverse 
results that were not predicted by the other safety testing. Instead, two feeding studies 
using the whole canola seed are given, when humans do not eat these either. One of these 
studies was on chickens and the other was on rabbits. The chicken study had good sample 
sizes (280 chickens in total), but only fed the birds one of the seven canola lines . . . and 
only measured body weight, feed intake, and mortality during the study. At the end of the 
study, only chilled carcass weight and yield of deboned breast meat as a percent of carcass 
weight was measured. No actual data were given, only a declaration that no significant 
difference was found for body weight, feed intake, or mortality. The statistical difference 
or otherwise of the other variables was not given. Results of post-mortem examinations 
were not given. 

   “In the rabbit study, 10 animals per group were fed only one of the GE canola lines…  
were only fed for four days and only fecal samples were measured for dry matter, ash, nitro-
gen, fat, crude fiber, and gross energy. . . . No actual data were given, only a declaration that 
seed from this canola exhibited ‘at least similar zootechnical performance as seed from the 
original Drakkar variety.’ . . . On the basis of these very limited animal tests on two GE 
canola lines, all seven canola lines were considered to be safe for human consumption.”⁵¹

Mae-Wan Ho  “Only six cows were used, three fed the GM diet and the others non-GM. But a peculiar 
‘single reversal design with three four-week periods’ was used, which I believe, meant that 

203
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the groups of three cows alternated between GM and non-GM diets. Thus one group 
would spend the first four weeks on GM, the next four weeks on non-GM and then four 
weeks back on GM; while the feeding regime for the other group would be non-GM, 
GM, and non-GM. This design generates nine data points each for the GM diet and 
non-GM diet. But, it also guarantees to balance out the effects of GM versus non-GM 
diets and hence is utterly worthless as far as detecting difference in weight gain or any 
other developmental or physiological indicators between the diets.”⁵²

Testing the novel protein alone overlooks unpredicted changes in the crop
Most animal feeding studies that are conducted on GM foods do not use the whole food. Instead, they feed animals 
the isolated GM protein. These tests miss the unpredicted side effects that can occur due to changes in the genome 
and in the nutrients and other compounds resulting from the GM transformation process.

In a 2004 review of the submissions for 28 GM crops to Food Standards Australia New Zealand (FSANZ), for 
example, 18 had never been fed to animals.⁵³ Seventeen of these did use acute oral toxicity studies. Animals were 
force-fed a single high dose of only the protein, not the whole food, followed by observation for 7–14 days.

Public Health  “The ANZFA state in their draft risk analysis reports . . . that animal experimentation
Association of Australia  using the whole GE food will not yield accurate information compared to testing the ‘test 

substance’ directly in dose-response experiments. ANZFA’s argument appears to [be] based 
on the assertion that the only new substance that can be found in GE foods is the new sub-
stance that has been genetically engineered to appear. This is an untested hypothesis for these 
foods and a core matter of disagreement. It should be noted that unexpected substances have 
previously been known to appear in GE plants. . . . ANZFA’s own documents indicate that 
new, unexpected substances may be appearing in the GE food. For example, in Application 
A346 for insect-protected corn line MON 810, the amino acid profiles indicate that out 
of the 18 amino acids tested, 8 were significantly different from the control corn. . . . This 
indicates that the concentrations of one or more existing proteins may have significantly 
changed, and/or that one or more new proteins may be being produced.”⁵⁴

Testing protein surrogates from bacteria further ignores many dangers
For the acute toxicity study mentioned above, as well as for other tests of the GM protein, biotech companies almost 
never isolate and extract the protein from the GM plant. While this certainly can be done, what they do instead is 
insert their transgene into bacteria and let it produce the protein. It’s cheaper and easier to extract protein from the 
bacteria than from the plant. “This bacterial-derived surrogate protein (or its derivative) is then employed for all 
subsequent testing: short-term animal feeding studies, allergenicity assessments, etc.”⁵⁵ They assume that the protein 
will have the same structure and effect as the protein from GM plants. But that same protein, if produced in a plant, 
could have added molecules, be misfolded, or have a different amino acid sequence. None of these potentially harmful 
changes would be picked up in a test that uses protein from bacteria.

According to the European Commission Scientific Steering Committee, “Extrapolating from the tested behavior 
of an isolated protein produced in a bacterium to predicting the behavior of the same protein when it is an integral 
part of the transgenic plant can be accepted only if the chemical identity (including conformational identity) of 
the two proteins has been demonstrated.”⁵⁶ Similarly, the US National Academy of Sciences says, “Tests should 
preferably be conducted with the protein as produced in the plant.” If surrogates are used, they say that “The EPA 
should provide clear, scientifically justifiable criteria for establishing biochemical and functional equivalency when 
registrants request permission to test non plant-expressed proteins in lieu of plant-expressed proteins.”⁵⁷ According 
to an article in Biotechnology and Genetic Engineering Reviews, the EPA has not followed this recommendation, “even 
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though its scientific advisers have proposed such ‘test substance equivalence’ criteria.⁵⁸ In fact, the toxicity and al-
lergenicity assessments of the major Bt corn and cotton events currently on the market employed surrogate proteins 
that did not meet these criteria.⁵⁹,⁶⁰

William Freese  “Several scientists to whom we described this practice expressed amazement. They take 
it for granted that plant and bacteria will generate different transgenic proteins from the 
same gene . . . Given the use of bacterially produced surrogate proteins as the norm, one 
cannot avoid the conclusion that the plant-produced transgenic proteins we actually eat 
in our food are virtually untested.”⁶¹

Harmful sugar chains can be overlooked
When sugar chains are added to proteins, this process, known as glycosylation, can influence allergic responses. 
When GM peas created immune responses in mice (see section 1.18), researchers blamed a subtle, hard-to-detect 
difference in glycosylation patterns between the GM version and the natural version in a closely related plant. This 
change was considered dangerous enough to cancel the 10-year, $2 million project. Since most assessments use sur-
rogate proteins, however, this potentially deadly chnage in a plant-produced protein would not be identified.

Proteomics  “Protein glycosylation is generally species-, tissue- and cell-type specific. Therefore, from 
a biological point of view, it is highly desirable to study the naturally expressed protein 
rather than a recombinant version.”⁶²

Freese and Schubert  “Even if precisely the same foreign DNA is expressed in bacteria and plant, the two 
organisms—which are kingdoms apart in biological terms—process proteins differently. 
For instance, bacteria are not known to add sugar molecules to proteins, while plants do.  
Glycosylation patterns influence the immune response to proteins, and glycosylation is 
considered to be a characteristic of allergenic proteins.⁶³ Other secondary modifications 
will certainly occur when proteins are expressed in foreign organisms or different cell 
types.⁶⁴ As a result, animal feeding studies and allergenicity assessments that make use of 
bacterial surrogate proteins or their derivatives may not reflect the toxicity or allergenicity 
of the plant-produced transgenic protein to which people are actually exposed.”⁶⁵

Pryme and Lembcke  Regarding a Bt tomato: “It is evident that all acute toxicity and stability studies on Bt-
toxin were performed using an E. coli recombinant and not that isolated from the GM 
tomato. It needs to be emphasized that the structure and stability of the E. coli recom-
binant Bt-toxin, which they tested is almost certainly different from that synthesized by 
the plant. Indeed, in a later communication from the European Union it was stated that 
the Bt-toxin in the plant was glycosylated while neither B. thuringiensis nor E. coli would 
be able to perform this type of post-translational modification of the recombinant pro-
tein.”⁶⁶

Other structural changes will also be overlooked
Proteins from plants may fold or combine differently than those produced in bacteria. An altered shape can, for 
example, change which amino acids are next to each other or alter protein stability, both of which may increase 
allergenicity.

Centre for Integrated  “The safe use of the plant enzyme does not extend to the recombinant bacterial enzyme
Research on Biosafety   because the cDHDPS differs structurally from the plant version. This difference in 
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molecular architecture means that different faces of the protein are presented to the 
solution, with different direct allergenic potential.”⁶⁷

Properties of animal feed can mask results
GM feeding studies have inappropriately diluted their GM feed, used too much overall protein, too little GM pro-
tein, or too little nutrition, all of which will make detection of adverse reactions difficult or impossible. Other studies 
failed to prepare their crops in ways that humans will be exposed to it. For example, they have used herbicide-tolerant 
crops that were never treated with herbicide or used only raw feed for crops that are also eaten cooked or processed.
Too much protein in the diet

Pryme and Lembcke  Regarding Roundup Ready soybeans: “From the (rather poor) bar diagrams in the paper 
there was a significant difference in the growth rate of rats and catfish with the two dif-
ferent GM lines, even at the dietary protein levels which were artificially too high (close 
to 25%).⁶⁸ This very high protein content of the diet would almost certainly mask, or at 
least effectively reduce, any possible effect of the transgene, particularly when the inclu-
sion level of the GM soya in any case was low. It is therefore highly likely that all GM 
effects would have been diluted out.” [The authors contrasted this with Pusztai’s studies,⁶⁹ 
which they said] “are remarkable in that the experimental conditions were varied and 
several ways were found by which to demonstrate possible health effects of GM-foods.” 
[In particular,] “low protein feed was tried (the idea being that health defects would show 
up earlier at low protein intakes).”⁷⁰

Pusztai and Bardocz  Regarding Roundup Ready soybeans (as above): “The absence of pancreatic hypertrophy, 
however, was not surprising because the unusually high dietary protein concentration, 
as pointed out by the authors, masked and/or diluted the biological effect of the trypsin 
inhibitors. This is of particular concern because the trypsin inhibitor content of GTS lines 
in unprocessed soybean was significantly higher than in the control line.”⁷¹

Too little of the GM crop in the diet

Pryme and Lembcke  Regarding Roundup Ready soybeans: “In the unprocessed soy study the inclusion level of 
the GM soy was too low and would probably ensure that any possible undesirable GM 
effects did not occur.”⁷²

Pusztai and Bardocz  Regarding Roundup Ready soybeans: “The raw unprocessed soybean diets in which the 
GM meals were incorporated were only at the level of 5% or 10% of the diet.⁷³ Thus, these 
meals only replaced 8.5% and 17%, respectively, of the total protein of 24.7 g/100 g diet. 
In other words, the GM protein was diluted by other dietary proteins by twelvefold and 
sixfold, respectively, producing another possible masking effect.”⁷⁴ 

Jeffrey M. Smith  Regarding Mon 863 Bt corn: “African aid recipients rely on maize for about 90% of their 
caloric intake. Rats are stand-ins for humans. According to Pusztai, researchers should have 
started with the maximum amount of corn possible (while maintaining a balanced diet), 
and then used lower concentrations to evaluate dose effects. The maximum amount of GM 
maize fed to the rats was 33% of their diet, constituting only about 15% of their protein.”⁷⁵

Mae-Wan Ho  “It was work done with a mixture of both Monsanto’s Roundup Ready soya GTS 40-3-2 
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(as soya meal) and Mon 810 maize (as maize grain) at the same time, comprising only 
13% and 18.5% respectively of the total diet. This inevitably decreases the chance of de-
tecting the GM DNA belonging to the varieties.”⁷⁶

Mixing feed with other GM products

Centre for Integrated  “The authority, at the very least, should seek a feeding trial using LY038 rather than a mix
Research on Biosafety   of transgenic strains that dilutes LY038.” (The feeding included 20.5% of another GM 

variety.)”⁷⁷

Jeffrey M. Smith  Regarding Mon 863 Bt corn: “Researchers also supplemented the corn with a commercial 
animal feed. Although its composition wasn’t reported, it may have contained GM soy, 
which could have skewed the results.”⁷⁸

Too little of the GM protein expressed

Pryme and Lembcke  Regarding experimental tomatoes: “It would seem likely that the inclusion of 10% freeze-
dried tomatoes distorted the diets’ amino acid pattern. Moreover, at this inclusion level 
the Bt-toxin (a GM tomato protein) intake of the rats was insignificant (the Bt expression 
level was one-twentieth of that which is found in other Bt crops).⁷⁹ Thus one could expect 
nothing significant to be found and this indeed was duly confirmed by the authors.”

   Regarding experimental potato: “The glycinin expression level and its intake by the rats 
was far too low to make the studies of major interest. . . . Hopefully, no food or feed addi-
tive is so toxic as to give adverse effects with the small dose used by Hashimoto et al.”⁸⁰,⁸¹

Poor nutritional value of the feed

Pusztai and Bardocz  “The results of a separate study⁸² with toasted glyphosate-resistant GM soybean, in which 
rats and mice were fed with this GM soybean at 30% inclusion level in the diet for 15 
weeks, could not be seriously considered because rat growth was minimal (less than 30 g 
over 105 days) and mice did not grow at all on either the test or control diets. This invali-
dates the authors’ observations of finding no significant differences . . . 

   “The conclusion by Kramer et al.,⁸³ that the GM corn developed by transferring the 
gene of egg white avidin to make the seed resistant to storage insect pests was safe for 
mice because they suffered no ill effects, can at best be regarded as premature. As the 
authors fed mice solely on GM or non-GM corn instead of on a balanced diet, it is not 
surprising that the mice did not grow at all with either. The results of a study with GM 
corn (CBH351) expressing Bt. thuringiensis toxin Cry9C,⁸⁴ in which rats and mice were 
fed with this GM corn at 50% inclusion level in the diet for 13 weeks in similar manner 
to their GM soya feeding study (Teshima et al., 2000),⁸⁵ are open to the same criticisms 
as the latter study.”⁸⁶ 

Not cooked or processed

Centre for Integrated  Regarding high-lysine corn: “The very latest research indicates that some allergens are
Research on Biosafety   attenuated or removed by heat or during processing, but other allergens become more 
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potent as a result of heating and in the presence of carbohydrates.⁸⁷ These can only be 
identified using food prepared in a fashion representative of how people will consume 
it. . . .Only feeding studies, using whole plant material in food that has been cooked and 
processed in ways that humans would consume it, can provide the proper basis for a safety 
review. No such studies were provided for public review . . . and from the [Draft Assess-
ment Report] we have no reason to suspect that such studies were ever provided to the 
authority.”⁸⁸

Arpad Pusztai “The GM crop should be fed both raw and after heat-treatment.”⁸⁹

Using unsprayed herbicide tolerant crops

Judy Carman  “The soybeans assessed in the application were not treated with Roundup. They are there-
fore not equivalent to the soybeans that will come out of paddocks for human consump-
tion. Experiments should be repeated with soybeans harvested from farms.”⁹⁰

Using mature animals instead of young ones masks serious problems
Nutritional studies typically use young, fast-growing animals, because they are sensitive to toxic and nutritional ef-
fects. According to Pryme and Lembcke, “during development the organism is highly dependent on appropriate 
feed.” Young animals use protein to build muscles, tissues, and organs. Problems with GM food could therefore show 
up in organ and body weight. Pryme and Lembcke applauded Pusztai’s research, stating, “Importantly, young rats 
were used throughout.”⁹¹ According to The Pusztais’ Guide to GMOs and Regulation, “The organ- and body weights 
of older animals are less sensitive to dietary changes.”⁹² Studies funded by the biotech industry, however, routinely 
use mature animals.

Pusztai and Bardocz  “In gavage [feeding tube] studies, unlike in the work described, young, rapidly growing 
animals must be used to establish whether the gene product has any toxic effect, affecting 
the growth of the animal. With older animals any effect on growth could only be shown 
if they were gavaged with potent toxins.”⁹³

Jeffrey M. Smith  “Researchers tested GM soy on mature animals, not young ones. . . . ‘With a nutritional 
study on mature animals,’ says Pusztai, ‘you would never see any difference in organ 
weights even if the food turned out to be anti-nutritional.’ . . . Even if there were an organ 
development problem, the study wouldn’t have picked it up since the researchers didn’t 
even weigh the organs.”⁹⁴

   Regarding Mon 863 corn: “Monsanto used a mix of young and old animals, which may 
have hidden serious problems.”⁹⁵

Using animals with a wide variation in weight
hinders detection of food-related changes

Bardocz and Pusztai  Animal starting weights should be close . . . or it will be difficult to detect statistically signifi-
cant differences in their growth, particularly in the short-term and with small group sizes.” ⁹⁶
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Jeffrey M. Smith  Regarding Mon 863 corn: “They used rats with a huge range of starting weights. Male rats 
ranged from 198.4 to 259.8 grams (or 143 to 186 grams according to conflicting data in 
the study’s appendix). According to Pusztai, starting weights should not vary more than 
2% from average. The wide range ‘can make it impossible to find significant differences . . . 
at the end of the experiment.’”⁹⁷

Short duration feeding studies miss long-term impacts
To analyze “harmful outcomes” from GM food, the Royal Society of Canada says to test for “short-term and long-
term human toxicity, allergenicity, or other health effects.” Biotech companies, however, do not employ such tests. 
They often rely on an “acute oral toxicity study” in which a high dose of the GM protein is fed to mice, which are then 
observed over several days to see if there’s a problem. In Europe, 90-day feeding experiments with the whole food are 
used. Both of these tests are woefully inadequate to detect a range of possible problems.

Public Health  “The effects of feeding people high concentrations of the new protein over tens of years
Association of Australia   cannot be determined by feeding 20 mice a single oral gavage of a given high concentration 

of the protein and taking very basic data for 13–14 days, particularly when the protein fed 
to the mice came from partially-purified mEPSPS protein [Roundup Ready GM protein] 
produced in E. Coli in a laboratory, rather than from corn in a field. . . . “The acute toxicity 
testing proposed as adequate would simply not pick up cancer, teratology [birth defects], 
or the long-tem effects of nutrient deficiencies or increases in anti-nutrients.”⁹⁸

Pusztai and Bardocz  “It is of particular importance to perform long-term nutritional experiments with GM 
feed components because small changes in the nutritional value of GM crops are more 
likely to show up with extended feeding. For example, the effect on the growth rate of 
rats fed GM potato-based diets was too small to be seen in the 10-day feeding experi-
ments, but a GM potato-induced reduction in rat growth was readily demonstrated in 
110-day feeding trials, even when the potatoes were fully cooked. . . . Even at these similar 
growth rates the weights of some of the rats’ vital organs, such as the gut and partic-
ularly the small intestine, the liver, and kidneys were still significantly different.”⁹⁹ 
  “One has to agree with the views of some biotechnologists that relatively short-term 
animal feeding/production experiments, particularly as they are presently carried out, do 
not contribute much to GM safety.”¹⁰⁰

Gilles-Eric Seralini  “As for animal feeding tests, 54 references were available by the end of 2000. Thirty-one  
are abstracts, websites and unavailable meeting reports. Two references are in press and 
21 have been published in peer-reviewed journals. There from seven used rats (maximum 
duration 28 days for four of them), nine have been performed on chickens that do not go 
over 42 days. Four used pigs but only one test was published, which had fed an experi-
mental maize. Two references fed cows of more than 42 days with Bt 176 maize that is not 
used anymore. Today there are no sub-chronic toxicity tests on rats that are obligatory. For 
new or pending GMOs there are only chronic toxicity tests for 90 days and not more.”¹⁰¹

Jeffrey M. Smith  Regarding Mon 863 corn: “According to [toxicologist G.E.] Seralini, Mon 863 is new 
and unique; it differs from natural Bt-toxin in seven ways. It should require at least the 
level of evaluation used for chemical pesticides. In the Eropean Union, that requires re-
search on three types of mammals, with studies ranging from 90 days to two years. Mon 
863, however, was approved after only a short 90-day rat study.”¹⁰²
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Short duration studies are also used for environmental evaluations

Freese and Schubert  “Feeding studies designed to detect potential effects of GE pesticidal proteins on non-
target insects such as honeybees are often too short to give meaningful results, for instance 
nine days.¹⁰³ However, the EPA often accepts such inadequate studies as substantiat-
ing the hypothesis that GE pesticidal proteins are not harmful to insects at the tested 
doses.¹⁰⁴ Hilbeck and Meier¹⁰⁵ recommend full life-cycle testing to detect sub-lethal and 
long-term effects.”¹⁰⁶

Using so few subjects makes statistical significance nearly unattainable
“If one were seeking to show no effect, one of the best methods to do this is would be to use insufficient replication, 
a small n.”¹⁰⁷ This comment was made in expert testimony in response to the chicken feeding study on the GM corn 
Chardon LL. The number of replicates (in this case, chicken feeding pens) was so low [n=4] that even a doubling of 
the death rate was dismissed as statistically significant. (see section 1.17) Many GMO studies funded by industry 
suffer the same limitation.

Judy Carman  “Groups of 5–6 Holstein dairy cows were fed uncooked soybeans. This is a totally inade-
quate sample size and would not be expected to show any differences between the groups. 
Yet a difference was found.”¹⁰⁸

Even animal deaths and serious conditions are discounted
Gilles-Eric Seralini  “In tests performed by Monsanto, 50 significant differences were noticed in rats eating 

the GM maize NK603 during 90 days. These differences have been judged ‘not important’ 
with bizarre explanations by two scientists from a governmental commission. Other dif-
ferences were found in similar experiments with GM oilseed rape GT73 on livers that 
showed an increase in weight up to 20% and kidneys of rats. These differences were kept 
confidential in the commercial files. We only got access after actions in court.”¹⁰⁹

Public Health  Regarding Roundup Ready corn: “Why the unilateral corneal opacity, noted in one male 
Association of Australia  mouse at the high dose level of the test material was considered not to be treatment-related 

and why further experimentation was not undertaken to determine the proportion of treated 
mice afflicted.”¹¹⁰

   Regarding Liberty Link corn (Chardon LL): “The toxicity of the PAT protein was as-
sessed using a single oral gavage to mice (5/sex/group) of 51% PAT protein. . . . The PAT 
protein used did not come from the corn, but from bacteria and was purified before 
use. Mice were observed for 14 days before being sacrificed and body weight and ‘gross 
pathology’ were done. There was no description of what was actually done in the gross 
pathology. One treated male mouse died. His pathology results were not supplied, but it 
was declared that ‘as no other clinical signs were observed in animals of any group, these 
signs are not considered to be treatment-related.’ No biochemistry, immune function, 
neurology, liver function, kidney function, gut function, complete autopsy, cancer, or tera-
tological measurements were taken.”¹¹¹

Jeffrey M. Smith  “When [a] lawsuit made Calgene’s rat study available, Dr. Pusztai reviewed it for the 
attorneys. With respect to the rats’ bleeding stomachs, he pointed out that if similar reac-
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tions were to occur in humans, ‘they could lead to life-endangering hemorrhage, particu-
larly in the elderly who use aspirin to prevent thrombosis.’¹¹² Pusztai also discovered a 
paragraph in the appendix which said 7 out of 40 GM-fed rats died within two weeks 
and were replaced. The cause of death was obliquely described as ‘husbandry error.’ Pusz-
tai was astounded. It is entirely unacceptable for such a study to leave out the data from 
rat autopsies and substitute only meaningless, unsupported opinions. Likewise, replacing 
dead animals in the middle of a feeding study is not scientifically justified.”¹¹³

Using irrelevant control groups hides significant findings
Arpad Pusztai  Regarding Mon 863 corn (section 1.3): “The study’s use of six irrelevant controls and ref-

erence to historical databases obscured the true findings. . . . Monsanto defended changes 
in kidney weights by comparing results from the test animals with rats used in a com-
pletely different study, conducted in a different laboratory, using Mon 863 hybrids with 
other GM maize samples. In this study the results of the original MON 863 study were 
quoted (but not actually re-done) for comparison. This inter-experimental comparison is 
entirely inappropriate for nutritional evaluation and should be disregarded.”¹¹⁴

Jeffrey M. Smith  Regarding Mon 863 corn: “Many health effects nonetheless remained significant even 
compared to these ‘artificial’ controls. So Monsanto claimed that they were biologically 
irrelevant if they fell within a wide range considered ‘normal’ for rats. . . . Thus, Monsanto 
dismissed a 52% decrease in immature blood cells as ‘attributable to normal biological 
variability.’ According to Pusztai, an allowance of 5% variability is the norm in food ex-
periments. Similarly, he says that the increase in blood sugar levels by 10% ‘cannot be 
written off as biologically insignificant, given the epidemic of diabetes.’

   “In spite of the statistical sleight-of-hand, several results were still outside Monsanto’s 
‘normal’ range. They offered another excuse. Since the reaction among the rats was not 
consistent between males and females, it was not significant. ‘This is really ridiculous,’ says 
Seralini, who points out that everyone studying cancer and endocrinology knows that 
there are reaction differences between genders.

   “And when the gender defense did not apply, Monsanto dismissed results claiming the 
reactions were not dose-specific. Specifically, changes in rats whose diet was 11% Mon 
863 were sometimes more pronounced than those fed a 33% diet. Here again, Seralini 
says Monsanto’s claims conflict with scientific understanding. In endocrinology and toxi-
cology research, differences are not always proportional to their effects. A small dose of 
a hormone, for example, can cause a woman to ovulate, while a larger dose can make her 
infertile.

   “When all other excuses failed, Monsanto claimed that with such a large study, one 
would expect lots of results to fall in the statistically significant category purely by chance. 
Thus, no follow-up is required. Pusztai, who was commissioned by the German govern-
ment to evaluate the study in 2004, wrote, ‘It is almost impossible to imagine that major 
lesions in important organs (kidneys, liver, etc.) or changes in blood parameters (lympho-
cytes, granulocytes, glucose, etc.) that occurred in GM Maize-fed rats, is incidental and 
due to simple biological variability.’”¹¹⁵

Judy Carman  “In addition to their normal diet, one group of rats was fed control potatoes while another 
was fed GE potato line BT-06. After a month, ‘a number of ’ abnormal findings were 
noted, such as enlarged lymph nodes, hydronephrosis, and enlarged adrenal glands.¹¹⁶ 
However, because at least some of these results were also found in the control rats, no 
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statistical difference was found between the two groups, and so the GE potatoes were 
regarded as safe for eating! However, control rats are supposed to remain healthy, indi-
cating that either rats are an inappropriate animal model for safety testing of potatoes, 
or that something unusual was happening with the rats. For example, a virus may have 
infected all the rats, masking any effect of the GE food, or the controls may have been 
inadvertently fed the GE food. To put it into perspective, consider a hypothetical clinical 
trial to determine the effects of a new aspirin. In this situation, one group of people would 
take the new aspirin and another group would take a sugar pill placebo for comparison 
purposes. After several weeks in this hypothetical trial, the manufacturing company fol-
lowed-up its trial volunteers and found a high proportion of those taking the new aspirin 
had been hospitalized. However, the manufacturing company argued that because some 
volunteers taking the sugar pill had also been hospitalized, the new aspirin was safe. The 
regulatory authority agreed and released it for sale, without anyone asking: how can a 
sugar pill hospitalize a high proportion of those who take it? Put quite simply, the experi-
ment should have been repeated and expanded to determine what was occurring and why, 
before the food was considered to be safe.” ¹¹⁷

Pusztai and Bardocz  “The composition of the control diets should be the same as the GM diet, but contain-
ing the parent line with or without supplementation with the isolated gene product at 
the same level as expressed in the GM line. Unfortunately, although the use of the gene 
product-spiked control diet ought to be mandatory in these nutritional tests, they have 
rarely been used.”¹¹⁸

Essential data are missing
Pryme and Lembcke  Regarding Roundup Ready soybeans: “No data were given for most of the parameters 

but the authors give a bland assurance that there were no differences. . . . Terminal body 
weights and relative organ weights (liver, kidneys, testes) did not show significant differ-
ences (no data given). There were no gross pathologic findings related to genetic modifica-
tion (no information about which organs were examined).” ¹¹⁹

E. Ann Clark  Regarding submissions to Canadian regulators: “Details of the mouse or rat feeding trials, 
such as number of animals and rate and duration of exposure, are sketchy to nonexistent, 
and vary widely among Decisions. . . . Insufficient information is given on which to assess 
the statistical rigor of the feeding trials.”¹²⁰ 

Pusztai and Bardocz  Regarding tomato and sweet pepper: “However, some of these sweeping claims are dif-
ficult to accept on the basis of the actual data in the published paper. Additionally, there 
is a lack of precision in defining some of the parameters measured in the work. Thus, one 
of the major omissions is that the coat protein [CP] expression level in the plants is not 
given and in the toxicity tests it is impossible to see what is measured without making 
comparisons with equivalent amounts of CP, particularly as no attempt has been made to 
isolate CP from the two GM plants.

   “The nutrition study has not been described adequately, no starting or during-the-
experiment weights of the individual animals are given. Means are no substitute, 
particularly when as in figure 3 the standard deviations in the bar diagram are so big 
(e.g. in 3 A at 3 weeks the mean weight of the rats is about 150 ±50 g) that it makes 
the in-between group comparisons meaningless. No diet composition and no animal 
management data are described, even though without pair-feeding no valid conclusions 
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about weight gain, organ weights, biochemical blood indices, etc., can be arrived at. The 
graphs and data are uninformative. The size of the most important tissues, such as the 
small and large intestines, pancreas, etc., has not been recorded. The methods used for 
histological evaluation are not detailed and therefore it is impossible to see whether the 
authors used appropriate methods or not. In view of these deficiencies it is difficult to 
accept the authors’ conclusions that these GM plants are as safe as their conventional 
counterparts.”¹²¹

Mae-Wan Ho  “Even though they had taken apparently carefully timed samples from individual animals 
in each four-week period, they pooled all the samples from the same animal together, thus 
losing potentially valuable information regarding the time course of the clearing of GM 
DNA from the gut to the tissues and out of the body.”¹²²

Arpad Pusztai  “The Mon 863 feeding study was poorly designed and reported. It is doubtful whether any 
prominent nutritional journal would consider it. It is odd, therefore, that it remains the key 
document used by government regulators to protect the health of European citizens.”

   “Nutritional data missing: Nutrition studies require measurement and disclosure 
of the nutritional composition of the feed and the demonstration that it remains stable 
for the duration of the 90-day experiment. This assurance backed up by actual chemical 
analysis is not provided.

   “Methodology missing: The study fails to describe most of the methods used in the 
study. When methods cannot be evaluated or repeated, they remain suspect. . . .

   “The growth rates reported were inexplicable. During the experiment, for example, 
one rat lost 53 g in one week and then gained 102 g the next. Rats with the highest start-
ing weight sometimes ended up with the smallest final weight. In the last four weeks, 
rats hardly grew at all, in spite of the similar feed intake and even though rats typically 
continue to grow throughout their lives. There is too little information provided to judge 
whether these are the result of animal mismanagement, degradation of the feed stored at 
room temperature, or some other problem.”¹²³

Jeffrey M. Smith  Regarding Mon 863 corn: “Overall, the research paper was confusing, conflicting, poorly 
reported, and at a whopping 1,139 pages, seemed to try and hide results in a mountain 
of irrelevant material. It failed to disclose the methods used to measure changes and 
therefore the research cannot be repeated and the results remain suspect. . . . Referring to 
the study as a whole, Pusztai says, ‘Nutritional scientists and leading journals would not 
accept these blatant inadequacies and misinterpretations.’” ¹²⁴

William Freese  Regarding StarLink corn: “The studies submitted by AgrEvo (Aventis’ predecessor) pur-
porting to show that Cry9C is not allergenic are deficient in a number of ways. EPA 
criticized AgrEvo’s rat study as follows: “The brown Norway rat model is not a validated 
test for food allergy at this point and the study submitted is significantly flawed …” These 
significant flaws include AgrEvo’s failure to report crucial data, including the concentra-
tion of Cry9C in the extracts injected into the rats, the number of rats that were tested, 
and the time that elapsed between injections of serum and challenge antigens. These are 
not minor oversights, but rather serious breaches of basic scientific protocol; a high school 
biology student would be flunked for less. . . . Most of the registrant’s studies were not 
conducted according to standards of good laboratory practice; test protocols and other 
crucial data are routinely missing. In one study on the stability of Cry9C, the supposedly 
non-StarLink controls were contaminated with the Cry9C protein! 

   “In short, the EPA and the SAP based their evaluations of StarLink corn on shoddy 
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corporate science. Given AgrEvo’s obvious interest in approval, we cannot help but won-
der why it left out crucial data. What did the company have to hide if this corn were in 
fact safe for animals and people, as it claimed?”¹²⁵



Compositional studies are not comprehensive enough 
to detect hazards

As described in part 1, there are numerous ways in which the composition of GM crops can be unpredictably 
altered. The specific types of compounds measured and the methods used for detection are inadequate to 
identify potential hazards.

Changes in know toxins and antinutrients are not measured
Doug Gurian-Sherman  “Our review of 14 reviewed submissions found that developers do not evaluate all the 

compounds they should, and when they do, the methods they use are not always compa-
rable to the contemporaneous state-of-the-art testing regimes. . . . The submissions did 
not evaluate some potentially deleterious compounds, such as scientifically recognized 
toxicants in tomatoes or anti-nutrients in corn. . . . Several anti-nutrients including phy-
tate and trypsin inhibitor have been identified in corn. [Phytate was reported in two out of 
four submissions and trypsin inhibitor was reported in one of four.] The fact that both of 
those antinutrients were not measured in all engineered corn plants indicates that known 
corn food-safety concerns were not thoroughly assessed.”¹²⁶

Food and Chemical  “Data from US and EC documents were investigated with regard to inherent plant toxins
Toxicology  and antinutrients. Analyzed were documents of rape (glucosinolates, phytate), maize 

(phytate), tomato (tomatine, solanine, chaconine, lectins, oxalate), potato (solanine, chaco-
nine, protease-inhibitors, phenols) and soybean (protease-inhibitors, lectins, isoflavones, 
phytate). In several documents used for notifications no declarations even on essential 
inherent plant toxins and antinutrients could be found. . . . Consistent guidelines, specify-
ing data of relevant compounds, which have to be provided for notification documents 
of specific organisms have to be established. Because of the importance of inherent plant 
toxins and antinutrients on nutritional safety, also coherent databases of standard parental 
lines and clear criteria for mandatory declarations are necessary.”¹²⁷

Basic tests are not done and methods are often insensitive or obsolete
Jeffrey M. Smith  “In July 1999, independent researchers published a study showing that GM soy contains 

12%–14% less cancer-fighting phytoestrogens. Monsanto responded with its own study, 
concluding that soy’s phytoestrogen levels vary too much to even carry out a statistical 
analysis. Researchers failed to disclose, however, that they had instructed the laboratory 
to use an obsolete method of detection—one that had been prone to highly variable 
results.”¹²⁸,¹²⁹

Pusztai and Bardocz  “Even the results of the analytical work done to date, using mainly conventional meth-
ods, have left many uncertainties about the chemical equivalence of the GM and non-
GM soybeans, particularly as the design of some of the comparative studies was seriously 
flawed. Even more seriously, judging from the published literature, no attempt was ap-
parently made to establish the equivalence of the GM to the conventional lines by more 
modern and high-resolving power technologies, such as proteomics, DNA microarray 

215
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analysis using GM soybean RNA isolated from different tissues and plants grown un-
der different but relevant conditions. No data could be found using NMR combined 
with chemometrics for the characterization of metabolite differences in the plants.¹³⁰ 
Moreover, analysis of the possible different glycoforms of the 5-enolpyruvylshikimate-3-
phosphate synthase [Roundup Ready protein] and other proteins has not been attempted, 
although variability in glycosylation patterns can lead to different biochemical and anti-
genic properties. Furthermore, no comparison was made between the GM and non-GM 
forms in their contents of small RNA molecules that are emerging as very important and 
inheritable gene regulators. In view of these omissions no claims by the authors that the 
GM and non-GM soybeans are substantially equivalent can be accepted without carrying 
out further and more critical studies.”¹³¹

Mae-Wan Ho  “Their PCR method for detecting GM DNA is neither validated nor standardized. Its 
sensitivity varied over one-thousandfold between different tissues and tissue contents. 
The limits of detection is such that in some samples, I calculate that more than 40,000 
copies of the soya genome or 9,000 copies of the maize genome must be present in the 
sample before a positive result is obtained. The usual detection limit of PCR is 10 copies 
or less. . . . No wonder there is a rather large number of neither positives nor negatives, but 
‘inconclusives’ in the data.”¹³²

Centre for Integrated  Regarding high-lysine corn: “An adequate molecular characterization of all novel RNA
Research on Biosafety   molecules, that may pose a risk to consumers, is missing along with microarray analysis of 

the transcriptome of the LY038 line.”¹³³

Bardocz and Pusztai  “SDS-gel electrophoresis is a crude method for the determination of the molecular weight; 
it is unsuitable to determine the structural, and even less the functional similarity of two 
proteins.”¹³⁴

Jeffrey M. Smith  “In order to evaluate the difference between the GM protein in the peas and its natural 
counterpart in the beans, the Australians used the sensitive MOLDI-TOF test, which 
is almost never used in GM safety assessments. According to Doug Gurian-Sherman, a 
senior scientist at the Center for Food Safety and formerly at the US Environmental Pro-
tection Agency, those subtle differences in glycosylation patterns found in the pea study 
‘would not be detected by the tests that are currently required by US regulatory agencies.’ 
In fact, in the 1990s, when the GM peas were tested with an inferior ‘gel test’ method that 
is sometimes used in GM food assessments, Higgins [the pea developer] didn’t see any 
difference between the GM and non-GM proteins. The peas had passed this test.”¹³⁵

Studies typically combine poor reporting with missing data
Doug Gurian-Sherman  Regarding Bt corn from Dow AgroSciences: “FDA determined that the data summary 

had incomplete information about nutritional composition. FDA recommended to the 
developer that its ‘composition data could be improved by addition of min/max [mini-
mum and maximum] values to each analysis.’ In a letter dated January 10, 2001, the de-
veloper responded to FDA’s request by stating, ‘We believe the addition of minimum and 
maximum values for individual composition analysis will not significantly enhance the 
data set nor provide useful support for the safety conclusions in the current FDA notifica-
tion’ and suggested that it is more useful to compare average values from its GE variety 
to the ‘expected range’ for the conventional crop. In other words, the developer decided 
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to rely on its own judgment about what data were useful for risk assessment rather than 
FDA’s and did not comply with FDA’s suggestion.”¹³⁶

Bardocz and Pusztai  “In some submissions there are pages marked as page 1 of 22. This means that this page is 
from a longer report, but the other 21 pages are not given. . . . There are references in the 
text as (figure X) or (table X), but these are not given in the files. Where are these data? 
Why are they not given?”¹³⁷

Centre for Integrated  Regarding high-lysine corn: “The Applicant has assured the Authority that corn derived
Research on Biosafety   from LY038 and hybrids will have total lysine in the range of 3500 to 5300 ppm, and free 

lysine in the range of 1000 to 2500 ppm. . . . The applicant already possesses hybrid lines of 
corn with total lysine levels reaching 6160 ppm and free lysine levels reaching 2908 ppm, 
but apparently did not include that fact in the application. . . .

   “The applicant reports amino acid levels as a proportion of amino acids. This can mask 
important changes in the amounts of amino acids, especially in distributions between 
protein incorporated and free amino acids.”¹³⁸

Public Health  Regarding Liberty Link corn (Chardon LL): “Although analyses were done comparing
Association of Australia  sprayed GE corn with non-sprayed GE corn, no data were given, just a statement that no 

significant differences were found.”¹³⁹

The sample sizes used for compositional comparison are way too small

Judy Carman  “They found no significant differences but the sample sizes used are not given in the 
ANZFA document. Nor are sample size calculations to justify the sample sizes that were 
used. . . . If too small a sample size is used, any differences that may exist between Round-
up Ready soybeans and ordinary soybeans will not be found. This is … a serious scientific 
fault.”¹⁴⁰

Public Health  Regarding Roundup Ready canola: “It is clear that the sample sizes are most inadequate to 
Association of Australia  find statistical significance. For example, n=2 in the glyphosate-tolerant canola line. . . . With 

such low numbers it is almost a foregone conclusion that a statistically significant difference 
will NOT be found between the GE food and the non-GE food for most analyses, even if 
one exists in nature. In fact, if a statistically-significant difference is found with such small 
numbers it indicates that the difference may be substantial indeed.

   “In spite of the very small sample sizes, the percent fat content was found to be signifi-
cantly higher in the GE canola compared to the control. It is noted that the fat content was 
also higher in the 1993 and 1994 field trials, but was not found to be significantly different, 
probably due to the very small sample sizes. Therefore, the mean fat values may not be due 
to ‘the natural range of variation that occurs in canola,’ as stated. . . . We contend that the 
experiment needs to be repeated with much larger sample sizes, such as n=50.”¹⁴¹

   Regarding Roundup Ready corn: “We contend that the compositional analyses require 
much  larger sample sizes than n=5.”¹⁴²
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Compositional changes are obscured by pooling crop data from varied 
growing conditions or making comparisons with plants of diverse genetics
In order to properly identify the compositional differences that come about due to gene insertion and not from ran-
dom genetic variation and environmental conditions, according to the Organization of Economic Cooperation and 
Development (OECD), “Measurement data from the new variety should ideally be compared to those obtained from 
the near isogenic [parent line or nearly genetically identical] non-GMO line grown under identical conditions.”¹⁴³ 
Food Standards Australia New Zealand (FSANZ) specifies this as “grown in adjacent plots at the same site and at the 
same time.”¹⁴⁴ Furthermore, “the pooling of data from different sites is acceptable provided data from the separate 
sites is also submitted and separately evaluated.”¹⁴⁵ Otherwise, it may be quite difficult for compositional differ-
ences to reach statistical significance. The specifications notwithstanding, the biotech companies appear to regularly 
construct their research in the opposite manner, going out of their way to obscure the data with faulty controls and 
pooled data from varied conditions.

Monsanto’s application for high lysine corn provides an example. According to the Centre for Integrated Research 
on Biosafety (INBI):

“The applicant changed both the environment and the composition of genotypes by planting four different non-
GMO ‘reference’ varieties at each of the different sites. The combined data then produces an overwhelming variance 
range because it is a composite of a few replications of each genotype, each genotype grown in only one environment, 
and five different environments. It is improbable, if not impossible, with this type of experimental design to recognize 
and eliminate outliers or produce useful baseline data for hazard identification. . . . In the statistical analysis, the range 
of observed values for the reference substances was always a combined value across all sites. There was no reference 
range reported by site.”

The high lysine GM corn turns out to have levels of certain nutritional components (protein content, total dietary 
fiber, acid detergent fiber and neutral detergent fiber) that lie far outside the range of normal corn, as determined 
by the OECD historical ranges. Conveniently, Monsanto selection of non-GM reference varieties used at each site 
included those that were also substantially outside the historical range for corn on precisely these values. For example, 
the OECD list says the value of TDF in corn is 11.1. The GM variety was nearly double that (20.77 ±2.48). The 
non-GM corn used for comparison, however, had a range from 12.58–35.31. Thus, the high level in the GM corn 
was not considered significantly different because the controls it was compared to were so unusual. INBI said, “This 
observation again leads us to question how the applicant came to choose specific lines for this study, and whether or 
not those reasons were consistent with a design to optimize the analysis of LY038 as a human food.”¹⁴⁶

To obtain these unusual reference numbers, Monsanto used rather non-traditional corn varieties as controls, in-
cluding two that had undergone genetic mutation in order to become tolerant to the herbicide imidazoline and five 
that were designated as high extractable starch corn.

In addition, the primary control corn that Monsanto used to determine molecular and compositional equivalence 
was “a sibling of the modified corn line and itself a product of gene technology.” INBI points out that the studies’ 
conclusions “were flawed because the comparisons were to another GM plant” and would not “reveal unintended 
hazards.” They wrote, “The ‘control corn grain’ for which a lysine level is reported … is not a valid control. [The Codex 
Alimentarius Commission]¹⁴⁷ does not allow another GM crop to serve as a control, because neither crop has a his-
tory of safe use.”¹⁴⁸ FSANZ also specifies that controls have “a history of safe use for consumption as food,”¹⁴⁹ but 
accepted Monsanto’s studies nonetheless. FSANZ had requested Monsanto to justify why it did not use a non-GMO 
parental variety as a control in its compositional analyses. According to INBI, “We could find no explanation of the 
applicant’s response to FSANZ. We can only assume that the authority has chosen to exercise a standard that is lower 
than it could under [the Codex Alimentarius Commission].”¹⁵⁰

It is a standard that the regulators may have gotten used to, as this critique by the Public Health Association of 
Australia on Monsanto’s Roundup Ready corn demonstrates.

“The composition of the glyphosate-tolerant GE corn was compared to control plants that consisted of ‘the popula-
tion of non-transgenic negative segregants (that is, plants lacking the mEPSPS gene addition) present in untreated plots 
of transgenic GA21 corn.’ It would therefore appear that the control plants were those plants that had undergone the 
‘particle acceleration transformation system’ to try to make them into GA21 plants, but where the process appears to 
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have failed. Can the ANZFA [Australia New Zealand Food Authority, the precursor to FSANZ] please provide details 
as to why these plants were chosen as controls as it is contended that a more suitable control would have been plants that 
had not been treated at all in this manner. This is because of the possibility that minor sequences of DNA may have been 
incorporated into parts of the genome of these plants which may not have been picked up, but which may nevertheless 
alter the concentrations of amino acids or fatty acids.”¹⁵¹

Doug Gurian-Sherman  “Test-crop growth conditions . . . can have dramatic effects on crop composition values. 
. . . [Monsanto’s study on a Bt corn] gathered composition data about corn grown in six 
geographic locations and provided statistical analyses, but it pooled data from the differ-
ent locations, which could obscure possible growth-condition effects. [Another Bt corn 
submission] from the same company, did not disclose locations, pooled the composition 
data, and did not supply statistical analyses.”¹⁵²

Pusztai and Bardocz  “The parent and GM lines must be grown under identical conditions, treated, and har-
vested the same way. . . .Unfortunately, fulfilling this condition is the exception rather than 
the rule.”

   Regarding Roundup Ready corn:¹⁵³ [Researchers collected data] “from 16 field sites 
over two growing seasons,” [concluding that the composition was] “comparable to the 
control line. The comparison however, was carried out by a statistical method similar to 
that for GTS soybean [below] which is scientifically flawed.”

   Regarding Roundup Ready soybeans: “The statistical method for comparing the GM 
and non-GM lines was flawed. Instead of comparing sufficiently large numbers of sam-
ples of each individual GTS with its appropriate individual parent line grown side-by-
side at the same location and harvested at the same time to establish whether they were 
compositionally ‘substantially equivalent,’ what the authors compared was a large number 
of different samples from different locations and harvest times.¹⁵⁴ As growth conditions 
have a major influence on seed composition, the range of the amounts of constituents in 
the different samples was so great (±10% or more) that the chances of finding statistically 
significant differences were unreal. This is all the more curious, because in the authors’ 
experiment 1 in Puerto Rico the conventional and the GTS lines were grown at the same 
site, but the results of their analyses on these soybean samples were not included in the 
publication.”

   [When an investigator recovered the missing Puerto Rico data from the archives of 
the Journal of Nutrition, it became obvious why keeping the data a secret was beneficial to 
the company.]

   “The data showed that the GM soybean contained significantly less protein and the 
amino acid phenylalanine, amongst many other things, and therefore it could not have 
supported the growth of animals as well as the parent line. . . . In practically all heat-
treated GM soybean samples from the Puerto Rico trial, the amounts of lectin and the 
trypsin inhibitors were significantly higher in the GM samples than in the isogenic line. 
Even more curiously, heat treatment appeared to have a far lesser denaturing effect on 
the trypsin inhibitor content of the GM lines than on the parent line samples. Although 
for some unexplained reason the values were from single assays on single samples (table 
3), one of the GM lines (61-67-1) appeared to have almost seven times as much trypsin 
inhibitor per mg sample dry weight as the parent. Indeed, the values in this GM soybean 
approached that found in untoasted soybean seed samples. Even the other GM line (40-
3-2) contained three times as much trypsin inhibitor as the non-GM line.”¹⁵⁵
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Statistically significant findings are often dismissed (without evidence) 
as “not biologically significant” or “natural variation”

Pusztai and Bardocz  Regarding Roundup Ready Soybeans: “Although several significant differences between 
GM and control lines, such as in ash, fat and carbohydrate contents were found,¹⁵⁶ . . . 
these were not regarded to have biological significance by the authors.”¹⁵⁷

Bardocz and Pusztai  “Without actual work this [often-used phrase ‘is unlikely to be biologically significant’] is 
only an opinion, and not a scientific statement.”¹⁵⁸

Public Health Associa-  Regarding Roundup Ready canola: “When statistically significant differences in compo-
tion of Australia   sitional analyses were determined between the GE plant and its control, Monsanto did not 

follow-up these results with substantial further experimentation to determine why these 
differences occurred. Instead, such differences in composition tend to be dismissed as being 
within the natural variation of the plant. Such a statement ignores the evidence from the 
controls and the reason for having controls in the first place. Controls are used in order to 
provide a proper comparison with the experimental group under the conditions present 
at the time of the experiment. For example, the GE canola GT73 . . . was compared to a 
control that was its parental line in field trials, presumably so that any differences between 
these groups could be attributed to the genetic engineering, and not to differences in soil, 
air temperature, rainfall, fertilizer, etc. However, when this comparison yielded statistically 
significant differences, the GE canola was then compared to the ‘Westar range,’ a database 
housed in Canada, presumably from canola grown over a number of years from a number 
of sites. Doing this permits differences due to soil, climate, etc. to creep in again. Moreover, 
proof should be provided for the assertion that the differences were due to the natural 
variation of the plant. It is normally the role of such things as the statistical test, the standard 
error and the 95% confidence interval of the mean to provide a measure of this. It is also 
important that the sample size be big enough to obtain an accurate measure of these.

   “We therefore contend that it is unacceptable to dismiss significant differences between 
the GE plant and its control and instead to compare the GE results to a broader pool of 
data as if this pool is the new control. Similarly, we believe that it is unacceptable to compare 
the mean concentration of something (e.g. proline in GE canola GT73) with ‘previously 
reported values’ because the concentration of proline lies outside the ranges of both the 
control and the ‘Westar range.’ . . . In table 6, the document states that there is no nutritional 
or toxicological significance associated with these fatty acids. . . . The document also states 
that these raised levels are considered to ‘reflect the natural variation within canola rather 
than any affect of the genetic modification on the canola line.’ Please provide reasons for this 
assertion.”¹⁵⁹

Centre for Integrated  “Natural variability is not a baseline for analysis, despite what the applicant repeatedly
Research on Biosafety  claims.¹⁶⁰ Hazard identification is the baseline for analysis. Thus, minimizing non-specific 

variability should be the goal of a risk assessment. This is most reasonably done using the 
proper non-GMO parental lines as controls.”¹⁶¹

Bardocz and Pusztai  “The only relevant scientific comparison is with the isogenic parent line!”¹⁶²
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Processing samples can rig the results

William Freese  Regarding StarLink: “Even the data that Aventis did submit are seriously flawed. For 
example, buried deep in its 170-page study on Cry9C protein levels in food products, 
one discovers a serious breach of standard operating procedure in the processing of Star-
Link corn that was made into dry-milled corn products that were tested for their Cry9C 
content. Instead of the standard 30-minute heat treatment, this batch of StarLink was 
heated for two hours—four times as long—surely resulting in a much greater degree of 
Cry9C degradation than standard food processing procedures. Aventis does not explain 
this lapse, nor why the processing was not repeated with a new batch of corn heated for 
the proper period of time. Neither is any adequate explanation given for the two- to nine-
fold differences between two similar assays used to measure levels of Cry9C in these same 
dry-milled food products.”¹⁶³

EPA Scientific  Regarding StarLink: “The panel was concerned that the methodology used to determine
Advisory Panel  the concentration of Cry9C protein may be an inadequate approach for estimating bio-

logically active Cry9C protein in exposed humans. The extraction of Cry9C has not been 
optimized nor standardized, and the solubility of the protein has not been fully assessed. 
The extraction times reported in studies were of short duration, and may not reflect the 
total Cry9C protein content.”¹⁶⁴



Evaluating allergenicity is not guaranteed

Testing for allergens in GM crops is a problem. There are no tests to guarantee that a novel protein, introduced 
into the human diet for the first time, is not an allergen. You can’t simply give the food to a large number of 
people as a test, because allergic responses typically develop after a person has had multiple exposures. The 

percentage of people who react may be quite small (but the impact may be life-threatening). 
In 1992, the FDA policy stated, “At this time, FDA is unaware of any practical method to predict or assess the 

potential for new proteins in food to induce allergenicity and requests comments on this issue.”¹⁶⁵ Seven years later, a 
Washington Post article observed that there was still “no widely accepted way to predict a new food’s potential to cause 
an allergy. The FDA is now five years behind in its promise to develop guidelines for doing so. With no formal guide-
lines in place, it’s largely up to the industry to decide whether and how to test for the allergy potential of new food.”¹⁶⁶ 
But Carl B. Johnson, a scientist at the Additives Evaluation Branch of the FDA, had already dismissed this as a viable 
option. He wrote, “Are we asking the crop developer to prove that food from his crop is non-allergenic? This seems 
like an impossible task.”¹⁶⁷ The US EPA Scientific Advisory Panel concluded that “Only surveillance and clinical 
assessment of exposed individuals will confirm the allergenicity.”¹⁶⁸ Unfortunately, no such surveillance exists.

Washington Post  Regarding StarLink corn contamination in the food chain: “There is no surefire way of 
testing a new protein like Cry9C for its potential to cause allergies in people. . . . ‘We all 
wish there was a test where you plug in a protein and out pops a “yes” or “no” answer,’ said 
Sue MacIntosh, a protein chemist with AgrEvo. But there is no such test, short of giving 
it to a lot of people and seeing what happens.’”¹⁶⁹

At best, current assessments only reduce the likelihood of reactions
While “proving” that a protein is not an allergen remains impossible, the FAO/WHO and others¹⁷⁰ recommend a 
decision-tree screening process to minimize the likelihood that an allergenic GM crop gets approved. The procedure 
involves examining the transgenic protein for physical characteristics that are common to known allergens. Accord-
ing to Biotechnology and Genetic Engineering Reviews, “Three of these characteristics are amino acid sequence homol-
ogy [similarity] to a known allergen, digestive stability, and heat stability. While none of these features is predictive of 
allergenicity, their presence (especially in combination) is regarded as sufficient evidence to reject the pertinent GE 
crop, or at least trigger additional testing, depending on the protocol.”¹⁷¹ But there are many ways in which GM crops 
with an allergenic protein might pass these tests.

Evaluating only the GM protein misses other allergens in GM crops
Part 1 of this book described several ways in which natural genes in the host genome can be altered by the GM 
transformation process. Naturally occurring allergens might increase and new allergens may be produced. The 
decision-tree allergenicity screening, however, focuses solely on the transgenic protein; it does not even look for these 
other potential allergens.

Protein stability tests are not reliable indicators
Transgenic proteins are put into test tubes with simulated gastric fluid (SGF), including digestive enzymes (e.g. 
pepsin) and acid, to measure how quickly they are broken down. This test is based on the theory that allergenic pro-
teins often—but not always—break down slowly in the stomach and intestines. Since a protein that is broken down 
quickly may still cause allergies, potentially harmful allergenic proteins can pass this test.

222
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In addition, the simulated gastric fluid is supposed to combine acid and enzymes to approximate average adult 
stomach conditions during digestion. While the FAO/WHO recommends a pH of 2.0, a person’s actual acid level 
varies with age, the type and quantity of food consumed, illness and medicine. Infants, for example, have a higher 
(less acidic) pH of 3–4. Millions of adults take antacids and acid inhibitors—and there is a medical condition (achlor-
hydria) where the pH won’t go below 4.0. Thus, even if the test accurately predicted protein stability for the average 
adult, it would fail to do so for a significant percentage of the population. 

Test tube studies do not accurately predict what happens in the human gut

Pusztai and Bardocz  “The results of such in vitro digestion assays . . . can be misleading because the interactions 
between the digesta and the gut wall and its enzymes, which can greatly influence the 
stability or degradation of the components of the diet, are absent in the test tube.”¹⁷²

These studies cannot accurately distinguish between known allergens and non-allergens

Centre for Integrated  “The authority has argued that ‘most food allergens tend to be stable to the peptic and
Research on Biosafety  acidic conditions of the digestive system if they are to reach and pass through the intesti-

nal mucosa to elicit an allergic response,’ citing dated literature on the topic (1996–1999). 
More recent studies have undermined the generality of the statement that allergens are 
more stable. ‘Food allergens were not necessarily more resistant to SGF [simulated gastric 
fluid] and SIF [simulated intestinal fluid] digestion than nonallergenic proteins of similar 
cellular functions.’”¹⁷³,¹⁷⁴

GM proteins that break down quickly in test tubes survive much longer in the digestive
system, further invalidating test conclusions

Pusztai and Bardocz  Regarding mice study with Bt-toxin and Bt potato (section 1.4): “This was an important 
study because once and for all it established that, in contrast to general belief, exposure 
of the mouse gut (ileum) to the CryI gene product caused profound hypertrophic and 
hyperplastic changes in the cells of the gut absorptive epithelium and these could lead 
to mucosal sensitization, as was later demonstrated.¹⁷⁵ These changes could only have 
occurred because, in contrast to the artificial stability shown in the in vitro simulated gut 
proteolysis tests, the Bt-toxin did in fact survive, in a biologically active form, the passage 
through the digestive tract.”¹⁷⁶

European Commission  “The ‘sound scientific evidence’. . . consists only on checking protein homologies with 
existing allergens and a study of the isolated purified transgene product in a simulated 
gastric fluid. Based on this, Bt proteins are degraded within minutes. However, today we 
know that when embedded within transgenic plant material Bt-proteins can pass even 
through the intestinal tract of cows.”¹⁷⁷ 
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Scientists test proteins made from bacteria, not from actual GM crops

Bardocz and Pusztai  “Because recombinant proteins expressed in E. coli or in the GM plants can be different, 
the use of E. coli surrogates or other microbial recombinant protein in digestibility studies 
is scientifically invalid.”¹⁷⁸

Some tests use proteins with different amino acids

Doug Gurian-Sherman  “Safety tests, such as for allergencity, used forms of the protein that may differ from the 
GE protein found in the transgenic plant. . . . SGD assays should be performed using the 
form of the protein found in the transgenic plant, because even minor alterations may 
change one or more of the properties of the protein. In tests reported in [the submis-
sion], instead of testing SAMase [the GM protein] itself, a SAMase fusion protein was 
used in digestive and heat-stability assays. A fusion protein is a single protein produced 
from a hybrid gene that joins two otherwise separate proteins. [The GM crop submitted], 
however, does not contain the fusion protein. It is possible that the fusion could have 
reduced the stability of the SAMase portion of the protein by altering its structure in the 
combined protein. FDA did not comment on any aspect of the allergenicity assessment 
of [the submission].”¹⁷⁹

Companies fail to test proteins after cooking and processing, which might increase
allergenicity

Centre for Integrated  “The Applicant should report digestibility measurements after processing/cooking of
Research on Biosafety  material from whole food. . . . The very latest research indicates that some allergens are 

attenuated or removed by heat or during processing, but other allergens become more po-
tent as a result of heating and in the presence of carbohydrates.¹⁸⁰ These can only be iden-
tified using food prepared in a fashion representative of how people will consume it.”¹⁸¹

Journal of Agricultural  “In contrast to these so-called pollen-related allergens, roasting has been reported 
and Food Chemistry  to increase the allergenicity of raw peanuts. For example, protein extracts of thermally 

treated peanuts have been shown to bind IgE antibodies from patients’ sera at up to nine-
tyfold higher levels than extracts obtained from the corresponding nontreated peanuts. In 
addition, inhibitory ELISA experiments revealed a significant increase in the IgE binding 
activity of the purified major allergens Ara h 1 and Ara h 2 after thermal treatment in the 
presence of carbohydrates.”¹⁸²

Companies use stronger pH and more enzymes, to breakdown the GM protein more quickly
The speed of protein breakdown is largely influenced by how strong the acid is and how much digestive enzymes are 
present. One study demonstrated, for example, that, the stability of the major egg allergen ovalbumin changed from 
greater than 120 min to 0 min as the ratio of pepsin to test protein (by weight) increased from 0.1 to 100.” ¹⁸³ Doug 
Gurian-Sherman writes, “a common plant protein that was rapidly digested at one ratio was stable when the pepsin 
concentration was reduced one-hundredfold.¹⁸⁴ Several recent studies also show that the stability of some known 
allergens can be reduced or eliminated when the relative pepsin concentration is increased.¹⁸⁵ In particular, some GE 
proteins that would be stable, and would be considered potential allergens, if tested, according to Metcalfe et al., may 
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be unstable at relatively high pepsin (or low GE protein) concentrations, and would pass the SGD assay. Therefore, 
using inappropriate concentrations of pepsin and the GE protein can potentially give misleading results.”¹⁸⁶

William Freese  “Monsanto’s digestive stability test on Cry1Ab employed highly acidic conditions (pH 
1.2) and a huge excess of pepsin relative to test protein—conditions that favor the most 
rapid possible digestion.¹⁸⁷ Thus, it’s no surprise that Monsanto’s results (over 90% degra-
dation in just two minutes) vary by a factor of 60 from those of Hubert Noteborn.¹⁸⁸ Dr. 
Noteborn found that 10% of Cry1Ab survived for one to two hours, not two minutes. Un-
der the authoritative allergenicity testing protocol recommended by international experts 
at FAO/WHO and accepted widely by national regulators outside the United States, 
Cry1Ab would show itself to be still more stable than in Noteborn’s test.”¹⁸⁹

Freese and Schubert  “Industry procedures used to measure digestive stability frequently employ 
highly acidic conditions and a very large excess of pepsin relative to test pro-
tein—conditions that favor the most rapid possible digestion.¹⁹⁰ Under the au-
thoritative allergenicity testing protocol recommended by international experts 
at FAO/WHO, digestive stability tests are to be carried out at a higher pH (2.0) 
and in SGF with a ratio of test protein to pepsin over three orders of magnitude 
greater than the conditions used by some.¹⁹¹” 

Centre for Integrated  “The applicant has used 2000 times the amount of pepsin by weight recommended in
Research on Biosafety the FAO/WHO protocol.”¹⁹²

Doug Gurian-Sherman  “Several papers examining food-protein digestibility that were published prior to [sub-
mission] BNF-01 and BNF-02 used pepsin-to-food-protein ratios thousands of times 
lower than in either FDA submission.¹⁹³ The basis for using the relative concentrations of 
pepsin to test proteins in BNF-01 and BNF-02 could not be evaluated by FDA because 
the methodology was not provided in the data summary. Had the relative concentrations 
of pepsin to CP4 EPSPS [Roundup Ready protein for soybeans] or ACCd [delayed rip-
ening protein for tomatoes] been disclosed in BNF-01 or BNF-02, as would be the case 
in a full description of methodology, FDA may have had concerns about the allergenicity 
of the engineered proteins.”¹⁹⁴

Less sensitive measurement methods can lead to false conclusions

Doug Gurian-Sherman  “Antibodies are often used to detect digestion-resistant food-allergen proteins or frag-
ments remaining after SGD, and several different types of antibodies that differ in their 
ability to detect the protein can be used. Polyclonal antibodies, which can typically detect 
several distinct sites, or epitopes, on a food-allergen protein are most appropriate be-
cause they may detect stable protein fragments that often result from the SGD tests. By 
contrast, monoclonal antibodies can detect only one type of epitope on the GE protein, 
and would not detect a digestion-resistant fragment that does not include that epitope. 
Monoclonal antibodies were used to detect SAMase during the SGD assays in [the sub-
mission]. Therefore, the detection method used in [the submission] could have missed a 
digestion-resistant SAMase fragment. . . .

   “Resistance to degradation in assays simulating the human stomach was the primary 
reason that the GE protein in StarLink corn was not approved for human consumption. 
Entire food allergen proteins, or large fragments of them, remained undigested in SGD 
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assays for at least two minutes.¹⁹⁵ In the . . . SAMase SGD assay, the first measurement 
was not made until five minutes, which would not have detected resistance to digestion at 
between two and five minutes.”¹⁹⁶

Comparing amino acid sequences to known allergens
will not identify many potential allergens

Comparing the protein’s sequence with amino acids from known allergens is done in two ways. The first, as recom-
mended by FAO/WHO, is to look at the sequence of 80 or more amino acids and determine if “there is more than 
35% identity.”¹⁹⁷ The second method looks for an exact match of sequences of six or more contiguous amino acids. 
They specifically look at sections (epitopes) from known allergens, where the immune system’s Immunoglobulin E 
(IgE) antibodies are known to attach. There are several shortcomings to this approach.

1. Not all epitopes have been identified.
2. The databases used by companies do not even encompass all the known epitopes.
3.  Epitopes with less than six amino acids can bind with IgE, but biotech companies reject even the criteria of 

six as too likely to give false positive. Some use eight.
4. Epitopes are for allergic reactions which involve IgE. Not all allergies are IgE-related.
5.  Since proteins fold, IgE usually attaches to amino acids that end up next to each other only after the fold. 

The database comparisons, however, identify only sequences that are contiguous before folding.
6. The criterion of 35% similarity over 80 amino acids is somewhat arbitrary.

Bardocz and Pusztai  “Using databases to establish the lack of allergenicity from the lack of sequence identity of 
eight consecutive amino acids in the GM protein and a known allergen is not sufficient. 
. . . Occasionally six or even less amino acid identity is enough to evoke allergic reactions. 
. . . Present databases are not sufficiently large or inclusive to contain all toxins and al-
lergens. . . . Allergic reaction is to an epitope (a steric structure) on the allergen which, in 
most cases, is made up of non-consecutive amino acids.”¹⁹⁸

Centre for Integrated  “The FAO/WHO¹⁹⁹ suggests a procedure where: a complete set of 80 amino-acids
Research on Biosafety   derived from the expressed protein is prepared and then compared to the allergen or toxin 

database; a search for identity over six contiguous amino acids is performed. The applicant 
used a search over eight contiguous amino acids, saying that “the results demonstrated 
that searches with six or seven amino acid windows led to high rates of false positive 
matches.”²⁰⁰ . . . For allergen identification, we are more concerned with false negatives 
than false positives. Thus we ask the authority to review the bioinformatics data using the 
parameters set by FAO/WHO. The applicant has provided three references in defense of 
this claim, all produced by the applicant and Novartis, another GMO producer. However, 
six contiguous amino acids is the standard for the research on protein epitopes. If too 
many false positives are found, it is possible to apply “filters” (as explained in Kleter and 
Peijnenburg)²⁰¹ that will distinguish between false and true positives.”²⁰²
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Regulators have ignored evidence that some Bt crops
fail the three allergenicity tests and may cause allergies

Freese and Schubert  “While the EPA [which regulates the pesticide portion of Bt crops] ostensibly ‘requires’ 
data on these three parameters [sequence homology to a known allergen, digestive stabil-
ity, and heat stability] for all Bt crop proteins ‘to provide a reasonable certainty that no 
harm will result from the aggregate exposure’ to them,²⁰³ in practice it has simply not 
collected pertinent studies, accepted substandard ones, or ignored relevant evidence. 

   “For instance, the EPA apparently did not make use of a study by FDA scientist Steven 
Gendel that demonstrated sequence homology between several Cry proteins and known 
food allergens. . . . Gendel found that Cry3A (Bt potatoes) and β-lactoglobulin, a milk al-
lergen, shared sequences 7–10 amino acids in length. He also identified sequences of 9–12 
amino acids shared by Cry1Ab (Bt corn) and vitellogenin, an egg yolk allergen. Gendel 
concluded that: ‘. . . the similarity between Cry1A(b) and vitellogenin might be sufficient 
to warrant additional evaluation.’²⁰⁴ The EPA knew about this study because it had been 
discussed by its scientific advisers.²⁰⁵ But the agency re-registered Bt corn for seven years 
in 2001 without discussing or even citing Gendel’s study in its review document, with 
no corresponding study on file from Syngenta, and only incomplete data from Monsan-
to.²⁰⁶. . .

   “Two digestive stability studies on Cry1Ab, the GE toxin found in Bt corn, by Hubert 
Noteborn established that: 1) After 30–180 minutes in simulated gastric fluid (SGF), 
9–21% of Cry1Ab remains undigested; 2) After 2 hours in SGF, Cry1Ab degrades only 
to fragments of substantial size at the low end of the range considered typical of food al-
lergens (15 kilodaltons); and 3) Cry1Ab is substantially more resistant to digestion than 
four other transgenic proteins tested, including one other Cry protein, Cry3A. Of the six 
proteins Noteborn tested, only StarLink corn’s Cry9C exhibited greater digestive stabil-
ity.”²⁰⁷ . . . 

   “Noteborn also found that Cry1Ab possessed ‘relatively significant thermostability . . 
. comparable to that of the Lys mutant Cry9C protein’ found in StarLink corn.²⁰⁸ Note-
born found that Cry9C was stable for 120 minutes at 90° C, but gives no further infor-
mation on Cry1Ab’s heat stability. The EPA failed to collect any heat stability study from 
Monsanto on MON 810.”²⁰⁹,²¹⁰

William Freese  “Regulators have failed to collect any studies on some of these important [protein proper-
ties] parameters in the case of most Bt crops. . . . The EPA failed to collect any amino acid 
homology studies from Monsanto prior to the product’s original registration in 1996, or 
even upon its re-registration in 2001.”²¹¹



The most common varieties of Bt corn either 
raise red flags or have been inadequately evaluated

Summary of Available Data for Human Health Assessment

Company
Crop 
Bt protein

Monsanto
Yieldgard Corn
Cry1Ab

Syngenta
Bt 11 Corn 
Cry1Ab

Monsanto
BollGard Cotton 
Cry1Ab/Ac

Mycogen & Pioneer
Herculex Corn
Cry1F

Monsanto
NewLeaf Potato
Cry3A

Digestive
Stability

RED FLAG 
Digestive stability similar to 
(though lesser than) that of 
StarLink Cry9C (1)

RED FLAG 
Digestive stability similar to 
(though lesser than) that of 
StarLink Cry9C (1)

INADEQUATE 
Flawed study shows 
degradation in 
2–7 minutes (4)

INADEQUATE
Test conditions not 
specified by EPA (7)

INADEQUATE
Test conditions not 
specified by EPA (7)

Heat
Stability

RED FLAG 
Heat stability comparable to  
that of StarLink Cry9C (2)

RED FLAG 
Heat stability comparable to 
that of StarLink Cry9C (2)

INADEQUATE
Only shown to be “inactive” 
in processing study (5)

INADEQUATE 
Only shown to be “inactive” 
in bioassay after 30 min. at 
75° & 90°C (5)

NONE
(9)

Amino Acid Sequence 
Homology

RED FLAG
Matches found with 
vitellogenin, an egg yolk 
allergen, over 9–12 amino 
acid-length subsequences (3)

RED FLAG
Matches found with 
vitellogenin, an egg yolk 
allergen, over 9–12 amino 
acid-length subsequences (3)

RED FLAG
Cry1Ab/Ac has the same 
vitellogenin-matching 
subsequences as Cry1Ab in 
the pertinent region (3, 6)

OK 
Though more stringent test 
would be desirable (8)

RED FLAG
Amino acid sequences found 
in which 7–10 matched 
β-lactoglobulin, a milk 
allergen (10)

This table is excerpted from a study by Friends of the Earth.  Original citations and notes from this table are reproduced after the 
Endnotes.
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Regulators do not acknowledge evidence that their test methods are faulty
Based on the test tube studies, the EPA operates on the assumption that Bt-toxin is destroyed in the stomach. In fact 
the primary reason that StarLink Bt corn was not approved for human consumption was that Cry9C might survive 
digestion in the stomach. When mice were fed Bt potatoes,²¹² the study confirmed that a natural Bt variety did sur-
vive past the stomach and caused cell damage in the lower part of the small intestines. Even though this invalidated 
their test methods and showed that the risk of Bt causing allergic reactions was far greater than they believed, the 
EPA did not change the status of the approved Bts, did not initiate additional studies and continues to rely on their 
test tube methods.

Regulators ignore recommendations for updating their methods

US National Research “Priority should be given to the development of improved methods for identifying
Council  potential allergens in pest-protected plants, specifically, the development of tests with hu-

man immune-system endpoints and of more reliable animal models.”²¹³ 

Bardocz and Pusztai  “For allergenicity testing, in addition to the decision-tree approach, in vivo immune-tests 
are needed, such as anti-gene product antibody tests (humans and animals) and immuni-
zation model studies (Brown Norway rats, etc.)”²¹⁴

EPA’s Scientific  “The importance of this [Bernstein’s] report is that reagents are available that could be
Advisory Panel Report  used for reliable skin testing and serological evaluation of Bt protein-exposed individu-

als.”²¹⁵ (The EPA ignored this recommendation and has not used this method of evaluat-
ing potential allergenicity using human subjects.)

Pew Study  Regarding allergy tests in the United States and their relevance for GM foods: “A number 
of important areas of scientific investigation are either not being addressed or are receiving 
very limited federal attention. The authors conclude that current federal efforts are insuf-
ficient to provide the timely and comprehensive information needed by food safety regu-
lators. . . . The majority of studies underway focus on foods that have traditionally caused 
food allergy (nuts and milk), while there is almost no work exploring the allergenicity of 
novel proteins in food. . . . No studies examine the dose response or exposure assessment 
information needed for setting ‘safe’ levels for new proteins produced by biotechnology. 
Efforts to develop animal models or in vitro tests for food allergy are extremely limited 
in this sample. Furthermore, the studies on identifying and characterizing susceptible 
subpopulations are insufficient, particularly as epidemiological studies are not well repre-
sented in this sample. Finally, there is little research on identification and characterization 
of new allergens or the molecular determinants of food allergy.”²¹⁶ 

Doug Gurian-Sherman “Allergenicity testing was not always performed using the best tests available.”²¹⁷

Case Study: The blood test on StarLink’s protein was flawed
Just five weeks after the FDA/CDC declared StarLink safe, based on the blood tests, advisers to the EPA—including 
some of the nation’s leading food allergists—released a thorough critique of the FDA’s allergy test and other aspects of 
the StarLink investigation. Their conclusion? “The test, as conducted, does not eliminate StarLink Cry9C as a potential 
cause of allergic symptoms.”²¹⁸ They said the research had many shortcomings. For example, the test lacked adequate 
controls, was not sensitive enough and failed to follow standard protocols that helped prevent false interpretations.
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The researchers used as their control group twenty-one blood samples that had been frozen since before 1996—
before its donors could have been exposed to StarLink and developed an antibody reaction. This control blood served 
as the baseline; in order for StarLink to be considered allergenic, reactions to Cry9C by the blood of the 17 people 
who had suffered allergic responses to corn needed to be at least 2.5 times greater than the reactions by the control 
blood. But when tested, reactions in the previously frozen control blood varied widely and were not reproducible. 
Moreover, the control blood reacted far more to the Cry9C than did the blood from the allergic group. No one knew 
why this happened but, according to [biochemist Masaharu Kawata], the “CDC, after apparent brain racking, came 
up with an excuse that the blood serum, [which] had been freeze preserved . . . could be different from that of fresh 
blood samples.”²¹⁹ Kawata says that this obviously should have disqualified the controls. But researchers stuck by 
their quirky frozen blood, and since it reacted more to Cry9C than the test groups, StarLink was off the hook. In the 
end, after careful analysis of all the available data, however, the EPA’s Scientific Advisory Panel upheld their original 
assessment that there is a medium likelihood that StarLink was an allergen.²²⁰

Case Study: Irregularities marred evaluations of Monsanto’s GM drug, 
recombinant bovine growth hormone (rbGH)

Several claims made by FDA scientists in defense of rbGH have not held up under scrutiny. For example, they said 
that bovine growth hormone does not increase substantially in milk from treated cows. The study they cited, however, 
shows a 26% increase in the hormone. Furthermore, those researchers injected cows with only a 10.6 mg daily dose 
of rbGH compared to the normal 500 mg bi-weekly dose used by farmers. In fact, they didn’t even use Monsanto’s 
rbGH, but rather another version that was never approved. They then pasteurized the milk 120 times longer than 
normal in an apparent attempt to show that the hormone was destroyed during the process. They only destroyed 
19% of the hormone. They then spiked the milk with powdered hormone—146 times the naturally occurring lev-
els—heated that 120 times longer than normal, and were then able to destroy 90% of the hormone.²²¹ FDA scientists 
reported that 90% of the hormone was destroyed during pasteurization.²²²

Documents revealed that in order to show that rbGH injections did not interfere with fertility, industry research-
ers allegedly added cows to the study that were pregnant prior to injection.²²³

FDA Veterinarian Richard Burroughs described how industry researchers would often drop sick cows from stud-
ies, to make the drug appear safer. When Burroughs ordered more tests than the industry wanted, he was told by 
superiors he was slowing down the approval and was fired. The remaining whistle-blowers in the FDA had to write 
an anonymous letter to Congress, complaining of fraud and conflict of interest in the agency. They described one 
FDA scientist, Margaret Miller, who arbitrarily increased the allowable levels of antibiotics in milk one-hundredfold. 
This was necessary before approving rbGH. Since the drug increases the chance of udder infections, farmers inject 
cows with more antibiotics. This leads to a higher risk of antibiotic resistant diseases in cows and humans. Miller 
had formerly conducted research on rbGH while with Monsanto and then moved into the FDA department that 
evaluated her own research.

In 1998, six Canadian government scientists testified before the Senate that they were being pressured by supe-
riors to approve rbGH, even though they believed it was unsafe for the public. Their detailed critique of the FDA’s 
evaluation of the drug showed how the US approval process was flawed and superficial. They also testified that docu-
ments were stolen from a locked file cabinet in a government office and that Monsanto offered them a bribe of $1–$2 
million to approve the drug without further tests. (A Monsanto representative went on national Canadian television 
claiming that the scientists had obviously misunderstood an offer for research money.) The Canadian scientists later 
described how their superiors retaliated against them for testifying. They were passed over for promotions, given im-
possible tasks or no assignments at all, one was suspended without pay. Three of the whistleblowers, who also spoke 
out on such controversial topics as mad cow disease, were ultimately fired on July 14, 2004.²²⁴



Canadian GM food approvals are assumption-based

According to crop physiologist E. Ann Clark, “People who assume that there is actual testing, and more 
specifically, actual testing involving actual grain from transgenic crops, will be amazed to learn that risk as-
sessment of GM crops is largely heuristic or assumptions-based, as is disturbingly clear from the summary 

statements that accompany Health Canada’s assessment of GM submissions.” The organization Common Ground 
says, “The Canadian GM regulatory process is a ruse, claiming to safeguard human and environmental health, but ac-
tually intended to facilitate commercialization of GM crops.”²²⁵ A review of some GM crop approvals demonstrates 
the dangers of assumption-based regulations.²²⁶

Monsanto Canada’s insect resistant corn, MON 810
As part of this variety’s 1997 approval, documents from Health Canada state:

1. “The human safety assessment of the CryIA(b) protein was confirmed in experiments, which included protein 
characterization, digestive fate in simulated gastric and intestinal fluids, and acute oral toxicity in mice. Data were 
generated that demonstrated that the active CryIA(b) protein product in MON 810 was equivalent to that produced 
in the naturally occurring B.T.K.” 

This statement is incorrect. In reality, the transgene was truncated during insertion and the final protein com-
bines amino acids coded by the transgene and host DNA (see section 4.2).

2. “The CryIA(b) protein is rapidly degraded and its insecticidal activity lost under conditions that simulate mam-
malian digestion.”

In reality, the stability of the protein is comparable to StarLink corn, banned for human use (see Bt protein 
chart, page 228). In addition, the loss of insecticidal activity is not necessarily a guarantee that the protein will 
not be allergenic, as demonstrated by GM peas (see section 1.18). And the test tube studies don’t accurately simu-
late mammalian digestion (see part 3).

3. “There was no indication of toxicity as measured by treatment-related adverse effects in mice administered CryIA(b) 
protein by oral gavage.”

Only a bacteria-derived protein was fed to mice. No studies fed the actual corn to animals.

4. “The introduced protein was compared to databases of known protein toxins and did not show any meaningful 
amino acid sequence similarity to known protein toxins, with the exception of other Bacillus thuringiensis (Bt) pro-
teins. The studies support the safety of the CryIA(b) protein and are consistent with the history of safe use of Bt and 
CryIA(b), which has been demonstrated to be highly selective for insects, with no activity against other organisms 
such as mammals, fish, birds, or invertebrates (US EPA, 1988).”

In reality, mammal studies show Bt to be bioactive, and humans react to Bt spray (see section 3.3).

5. “The introduced CryIA(b) protein was compared to known allergens. Using sophisticated computerized search 
capabilities, the evidence showed that the CryIA(b) protein did not show meaningful amino acid sequence homology 
to known allergens.”

In reality, matches were found in another study with vitellogenin, an egg yolk allergen, over 9-12 amino acid-
length sequences (see Bt protein chart, page 228).
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Monsanto Canada’s Roundup Ready cotton (Line 1445)
This variety was approved without reference to any scientific analysis whatsoever. They wrote: “Health Canada’s re-
view of the information presented in support of the food use of refined oil from cotton line 1445 concluded that this 
refined oil does not raise concerns related to safety. Health Canada is of the opinion that refined oil from cotton line 
1445 is as safe and nutritious as cottonseed oil from current commercial cotton varieties.”
Monsanto Canada’s Roundup Ready Canola (GT73)
This variety, as well as other canola and cotton crops, were approved without tests. Health Canada wrote: “Since only 
the processed oil from transgenic GT73, or lines derived therefrom, will be available for human consumption and 
the processing removes proteinaceous material, there are no additional toxicity or allergenicity concerns with this 
product.”

In reality, some cold pressed oils may contain GM protein and a fat soluble toxin produced from the GM 
transformation process may be found in the oil. In addition, the non-oil portion is fed to animals and may influ-
ence human health through milk and meat.
Monsanto Canada’s NewLeaf-Y potatoes (Shepody)
This variety was approved without any animal testing whatsoever. Health Canada offered the following assumptions 
instead. “Amino acid sequence of the CryIIIA protein . . . closely related to the sequence of the same proteins that are 
present in strains of B. thuringiensis . . . used for over 30 years . . . did not show homologies with known mammalian 
protein toxins...not judged to have any potential for human toxicity . . . history of known safe consumption.” As for 
allergenicity, “The Cry3A protein and PLRV replicase do not possess characteristics typical of known protein aller-
gens...no regions of homology to amino acid sequences of known protein allergens . . . the Cry3A protein is rapidly 
degraded by acid and/or enzymatic hydrolysis when exposed to simulated gastric or intestinal fluids . . . extremely 
unlikely to be allergenic.”

In reality, another study identified 7–10 amino acid sequence matches with β-lactoglobulin, a milk allergen 
(see Bt protein chart, page 228). 
Calgene’s FlavrSavr tomato
Health Canada used just a few nutritional comparisons and assumption-bases assessments to declare that “this novel 
variety does not raise concerns related to human food safety.”

They did not mention the feeding study submitted by Calgene to the FDA that described stomach lesions and 
deaths among the subjects (see section 1.2).



Inserted genes will pro-
duce a single protein. 
 
 
 

The proteins created by 
inserted genes will act 
exactly the same way in 
a new organism.

 
 
 

Inserting foreign genes 
is precise and non-
disruptive.

 
 
 
 
 
 

Foreign genes will not 
transfer to bacteria in the 
digestive system. There-
fore, use of antibiotic re-
sistant genes is safe.

 
 
 
 
 

Inserted foreign genes might 
create multiple proteins, with 
unpredictable consequences.

 
 
 
Foreign proteins may be folded 
improperly or become attached 
to other molecules, which could 
change their properties. Like-
wise, gene expression may be af-
fected by the genetic disposition 
of a host organism, or even the 
environment.

 
The process of inserting foreign 
genes can damage the structure 
and function of the host’s DNA, 
switch genes on or off, create 
never-before-seen genetic se-
quences and render the genome 
unstable.

 
 
 
 
Roundup Reaady transgenic se-
quences transferred into human 
gut bacteria and appeared stably 
integrated.

 

“The fact that one gene can give rise to multiple pro-
teins . . . destroys the theoretical foundation of a mul-
tibillion-dollar industry, the genetic engineering of 
food crops.” Barry Commoner, biologist, Center for 
the Biology of Natural Systems at Queens College

“An incorrectly folded form of an ordinary cellular 
protein can under certain circumstances . . . [dupli-
cate itself ] and give rise to infectious neurological 
disease.” Peter Wills of Auckland University
 [The effect of a protein on a plant or animal] 
“can be modified by the addition of molecules 
such as phosphate, sulfate, sugars, or lipids.”  David 
Schubert, molecular biologist and protein chemist, 
The Salk Institute for Biological Studies

“Genetic engineering is generally a hit and miss 
affair. The genes may be inserted the wrong way 
round or multiple copies may be scattered through-
out a plant’s genome. They may be inserted inside 
other genes—destroying their activity or massively 
increasing it. More worryingly, a plant’s genetic 
make-up may become unstable. . . . Rogue toxins 
may be produced or existing ones amplified mas-
sively. Such problems may only arise hundreds of 
generations after the crops are originally modified.” 
BBC’s Tomorrow’s World Magazine

“British scientific researchers have demonstrated for 
the first time that genetically modified DNA ma-
terial from crops is finding its way into human gut 
bacteria, raising potentially serious health questions.” 
The Guardian 

“IT WOULD BE A SERIOUS HEALTH HAZ-
ARD TO INTRODUCE A GENE THAT CODES 
FOR ANTIBIOTIC RESISTANCE INTO THE NOR-
MAL FLORA OF THE GENERAL POPULATION.” 
Murray Lumpkin, former director the FDA’s Divi-
sion of Anti-infective Drug Products 

 Assumption Actual Status Quote

Chart of several safety-related assumptions
that have been proven wrong

“The science upon which current GM experiments are based, as stated or 
assumed by the experimenters, is in many places wrong.”²²⁷ —Robert Mann, biochemist
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The promoter that keeps 
foreign genes switched 
on only influences that 
one gene.

 
 
 
 
 
 

The promoter is stable.

 
 
 
 
 

The promoter only works 
with plant organisms.²²⁸

 
 

Nutritional properties 
are unaffected by genetic 
modification.

Genes and their expres-
sion will act in isolation, 
not impacting other 
metabolic processes.

 
 
 
 

The promoter may turn on na-
tive genes. This can create a flood 
of proteins with unpredictable 
consequences. Some scientists 
theorize that the promoter 
might even switch on dormant 
viruses that are deposited along 
the DNA.

 
 

Studies indicate that the pro-
moter may create a “hotspot” in 
the DNA, whereby the whole 
DNA section, or chromosome, 
can become unstable. This can 
cause breaks in the strand or 
exchanges of genes with other 
chromosomes.

Research indicates that the pro-
moter can influence human and 
animal genes. Some scientists 
believe it can transfer to internal 
organs and accelerate cell growth, 
possibly leading to cancer. 

Significant differences in nu-
tritional content between GM 
crops and their natural counter-
parts have been observed.

 
 
 
Insertion of foreign genes and 
their new proteins may create 
complex, unpredictable interac-
tions, not well understood. Sim-
ilarly, inserting two or more for-
eign genes into the same plant 
may also cause interactions that 
have not been studied.

“When inserted into another organism as part 
of a ‘genetic construct,’ it [the promoter] may also 
change the gene expression patterns in the recipient 
chromosome(s) over long distances up- and down-
stream from the insertion site.” Michael Hansen, 
Consumers Union, publishers of Consumer Reports  
 “Horizontal transfer of the CaMV promoter . . . 
has the potential to reactivate dormant viruses or 
[create] new viruses in all species to which it is trans-
ferred.” Ho, Ryan, and Cummins in, “Cauliflower 
Mosaic Viral Promoter—A Recipe for Disaster” 

[A promoter can have] “the same impact as a heavy 
dose of gamma radiation.”  Joe Cummins, geneticist 

 
 
 
 
 
“It is possible GM DNA could affect stom-
ach and colonic lining by causing a growth 
factor effect with the unproven possibil-
ity of hastening cancer formation in those organs.”  
Stanley Ewen,  histopathologist 

 
“Roundup Ready beans were significantly lower in 
protein and the amino acid phenylalanine. More 
disturbing were [increased] levels of the allergen 
trypsin inhibitor in toasted Roundup Ready meal. 
. . . Lectins in Roundup Ready beans almost doubled 
the levels in controls.”²²⁹ Barbara Keeler, on data that 
had been omitted from Monsanto’s published study

“When you insert a foreign gene, you are changing 
the whole metabolic process . . . Each change is going 
to have an effect on other pathways. Will any one 
gene kick off a whole slew of changes? We don’t know 
for sure.”²³⁰ Sharad Phatak, University of Georgia   
 “Genetic engineering results in the formation 
of higher than normal concentrations of certain 
enzymes and products; these could provide the 
basis for the synthesis of higher levels of toxic 
substances.”²³¹  Charles Yanofsky, Stanford 

 Assumption Actual Status Quote
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There is no risk from 
breathing pollen from 
GM crops.

 
 
 
 
 
 
 
 
 

The chances of GM 
crops being allergenic 
are minimal.

 
 
 
 
 
 

The same transgene pro-
duces the same protein 
whether in a GM plant 
or E. coli. 

If the amino acid se-
quences in the active 
(working) site of a GM 
protein is the same as 
those in a non-GM pro-
tein, that proves the two 
are the same. 

Substitution of one 
amino acid by another 
does not alter the protein 
structure.

Inhalation of pollen may cause 
unpredicted health problems. 
Transfer of genes from inhaled 
pollen may also be possible.

 

 
 
 
 
 
 
 
After GM soy was introduced 
into the UK, soy allergies sky-
rocketed 50%. Current GM 
corn would not pass tests rec-
ommended by FAO/WHO 
for potential allergenicity. The 
EPA’s Scientific Advisory Panel 
determined that GM protein in 
StarLink corn has a “medium 
likelihood” of being an allergen. 
 
 
Different organisms process ge-
netic information and synthesize 
proteins differently.

 
There are proteins with identi-
cal (active site) sequences that 
differ in other amino acids, and 
as a result, function differently. 
 
 
 
 
One amino acid can alter both 
the structure and the function 
of a protein, especially if the 
change occurs at the active site 
of an enzyme.

“Experts on the Government’s Advisory Committee 
on Novel Foods and Processes have issued a warning 
about plants being grown in the United States and 
parts of Europe which contain a gene resistant to an-
tibiotics. They are concerned that, if workers breathe in 
dust as the crops are processed, the resistance could be 
transferred to bacteria in their throats.”²³²  Daily Mail 

“Many if not all of the villagers exposed to GM-
maize pollen in 2003 have remained ill. . . . 31 signed 
a petition circulated by a member of the Parish 
Social Action Center, claiming they fell ill during 
the flowering period. . . . Around 20 children (aged 
5–10 years) got sick during the flowering period.”²³³ 
Mae-Wan Ho, biophysicist and geneticist

The FDA’s 1992 policy states, “At this time, FDA 
is unaware of any practical method to predict or as-
sess the potential for new proteins in food to induce 
allergenicity and requests comments on this issue.” 
FDA scientist Carl Johnson wrote, “Are we ask-
ing the crop developer to prove that food from his 
crop is non-allergenic? This seems like an impos-
sible task.” According to FDA microbiologist Louis 
Pribyl, “the only definitive test for allergies is human 
consumption by affected peoples, which can have 
ethical considerations.” 

“DNA is only coding for the amino acid sequence 
but not necessarily for the conformation, function and 
biological activity of the protein.”²³⁴  Susan Bardocz 
and Arpad Pusztai, GMO safety assessment experts

“The identity of a small part of the amino acid 
sequence of two proteins does not necessar-
ily show the identity of the rest or that their 
conformation and stability are the same.”²³⁵ 
Susan Bardocz and Arpad Pusztai

 
 
“Without stability and conformational stud-
ies this is just an unsupported opinion.”²³⁶ 
Susan Bardocz and Arpad Pusztai

 Assumption Actual Status Quote

S A F E T Y R E L AT E D  A S S U M P T I O N S  P R O V E N  W R O N G



236 I N D U S T R Y  S T U D I E S  A R E  N O T  C O M P E T E N T

Transgenes are stable.

Food processing destroys 
DNA.²³⁷ 

Since cooking denatures 
proteins, no additional 
allergy tests are neces-
sary on cooked or pro-
cessed proteins.

 

If cooked pesticidal pro-
teins such as Bt no longer 
function as a pesticide, 
they no longer can cause 
allergic reactions.

RNA is harmless.

 

The NOS terminator 
will end the “reading” of 
the transgene.

 
 
 
 
 
 

The actual transgene sequences 
of several GM crops differ from 
that which was registered by the 
company.

 
 
 
Several types of food process-
ing leave substantial amounts of 
DNA intact.

 
In some cases cooking does not 
destroy allergenicity but rather 
makes proteins more allergenic. 
 

 
 
 
The loss of pesticidal properties 
does not insure the loss of aller-
genic properties.

 
 
 
RNA can impact gene 
expression, even in subsequent 
generations.

 
In Roundup Ready soybeans, 
the NOS terminator was inef-
fective in ending transcription, 
and may have helped process the 
RNA into four variants.

“In a recent study on five commercially approved 
transgenic lines carried out by two French laborato-
ries, all five transgenic inserts were found to have rear-
ranged, not just from the construct used in transfor-
mation, but also from the original structure reported 
by the company. This was clear evidence that all the 
lines were genetically unstable.”²³⁸  Mae-Wan Ho

“Food that comes from a GM crop, such as maize, 
can be processed, for example into flour, and the 
GM DNA is still present in the food and can be 
identified.”²³⁹  Food Standards Agency, UK

“The very latest research indicates that some aller-
gens are attenuated or removed by heat or during 
processing, but other allergens become more potent 
as a result of heating and in the presence of carbo-
hydrates.²⁴⁰  These can only be identified using food 
prepared in a fashion representative of how people 
will consume it.”²⁴¹  The Centre for Integrated Re-
search on Biosafety

“The GM peas were boiled for 20 minutes. After 
cooking, the alpha-amylase inhibitor was denatured 
and was no longer effective in protecting against 
weevils. Industry assumptions notwithstanding, the 
cooked pea protein still caused an immune response 
in mice.”²⁴²  Jeffrey M. Smith

“Some small RNA molecules can be transmit-
ted through food, causing lasting, sometimes heri-
table, effects on consumers and their children.”²⁴³ 
New Zealand Institute for Gene Ecology

“The NOS terminator signal of transcription intro-
duced into the genome in [Roundup Ready soy] is 
(at least in part) ignored, resulting in the produc-
tion of an over-length transcript. Furthermore, this 
transcript was found to be processed . . . resulting in 
the production of different RNA variants. . . . Since 
the NOS terminator was introduced as regulatory 
region in several other GMOs, read-through prod-
ucts and RNA variants might be transcribed in these 
transgenic crops as well.”²⁴⁴  Andreas Rang, et al, 
European Food Research and Technology

 Assumption Actual Status Quote



False assumptions that viral genes in disease-resistant 
crops won’t recombine to create new viruses

The insertion of viral transgenes into GM crops carries a significant risk. The transgenes may recombine with 
natural viruses in the same plant to create new “offspring” viruses. Many experts insist that this is inevitable 
and that the danger of such recombination outweighs the advantages of using viral transgenes. Crop devel-

opers and regulatory agencies, however, defend virus-resistant GM crops, using five common arguments. These are 
presented below, along with responses that are based on a paper by Latham and Steinbrecher.²⁴⁵ 

Argument: The likelihood of recombination is the same as that of natural plants that have two (or more) vi-
ral infections. Since that occurs naturally, we shouldn’t consider GM plants as a special cause for concern.²⁴⁶
With GM crops, viruses will come into proximity with the transgene at a much higher rate. Most natural plants are 
not infected by viruses and do not have viral sequences available. When viruses do attack plants, they are often re-
stricted to certain types of tissue²⁴⁷ and will not readily encounter viruses present in other tissue. For those attacking 
the same tissue, some viruses have a mechanism (superinfection exclusion) to prohibit other viruses from infecting 
the same cell.²⁴⁸ In other cases, viruses may occupy different compartments within the cell and thus be prevented 
from interacting. These natural barriers to viral recombination are largely dismantled in GM crops, which contain 
viral sequences in every cell.

Argument: The quantities of messenger RNA (mRNA) produced by some viral inserts are less than those 
found in natural viruses. Therefore, the rate of recombination (of the mRNA) will be lower.²⁴⁹
Naturally occurring viruses are usually surrounded (encapsidated) by a protective coat of protein and many also 
replicate in areas of the cell that are enclosed by membranes.²⁵⁰ GM viral sequences are neither encapsidated nor 
enclosed. They therefore may come into contact with natural viruses more often, even if the total amount of mRNA is 
less. Furthermore, the level of transgenic mRNA may increase in those cells that are infected by a non-target virus,²⁵¹ 
because the introduced virus may disable the mechanism that keeps the transgene expression low.²⁵²

Argument: Recombinant viruses “are unlikely” to survive competition from pre-existing viruses or will 
not give rise to significant new strains.²⁵³
These assertions are not supported by data.²⁵⁴ On the contrary, new and significant viruses do arise naturally by re-
combination²⁵⁵ (as well as mutation) and some demonstrate superior fitness compared to their parents.²⁵⁶ Also, some 
viruses don’t compete with pre-existing ones, but rather move into a different niche.

Argument: Viral sequences are inserted into GM crops so that the plants resist viruses that carry that 
same sequence. When the USDA approved the first virus-resistant plant (the ZW-20 squash),²⁵⁷ they 
argued that if the inserted viral sequence recombines with a natural virus, the new virus will be sup-
pressed by the same mechanism.
This assumption has been overturned by the discovery that infecting viruses can disable gene silencing mechanisms.²⁵⁸
[All four of the arguments above appear in every application for new GM virus-resistant varieties and are the primary 
defense against the risk of recombination. A fifth rationale, which is sometimes used by advocates, is as follows.]

Argument: The widespread use of GM virus resistant plants will so effectively reduce the prevalence of 
viruses, that it will reduce the rate of recombination.²⁵⁹ 
No data is presented to support this position, which overstates a GM crop’s ability to suppress viruses beyond one or 
a few targeted strains.
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Flaws in the
Safety Assessments

of GM Foods

P A R T  2“Up till now all technologies were con-
trollable. Electricity, even nuclear 

power can be turned off. GM is the first irre-
versible technology in human history. When a 
GMO is released it is out of our control; we have 
no means to call it back. We can insert a trans-
gene, but we cannot take the released transgene 
out. Since GMOs are self-replicating, releasing 
them might have dire consequences for human 
and animal health and for the environment 
and can change evolution.”

— Professor Susan Bardocz, biochemist 
and nutritionist



Flaws
in the Arguments

Used to Justify
GM Crops

P A R T  4



Why GM crops are not needed to feed the world

Hundreds of millions of dollars have been spent by biotech companies trying to convince the world that GM 
crops are needed to feed the world. Their message targets those in developed countries in order to create 
an impression that it is morally wrong to oppose the technology. This tactic is described by Prince Charles 

and others as “emotional blackmail.”
If GM crops are truly the solution to hunger, all five of the following statements should be true. GM crops must:

1. Be safe;
2. Produce higher yields;
3. Have consistent and reliable yields; and
4. Be better than competing options;
5. World hunger must be solvable by increasing food productivity.

All five are false.
Food from GM crops is not safe
Perhaps sometime in the future scientists will be able to reliably and predictably manipulate genes for the betterment 
of health and the environment, but as this book demonstrates, that is not the case thus far.
GM crop acreage produces lower average yields
According to plant physiologist E. Ann Clark, “GM crops are not bred for higher yield, thus, any yield benefit can 
only occur when the target trait affords weed or pest control benefits more cost effectively than what is attainable 
through non-GM methods. Yield can be enhanced for Bt-corn when populations of the target European cornborer 
pest are high, but that occurs infrequently and unpredictably. . . . Yield of soybean actually appears to be constrained 
by the Roundup Ready (RR) trait, as inferred in a report presented at the 2004 Midwest Soybean Conference in Des 
Moines, Iowa.¹ Ron Eliason documented that US soybean yields peaked in 1994 and then flattened following release 
of RR cultivars, consistent with the conclusions of Fernandez-Cornejo and McBride,² Benbrook,³ and Martinez-
Ghersa et al.⁴ Eliason⁵ attempted to account for this pattern from severe weather events, but something more than 
weather appears to have been happening, leaving open the possible effect of the RR trait itself. A range of industry- , 
university-, and state-sponsored surveys summarized by Benbrook⁶ and Martinez-Ghersa et al.⁷ showed that RR 
soybean yields averaged 5%–10% less than conventional soybeans. The general absence of a yield benefit discounts 
the notion that biotech is necessary to ‘feed the world,’ or could somehow do better than conventional plant breeding 
is already doing.”⁸

In addition, there are reports of lower yields from GM canola and cotton. These reports do not generally come 
from biotech companies themselves. Monsanto in particular has been accused of presenting yield figures in excess of 
actual performance. According to a report on Bt cotton grown in India, Monsanto commissioned studies to be done 
by market research agencies, not scientists. One, for example, claimed four times the actual reduction in pesticide use, 
12 times the actual yield, and 100 times the actual profit.⁹ Case studies presented in a poster series by the company 
were similarly skewed. The posters were called, “TRUE STORIES OF FARMERS WHO HAVE SOWN BT 
COTTON.” But when investigators tracked down one featured farmer who had claimed great benefits, he turned 
out to be a cigarette salesman, not a farmer. Another poster gave yield figures of a farmer that were four times what 
he actually achieved. A third featured a photo of a farmer standing next to a tractor, suggesting that sales of Bt cotton 
allowed him to purchase it. But the farmer was never told what the photo was to be used for and said that with the 
yields from Bt, “I would not be able to buy even two tractor tires.”¹⁰

Peter Rosset  “Some researchers have shown that none of the genetically engineered seeds significantly 
increase the yield of crops. Indeed, in more than 8,200 field trials, the Roundup Ready 
soybeans produced fewer bushels of soybeans than similar natural varieties, according to 
a study by Dr. Charles Benbrook, the former director of the Board on Agriculture at the 
National Academy of Sciences.”¹¹
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GM crop yields can be dangerously inconsistent
Reliability of yields is essential in developing countries, where a loss of a single season’s crop can spell starvation for 
some farmers. The severity of this became clear when farmers in India began planting Bt cotton. A 2005 study of 87 
villages in the state of Andhra Pradesh over a period of three years¹² showed that non-GM cotton yielded about 10% 
more than the Bt variety. But the performance of Bt cotton was erratic and plagued by numerous problems, including 
increased pests and disease, brittle stems, failure to germinate, drought damage, smaller cotton bolls, increased labor 
requirements, poorer quality and a shorter harvest season. Some farmers complained “that they were not able to grow 
other crops after Bt because it had infected their soil.”¹³ Where farmers did not have access to irrigation, the yields 
from Bt were often a disaster. The overall average return to Bt cotton farmers over three years was 60% less, and 71% 
of farmers who used Bt cotton ended up with financial losses. (Similarly, about 70% of the 4,438 farmers growing Bt 
cotton in Indonesia were unable to repay their credit after the first year of planting.¹⁴)

In the spring of 2005, the government of Andhra Pradesh acknowledged that the losses to Bt cotton farmers for 
the season totaled about $10 million.¹⁵ Crop wilting in Madhya Pradesh cost an estimated $87.5 million.¹⁶ And in 
parts of Tamil Nadu, “Up to 75% of the Bt cotton seeds failed to germinate.”¹⁷ The true cost of Bt cotton cannot be 
calculated in financial terms. Thousands of indebted Bt cotton farmers in India committed suicide.
Other methods are far better for improving yields and the life of farmers
A 2001 New Scientist article reported on the world’s largest study on sustainable agriculture at the time. The story was 
called, “An Ordinary Miracle: Bigger harvests, without pesticides or genetically modified crops? Farmers can make 
it happen by letting weeds do the work,” The research looked at more than 200 projects in 52 countries,¹⁸ involv-
ing more than four million farms “covering an area the size of Italy—3% of fields in the Third World. And, most 
remarkably, average increases in crop yields were 73%.” The study’s author concluded that the sustainable agriculture 
methods are “cheap, use locally available technology and often improve the environment. Above all they most help 
the people who need help, the most-poor farmers and their families, who make up the majority of the world’s hungry 
people.”¹⁹ New Scientist wrote, “This ‘sustainable agriculture’ just happens to be the biggest movement in Third World 
farming today, dwarfing the tentative forays in genetic manipulation. . . . And some experts think GM crops will pale 
by comparison with sustainable agriculture, at least for the time being.”²⁰

An even larger study in 2006 looked at 286 projects to introduce sustainable techniques “on more than 12 million 
farms in 57 countries, mostly in Africa.” According to a report on SciDev.net, the research evaluated yield effects 
when farmers used “approaches such as less tilling to conserve soil, integrated pest management—which favors eco-
logical pest control over pesticide spraying—and improved management of soil nutrients. According to the study, 
adopting such approaches meant yields increased by an average of 79% and harvests of some crops such as maize, 
potatoes and beans doubled.”²¹

These sustainable solutions help people reclaim the ability to feed themselves by applying scientific rigor to make 
old-fashioned crop improvement methods more systematic and efficient using seed varieties that are well-suited 
to local conditions. The model for GM crops, however, concentrates ownership of agriculture into the hands of a 
few multinational corporations, forces farmers to buy seeds each year and reduces the diversity of seed genetics. In 
addition, in developing nations, people gain valuable nutrients by harvesting a diversity of wild plants that grow in the 
field with the crops. Herbicide-tolerant GM crops bundled with their herbicide applications, however, would kill off 
this important food source. The overuse of Bt crops also hasten insect resistance to the Bt-toxin.  This threatens the 
long-term effectiveness of natural Bt sprays, which are used as a natural pest conrol method. 

Finally, promoting genetic engineering as a solution to world hunger diverts much needed research dollars into 
expensive GMO development and away from more appropriate technologies. Hans Herren, director of the Inter-
national Centre for Insect Physiology and Ecology in Nairobi, says, “What Africa most needs is investment in ‘soft’ 
biotechnologies such as alternative natural pesticides.”²²

Miguel A. Altieri  “Agricultural biotechnology innovations (i.e., Bt crops and herbicide resistant crops) are 
profit-driven rather than need-driven. The real thrust of the genetic engineering industry 
is not to make agriculture more productive but to generate profits. In the case of herbicide 
tolerance the goal is to win greater herbicide market-share for a proprietary product, 
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and to boost seed sales at the cost of damaging the usefulness of a key pest management 
product (Bt) that is relied on as an alternative to insecticides . . . Genetically modified 
seeds are under corporate control and patent protection, consequently they are very 
expensive. Since many developing countries still lack the institutional infrastructure and 
low-interest credit necessary to deliver these new seeds to poor farmers, biotechnology 
will only exacerbate marginalization.”²³

Increasing crop productivity does not, in itself, eradicate hunger
Lack of food is not the fundamental reason why so many millions of people go to bed hunger every night. Accord-
ing to the 1998 book, World Hunger: Twelve Myths, “The world today produces enough grain alone to provide every 
human being on the planet with 3,500 calories a day. That’s enough to make most people fat! And this estimate does 
not even count many other commonly eaten foods—vegetables, beans, nuts, root crops, fruits, grass-fed meats, and 
fish. In fact, if all foods are considered together, enough is available to provide at least 4.3 pounds per person per day. 
That includes 2.5 pounds of grain, beans, and nuts; about a pound of fruits and vegetables; and nearly another pound 
of meat, milk, and eggs.” The book cites a study showing “that 78% of all malnourished children under five in the 
developing world live in countries with food surpluses.”²⁴

The organization Stop Hunger Now says, “Abundance, not scarcity, best describes the world’s food supply,” and a 
UN report confirms that we won’t be running short anytime soon.²⁵ The primary cause of hunger is poverty. Produc-
ing more food will not solve the problem if those who need it the most cannot afford it.

Miguel A. Altieri  “In 1999 enough grain was produced globally to feed a population of eight billion people 
(six billion inhabit the planet in 2000), had it been evenly distributed or not fed to animals. 
Seven out of ten pounds of grain are fed to animals in the USA. . . . By channeling one-third 
of the grain produced world-wide to needy people, hunger would cease instantly.”²⁶

Devinder Sharma  “In its effort to bolster the commercial interests of the biotechnology industry, the in-
ternational community can’t see the forest for the trees. In its enthusiasm to promote an 
expensive technology at the expense of the poor, it overlooks the potential of biotechnol-
ogy to further deepen the great divide between the haves and have-nots. No technological 
fix can help bridge this monumental gap. Hunger results not only from the inability of 
the poor to access food, it is also the result of global policies that further marginalize the 
poverty-stricken, cumulatively adding on to the problem of hunger . . .

   “In 2000, India had a record food surplus of 44 million tons. By 2002, the surplus had 
grown to 65 million tons, not due to excess production, but because more and more people 
are unable to buy the grain that lies stockpiled.”²⁷

Experts and organizations worldwide have condemned biotech companies for claiming that GM crops will solve 
world hunger. A report by ActionAid concluded that rather than alleviating world hunger, GM crop technology “is 
likely to exacerbate food insecurity, leading to more hungry people not less.”²⁸ Similarly, “Oxfam and Christian Aid 
have both warned that GM crops could intensify poverty in the developing world.”²⁹ The danger that this technology 
poses for developing nations has, nonetheless, not stopped biotech companies and their supporters from continuing to 
promote the myth that GMOs are the solution.



Golden rice is the wrong way to supplement vitamin A

Proponents claim that GM crops will boost nutrition. Currently there are no commercialized GM foods in 
which the modified trait is even designed to improve nutrition. One experimental variety, however, has gar-
nered considerable media attention and become the industry’s poster child. It is golden rice, engineered to 

make beta-carotene—a precursor to vitamin A. A US TV commercial for biotechnology claimed that golden rice can 
“help prevent blindness and infection in millions of children” suffering from vitamin-A deficiency. Time magazine 
featured the rice on its cover, stating, “This rice could save a million kids a year.” Syngenta even claimed that one 
month of a delay in marketing Golden Rice would cause 50,000 children to go blind.³⁰

A closer look reveals some interesting omissions in the industry’s numbers. According to a Greenpeace report, 
golden rice provides so little vitamin A, “a two-year-old child would need to eat 7 pounds per day.”³¹ Likewise, an 
adult would need to eat nearly 20 pounds to get the daily recommended dose.³²

“This whole project is actually based on what can only be characterized as intentional deception,” writes Benedikt 
Haerlin, former international coordinator of Greenpeace’s genetic engineering campaign. “We recalculated their 
figures again and again. We just could not believe serious scientists and companies would do this.”³³ 

There are other considerations. No published study has confirmed that the human body could actually convert 
the beta-carotene in golden rice. Other nutrients such as fat and protein, often lacking in the diets of malnourished 
children, are needed in order to absorb vitamin A. David Schubert points out that “a GM plant making vitamin A 
precursor, such as ‘golden rice,’ might also produce retinoic acid derivatives.” He says these might result in “direct 
toxicity or abnormal embryonic development.”³⁴ In addition, one gene inserted into the rice comes from daffodils. It 
is possible that it will also transfer known allergens from the flower.³⁵

Biotech proponents also admit that to persuade people to eat yellow rice may require an educational campaign. 
But if they are going to spend the time to educate, they can teach people to eat a red rice from India or brown rices, 
which contain more vitamin A than golden rice but without the risks. Or, as Michael Pollan asks is his New York 
Times Magazine article, “The Great Yellow Hype,” why not instead teach “people how to grow green vegetables [that 
are rich in vitamin A and other nutrients] on the margins of their rice fields, and maybe even give them the seeds to 
do so? Or what about handing out vitamin-A supplements to children so severely malnourished their bodies can’t 
metabolize beta-carotene?”³⁶ In fact, organizations are successfully doing these. Several groups have promoted the 
use of gardens in developing nations and the Vitamin Angel Alliance gives at risk children high potency vitamin A 
tablets, strong enough so that only two are required per year to prevent blindness. At a cost of only $.05 per tablet, 
only $25,000 is needed to prevent 500,000 children from going blind per year.³⁷ Contrast this with golden rice, which 
has cost more than $100 million dollars so far and is not yet ready.

Even the former president of the Rockefeller Foundation, which funded development of golden rice, said “the 
public-relations uses of golden rice have gone too far” and are misleading the public and media. He adds, “We do not 
consider golden rice the solution to the vitamin A deficiency problem.”³⁸

Grains of Delusion  “The main agenda for golden rice is not malnutrition but garnering greater support and 
acceptance for genetic engineering amongst the public, the scientific community, and 
funding agencies. Given this reality, the promise of golden rice should be taken with a 
pinch of salt.”³⁹

Michael Pollan  “The unspoken challenge here is that if we don’t get over our queasiness about eating ge-
netically modified food, kids in the Third World will go blind. . . . Yet the more one learns 
about biotechnology’s Great Yellow Hope, the more uncertain seems its promise—and 
the industry’s command of the moral high ground. Indeed, it remains to be seen whether 
golden rice will ever offer as much to malnourished children as it does to beleaguered 
biotech companies. Its real achievement may be to win an argument rather than solve a 
public-health problem. Which means we may be witnessing the advent of the world’s first 
purely rhetorical technology.”⁴⁰
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Vandana Shiva  “The ‘selling’ of vitamin A rice as a miracle cure for blindness is based on blindness to 
alternatives for eliminating vitamin A deficiency, and blindness to the unknown risks of 
producing vitamin A through genetic engineering. . . . The lower cost, accessible and safer 
alternative to genetically engineered rice is to increase biodiversity in agriculture. Further, 
since those who suffer from vitamin A deficiency suffer from malnutrition generally, in-
creasing the food security and nutritional security of the poor—through increasing the 
diversity of crops and the diversity of diets of poor people who suffer the highest rates of 
deficiency—is the reliable means for overcoming nutritional deficiencies.”⁴¹

Devinder Sharma  “A majority of the acutely malnourished people that the proponents of “golden rice” claim 
they want to help cannot afford to buy rice from the market. If these poor people cannot 
buy ordinary rice, how will they pay for “golden” rice? The question has been conveniently 
overlooked. If these hungry millions could meet their daily rice requirement, there would 
be no malnutrition in the first place. The problem cannot be solved by providing nutri-
tional supplements through GE rice. The answer lies in policy changes that force govern-
ments to ensure sufficient food for all.”⁴²





Flaws in the
Safety Assessments

of GM Foods

P A R T  2

“We need to change the focus 
of the debate away from 

the limited studies that have been done 
to date onto the size of the irreversible 
legacy that we are probably going to 
leave for future generations.”

— Professor Vyvyan Howard, 
expert in fetal and infant 
toxico-pathology



CONCLUSION



Genetic Roulette:
Gambling with our Health and Environment

On Christmas Day 1859, the Victorian Acclimatization Society released 24 rabbits into the Australian coun-
tryside so that settlers could hunt them for sport and feel more “at home.”¹ The rabbits multiplied to well 
over 200 million, spreading out over 4 million square kilometers. That Christmas present now costs Aus-

tralian agriculture about $600 million per year.²
With the benefit of hindsight, the mistake was obvious. But the principle continues to be ignored. Man-made 

interventions that self-propagate in the environment must be handled with the utmost caution and respect.
Releasing GM food crops requires even greater care. They not only might exist for centuries, they expose millions 

of people to unpredictable dangers. 
Instead of proceeding with caution, the biotech industry decided to gamble. Armed with an incomplete and often 

wrong understanding of genetics, they manipulated the most fundamental components of living systems and then rushed 
their creations into the market. Like true gamblers, they sought a quick pay off—at least before their patents expired. 

We don’t need the benefit of 150 years to see their mistakes. According to the European Commission, it is “strik-
ing that the experts confirm how little was known on so many of the relevant issues only 10–15 years ago, and how 
much the scientific understanding of many of these issues has developed since then.” Long after GM crops were 
approved, experts identified “previously unsuspected areas of risks and impacts,” or “flaws in the way risk assessments 
may have been conducted in the past.”³

When GM technology was developed, we were at the infant stages of understanding the DNA. Describing its 
structure and function was straightforward. The explanation was linear, well-defined, and wrong. Expecting that 
DNA operates in a simplistic, easily understood manner was convenient, but was it reasonable? Consider the enor-
mous complexity of the human body. Our theories of DNA have yet to account for this still uncharted richness. 
Discoveries each year force scientists to discard one “fundamental truth” after the other. In July 2006, for example, the 
New York Times reported that “Researchers believe they have found a second code in DNA in addition to the genetic 
code.”⁴ How many future codes will we find? Will we eventually discover quantum mechanical or field effects? Do 
we yet have the tools to learn how this amazing molecule orchestrates life?

With our understanding shifting so rapidly, it is arrogant to insist that we have sufficient knowledge to make 
artificial, unalterable changes that risk the health of the population and environment. It may likewise be foolish to 
assume that we possess enough knowledge and tools to evaluate the safety of gene altered foods. The New Zealand 
Institute for Gene Ecology writes, “We have the view that truly good biotechnologies will be vindicated by not just 
the best available science, but science adequate to the task of making a sound decision on safety. Our a priori view is 
this: it is not a given that the science of the day is adequate for the task. It is possible for an applicant to do state-of-
the-art analyses and not meet a standard of risk identification or resolution that may be necessary.”⁵

Microbiologist and medical doctor Richard Lacey goes further. He says “it is virtually impossible to even conceive 
of a testing procedure to assess the health effects of genetically engineered foods when introduced into the food 
chain, nor is there any valid nutritional or public interest reason for their introduction.”⁶

Scientists worldwide acknowledge that GM crops were introduced long before the science was ready. Many call 
for a prolonged moratorium. They tell the industry to come back with their products in 50–100 years, after they have 
done their homework.

Biotech companies insist that the benefits of the technology justify the risk. But who benefits and who’s at risk? 
While some farmers may have some benefit from herbicide-tolerant or pesticide-laden crops, the primary advantage 
is profits for the seed developers. The risks are borne by everyone else. GM crops have cost the United States billions 
of dollars in lost markets and an estimated $3–$5 billion per year in extra government subsidies to boost their prices.⁷ 
Food companies and farmers in various regions fight a constant battle to keep their crops pure. Contamination from 
unapproved rice varieties cost hundreds of millions of dollars; unapproved corn cost over a billion.

The greater gamble is with our health. We don’t know in advance who is susceptible to GM food dangers, how 
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much they will consume or what their reaction will be. If only one in a thousand becomes ill, that’s a million people 
for every billion exposed. The probability of serious health effects increases with each new GM crop introduced.

Without post-marketing surveillance, the chances of tracing reactions to GM food are low. The incidence of a 
disease would have to increase dramatically before it was noticed; tens of thousands or more may have to get sick 
before a change is investigated. Tracking the impact of GM foods is even more difficult in North America, where 
the foods are not labeled. Regulators at Health Canada announced in 2002 that they would monitor Canadians for 
health problems from eating GM foods. A spokesperson said, “I think it’s just prudent and what the public expects, 
that we will keep a careful eye on the health of Canadians.” But according to CBC TV news, Health Canada “aban-
doned that research less than a year later saying it was ‘too difficult to put an effective surveillance system in place.’” 
The news anchor added, “So at this point, there is little research into the health effects of genetically modified food. 
So will we ever know for sure if it’s safe?”⁸

Not with the biotech companies in charge. Consider the following statement in a report submitted to county of-
ficials in California, by pro-GM members of a task force. It is: “generally agreed that long-term monitoring of the hu-
man health risks of GM food through epidemiological studies is not necessary because there is no scientific evidence 
suggesting any long-term harm from these foods.”⁹ Note the circular logic: Because no long-term epidemiological 
studies are in place, we have no evidence showing long-term harm. And since we don’t have any evidence of long-
term harm, we don’t need studies to look for it.

Type 2 diabetes, asthma, allergies, stomach conditions such as acid reflux, migraines, and obesity have all increased 
in the United States. All may be food-related. Are they GMO-related? Unknown. We are left to guess.

 But we need not be idle. Like the planet’s immune response, resistance to GMOs has surfaced worldwide. In fact, 
the combined efforts have virtually halted the introduction of new GM crop varieties and will likely force a with-
drawal of existing GM foods from the market soon.

The collapse of GM
Monsanto seeks world domination       January 1999
At a biotech industry conference in January 1999, a speaker from Arthur Anderson Consulting Group told how 
Monsanto executives had described to them their ideal future—a world in which all commercial seeds were geneti-
cally modified and patented. Anderson created a plan for Monsanto to achieve it. Another biotech company appar-
ently had the same goal; their representative showed the audience a graph that projected a 95% replacement of all 
natural seeds by GM varieties in just five years. Within weeks, their ideal future crashed.
Europe says no to GMOs                February 1999
In February, the UK parliament invited GMO researcher Arpad Pusztai to testify, forcing his former employer to lift 
their gag order (see section 1.1). When Pusztai started speaking about his controversial discoveries, the press went 
wild. By the week’s end, they had spewed out 159 “column feet” of text, which, according to one columnist “divided 
society into two warring blocs.”¹⁰ An editorial stated, “Within a single week the specter of a food scare has become 
a full scale war.”¹¹

Overwhelming consumer resistance to GM foods soon compelled the food industry to respond. In April 1999, 
Unilever publicly committed to remove GM ingredients from its European brands. Within a week, nearly all major 
food companies followed suit. The rejection by manufacturers and retailers continues to this day; it has kept GM 
foods out of the European Union in spite of official approvals of GM varieties by the EU Commission.
Americans remain under-informed
The same corporations that removed GMOs from their European lines, however, continue to sell them in the United 
States, where consumers remain uninformed of the issue. According to a December 2006 poll by the Pew Initiative 
on Food and Biotechnology, only 26% of Americans believe they have ever eaten a GM food in their lives.¹² Thus, 
GMOs flourish in the United States because of consumer ignorance. This leaves the industry extremely vulnerable. If 
some campaign or event were to push this issue above the national radar screen causing sufficient consumer concern, 
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US manufacturers would respond like their European counterparts. The tipping point does not require that a majority 
of US shoppers reject GM foods. If even a small percentage started switching brands based on GMO content, major 
companies would respond.

Studies show that the more people learn about GM foods the less they trust them.¹³ Thus, efforts to educate US 
shoppers about GMOs will likely drive them towards the tipping point. This has already started with rbGH.
US shoppers reject rbGH      2006–07
The Boston Globe reported in September 2006 that “The region’s biggest dairies are rushing to rid their bottled milk 
of artificial growth hormones.” They wrote “If more dairies jump on board, it could be a tipping point in the long-
running debate about the safety of using synthetic hormones to spur milk production.”¹⁴

Two weeks later, the manager of a milk producers’ co-op told the New York Times, “It seems to be an explosion in 
the industry. . . . All of a sudden we have national processors like Dean Foods taking entire plants hormone-free.” The 
Times reported that, “dairy companies are bowing to the natural-foods trend by shunning milk from cows treated 
with genetically engineered growth hormone.”¹⁵

By December 2006, Starbucks announced that they had started “a conversion of all core dairy products” to be 
rbGH-free in their 5,500 company-operated locations in the United States.¹⁶ Safeway also converted their Portland 
and Seattle milk processing plants, and many other dairies are not far behind.

A January 2007 Reuters article observed, “The debate has taken a marked turn over the last several months as a 
growing number of dairy producers and food industry players have begun demanding rbST-free milk, citing height-
ened consumer demand and new niche marketing opportunities.” National Milk Producers Federation spokesman 
Chris Galen said, “I don’t think it is a trend that shows any signs of abating.”¹⁷

The transformation was triggered by organizations such as the Oregon Physicians for Social Responsibility, Or-
ganic Consumers Association, Center for Food Safety, National Family Farm Coalition, and Food and Water Watch. 
By educating consumers about the health risks of the drug, it turned the hormone into a marketing liability. Similar 
education efforts in the United States will likely do the same to GM food crops.
Shift away from GM food in the United States     2007
A coalition of food manufacturers, distributors, and retailers in the natural products industry, along with the Institute 
for Responsible Technology, launched an initiative in the spring of 2007 to remove GM ingredients from the entire 
natural food sector. Called the Campaign for Healthier Eating in America, this comprehensive initiative will educate 
consumers about the health risks of GM foods and promote non-GMO brands through shopping guides. A uniform 
definition for declaring a product “non-GMO” has already been established through an industry-wide collaboration, 
and now manufacturers will receive assistance in achieving it. After they have had a chance to make the transition, the 
institute will encourage thousands of health food stores to put labels on the shelves next to any remaining hold-out 
brands that still “may contain GMOs.”

The Pew survey reported that 29% of Americans are already strongly opposed to GM foods and believe they are 
unsafe.¹⁸ That represents about 87 million people. But even among the 28 million Americans who buy organic food 
on a regular basis,¹⁹ many do not conscientiously avoid GM ingredients in their non-organic purchases; they usu-
ally do not know how. By educating health-conscious shoppers about the dangers of GM food and providing clear 
choices in the store, brands without GM ingredients will have the advantage. This campaign will promote healthier 
eating in America and may even achieve the tipping point that inspires the whole food industry to get on board. To 
learn more, go to www.ResponsibleTechnology.org.
GM-free schools
Another trend contributing to the tipping point is the growing concern among parents and schools about the effects 
of GM foods on children. The epidemic of obesity and diabetes, as well as ADHD and depression, has intensified the 
focus on kids’ diet and school meals. While many are banning junk food and reducing sugar and fat, some schools are 
also targeting GM foods. The Seattle school board, for example, instructed their 97 schools to remove GM ingredi-
ents from the meal programs. To learn about the Institute for Responsible Technology’s national GM-Free School 
Campaign, go to www.ResponsibleTechnology.org.
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Religious opposition
Many religious groups have issued strong statements of concern about GMOs. A working group at the World Coun-
cil of Churches, for example, called upon churches and Christians “to build partnerships with civil society, people’s 
movements, small scale farmer groups, and Indigenous Peoples in opposing the science, philosophy, and practice of 
genetic engineering in agriculture.”²⁰ But religions largely remain the sleeping giants in the debate, since they have 
not yet wielded their enormous consumer clout. Any one of several could immediately force GMOs off the market 
simply by encouraging their members to avoid them.

Religious concerns not only include the effects on health and the environment, but many believe that crossing 
genes between species will create unintended consequences and is meddling with God’s design. For them, a better 
translation of “GMO” would be “God, Move Over.”
Legislation brewing
More than three-dozen US congressmen co-sponsored a “The Genetically Engineered Food Right to Know Act” 
in the 2003–2004 session. The bill called for the mandatory labeling of any foods that contain GM ingredients. 
Although there was insufficient support at the time, there was a sea change in Congress in 2006 and efforts are 
underway to re-introduce the bill. In addition, lawmakers are expected to introduce bills that would institute safety 
testing, assign liability to biotech companies for financial losses associated with their seeds and require that all GM 
pharmaceutical crops be grown indoors and only in non-food crops. GMO-related legislation has also been enacted 
at the state, county and city levels. For more information on legislative efforts in the United States, go to www.the-
campaign.org.
Food companies and farmers can protect themselves
Whether the tipping point is achieved through a new scientific finding, a national education campaign, a religious 
leader, legislation, or even a well-received segment on Oprah Winfrey, there is an excellent chance that US food 
manufacturers will abandon GM foods in the near future. Several have already taken steps to protect themselves by 
avoiding GM ingredients. Still, farmers and food manufacturers may need to do more than just avoid GMOs in their 
own operations to protect themselves.

When StarLink corn contaminated the food supply, the entire US corn industry suffered, not just those who 
planted GM varieties. The lost exports, recalls and lowered prices cost over $1 billion. (And StarLink represented 
only a tiny fraction of the GM corn in the United States.)

In August 2006, the USDA announced that an unapproved GM rice variety had somehow escaped from field 
trials conducted at least five years earlier and contaminated current US rice stocks. Japan stopped buying long grain 
US rice, products were taken off shelves in Europe, rice prices plummeted, and at least 25 lawsuits were filed by rice 
companies against rice developer Bayer CropScience. This debacle took the rice industry completely by surprise. 
Since GM rice had not been commercialized, they figured they were safe.

Now the industry must decide whether to preempt future contamination by telling the government and five mul-
tinational GM crop companies, “No more GM rice trials!” But this decision is not just for rice growers. What about 
those who deal in lettuce, barley, sunflowers, and plums? Most vegetables, fruits, and grains have GM counterparts in 
some stage of development. More than one hundred species have already been grown outdoors in field trials. 

And lest they think that the rice contamination was a unique incident, Nature magazine lists some of the other in-
cidents of crop contamination traced to supposedly quarantined field trials.²¹ In 1997, Limagrain Seed and Monsanto 
recalled 60,000 bags of canola that were contaminated with an unapproved variety. In 2001, Monsanto’s unapproved 
corn “escaped its field trial site and released pollen to a commercial crop.” And corn engineered to produce a pharma-
ceutical, also grown in 2001, contaminated both soybean and corn fields the following year. It led to the destruction 
of 155 acres of corn and 500,000 bushels of soy. In 2004, windblown pollen and seeds were carried from an outdoor 
trial of GM bentgrass, contaminating natural grass miles away. Syngenta admitted in 2005 that an unapproved corn 
that was field trialed in previous years had contaminated US corn supplies. Following their announcement, at least 
14 shipments of corn to Japan were rejected due to discovery of the illegal variety. And in 2005, Greenpeace reported 
that unapproved rice grown in China had been illegally sold in the market for the previous two years. That same rice 
was also found in products sold in Europe in 2006.
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The liability laws vary from country to country, but in some cases industry-friendly policies let the seed producers 
off the hook. Thus, if for no other reason, until the biotech industry is held fully liable for damage caused by its GM 
crops, the food industry should insist that developers “keep it in the lab.”

Deciding against GMOs
Decision makers should have sufficient information from this book to confidently ban GMOs from their jurisdic-
tion, whether that be a country, a food brand, school meals, or food for their family. Some policy makers may want to 
hear from the biotech side before taking action. We have created a Web site, www.GeneticRoulette.com, specifically 
to promote a serious scientific debate on the details presented. There, contributors can challenge, respond, add and 
correct information about any of the health risks presented in the two-page spreads in part 1. These 65 risks serve 
as a checklist. The burden is on the industry to demonstrate that each adverse finding and each theoretical risk is 
responded to with good science, appropriate investigation, and evidence verifying safety. Until then, wise nations and 
wise families should opt-out of this high-stakes gamble by refusing GM foods.

Industry may avoid scientific debates
In the past, the biotech industry has studiously avoided debating the health risks of their foods. That is because their 
claims of safety do not hold up well under scrutiny. There is no trove of alternate studies, new findings, or scientific 
breakthroughs that get GM foods off the hook. Most of the risks outlined in this book have been countered only with 
assumptions—usually untested or obsolete. 

The public relations firm Burson Marsteller told EuropaBio, “Public issues of environmental and human health 
risk are communications killing fields for bioindustries in Europe.”²² They told them to avoid all public debates. In 
lieu of a rational discussions we get spin. When a linguist analyzed the rhetoric offered in defense of GM crops, he 
discovered that GM proponents use unscientific, emotional, and irrational arguments to attack critics as unscientific, 
emotional, and irrational.²³

We present below some of the strategies that the industry has used in response to scientific challenges and to 
books critical of their technology. This may help prepare decision makers to deal with possible responses to the in-
formation presented in Genetic Roulette. Based on a decade of experience, here are some of the common reactions 
we have seen:
  Preemptive strike. The book Seeds of Deception documents how threats from biotech companies stopped the pub-

lication of a book, a magazine issue, a multi-part news series on Fox TV and critical coverage by many major US 
newspapers.

  Silence. Once a book critical of GM crops is published, the first response is usually to not draw any attention to 
its allegations. It is ignored.

  Sweeping dismissal. When biotech spokespersons are questioned about the book’s contents, the strategy is to 
avoid responding to specific details. Instead, they use a sweeping dismissal to try and discredit the whole thing. 
Terms such as a “bunch of rubbish,” “unscientific,” “anecdotal,” and “largely discredited” may be bandied about.

  Haven’t read it. Some may also claim to not have read the book in order to avoid being questioned on details.
  Invoking of scientific organizations. When confronted on specific issues, advocates sometimes invoke the names 

of one or more scientific or governmental organizations, claiming that they have thoroughly evaluated GM foods 
and found them safe. The implication is that others with more knowledge have already looked at this and found 
no problem, so you don’t have to.

  Cherry picking arguments. A common technique in articles or letters to editors is for advocates to address only 
the most speculative and least supported arguments raised, and then imply that all the claims are similarly without 
foundation.
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  Same as other foods. Some will insist that modern methods of plant breeding other than genetic engineering 1) 
are used on a wide scale; 2) have a history of safe use; and 3) create comparable mutations in the DNA. Every-
thing about this argument is pure speculation and is not supported by scientific literature. There is no evidence that 
these modern methods are used widely, are consistently safe, or create mutations of the same kind or frequency as 
genetic engineering.²⁴ The risks of GM crops are largely unique in character and scale.

  Medicines or gene therapy needed. To confound the issue, some defend GM crops by claiming that we need 
genetic engineering for human gene therapy or to produce medicine such as GM insulin for diabetics. This falsely 
implies that to be against GM crops one must necessarily be against other forms of genetic engineering.

  Personal attack. When authors or scientists are personally attacked, it can signify that they have a particularly 
strong argument or evidence that can damage the industry position. Rhetoric used in the attack may suggest that 
the biotech critic has ulterior motives such as selling books or a personal philosophy or religion that is the “real” 
reason they are taking a stand. The strained logic implies that on the basis of misguided motivation, one should 
dismiss all the evidence. If this were applied to the profit-driven biotech companies, then we should likewise dis-
miss their claims.

  Flood of “evidence.” When the Chicago school system began questioning the safety of milk from cows treated 
with rbGH, they received a huge box of documents from Monsanto that supposedly refuted the critics. Similarly, 
the rbGH documents presented to FDA regulators stacked 62 feet high. This tactic of flooding decision makers 
with too much material is effective because people rarely take the time to thoroughly evaluate the materials. (The 
titles of industry studies and reports are often carefully crafted to proclaim product safety, even if the contents 
show otherwise.)
These tactics are catalogued here in the hope that it will preempt their use. Or at least it can help people sort 

through the spin and demand real answers to urgent questions. 

Taking responsibility
After finding out about GMOs, politicians, regulators, reporters, food companies, farmers, chefs, school administra-
tors, and even consumers usually figure that someone else is taking the responsibility. This is the main reason why we 
still face this travesty. It is easy to assume that someone else is looking out for us or that corporations would not be so 
stupid as to risk our health and planet. It’s easy to let the scientists deal with this. It is, after all, a complicated subject; 
it’s their field and their products, not ours.

This book is designed to show that others are not looking out for us. Companies are risking our health and planet. 
And it takes the obscure, complicated science and tries to make it accessible so the dangers are unmistakable. Genetic 
engineering of our food supply is indeed our field, our problem, and ours to solve.

Protecting our selves and our children is fundamental. Strategies to avoid eating GM foods are presented in the 
next section. Beyond that, consider taking steps to inform and protect your community, your organizations, and our 
world. Although GMOs present one of the greatest dangers, with informed, motivated people, it is one of the easiest 
global issues to solve.

Safe eating.
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Gathering data and staying up-to-date 
on the risks of GM foods

Identifying reactions to GM foods that have been released into a nation’s food supply can be very difficult. With-
out surveillance systems, problems may not be identified, let alone investigated. We have volunteered to gather 
case-study and trend data, which may be valuable for those conducting research.

Collecting case studies
We are collecting information about individuals who claim to have adverse reactions to GM foods. It needs to be 
clear to investigators that the reaction occurs only to the GM ingredient and not to an equivalent non-GM ingredi-
ent. For example, if someone has a reaction to products made in North America that contain soy or yellow corn, it 
is possible that the cause is GM soy or corn. We would only be interested in collecting the details of the reaction if 
the person also does not react to soy or corn products that are non-GM (e.g. organic or labeled non-GMO). We do 
not encourage anyone to conduct dangerous experiments by exposing themselves to allergens. Rather, if an individual 
happens to notice such a pattern of reaction, please contact us at submit@GeneticRoulette.com. If we see any pat-
tern in these cases studies, we will present the evidence to health authorities and researchers and will push for a full 
investigation.

Identifying trends
If health practitioners or population health monitors notice increases in any symptom, disease or illness after the 
introduction of GM ingredients, please also contact us. In the United States, rbGH was introduced in 1994. GM 
crops appeared in 1996.

Check for new material, challenges, and updates
The Web site www.GeneticRoulette.com will post new findings on the safety of GM foods. For example, as this book 
was going to press, a report was released about organ damage and other adverse effects in rats fed Monsanto’s GM 
NewLeaf potatoes. The study had been conducted in 1998 by the Institute of Nutrition of the Russian Academy of 
Medical Sciences, but results were made public only recently, after Greenpeace won two successive court cases. The 
details will be posted at www.GeneticRoulette.com after the study and write-up have been reviewed by a group of 
scientists.

The Web site will also include challenges and responses to the material presented in this book. We are dedicated 
to a transparent and scientific debate on this important topic.

A P P E N D I X :  G AT H E R I N G  DATA
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How to avoid eating genetically modified foods
There are a few ways to identify GMOs in order to avoid them.

1. Mandatory labeling
The United States and Canada do not have GM labeling requirements, but most other industrialized nations do. 
Some laws do not require labeling if a processed GM-derived ingredient no longer contains GM DNA or GM 
protein. This ignores risks of toxins and other substances produced in the GM transformation process, which may be 
found in the processed ingredient. The EU law closed this loophole and does require labeling if GM crops were used 
in production, irrespective of whether it is detectable in the final product. The European Union and others, however, 
still have the loophole of not requiring labeling of milk and meat from animals fed GM feed.

The Campaign for Healthier Eating in America is introducing in-store, on-shelf labeling of GM products in 
health food stores, planned for late 2008.
2. Voluntary “Non-GMO” labels
Many products in the United States and elsewhere are labeled by manufacturers as “Non-GMO.” Although this is 
not defined and varies between producers, the Campaign for Healthier Eating in America is promoting a uniform 
standard and its verification.
3. Shopping guides
Shopping guides identifying GM vs non-GM food brands are popular in many countries. For US brands, go 
to www.ResponsibleTechnology.org to access online shopping guides and to find out about the availability of
printed guides.
4. Organic
Organic products are not allowed to knowingly use GM ingredients (although tiny contamination does
sometimes occur).
5. Avoiding “at-risk” ingredients
If a product is not identified as non-GMO using the criteria above, you may wish to avoid all ingredients derived 
from the GM crops used in your nation. The following list identifies those grown and consumed in the United States. 
Not all of these are available around the world.

A P P E N D I X :  AV O I D  E AT I N G  G M  F O O D S
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List of GM crops
Currently commercialized GM crops in the US
(Number in parentheses represents the estimated percent that is genetically modified.)

Soy (89%)
Cotton (83%)
Canola (75%)
Corn (60%) 
Hawaiian papaya (more than 50%)
Alfalfa, zucchini, and yellow squash (small amount)
Tobacco (Quest® brand) 

Other sources of GMOs
Dairy products from cows injected with rbGH
Food additives, enzymes, flavorings, and processing agents, including the sweetener aspartame (NutraSweet®) 
and rennet used to make hard cheeses
Meat, eggs, and dairy products from animals that have eaten GM feed
Honey and bee pollen that may have GM sources of pollen
Contamination or pollination caused by GM seeds or pollen

Some of the ingredients that may be genetically modified
Vegetable oil, vegetable fat, and margarines (soy, corn, cottonseed, and/or canola)
GM Soy: Soy flour, soy protein, vegetable proteins, and isolates, textured vegetable protein (TVP), tofu, tamari, tem-
peh, protein supplements, defoaming agents used in the manufacturing of yeast and sugar, antioxidants (vitamin E), 
natural flavors.
GM Corn: Cornmeal, corn syrup, high-fructose corn syrup (HFCS), baking powder, white vinegar, caramel, malt, 
confectioner’s sugar, vanilla extract (contains corn syrup), and table salt (may contain a small amount of dextrose).

The following is a list of additives that may be derived from corn or soybeans:  
Ascorbic acid, ascorbate (vitamin C), citric acid, cobalamin (vitamin B12), cyclodextrin, cystein, dextrin, dextrose 
(added to table salt to prevent iodide sticking—very small amount), diacetyl, diglycerides (diaclyglycerol, fructose 
especially crystaline fructose, glucose, glutamate, glutamic acid, gluten, glycine, glycerides (mono, di, tri) glycerol, 
glycerol monooleate, glycerine, hemicellulose, hydrolyzed vegetable protein or starch, hydrogenated starch hydro-
lyates, inositol, invert sugar or inverse syrup (inversol, colorose), isomalt, lactic acid, lecithin (often specified: soy leci-
thin), leucine, lysine, maltodextrin, maltose (hydrogenated maltose is called maltitol), mannitol, milo starch, modified 
starch, monoglycerides, monosodium glutamate (MSG), oleic acid, phenylalanine, phytic acid, sorbitol, stearic acid, 
threonine, tocopherols (vitamin E), trehalose, xanthan gum, and zein. (In addition, cellulose and methylcellulose may 
be derived from cotton.)

Check www.GeneticRoulette.com for a more up-to-date list, including an indication about how frequently these 
products are derived from corn or soy.
Some foods that may contain GM ingredients
Infant formula, salad dressing, bread, cereal, hamburgers and hotdogs, margarine, mayonnaise, cereals, crackers, cook-
ies, chocolate, candy, fried food, chips, veggie burgers, meat substitutes, ice cream, frozen yogurt, tofu, tamari, soy 
sauce, soy cheese, tomato sauce, protein powder, baking powder, alcohol, vanilla, powdered sugar, peanut butter, en-
riched flour, and pasta. Non-food items include cosmetics, soaps, detergents, shampoo, and bubble bath.

A P P E N D I X :  L I S T  O F  G M  C R O P S
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 Enzyme Name

  alpha-acetolactate 
decarboxylase

 alpha-amylase

 catalase 

 chymosin

  cyclodextrin-glucosyl 
transferase

 beta-glucanase

 glucose isomerase

 glucose oxidase 

 glucose oxidase 

 lipase

 maltogenic amylase

 pectinesterase

 protease

 pullulanase

 xylanase (hemicellulase)

GM Organism

bacteria

 
bacteria

fungi 

bacteria or fungi

bacteria

 
bacteria

bacteria

fungi 

fungi

 
fungi

bacteria

fungi

bacteria

bacteria

bacteria or fungi

Use (Examples)

removes bitter substances from beer

 
converts starch to simple sugars

reduces food deterioration, particularly 
egg-based products

clots milk protein to make cheese

starch/sugar modification

 
improves beer filtration

converts glucose fructose sugar

reduces food deterioration, particularly 
egg-based products

reduces food deterioration, particularly 
egg-based products

oil and fat modification

slows staling of breads

improves fruit juice clarity

improves bread dough structure

converts starch to simple sugars

enhances rising of bread dough

Food Enzymes
from Genetically Modified Organisms

Reproduced with permission from GEO-PIE.

In addition, GMOs can be used to produce lactoflavin/riboflavin (vitamin B2), yeast is available for making wine, and the FDA 
“approved” the following enzymes: laccase, phospholipase, bacteriophage P100, asparaginase, and lactoferrin (pending).¹

A P P E N D I X :  F O O D  E N Z Y M E S  F R O M  G M O S
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Special alert on aspartame, 
a genetically engineered sweetener

The sweetener aspartame, (also known as NutraSweet, Equal, Spoonful, Canderel, Benevia, and E951) is ge-
netically engineered.² The amino acids are grown using GM E. coli bacteria. Although numerous studies and 
thousands of consumer complaints have linked this controversial sweetener to serious illnesses, it is unclear if 

the genetic engineering contributes to the problems.
Aspartame is a molecule composed of three sub-units. The first is methyl ester, which, according to food science 

professor Woodrow Monte, immediately converts to methyl (wood) alcohol, a deadly poison that can bioaccumulate 
in the body. A single ounce can be fatal. Monte, who is the author of “Aspartame: Methanol and the Public Health” 
in the Journal of Applied Nutrition,³ says, “Methyl alcohol then converts to two other known toxins—formaldehyde 
and formic acid.”

The other two sub-units are amino acids (aspartic acid and phenylalanine). These may be harmless when part of 
protein, but according to physician H. J. Roberts, author of the medical text, Aspartame Disease: An Ignored Epidemic, 
in aspartame the amino acids are isolated and in a dangerous configuration (L. stereoisomer). In addition, they interact 
with free methyl alcohol. These factors make the amino acids particularly harmful. Roberts says the isolated phenyl-
alanine lowers the seizure threshold and triggers psychiatric and behavioral problems, as well as other symptoms and 
diseases. Neuroscientist John Olney, who founded the field of neuroscience called excitotoxicity, says that aspartic 
acid is an excitotoxin that stimulates neurons into hyperactivity until they exhaust and die.

Psychiatrist Ralph G. Walton, medical director of Safe Harbor Behavioral Health, had to abruptly stop his own 
human clinical trial on aspartame when some of the subjects had serious reactions. One participant, the hospital’s 
administrator, suffered a detached retina and went blind in one eye. Another had bleeding of the eye and others 
reported being poisoned.⁴ Walton says that “Aspartame is a multipotential toxin and carcinogen,” which also lowers 
seizure thresholds, produces “carbohydrate craving,” and in vulnerable individuals, can cause “panic, depressive, and 
cognitive symptoms.”⁵

There are up to 10 breakdown products of aspartame.⁶ The largest (diketopiperazine) appears to be the cause for brain 
tumors in animal feeding studies. Olney says when it is processed (nitrosated) by the gut it produces a compound closely 
resembling a powerful chemical (N-nitrosourea)⁷ that causes brain tumores. Author and neurosurgeon Russell Blaylock, 
suggests that a jump in brain tumors in the US population in the 1980s is linked to the introduction of aspartame.⁸ Blay-
lock refers to an Italian rat study⁹ in which “they fed animals aspartame throughout their lives and let them die a natural 
death. They found a dramatic and statistically significant increase in the related cancers of lymphoma and leukemia, 
along with several histological types of lymphomas.” He said, “What the Italian study found is that if you take these same 
animals and expose them to formaldehyde in the same doses, they developed the same leukemias and lymphomas.”¹⁰ 
The FDA compiled a list of 92 symptoms from the more than 10,000 consumer complaints they received about as-
partame. These included four kinds of seizures, blindness, memory loss, fatigue, change in heart rate, difficulty breath-
ing, joint, bone, and chest pain, speech impairment, tremors, change in body weight, lumps, blood and lymphatic 
problems, developmental retardation and problems with pregnancy, anemia, conjunctivitis, male sexual dysfunction, 
and death. Roberts’ medical text also identifies neurodegenerative disease, cancer, diabetes, obesity, and sudden car-
diac death, among others.

To learn more about efforts around the world to recall aspartame—as well as the health issues, rigged research, and 
political maneuvering that got it approved—consult the following resources:

Books and DVDs:
Aspartame Disease: An Ignored Epidemic

 by H. J. Roberts, M.D.,
Excitotoxins: The Taste That Kills,

 by Russell Blaylock, M.D.
Sweet Misery:  A Poisoned World, DVD

 available at www.seedsofdeception.com

Organizations:

 Bettym19@mindspring.com

A P P E N D I X :  S P E C I A L  A L E R T  O N  A S PA R TA M E



The Institute for Responsible Technology was founded by Jeffrey Smith. Its priority program is to end the 
genetic engineering of our food supply and the outdoor release of GM crops. The Institute works all over the 
world to educate decision makers, media, and the public, and organize campaigns such as those described in 

the previous pages. In addition, we are starting to fund much needed independent safety research on GM foods.

Stay informed
…with our free monthly e-newsletter, Spilling the Beans, written by founding director Jeffrey Smith.

Volunteer
…to help with a GM-Free school campaign or other programs.

Become a member
…for $25 per year and receive discounts on products and a free gift.

Donate
… and help to protect ourselves, our children, and our environment from the risks of this infant technology.

And when you are finished with this book, please share it with others.

www.ResponsibleTechnology.org 
info@ResponsibleTechnology.org
+1.641.209.1765

Institute for Responsible Technology
P.O. Box 469
Fairfield, IA 52556 USA
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Credentials of those cited often in the text
For brevity, the credentials of scientists and authorities cited in this book are often abbreviated or omitted. The fol-
lowing is a list of those who are referred to often:
Arpad Pusztai, PhD, experimental biologist, formerly of the Rowett Institute, consultant to GENOK (Norwegian 
Institute of Gene Ecology) Tromso, Fellow of the the Royal Society of Edinburgh, the top expert in his field of lectin 
proteins, and one of the leading experts on GMO safety assessments. He has published over 300 primary scientific 
papers and 16 books.
Susan Bardocz, PhD, DSc, biochemist and nutritionist, professor at University of Debrecen (Hungary), consultant to 
GENOK, Tromso, and a leading expert on GMO safety assessments and author of 119 primary scientific papers in 
refereed international journals, 118 book chapters, and authored and edited 14 books.
Michael Antoniou, PhD, molecular geneticist researching human gene therapy at King’s College London, member 
of the scientific review committee of the GM Nation debate, author of many articles on the use of GM in medicine 
and especially agriculture for the lay public.
Judy Carman, PhD, nutritional biochemist and epidemiologist, director of the Institute of Health and Environmen-
tal Research and expert on GMO safety assessments, who has been commissioned by the government of Western 
Australia to conduct independent assessments on GM foods. 
David Schubert, PhD, molecular biologist and protein chemist and professor at the Salk Institute for Biological 
Studies, author of several seminal articles on GM food safety.
Joseph Cummins, PhD, professor emeritus of genetics, University of Western Ontario, author of more than 200 
scientific and popular articles, many on GM food safety about which he has written since 1988.
Doug Gurian-Sherman, PhD, senior scientist at the Union of Concerned Scientists, formerly worked at the EPA on 
GM crops and was a science adviser to the FDA.
Mae-Wan Ho, PhD, biophysicist and geneticist, director of the Institute of Science in Society, author of 14 books 
and more than 400 articles, many of which highlight newly identified shortcomings of GM food safety theories and 
assessments. 
Giles Eric Seralini, PhD, toxicologist and professor at the University of Caen, France, president of the Scientific 
Council of the Committee for Independant Research and Information on Genetic Engineering, and member of two 
French commissions for GMO evaluation, and an expert panel for the European authorities.
Michael Hansen, PhD, is a researcher and spokesperson for the Consumer Policy Institute, a division of the Con-
sumers Union of the United States (the organization that publishes Consumer Reports magazine), who works on 
biotechnology issues and is considered an authority on safety and assessment issues.
William Freese is with the Center for Food Safety and formerly a research analyst with Friends of the Earth, and 
author of key papers identifying shortcomings in the US safety assessment procedures for GM crops.
Jonathan R. Latham, PhD, is a molecular biologist and plant virologist and director of Programmes and Outreach of 
the Bioscience Resource Project.  He is currently investigating the use of plant virus genes to make GM plants. 
Ricarda A. Steinbrecher, PhD, molecular geneticist and co-director of EcoNexus, writes and lectures about genetic 
engineering in food and farming, its risks and potential consequences on health, food security, and the environment. 
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Notes to Human Health Assessment Table (page 228)
(1) “The Cry1Ab protein was digested at a similar, if slightly faster, rate than the E. coli-derived Cry9C protein in 

simulated gastric fluid.” (Aventis CropScience 2000, “Cry9C Protein: The Digestibility of the Cry9C Protein 
by Simulated Gastric and Intestinal Fluids,” study submitted to the EPA by Aventis CropScience, p. 17).  In 
another study, Noteborn1 found that it took two hours to achieve > 90% degradation of Cry1Ab(5) in SGF 
(165 µg/ml SGF, pH = 2.0) Noteborn, p. 21, Annex 1 – Table 1, p. 31.

(2) “Studying the Cry1Ab5 protein a relatively significant thermostability was observed which was comparable to 
that of the Lys mutant Cry9C protein.” Noteborn.2

(3) “…the initial alignment between Cry1A(b) and vitellogenin located subsequences in which 9 to 11 amino 
acids were identical (82% similarity). Realignment indicated that these regions contained stretches of 11 
biochemically similar and 12 evolutionarily similar amino acids (100% similarity over 11 or 12 amino acids.” 
“For example, the similarity between Cry1A(b) and vitellogenin might be sufficient to warrant additional 
evaluation.”3 The EPA apparently did not consider this study in its reassessment of Cry1Ab corn. The Agency 
states merely that companies did not submit structural comparisons: “Amino acid homology comparisons for 
Cry1Ab, Cry1Ac and Cry3A against the database of known allergenic and toxic proteins were not submitted.”4

(4) Monsanto conducted this study under conditions that proved extremely favorable to rapid digestion of the 
Cry1Ab/Ac hybrid protein: pH = 1.2, 2 µg test protein / ml SGF. Experts now recommend testing with much 
higher concentrations of test protein at a milder (at least pH = 2.0).

(5) “Inactive” here means “unable to kill insects” in bioassays, which provide little or no information about 
degradation of the protein into amino acids and small peptides, which is what should have been measured (e.g. 
by HPLC or SDS-PAGE)

(6) “Cry1A(c) has the same sequence as Cry1A(b) in the region involved, and therefore produced the same 
alignments, but this was not considered an independent alignment because the proteins are closely related.”5

(7) EPA fails to cite the pH value of SGF.  If test conducted at pH = 1.2, it should be repeated at pH = 2.0.  See 
note (4).

(8) Many experts recommend a more stringent test than one based on 8 contiguous amino acids.
(9) “No heat stability studies were available for Cry3A.”6

(10) “First, the initial alignment between Cry3A and β-lactoglobulin located subsequences in which 7 of 10 amino 
acids matched exactly.  Realignment with both the evolutionary and biochemical matrices indicated that the 
intercalary amino acids were similar, meaning that the alignment was 100% similar over 10 amino acids.”7 
The EPA apparently did not consider this study in its reassessment of Bt crops, stating merely that “additional 
amino acid sequence homology” data are needed to “complete product database” for Cry3A NewLeaf potatoes.8

1. Noteborn, “Assessment of the Stability to Digestion and Bioavailability of the LYS Mutant Cry9C Protein from Bacillus 
thuringiensis serovar tolworthi.”

2. Ibid.
3. Steven M. Gendel, “The use of amino acid sequence alignments to assess potential allergenicity of proteins used in 

genetically modified foods,” Adv. in Food and Nutrition Research 42(1998): 58–60.
4. US EPA, “Biopesticides Registration Action Document: Revised Risks and Benefits Sections—Bacillus thuringiensis Plant-

Pesticides.”
5. Gendel, “The use of amino acid sequence alignments to assess potential allergenicity of proteins used in genetically 

modified foods,” 58–60.
6. US EPA, “Biopesticides Registration Action Document: Revised Risks and Benefits Sections—Bacillus thuringiensis Plant-

Pesticides.”
7. Gendel, “The use of amino acid sequence alignments to assess potential allergenicity of proteins used in genetically 

modified foods,” 58–60.
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Additional sources on Bt-toxin
Terje Traavik and Jack Heinemann include this excellent set of Bt-related citations in their Genetic Engineering and Omit-
ted Health Research: Still No Answers to Ageing Questions, published by Third World Network in 2007. 

Human and monkey cells exposed to Bt-toxins from the extra- or intra-cellular environment are killed or function-
ally disabled (Taybali and Seligy, 2000). Human cell exposure assays of Bacillus thuringiensis commercial insecticides: 
Production of Bacillus cereus-like cytolytic effects from outgrowth of spores. Environ Health Perspect online, 18 August 
2000; Tsuda et al. (2003). Cytotoxic activity of Bacillus thuringiensis Cry proteins on mammalian cells transferred with 
cadherine-like Cry receptor gene of Bombyx mori (silkworm). Biochem J 369: 697–703; 

 Namba et al. (2003). The cytotoxicity of Bacillus thuringiensis subsp. coreanensis A 1519 strain against the human 
leukemic T cell. Biochimica et Biophysica Acta 1622: 29-35). Influenza A infections in mice were changed from silent to 
lethal encounters by co-exposing the animals to Bt-toxin (Hernandez et al. (2000). Super-infection by Bacillus thuringi-
ensis H34 or 3a3b can lead to death in mice infected with the influenza A virus. FEMS Immunology and Med Microbiol 
209: 177-181). Farmworkers exposed to Bt spores developed IgG and IgE antibodies to Bt-toxin (Cry1Ab) (Taylor et 
al. (2001). Will genetically modified foods be allergenic? Journal of Allergy and Clinical Immunology, May 2001, 765-
771). The Bt-toxin Cry1Ac was found to have very strong direct and indirect immunological effects in rodents (Vazquez 
et al. (2000). Characterization of the mucosal and systemic immune response induced by Cry1Ac protein from Bacillus 
thuringiensis HD 73 in mice. Brazilian Journal of Medical and Biological Research 33: 147–155;

 Moreno-Fierros et al. (2000). Intranasal, rectal and intraperitoneal immunization with protoxin Cry1Ac from Bacillus 
thuringiensis induces compartmentalized serum, intestinal, vaginal and pulmonary immune response in Balb/c mice. Mi-
crobes and Infection 2: 885–890; Moreno-Fierros et al. (2002). Slight influence of the estrous cycle stage on the mucosal 
and systemic specific antibody response induced after vaginal and intraperitoneal immunization with protoxin CryA1c 
from Bacillus thuringiensis in mice. ELSEVIER Life Sciences 71: 2667 2680).

Earthworms exposed to Bt-toxin Cry1Ab experience weight loss (Zwahlen et al. (2003). Effects of transgenic Bt corn 
litter on the earthworm Lumbricus terrestris. Molecular Ecology 12: 1077–1086). Cattle fed the Bt 176 maize variety 
demonstrated undegraded Cry1Ab through the whole alimentary tract, and the intact toxin was shed in faeces (Einspanier 
et al. (2004). Tracing residual recombinant feed molecules during digestion and rumen bacterial diversity in cattle fed 
transgene maize. Eur Food Res Technol 218: 269-273). Cry1Ab is much more resistant to degradation under field soil 
conditions than earlier assumed (Zwahlen et al. (2003). Degradation of the Cry1Ab protein within transgenic Bacillus 
thuringiensis corn tissue in the field. Mol Ecol 12: 765–775). Potentially IgE-binding epitopes have been identified in 
two Bt-toxins (Kleter and Peijnenburg (2002). Screening of transgenic proteins expressed in transgenic food crops for 
the presence of short amino acid sequences identical to potential IgE-binding linear epitopes of allergens. BMC Struc-
tural Biology 2:8), and it should be added that many IgE-binding epitopes are conformationally not linearly determined. 
Finally, it is a matter of concern that Bt-toxins have lectin characteristics (Akao et al. (2001). Specificity of lectin activity 
of Bacillus thuringiensis parasporal inclusion proteins. J Basic Microbiol. 41(1): 3-6). Lectins are notorious for finding 
receptors on mammalian cells. This may lead to internalization and intracellular effects of the toxins. Occupational expo-
sure to novel proteins, and potential allergic sensitization, has had little study, but could be of public health significance. 
An amazing number of foods have been proven to evoke allergic reactions by inhalation (Bernstein et al. (2003). Clinical 
and laboratory investigation of allergy to genetically modified foods. Genetically Modified Foods, Mini-Monograph, 
Volume 111, No. 8, June 2003). In this connection the findings of serum IgG/IgE antibodies to B. thuringiensis spore 
extracts (Bernstein et al. (1999). Immune responses in farm workers after exposure to Bacillus thuringiensis pesticides. 
Environmental Health Perspectives 107(7): 575-582), in exposed farm workers should be given further attention. Inhal-
ant exposure to Bt-toxin containing GMP materials may take place through pollen in rural settlements and also through 
dust in workplaces where foods are handled or processed.
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