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Preface
The GM battle intensifies

The industry-funded International Service for the Acquisition of Agribiotech Applications (ISAAA) claims that the global area of genetically modified (GM) crops reached 170.3 m hectares (420 m acres)
in 2012; a 100-fold increase since commercialization began in 1996;
and “the fastest adopted crop technology in the history of modern
agriculture” [1].
However, GM crops are still confined to 28 countries, with
nearly 90 % planted in just five. USA tops the list at 69.5 m ha and
40.8 % of the total area; Brazil and Argentina with 36.6 and 23.9 m ha
account for 21.5 % and 14.0 % respectively; and Canada and India with
11.6 and 10.8 m ha account for 6.8 % and 6.3 % respectively. Herbicide
(glyphosate) tolerant crops comprise nearly 60 %, Bt crops 15% and
stacked traits 25 %. The major crops are just three: herbicide tolerant
soybean (47 %) maize (Bt 4%, stacked traits 23 %) and cotton (Bt 11 %,
stacked traits 2%).
GM remains limited to two traits in three major crops that are
largely kept out of most of the world.
One main reason is its inability to deliver really useful traits. As
Geoffrey Lean of the Telegraph remarked in reviewing a new book
by Prof Sir Gordon Conway, formerly President of the Rockefeller Foundation and Chief Scientific Adviser to the Department for
International Development, and a known GM supporter [2]: “But
what emerges from his book, One Billion Hungry….is how little – so
far, at least – GM technology is contributing to beating hunger.” In
contrast, conventional breeding assisted by genetic markers has
been turning out miracles in the meantime, as described in Conway’s
book. Scientists at Britain’s National Institute of Agricultural Botany
(NIAB) have just created new wheat hybrids that could increase
yields by 30 %. But it is in Africa that major successes have been
tumbling out. Nerica rice varieties up to four times as productive as
traditional varieties with much shorter growing season, more protein, resist pests and diseases, thrive on poor soils, and withstand
drought; also 30 varieties of drought-tolerant maize are boosting
yield 20 to 30 % across 13 countries, climbing beans treble production
in Central Africa, wheat varieties thriving on salty soils, plus a host
of other wonders: blight-resistant potatoes, crops enriched with
vitamin A, iron and other essential nutrients.
The other reason is that resistance to GM crops and GMOs (genetically modified organisms including transgenic trees, fish and livestock) has been growing simultaneously worldwide as the failures
and hazards are coming to light behind the corporate propaganda.
GM crops are hardly grown in Europe even though the European Commission has given commercial approval for cultivation,
showing every sign of caving in to the GM lobby. But at the end of
May 2013, Monsanto, the largest producer of GM seeds, announced
it is pulling out from Europe. Monsanto’s Europe representative
Brandon Mitchener told the press the company would no longer
engage in any lobbying in Europe and would not apply for approval
of any GM plants [3]. German Agriculture Ministry issued a revealing
statement: “The promises of GM industry have not come true for
European agriculture, nor have they for the agriculture in developing and emerging economies.” Monsanto is the last company to
depart Germany, if not Europe, following Bayer CropScience, BASF
and Syngenta. On 17 July 2013, Monsanto announced it will withdraw
all EU approval requests for new GMO crops [4], to concentrate on
growing its conventional seeds business in Europe, and to secure EU
approvals to import its GM crop varieties widely grown in the US and
South America. So, the company has not given up on pushing GMOs
on Europe after all. It was setting up a smokescreen to put us off our
guard.
Monsanto has been in the news simultaneously for its unapproved glyphosate tolerant GM wheat that has turned up in a
farmer’s field in Oregon; and Japan and then South Korea suspended their wheat imports for fear of GM contamination, leading to a
4 % drop in Monsanto’s shares [5]. The shipments were eventually
cancelled, which could cost US farmers billions [6].

Ban GMOs Now

In fact 8 European Union countries have imposed outright
bans on crops approved: Austria, France, Germany, Hungary, Luxembourg, Greece, Bulgaria and Poland [7]. Switzerland has had a
moratorium on GM crops since 2008, which was set to end in 2013.
But in March 2013, the Swiss Parliament voted to prolong the moratorium ignoring the findings of their National Research Programme
59, which [8] “re-confirmed the safety of the commercial use of GM
crops and recommended an end to the moratorium.” Denmark gave
up on GM crops after having allowed Monsanto to carry out field
trials of GM maize since 2009 [9]. Italy is the latest to ban cultivation
of GM maize (MON 810) citing environmental concerns [10]. In addition, regions and local administrations at every level in 37 European
countries have declared themselves GMO-free. As of 2010, this comprises 169 main regions (prefectures, etc.); 123 intermediate regions
(provinces, districts, etc.), 4 713 local governments (municipalities
and communities up to areas of 1 m ha), and 31 357 individuals [11];
and the movement is growing rapidly.
Within the heartland of GMOs the USA, the failures of GM crops
and the problems created are most visible and most acute [12] (GM
Crops Facing Meltdown in the USA, SiS 46). A new study reveals
that the US staple crop system has performed worse than non-GM
Europe in yields, pesticide use, genetic diversity and resilience since
GM crops were planted [13] (US Staple Crop System Failing from
GM and Monoculture, SiS 59); with a dangerous downward trend in
recent years. Meanwhile, a pitched battle is taking place to get GM
crops out through GMO-labelling legislation that would unleash the
power of consumers against the might of the biotech industry [14].
Close to 95 % of Americans support GM labelling. In October 2011, the
Center for Food Safety filed a legal petition with the FDA to require
labelling of all GM food. In 2012, 55 members of Congress wrote a
letter to the FDA commissioner in support of the petition. The FDA
has received over one million public comments supporting the petition, the largest response ever received by the agency. Meanwhile,
37 GM food labelling bills have been introduced in 21 states in 2013.
In the latest move in Washington, Senator Barbara Boxer and Congressman Peter DeFazio have jointly sponsored new federal legislation that requires labelling of all GM food in the US. The Genetically
Engineered Food Right-to-Know Act is the first national labelling
bill to be introduced in Congress since 2010. The US Green Party has
called Monsanto “a top risk to public health and the environment,”
and has urged a moratorium on GM food crops [15].
In November 2012, Peru imposed a 10 year ban on GMOs in the
country, thanks to the effort of farmers from Parque de la Papa in
Cusco (see cover picture), a community of 6 000 anxious to protect
indigenous biodiversity especially of corn and potatoes on which
their livelihood depends [16].
In the same month, Kenya banned import of all GMOs with
immediate effect [17]. This followed a decision made by the cabinet
on the basis of “inadequate research done on GMOs and scientific
evidence provided to prove the safety of the foods”.
On 1 June 2013, the new administration in Venezuela announced
a new law to protect farmers against GM seeds [18].
On 22 July 2013, the Indian Supreme Court’s expert panel of
scientists called for a ban on herbicide tolerant crops for India [19].

A critical juncture

The rising opposition to GMOs has done little to diminish the
aggressive expansionist agenda of the GM corporate empire. Mexico
is a major target. US biotech firms Monsanto, DuPont and Dow have
applied for permits to grow more than two million hectares of GM
maize in northern Mexico [20]. Mexico is the birthplace of maize and
a centre of biodiversity. Since 2009, the Mexican government has
granted 177 permits for experimental plots of GM maize covering
2 664 hectares. Large-scale commercial release of GM maize has
not yet been authorised; but GM contamination of native maize has
already been discovered, as the result of what some regard as “a
carefully and perversely planned strategy”.
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The other major strategy of the GM corporate empire is seed
monopoly and escalating seed costs. Conventional non-GM seeds
are pushed out at the expense of GM seeds, thereby reducing farmers’ choices [21]. The big four biotech seed companies – Monsanto
DuPont/ Pioneer Hi-Bred, Syngenta, and Dow AgroSciences – now
own 80 % of the US corn market and 70 % of soybean business. The
costs of seeds have increased two to three fold since 1995. This is
destroying the lives of farmers around the world; the most visible
in India, where the introduction of GM cotton has coincided with
an escalation of farm suicides ([22] Farmer Suicides and Bt Cotton
Nightmare Unfolding in India, SiS 45). At the same time, farmers
who want to return to conventional non-GM seed after experiencing
increased pest resistance and crop failures find themselves unable to
do so, on account of the limited availability of non-GM seeds [18].
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This is a dangerous situation for the future of food and farming, one
that needs to be reversed as quickly as possible, particularly as GM
agriculture is failing on all counts. That can only be achieved by a ban
on GMOs, an action already taken by countries and local communities around the world. We need to join forces with them, to put an
end to the GM corporate empire.
Ten years ago, 24 scientists from around the world formed an
Independent Science Panel and produced a report ([24] The Case
for A GM-Free Sustainable World, ISIS/TWN publication) summarizing
compelling evidence on the hazards of GM crops and the benefits
of organic agro-ecological farming, and called for a global ban on
environmental releases of GMOs, and a shift to non-GM sustainable
agriculture. This report was widely circulated, translated into several
languages, and republished in the US a year later. It remains the
most succinct and complete account on the subject; but crucial new
evidence has come to light within the past decade that strengthens
the case considerably.
First of all, decisive evidence has emerged on the unsustainability and destructiveness of conventional industrial agriculture, of
which GM is the most extreme; in stark contrast to the proven successes of non-GM ecological farming: its productivity and resilience,
environmental and health benefits, and in particular, its enormous
potential for saving energy and carbon emissions in mitigating and
adapting to climate change. We presented all that in a comprehensive and definitive report published in 2008 ([25] Food Futures Now
*Organic *Sustainable *Fossil Fuel Free , ISIS/TWN publication). Our
report is completely in line with the International Assessment of
Agricultural Knowledge, Science and Technology for Development
(IAASTD) report [26], which resulted from a three-year consultative process involving 900 participants and 110 countries around
the world; a sure sign of the scientific consensus that has emerged
around non-GM ecological farming as the way forward in food and
farming.
To complete the case, we need to bring together all the damning evidence against GMOs on health and the environment, especially in the light of new discoveries in molecular genetics within the
past ten years. That is the main reason for the present report.
GM agriculture is a recipe for disaster, as this report will make
clear. It is also standing in the way of the shift to sustainable agriculture already taking place in local communities all over the world
that can truly enable people to feed themselves in times of climate
change. Future generations will not forgive us if we do not stop the
GM takeover now.
Please use this report, circulate it widely, and send it to your
political representatives.
Dr Mae-Wan Ho
12 June 2013
Updated 24 July 2013
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Executive Summary
Since the first commercial growing began in 1996, the global area
of genetically modified (GM) crops is reported to have increased
100-fold. However, nearly 90 % are confined to 5 countries, with
top grower the US accounting for more than 40 %. GM crops have
been largely excluded from Europe and most developing countries
because opposition has been growing simultaneously as widespread
agronomical failures of the GM crops as well the health and environmental impacts are coming to light.
GM remains limited to three major crops – soybean, maize and
cotton – and two traits: herbicide (mainly glyphosate) tolerance (HT)
at nearly 60 % and insect resistance with toxins from the soil bacterium Bacillus thuringiensis (Bt) at 15 %, with the remaining stacked
traits (HT and one or more Bt) at 25%.
The failures and hazards of glyphosate and glyphosate tolerant crops and Bt crops are reviewed respectively in Chapter 1 and
Chapter 2. Chapter 3 reviews the range of hazards resulting from
the uncontrollable, unpredictable process of genetic modification
itself in the light of advances in molecular genetics within the past
decade, which tells us why the technology cannot be safety applied
to grow our crops or produce our food.

Glyphosate & glyphosate tolerant crops

Glyphosate use has gone up sharply worldwide since the introduction of glyphosate-tolerant GM crops. Herbicide use per acre has
doubled in the US within the past five years compared with the first
five years of commercial GM crops cultivation, the increase almost
entirely due to glyphosate herbicides. Glyphosate has contaminated
land, water, air, and our food supply. Damning evidence of its serious harm to health and the environment has been piling up, but the
maximum permitted levels are set to rise by 100-150 times in the European Union with further hikes of already unacceptably high levels
in the US if Monsanto gets its way.
1. Scientific evidence accumulated over three decades documents miscarriages, birth defects, carcinogenesis, endocrine disruption, DNA damage, general toxicity to cells, neurotoxicity, and toxicity to liver and kidney at glyphosate levels well below recommended
agricultural use.
2. The major adjuvant POEA in glyphosate Roundup formulations is by far the most toxic for human cells, ahead of glyphosate
and its metabolite. It also amplifies the toxicity of glyphosate.
3. A recent review blames glyphosate for practically all modern
diseases as its general chelating action affects numerous biological
functions that require metal cofactors. It is the most pervasive environmental chemical pollutant that also inhibits enzymes involved
in detoxification of xenobiotics, thereby increasing their toxicity.
In addition, it kills beneficial gut bacteria that prevent pathogens
from colonizing the gut and promotes the growth of the pathogenic
bacteria, leading to autism and other diseases.
4. Rats fed Roundup contaminated and Roundup tolerant
maize beyond the required 90 days showed a startling range of
health impacts. Females were 2 to 3 times as likely to die as controls
and much more likely to develop mammary tumours. In males, liver
congestions and necrosis were 2.5 to 5.5 times as frequent as controls, while kidney diseases were 1.3-2.3 times controls. Males also
develop kidney or skin tumours 4 times as often as the controls and
up to 600 days earlier. The harmful effects were found in animals fed
the GM maize that was not sprayed with Roundup, as well as those
that were, indicating that the GM maize has its own toxicities apart
from the herbicide.
5. Livestock illnesses from glyphosate tolerant GM feed including reproductive problems, diarrhoea, bloating, spontaneous abortions, reduced live births, inflamed digestive systems and nutrient
deficiencies. Evidence has also emerged of chronic botulism in cattle
and farmers as the result of glyphosate use.
6. Glyphosate is lethal to frogs and Roundup is worse; it increases toxic blooms, and accelerates the deterioration of water quality.
It use also coincides with the demise of monarch butterflies.
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7. Glyphosate poisons crops and soils by killing beneficial microbes and encouraging pathogens to flourish. Forty crop diseases
are now linked to glyphosate use and the number is increasing.
8. Glyphosate-resistant weeds cover 120 million ha globally
(61.8 m acres in the US) and continue to spread; it is a major factor
accounting for the enormous increase in pesticide use since herbicide tolerant GM crops were introduced.
9. Contamination of ground water supplies, rain, and air has
been documented in Spain and the US. Berlin city residents were
found to have glyphosate urine concentrations above permitted EU
drinking water levels.

Bt crops

Bt crops were sold on the premise that they would increase yields
and reduce pesticide use; instead they have resulted in too many
crop failures, and the introduction of Bt cotton is now acknowledged to be responsible for the escalation in farm suicides in India.
1. Bt crops’ claim to reduce pesticide use is based on excluding
the Bt produced in the crops in total ‘pesticides applied’; but the Bt
toxins leach from the plants and persist in soil and water, with negative impacts on health and the ecosystem comparable to conventional pesticides.
2. Fungicide use and insecticide treatment of corn and soybean
have gone up dramatically since the introduction of Bt crops.
3. The breakdown of Bt traits due to target pest resistance
and secondary pests has resulted in increasing use of conventional
pesticides; and pesticide companies are reporting 5 to 50% increase
in sales for 2012 and the first quarter of 2013.
4. Contrary to industry’s claim that Bt is harmless to non-target
species, independent studies showed that Bt toxins elicit immune
response in mammals in some cases comparable to that due to cholera toxin. This is consistent with farm workers’ reports of allergic
symptoms affecting the eyes, skin and respiratory tract.
5. A new study found Bt proteins toxic to developing red blood
cells as well as bone marrow cells in mice.
6. Toxicity to human kidney cells has been observed in vitro,
consistent with in vivo experiments in lab animals showing toxicity
to heart, kidney and liver.
7. Bt crops fail to control target pests due to insufficient expression of Bt toxins, thereby promoting the evolution of resistance.
8. Bt crops promote the emergence of secondary pests when
target pests are killed. Primary and secondary pests are already huge
problems in the US, India and China, and are now hitting multiple
crops in Brazil since Bt maize was introduced.
9. Stacked varieties containing multiple Bt toxins are predicted
to hasten the evolution of multiple toxin resistance, as resistance
to one toxin appears to accelerate the acquisition of resistance to
further toxins.
10. Bt toxins harm non-target species including water fleas,
lacewings, monarch butterflies, peacock butterflies and bees, which
are showing worrying signs of population decline across the world.
11. Bt toxins leach into the soil via the root of Bt crops where
they can persist for 180 days; this has been linked to the emergence
of new plant diseases and reduced crop yields.
12. Bt toxins also persist in aquatic environments, contaminating streams and water columns and harming important aquatic
organisms such as the caddisfly.

The new genetics & hazards of genetic modification

The rationale and impetus for genetic engineering and genetic
modification was the ‘central dogma’ of molecular biology that
assumed DNA carries all the instructions for making an organism.
This is contrary to the reality of the fluid and responsive genome
that already came to light since the early 1980s. Instead of linear
causal chains leading from DNA to RNA to protein and downstream
biological functions, complex feed-forward and feed-back cycles
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interconnect organism and environment at all levels, marking and
changing RNA and DNA down the generations. In order to survive,
the organism needs to engage in natural genetic modification in real
time, an exquisitely precise molecular dance of life with RNA and
DNA responding to and participating fully in ‘downstream’ biological
functions. That is why organisms and ecosystems are particularly
vulnerable to the crude, artificial genetically modified RNA and DNA
created by human genetic engineers. It is also why genetic modification can probably never be safe.
1. Genetic modification done by human genetic engineers is
anything but precise; it is uncontrollable and unpredictable, introducing many collateral damages to the host genome as well as new
transcripts, proteins and metabolites that could be harmful.
2. GM feed with very different transgenes have been shown to
be harmful to a wide range of species, by farmers in the field and
independent scientists working in the lab, indicating that genetic
modification itself is unsafe.
3. Artificial genetic modification done by human genetic engineers is different from natural genetic modification done by organisms themselves. Artificial genetic modification relies on making unnatural GM constructs designed to cross species barriers and jump
into genomes; it combines and transfers genes between species that
would never have exchanged genes in nature; GM constructs tend
to be unstable and hence more prone to further horizontal gene
transfer after it has integrated into the genome.
4. Horizontal gene transfer and recombination is a major
route for creating new viruses and bacteria that cause diseases and
spread drug and antibiotic resistance. Transgenic DNA is especially
dangerous because the GM constructs are already combinations of
sequences from diverse bacteria and viruses that cause diseases,
and contain antibiotic resistance marker genes.
5. There is experimental evidence that transgenes are much
more likely to spread and to transfer horizontally.
6. The instability of the GM construct is reflected in the instability of transgenic varieties due to both transgene silencing and the
loss of transgenes, for which abundant evidence exists. Transgenic
instability makes a mockery of ‘event-specific’ characterization and
risk assessment, because any change in transgene expression, or
worse, rearrangement or movement of the transgenic DNA insert(s)
would create another transgenic plant different from the one that
was characterized and risk assessed. And it matters little how thoroughly the original characterization and risk assessment may have
been done. Unstable transgenic lines are illegal, they should not be
growing commercially, and are not eligible for patent protection.
7. There is abundant evidence for horizontal transfer of transgenic DNA from plant to bacteria in the lab and it is well known that
transgenic DNA can persist in debris and residue in the soil long
after the crops have been cultivated. At least 87 species (2 % of all
known species) of bacteria can take up foreign DNA and integrate
it into their genome; the frequency of that happening being greatly
increased when a short homologous anchor sequence is present.
8. The frequency at which transgenic DNA transfers horizontal
has been routinely underestimated because the overwhelming majority of natural bacteria cannot be cultured. Using direct detection
methods without the need to culture, substantial gene transfers
were observed on the surface of intact leaves as well as on rotting
damaged leaves.
9. In the only monitoring experiment carried out with appropriate molecular probes so far, China has detected the spread of a GM
antibiotic resistance gene to bacteria in all of its major rivers; suggesting that horizontal gene transfer has contributed to the recent
rise in antibiotic resistance in animals and humans in the country.
10. GM DNA has been found to survive digestion in the gut of
mice, the rumen of sheep and duodenum of cattle and to enter the
blood stream.
11. In the only feeding trial carried out on humans, the complete 2 266 bp of the epsps transgene in Roundup Ready soybean
flour was recovered from the colostomy bag in 6 out of 7 ileostomy
subjects. In 3 out of 7 subjects, bacteria cultured from the contents
of the colostomy bag were positive for the GM soya transgene,

showing that horizontal transfer of the transgene had occurred; but
no bacteria were positive for any natural soybean genes.
12. The gastrointestinal tract of mammals is a hotspot for horizontal gene transfer between bacteria, beginning in the mouth.
13. Evidence is emerging that genomes of higher plants and
animals may be even softer targets for horizontal gene transfer than
genomes of bacteria.
14. The CaMV 35S promoter, most widely used in commercial
GM crops, is known to have a fragmentation hotspot, that makes
it prone to horizontal gene transfer; in addition. It is promiscuously
active in bacteria, fungi, and human cells. Recent evidence suggests
that the promoter may enhance multiplication of disease-associated
viruses including HIV and cytomegalovirus through the induction of
proteins required for transcription of the viruses. It also overlaps
with a viral gene that interferes with gene silencing, an essential
function in plants and animals that protects them against viruses.
15. The Agrobacterium vector, most widely used for creating
GM plants is now known to transfer genes also to fungi and human
cells, and to share genetic signals for gene transfer with common
bacteria in the environment. In addition, the Agrobacterium bacteria
as well as its gene transfer vector tend to remain in the GM crops
created, thereby constituting a ready route for horizontal gene
transfer to all organisms interacting with the GM crops, or come into
contact with the soil on which GM crops are growing or have been
grown.
16. In 2008, Agrobacterium was linked to the outbreak of
Morgellons disease. The US Centers for Disease Control launched
an investigation, which concluded in 2012 with the finding: “no common underlying medical condition or infection source”. But they had
failed to investigate the involvement of Agrobacterium.
17. New GM crops that produce double-stranded RNA (dsRNA)
for specific gene-silencing are hazardous because many off-target effects in RNA interference are now known, and cannot be controlled.
Furthermore, small dsRNA in food plants were found to survive digestion in the human gut and to enter the bloodstream where they
are transported to different tissues and cells to silence genes.
18. Evidence accumulated over the past 50 years have revealed
nucleic acids (both DNA and RNA) circulating in the bloodstream
of humans and other animals that are actively secreted by cells for
intercommunication. The nucleic acids are taken up by target cells
to silence genes in the case of double-stranded microRNA (miRNA),
and may be integrated into the cells’ genome, in the case of DNA.
The profile of the circulating nucleic acids change according to
states of health and disease. Cancer cells use the system to spread
cancer around the body. This nucleic acid intercom leaves the body
very vulnerable to genetically modified nucleic acids that can take
over the system to do considerable harm.

Conclusion

The serious harm to health and the ecological and agronomical
impacts of glyphosate and glyphosate tolerant crops are the most
thoroughly researched, and for which there is little remaining doubt.
The same kind of evidence has now emerged for Bt crops and Bt
toxins. Evidence that genetic modification per se is harmful is also
convincing, and can be attributed to the uncontrollable process of
genetic modification itself as well as the dangers from the horizontal
transfer of the GM constructs, which can spread antibiotic resistance, create new pathogens and trigger ‘insertion carcinogenesis’,
and taking over the body’s natural nucleic acid intercom to do harm.
There is a compelling case for banning all environmental releases of GMOs now, and with that the glyphosate herbicides. Action
can be taken locally in communities, villages, towns, municipalities,
regions, as well as nationally and globally. It must be done now; for
time is running out. We need to shift comprehensively to non-GM
sustainable ecological farming in order to feed ourselves under
climate change. We the people need to reclaim our food and seed
sovereignty from the corporate empire before they destroy our food
and farming irreversibly.
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1
Double Jeopardy of Glyphosate & Glyphosate-Tolerant Crops
Glyphosate tolerant GM crops have greatly increased the use of the herbicide, which has contaminated land, water, air, and our food supply; the
maximum permitted levels are set to rise by100-150 times in the European Union if Monsanto gets its way while US EPA has announced new
hikes as damning evidence of serious harm to health & the environment piles up
Dr Eva Sirinathsinghji and Dr Mae-Wan Ho

1 Introduction

A feeding trial lasting two years on rats showed that females
exposed to Monsanto’s glyphosate formulation Round-up and/or
Roundup-tolerant genetically modified (GM) maize were 2 to 3 times
as likely to die as controls and much more likely to develop large
mammary tumours [1]. In males, liver congestions and necrosis were
2.5 to 5.5 times as frequent as the controls, while kidney diseases
were 1.3-2.3 times controls. Males also presented large kidney or skin
tumours four times as often as the controls and up to 600 days earlier. Biochemical data confirmed significant kidney chronic deficiencies for all treatments and both sexes.
The research team, led by Giles-Eric Séralini of Caen University
in France, suggested that the results can be explained by “non-linear
endocrine-disrupting effects of Roundup” and “the overexpression
of the transgene in the GMO and its metabolic consequences.”
The results were dynamite, and the repercussions are still to
be played out (see [2] Excess Cancers and Deaths with GM Feed:
the Stats Stand Up, SiS 56). Predictably, the pro-GM brigade around
the world launched a concerted campaign to discredit the scientists
and their findings (see commentary by John Vidal on the Guardian
website [3].
But contrary to the impression given in the popular media, this is
not an isolated study suddenly to reveal that GM feed and the most
widely used herbicide in the world may be toxic. It is the latest in a
series of laboratory experiments backed up by experience of farmers and farm workers around the world that have found toxicity
both for GM crops and for the herbicide. It is also the most thorough
study to be carried out for the longest duration of two years. Currently, European regulators require companies to do feeding trials
for only 90 days.
Note that the new study found toxicity not just for Roundup
herbicide, but also for the Roundup-tolerant GM maize (NK603) that
had not been sprayed with herbicide. In other words, GM maize has
toxicity independently of the herbicide (see Chapter 3 for a list of
all possible sources of hazards from genetic modification). As most
Roundup tolerant GM crops have been sprayed and contain substantial amounts of herbicide and herbicide residues, they may also mask
the toxicity of the GM crops themselves.
We review existing evidence on the health and environmental
impacts of glyphosate herbicides and glyphosate-tolerant GM crops
as the maximum permitted levels of the herbicide and herbicide
residues in food are set to rise 100-150 times in the European Union if
Monsanto’s new proposal is approved [4]. Meanwhile, in the United
States, Monsanto has petitioned the Environmental Protection
Agency (EPA) for further hikes in what are already unacceptably high
permitted levels of the herbicide [5].

2 Regulators and industry both culpable

Healthy food and clean water are fundamental needs and basic human rights, but these are being compromised by the ever increasing
use of synthetic chemicals in agriculture. Glyphosate-based herbicides, originally developed by Monsanto, are the most widely used
in the world and increasing numbers of studies are documenting its
link to serious illnesses and environmental damage. Most disturbingly, both Monsanto and the European Commission knew that the
chemical could lead to cancer and birth defects prior to its approval
for Europe in the 1980s; despite that, glyphosate continues to be

Both Monsanto and the European
Commission knew that the chemical could
lead to cancer and birth defects prior to its
approval for Europe in the 1980s; despite
that, glyphosate continues to be touted as a
‘safe’ chemical
touted as a ‘safe’ chemical [6, 7] (see [8] EU Regulators and Monsanto Exposed for Hiding Glyphosate Toxicity, SiS 51).
The first glyphosate-based herbicide, Roundup®, was launched
by Monsanto in 1974 and its use has risen sharply since the introduction of glyphosate-tolerant GM crops in 1996. Following the expiry of
the glyphosate patent in the US in 1991 and outside the US in 2000,
many commercial formulations are available. An estimated 180-185
million pounds (or 81-84 million kilograms) of glyphosate was used in
the US in 2007. Following the expiry of the glyphosate patent in the
US in 1991 and outside the US in 2000, many commercial formulations are available. Based on US data, GM crops have been directly
responsible for a 7 % increase in overall pesticide use from 1996 to
2011 [9] (see [10] Study Confirms GM crops lead to increased Pesticide , SiS 56). This is predicted to increase further with the emergence and spread of herbicide resistant weeds (see section 5.1),
and insects resistant to Monsanto’s Bt toxin insecticides, as well as
the introduction of GM crops with tolerance to multiple herbicides.
Comparing the past five years (2008-2012) with the first five years of
commercial GM crops (1996-2000), herbicide use per acre in the US
has doubled, with glyphosate/Roundup accounting essentially for all
the increase [11].
Proponents of industrial chemical agriculture and GM crops
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Brief history of Monsanto – chemical company turned biotech giant

This review focuses primarily on the scientific effects of glyphosate, but the context of its production is important when considering Monsanto’s recent move from chemical production to agriculture. Can we really trust a chemical company to produce healthy food?
Founded in 1901 by John Francis Queeny in St Louis, Missouri, Monsanto’s first product was saccharin, an artificial sweetener. By the
1920s, the company was producing basic industrial chemicals, including sulphuric acid. During the 1940s they were involved in uranium
research for the Manhattan Project that developed the first nuclear bomb; they continued running a nuclear facility until the 1980s. In
addition, they became a large manufacturer of synthetic plastics including polychlorinated biphenols (PCBs) used as a chemical insulator
and banned in 1979 in the US due to carcinogenicity. Lawsuits have been filed against Monsanto for contaminating residential areas with
PCBs that have left whole towns crippled with cancers and other illnesses. Following the Second World War, Monsanto expanded into
large-scale production of chemical pesticides, including DDT and Agent Orange, the latter notoriously used as a defoliant during the Vietnam War. One of the components, dioxin, has now been classified as a probable carcinogen by the US Environmental Protection Agency
(EPA). It is estimated that Agent Orange killed hundreds of thousands of Vietnamese civilians and American soldiers. In addition, it caused
cancers and other illness in 2 million people, and birth defects affecting hundreds of thousands. Monsanto was later sued and forced to
pay out $180 million to sick US war veterans. DDT was also banned in 1972 (although its use was permitted under certain circumstances)
mainly due to effects on wildlife, but it was still exported to foreign countries until 1985. It is now classified by the EPA as a ‘probable
carcinogen’, and has been associated with diabetes, Parkinson’s disease and endocrine disruption linked to developmental defects. Lasso,
another herbicide manufactured by Monsanto was banned in the EU in 2006. Monsanto was recently found guilty of chemical poisoning a
French farmer who suffered neurological problems including memory loss, headaches and stammering after inhaling Lasso in 2004 [14].
The commercialisation of Roundup® in 1974 turned Monsanto into the largest pesticide manufacturer in the world. They later turned
to biotechnology and the production of GM crops, generating the first GM plant cell in 1982. By 1996, the first GM crop tolerant to glyphosate – Roundup Ready (RR) soybean - was on the market. Today, there are many glyphosate-tolerant crops, including corn, canola, sugar
beet, cotton, wheat and alfalfa. Similar varieties made by Bayer CropScience, Pioneer Hi-Bred and Syngenta AG are termed Gly-Tol TM,
Optimum ® GAT ® and Agrisure ® GT, respectively. The generation of plants tolerant to glyphosate allows farmers to apply glyphosate
while crops are growing, theoretically killing every plant but the crop. The consequence is that crops now contain residual levels, directly
exposing consumers and livestock to glyphosate. Not only that, glyphosate tolerant crops accumulate the herbicide and transport it to
the roots, excreting it into the root zone (rhizosphere) of the soil, harming the next crop to be planted in the same field (see main text).
argue glyphosate increases crop yields, providing a more efficient,
cost-effective and safe method of agriculture necessary to tackle
hunger and food insecurity across the world. The US officially recognises glyphosate as a safe chemical with regards to human health
[12], currently defined as a Toxicity Class III herbicide (slightly toxic)
with no carcinogenic activity. The EU classifies it as an irritant that
can also cause severe ocular damage [13].
The accumulation of scientific peer-reviewed publications, clinical observations and witness reports from farmers and residents
living in glyphosate-treated areas however, refutes the official line.
Over a hundred peer-reviewed publications show detrimental effects, proving to the scientific community what farmers in the global
South have known for a long time. Not acknowledging those studies
goes against fundamental scientific and medical principles as well as
the basic human right to a healthy environment, not least because
the evidence challenges the naïve assumption that governments’
primary concern is to protect our health and not the pockets of
multinational corporations.

3 How glyphosate works

Glyphosate or N-(phoshonomethyl) glycine (molecular formula
- C3H8NO5P) acts through inhibiting the plant enzyme – EPSPS
(enolpyruvylshikimate-3-phosphate synthase) in the shikimate
pathway [15] (see [16] Glyphosate Tolerant Crops Bring Diseases and
Death, SiS 47). It catalyses the transformation of phosphoenol pyruvate (PEP) to shikimate-3-phosphate, required for making essential
aromatic amino acids phenylalanine, tyrosine and tryptophan. Amino
acids are essential building blocks for all proteins. This metabolic
pathway exists in all plants, fungi, and some bacteria, especially gut
bacteria that protect mammals from pathogenic bacteria (see later).
Animals do not have the shikimate pathway, and depend on getting
the essential amino acids from their diet. Inhibition of protein synthesis leads to rapid necrosis (premature cell death) in the plant. As
the EPSPS enzyme is present in all plants, glyphosate can effectively
kill all plant species. The high solubility of glyphosate formulations allows it to be taken up by the plant where it acts systematically from
roots to leaves.
Glyphosate-tolerant crops are either engineered to carry extra
copies of the EPSPS gene isolated from the soil bacterium Agrobacterium tumefaciens, or glyphosate intolerant versions of EPSPS.
These GM crops are therefore tolerant to the herbicide, but are
not engineered to metabolise or get rid of it, resulting in GM crops
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Figure 1 Chemical Structure of Glyphosate

with the herbicide and its residues throughout the plant destined to
become food or animal feed.
In addition to inhibition of EPSPS, glyphosate disrupts many
biochemical and physiological functions of plants. Glyphosate was
first patented as a general metal chelator and strongly chelates micronutrients such as manganese, which is an important co-factor of
the EPSPS enzyme (see [16]). This is suggested to be the mechanism
by which glyphosate kills plants. Manganese is a co-factor in over 25
plant enzymes. Other macro and micronutrients are also chelated
by glyphosate including Ca2+, Mg2+, Cu2+, Fe2+, Co2+, Ni2+ and Zn2+. This
interference with biochemical pathways goes on to compromise
biological functions including the immune system as well as crop
productivity (see [17] USDA scientist reveals All, SiS 53).

4 Health impacts

There is a wealth of evidence on the health hazards of glyphosate.
Its approval, along with other hazardous chemicals, relies on systematic flaws in the EU and US regulatory processes, which to this
day, do not require evaluation by independent research, and instead
rely solely on the industry’s own studies. Approval is therefore often
based on data not available to the public or independent research
scientists. Nevertheless, raw data have been obtained from the
industry through the law courts, which, when re-analysed by independent scientists, also provide evidence of toxicity.
Taken together, glyphosate is implicated in birth and reproductive defects, endocrine disruption, cancers, genotoxicity, neurotoxicity,
cytotoxicity, respiratory problems, nausea, fever, allergies and skin
problems.
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Figure 2 Effect of glyphosate injection; left to right: control embryo not injected with glyphosate; embryo injected in one cells only; and embryo injected in both
cells. Note the reduction of the eye, adapted from [21]

4.1 Teratogenicity and reproductive effects

Evidence of teratogenicity (birth defects) and reproductive
problems stretches back to the 1980s [6]. Observations made by
Monsanto were acknowledged by the German government (and its
agencies), acting as the “rapporteur” state on risk assessment to
the European Commission. The German bodies concluded that high
doses (500 mg/kg) led to significant skeletal and/or visceral (internal
organ) abnormalities in rats and rabbits including the development
of an extra 13th rib, reduced viability, and increased spontaneous
abortions. Low doses (20 mg/kg) were later shown to cause dilated
hearts. The questionable analysis and interpretation of the data by
Germany (including claims that dilated hearts had unknown consequences and sample sizes were too small and lacking dose-dependent results) meant that the findings were not considered relevant to
human risk assessment. This argument has been comprehensively
rebutted in a report by Open Earth Source [6]. Most importantly, the
findings have been corroborated subsequently.
Independent studies confirmed birth defects in laboratory
animals. Defects in frog development were first observed with lethal
doses of Roundup® (10mg/L, roughly equivalent to 0.003% dilution
of Roundup®) that were still below agricultural concentrations. Effects were 700 times more pronounced with Roundup® compared
to another formulation lacking the surfactant polyoxyethyleneamine
(POEA), which is added to maximise glyphosate’s leaf penetration,
and is thought to increase glyphosate penetration of animal cells
as well [18]. POEA may also have independent toxic properties (see
later).
It is important to note that regulatory approval does not require
assessment of the risk of commercial formulations, and instead relies on testing glyphosate alone. Sub-lethal doses also led to a 15-20
% increase in gonad size and reduced egg viability in Leopard frogs
and catfish respectively [19, 20].
A definitive study conducted by Andrés Carrasco and his colleagues in Argentina found neural and craniofacial defects in frogs
exposed to sub-lethal doses (1/5,000 dilutions) of glyphosate and
Roundup® [21] (see [22] Lab Study Establishes Glyphosate Link to
Birth Defects, SiS 48). These effects correlated with over-active retinoic acid (RA), a well-known regulator of the posterior-anterior axis
during development (Figure 2). RA is an oxidised form of vitamin
A and women are already advised against taking excess vitamin A
during pregnancy. It also regulates the expression of genes essential
for the development of the nervous system during embryogenesis
(shh, slug, otx2), which were inhibited following glyphosate exposure. Inhibition of RA signalling prevented the teratogenic effects
of glyphosate, further confirming its involvement in the observed

abnormalities.
The craniofacial defects in frogs are similar to human birth
defects linked to retinoic acid signalling such as anencephaly (neural
tube defect), microcephaly (small head), facial defects, myelomeningocele (a form of spina bifida), cleft palate, synotia (union or approximation of the ears in front of the neck, often accompanied by
the absence or defective development of the lower jaw), polydactily
(extra digit), and syndactily (fusion of digits); these diseases are on
the rise in pesticide-treated areas such as Paraguay [23].
Findings in mammals are consistent with those in amphibians.
According to the World Health Organisation (WHO), the administration of high doses of glyphosate (3 500 mg/kg per day) to pregnant
rats resulted in an increased incidence of soft stools, diarrhoea,
breathing rattles, red nasal discharge, reduced activity, increased
maternal mortality (24 % during the treatment period), growth retardation, increased incidence of early resorptions, decrease of total
number of implantation and viable foetuses, and increased number
of foetuses with reduced ossification of sternebra [24]. Rats orally
treated with sub-lethal doses of Roundup® also showed dose-dependent reductions in craniofacial ossification (bone development),
caudal vertebrae loss, and increased mortality [25], consistent with
amphibian data and RA signalling defects. Prepubescent exposure
led to disruption in the onset of puberty in a dose-dependent manner, reduced testosterone production, and abnormal testicular
morphology [26]. Reproductive effects were transgenerational, with
male offspring of exposed pregnant rats suffering from abnormal
sexual behaviour, increased sperm count, early puberty as well as
endocrine disruption (see below) [27].
In a feeding trial, senior scientist of the Russian Academy of
Sciences Irina Ermakova found that female rats fed rat chow plus
Roundup Ready soybean gave birth to an excess of stunted pups:
55.6 % compared with 6.8 % in litters from control rats fed rat chow
only and 9.1 % of litters from control rats fed rat chow supplemented
with non-GM soybean. The stunted rats were dead by three weeks,
but the surviving rats in the exposed litters were sterile [28] (see
[29] GM Soya Fed Rats: Stunted, Dead, or Sterile, SiS 33). The
experiment was repeated with very similar results. Unfortunately,
Irmakova did not succeed in her attempt to get the Roundup Ready
soybean analysed for herbicide and herbicide residues, so the effects
could be due to a mixture of the GM soya and herbicide/herbicide
residues. The second experiment included a group of females fed
rat chow plus GM soya protein did not do as badly as those exposed
to GM soybean; the mortality rate of pups at three weeks was 15.1 %
compared with 8.1 % for controls fed rat chow only, 10 % for controls
fed rat chow plus non-GM soybean, and 51.6 % for litters of females
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Dr Irina Ermakov with the Occupy Monsanto demonstration 17 September 2012

fed rat chow plus Roundup Ready soybean. This suggests that extra
deaths and stunting were due to the GM soybean; as consistent with
the new findings by Séralini and colleagues [1].
Irmakova too, was fiercely attacked, and attempts to discredit
her continued for years afterwards, orchestrated by the journal Nature Biotechnology (see [30] Science and Scientist Abused, SiS 36).
Cell culture models offer insight into a possible mechanism of
glyphosate reproductive toxicity. Death of testicular cells [31, 32]
(see [33] Glyphosate Kills Rat Testes Cells, SiS 54) as well as embryonic, placental and umbilical cells occurs at levels 10 times below
agricultural dilutions and is exacerbated by the presence of POEA
in commercial formulations. Endocrine disruption was also noted at
lower concentrations (see below).
Clinical and epidemiological data gathered by The Network Of
Physicians Of Drop-Sprayed Towns in Argentina show a 2- and 3-fold
increase in congenital and musculoskeletal defects respectively
between 1971 and 2003, while another doctor noted an increase in
birth defects of around 50 % among his patients. Argentina dedicates
vast areas of land to RR soybean production, and as a result, an
estimated 12 million people in rural/semi-urban areas are exposed to
glyphosate. Increases in miscarriages, difficulty in conceiving as well
as spontaneous abortions were documented. Many other illnesses
were also suspected to have arisen as a result of pesticide spraying
(see [34] Pesticide Illnesses and GM Soybeans. Ban on Aerial Spraying Demanded in Argentina, SiS 53). The local physicians confirmed
that Carrasco’s laboratory results on amphibians (see earlier) were
consistent with the illnesses of their patients.

4.2 Endocrine disruption

The endocrine system consists of various glands that release hormones into the bloodstream, acting as chemical messengers affecting many functions including metabolism, growth and development,
tissue function, behaviour and mood. Disruption of the endocrine
system does not commonly result in cell death, or acute toxicity. Instead, endocrine disruption can have serious health effects through
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interference in cell signalling and physiology, resulting in a range of
developmental impacts including sexual and other cell differentiation, bone metabolism, liver metabolism, reproduction, pregnancy,
behaviour, and hormone-dependent diseases such as breast or
prostate cancer. Endocrine disruption may well underlie many of the
reproductive, teratogenic, and carcinogenic effects of glyphosate.
The synthesis of sex hormones is disrupted by glyphosate and
Roundup® in both males and females. Mouse and rat testicular Leydig cells (testosterone producing cells) have reduced testosterone
levels as well as increased levels of aromatase, an enzyme complex
that converts testosterone into oestrogen [31, 32]. Human placental
cells, on the other hand, showed decreased aromatase expression
[35]. All these imbalances were observed with concentrations well
below agricultural dilutions, and effects were more pronounced with
commercial formulations containing adjuvants.
Abnormal expression of testosterone and/or oestrogen receptors as well as oestrogen regulated genes has been documented in
human liver cells exposed to both glyphosate alone or four commercial formulations, and breast cancer cells exposed to glyphosate
[36, 37].
Other hormones were shown to be dysregulated in the presence of glyphosate, including increased expression and serum
concentration of leutinising hormone and increased expression of
follicle-stimulating hormone. These are both gonadotropin hormones secreted by the pituitary glands that regulate growth, sexual
development and reproduction [27].
Rats exposed to Roundup and/or Roundup-tolerant maize over
two years exhibited a range of endocrine disruption effects that,
typically, differ between the sexes [1]. Thus mammary tumours
were rife in exposed females while liver pathologies predominated
in exposed males. Similarly, pathology of the pituitary was more
significantly increased in exposed females; and big kidney and skin
tumours were confined to males.
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4.3 Carcinogenicity

Epidemiological studies found that glyphosate exposure increased
the risk of developing non-Hodgkin’s lymphoma, a blood cancer of
the lymphocytes [38, 39], with one study showing a dose-dependent
correlation with exposure to commercial formulations [40]. A rise
in plasma cell proliferation associated with multiple myeloma was
documented in exposed agricultural workers [41]. The Network
of Physicians of Aerial Sprayed Towns in Argentina has implicated
glyphosate (see Figure 3), along with other pesticides, in the startling increase in both childhood and adult cancers in pesticide-treated regions, particularly in the vicinity of GM soybean plantations
[34]. Increased incidence of interstitial testicular cell tumours at low
doses of 32 mg/kg was documented in a two- year rat feeding study
[24]. Mouse experiments also showed that glyphosate promotes
skin cancer, although not sufficient to initiate tumours by itself [42].
These findings make the latest results from Séralini’s team [1] all
the more significant, as the mammary cancers in herbicide-exposed
females and kidney and skin cancers in males are further corroboration of glyphosate’s carcinogenic potential suggested by the earlier
findings.
Further epidemiological and clinical studies are urgently needed
to assess glyphosate’s carcinogenic activity considering the growing
evidence of its genotoxic properties.

4.4 Genotoxicity

Genotoxicity refers to damage of DNA. DNA damage can result
in mutations that lead to adverse health effects including cancer,
reproductive problems, and developmental defects. Evidence of
genotoxicity not only relates to glyphosate, but also to its principle
metabolite 2-amino-3-(5-methyl-3-oxo-1,2- oxazol-4-yl)propanoic
acid (AMPA). Epidemiological data gathered in both Argentina [34]
(exposure to glyphosate among other pesticides) and Ecuador [43]
(exposure only to glyphosate) showed DNA damage in blood samples taken from exposed people.
Unpublished industry studies from the 1980s showed that
Roundup® causes chromosomal aberrations and gene mutations
in mouse lymphoid cells [6]. Increased frequency of DNA adducts
(covalently bound chemicals on DNA) in the presence of glyphosate
has been documented in the liver and kidney of mice in a dose-dependent manner [44]. This was consistent with the research team’s

previous study showing increased frequency of DNA adducts in Italian floriculturist workers exposed to pesticides [45]. Chromosomal
and DNA damage was noted in bone marrow, liver, and kidney of
mice acutely exposed to sub-lethal doses of Roundup®. Significant
effects with glyphosate alone were also observed in the kidney and
bone marrow [46]. Human epithelial cells derived from the buccal
cavity suffer DNA damage at levels well below agricultural dilutions
(20 mg/L) [47], these are the cells likely to be affected by exposure
through inhalation (see [48] Glyphosate Toxic to Mouth Cells & Damages DNA, Roundup Much Worse, SiS 54).
Among non-mammals, glyphosate caused cell division dysfunction and alterations in cell cycle checkpoints in sea urchins by
disrupting the DNA damage repair machinery [49, 50]. The failure
of cell cycle checkpoints can lead to genomic instability and cancer
in humans. Glyphosate is also genotoxic in goldfish, European eels,
and Nile tilapia [51- 53]. Moreover, fruit flies showed increased susceptibility to gender-linked lethal recessive mutations as a result of
exposure to glyphosate [54].
Not much is known regarding glyphosate’s main breakdown
product AMPA; one study suggested it has acute genotoxic effects
[55] and should be investigated further.

4.5 Cytotoxicity of glyphosate and adjuvant

Toxicity to cells in general was demonstrated in an experiment
[56] in which four different Roundup (R) formulations (R 7.2, R360,
R400, R450, the numbers representing g/L glyphosate with various
adjuvants) were compared with glyphosate (G), AMPA (metabolite of glyphosate) and the main adjuvants POEA, a surfactant (see

Some species have already evolved
resistance to two 0r even three types
of herbicides. In some cases, these
“superweeds” are so resilient that the only
method of destroying them is to pull them
out by hand

Figure 3 Aerial spraying of herbicides, Eugene Daily News
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[57] Death by Multiple Poisoning, Glyphosate and Roundup, SiS
42). Three human cell lines - primary cell line HUVEC from umbilical
cord vein epithelium, embryonic cell line 293 derived from kidney,
and placenta cell line JEG3 – were monitored for three effects that
could kill the cell - damage to the cell membrane, poisoning of the
mitochondria (site of energy metabolism), and programmed cell
death – after 24 h exposure to the toxic substances/formulations at
different concentrations.
All cells died within 24 hours of exposure to the Roundup formulations; but the toxicities were not proportional to the amount of
glyphosate they contained. POEA by itself was much more toxic than
the Roundup formulations, while AMPA is more toxic than glyphosate. The presence of POEA amplified glyphosate’s toxic effects.
The most toxic Roundup formulation was R400; it killed all cells
at a dilution of 20 ppm (parts per million) equivalent to 8 ppm of G.
However, 4-10 ppm G alone was non-toxic, its toxicity began around
1 % (10 000 ppm). While the R formulations damaged the cell membrane and also poisoned the mitochondria, G poisons the mitochondria without damaging the cell membrane. R400 was more toxic
than R450, which was in turn more toxic than R360 and R7.2, the
latter two had approximately the same killing power; this was consistent among all the cell lines, indicating that unknown substances
in the formulations were involved in the toxic effects.
AMPA and POEA also killed the cells by poisoning the mitochondria and damaging the cell membrane. POEA was so potent that
it began to damage the cell membrane in HUVEC and poison the
mitochondria in the other cells lines at 1 ppm. Roundup formulations
were more toxic than either G or AMPA. AMPA by itself destroyed
the cell membrane. While G did not destroy the cell membrane, it
was 3-8 times more toxic for the mitochondria than AMPA. But as
cell membrane damage is more serious for the cell, AMPA is more
toxic than G, while POEA is the most toxic of all.
Not surprisingly, for HUVEC and 293 cells, combinations of G
and POEA, G and AMPA, AMPA and POEA were all more toxic than
the same concentration of the single ingredients.
For programmed cell death, the action was quicker. The marker
enzymes were activated from 6 h of exposure with a maximum at 12
h in all cases. HUVEC was 60-160 times more sensitive than the other
cell lines; G and R350 were effective at exactly the same concentration, from 50 ppm. The adjuvants did not seem necessary. G alone is
30 % more potent than the R formulations in programmed cell death;
it acted rapidly at concentrations 500 – 1 000 times lower than agricultural use.
In a second study, human hepatic cell line (HepG2), embryonic
cell line 293 and placental cell line JEC3 were tested with 9 glyphosate formulations varying in adjuvant content (Roundup Ultra,
Roundup GT, Roundup GE+, Roundup Bioforce, Roundup 3plus,
Glyphogan, Topglypho 360, Clinic EF and Bayer GC) compared with
the most commonly used major adjuvant POEA-15, glyphosate, and
a total formulation without glyphosate (Genamin) [58]. All formulations were more toxic than glyphosate. The formulations fell into
three groups in toxicity according to their concentrations in POEA.
POEA-15 was clearly the most toxic against human cells. It began to
be toxic on mitochondrial activity and membrane integrity between
1 and 3 ppm, which is also the critical concentration at which it forms
micelles (aggregates) that could be especially damaging to cell
membranes.
Bearing in mind that glyphosate has its own toxicity and may
also have long-term toxicity in oxidative stress (see below) and
endocrine disruption and induces birth defects (see above), we are
dealing with multiple toxicities in formulations where only the active
principle glyphosate is regulated and tested. For example values
such as the acceptable daily intake (ADI) of glyphosate are calculated with pure glyphosate in toxicological tests. The authors conclude
that [58] “pesticide formulations should be studied as mixtures for
toxic effects.”

4.6 Neurotoxicity

Emerging evidence suggests that glyphosate is neurotoxic, including two published cases of Parkinsonism in humans. A 54 year old
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man in Brazil was diagnosed with Parkinsonism following accidental
spraying; he developed skin lesions six hours after being exposed
to spraying, and a month later he developed Parkinson’s disease
symptoms [59]. The other case involved a woman in Serbia who
ingested 500 millilitres of glyphosate solution and developed Parkinsonism along with lesions of the brain’s white matter and pons
(part of brain stem), and altered mental status. The woman suffered
additional non-neurological symptoms (see acute toxicity section)
and eventually died [60]. Consistently, increased oxidative stress,
mitochondrial dysfunction and loss of cell death markers were found
in the substantia nigra, the brain region most affected in Parkinson’s
disease, of rats exposed chronically to glyphosate at sub-lethal
levels [61, 62]. Oxidative stress represents an imbalance between
the production of reactive oxygen species (ROS), also known as free
radicals, and the body’s ability to detoxify these reactive intermediates or repair the damage caused by them. ROS are a natural
by-product of oxygen metabolism such as mitochondrial respiration, and have important roles in signalling and metabolism. Excess
amounts however, can have damaging effects on many components
of the cell including lipids in cellular membranes, DNA and proteins.
Excess ROS has been implicated in the aetiology of a wide array of
diseases including Alzheimer’s disease, Parkinson’s disease (PD), atherosclerosis, heart failure, myocardial infarction and cancer (see [63]
Cancer a Redox Disease, SiS 54). Activation of the tightly regulated
apoptotic and autophagic cell death pathways is also implicated in
neurodegenerative diseases and has been observed in rat neuronal
cell lines exposed to glyphosate in a dose-dependent manner [64].
Other mechanisms of neurotoxicity include the inhibition of acetylcholine esterase (AChE), an enzyme that metabolises the excitatory neurotransmitter acetylcholine. AChE inhibitors such as organophosphate pesticides are potent nerve agents. Symptoms of AChE
inhibition include miosis (closing of the eyes), sweating, lacrimation,
gastrointestinal symptoms, respiratory difficulties, dyspnea, bradycardia, cyanosis, vomiting, diarrhoea, personality changes, aggressive events, psychotic episodes, disturbances and deficits in memory
and attention, as well as coma and death. Further, increased risk of
neurodevelopmental, cognitive and behavioural problems such as
Attention-Deficit Hyperactive disorder (ADHD), deficits in short-term
memory, mental and emotional problems have been associated
with exposure to glyphosate-based herbicides in children and the
newborn [65]. Although glyphosate is an organophosphate, it is not
an organophosphate ester but a phosphanoglycine, and therefore
not been assumed to inhibit AChE. New studies suggest otherwise.
Catfish and another fish species, C. decemmaculatus, showed AChE
inhibition at environmentally relevant concentrations of Roundup®
and glyphosate respectively [66, 67]. Furthermore, these effects
were seen following acute exposure of up to 96 hours. A tentative
association between glyphosate and ADHD in children has been
made in an epidemiological study [68].
Further studies need to be done by independent scientists as
original neurotoxicology data presented by Monsanto was ruled
invalid by the EPA [69].

4.7 Internal organ toxicity

As in the brain (see above), increases in reactive oxygen species
(ROS) have been found in the liver, kidney and plasma of rats
exposed to acute doses of glyphosate. Concomitant decreases
in enzymes that act as powerful antioxidants such as superoxide
dismutase occur in the liver (see [70] The Case for A GM-Free Sustainable World, ISIS publication). Liver cells exposed to four glyphosate
formulations at low concentrations showed decreases in oestrogen
and testosterone receptor levels, DNA damage and decreases in
aromatase enzyme activity (see [71] Ban Glyphosate Herbicides Now,
SiS 43). Other studies suggest mitochondrial damage to rat and carp
liver cells in vitro and in vivo respectively at sub-lethal concentrations
[72, 73].
A meta-analysis of 19 feeding studies originally conducted by
Monsanto, but later re-analysed by a group of French scientists
led by Séralini, found kidney pathology in animals fed RR soybean,
including significant ionic disturbances resulting from renal leakage
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(see [74] GM Feed Toxic, Meta-analysis Reveals, SiS 52). This is consistent with previous results from cell cultures treated with glyphosate (see [57]), suggesting that glyphosate present in the GM food
was responsible. Liver pathology in animals fed RR soybean included
the development of irregular hepatocyte nuclei, more nuclear pores,
numerous small fibrillar centres, and abundant dense fibrillar components, indicating increased metabolic rates.

4.8 Acute toxicity

Acute toxicity of glyphosate has been classified ‘low’ based on rat
studies performed by industry that only showed effects at concentrations of 5 000 mg/kg. However, agricultural workers exposed at
much lower concentrations have documented various symptoms,
highlighted in Argentina (see [75] Argentina’s Roundup Human
Tragedy, SiS 48). Acute toxicity of glyphosate through skin contact
and inhalation includes skin irritation, skin lesions, eye irritation,
allergies, respiratory problems and vomiting. In cases of ingestion,
severe systemic toxicity and even death has occurred. Ingestion of
small amounts can lead to oral ulceration, oesophageal problems,
hypersalivation, nausea, vomiting and diarrhoea. Ingestion of larger
amounts (usually >85 ml) causes signiﬁcant toxicity including renal
and hepatic impairment, acid–base disturbance, hypotension and
pulmonary oedema, impaired consciousness and seizures, coma,
hyperkalemia, encephalopathy (global brain dysfunction), Parkinsonism, respiratory and renal failure. Suicide attempts have been noted
as 10-20 % successful with as little as 100 ml ingested.

4.9 Glyphosate & modern diseases

An extensive review [76] published in 2013 blames glyphosate for
“most of the diseases and conditions associated with a Western
diet, which include gastrointestinal disorders, obesity, diabetes,
heart disease, depression, autism, infertility, cancer and Alzheimer’s
disease.” The authors argue that glyphosate residues are pervasive
in the environment, much more so than any toxic chemical, and it is

in the main foods of the Western diet, sugar, corn, soy and wheat.
Apart from its action as a chelator, which would affect numerous
biological functions, glyphosate’s inhibition of cytochrome P450
(CYP) enzymes, known since the late 1980s, has been overlooked,
and these enzymes play crucial roles in biology, among which is to
detoxify xenobiotics (chemicals foreign to organisms). Glyphosate
therefore enhances the damaging effects of other chemical residues
contaminating food and environmental toxins. Another impact of
glyphosate is its extreme toxicity to beneficial gut bacteria, such
as Enterococcus, Bacillus and Lactobacillus which protect the host
from pathogenic bacteria. These bacteria also have the shikimate
pathway that is inhibited by glyphosate. Disruption of gut bacteria
leaves the host gut open to colonization by Clostridium and other
pathogens that produce toxins, resulting in gut inflammation, neurotoxicity and autism associated with leaky gut. Pseudomonas, for
example, can metabolize glyphosate for its growth, and produce formaldehyde as a by-product [77]. Formaldehyde is neurotoxic, and at
100 ppm was found to induce misfolding of tau protein in neurons,
resulting in protein aggregates similar to those found in Alzheimer’s
disease, and programmed cell death of the neurons [78].
Within the past 10-15 years, an increase in diseases associated
with Clostridium botulinum in cattle has been observed in Germany,
and also in France and the UK. Since the 1990s, several cattle farms
reported excess mortality of cows with the highest incidence during
the perinatal period [79]. At the same time, chronic botulism was
detected in farmers taking care of the afflicted cattle. However,
there was no transmission of the bacteria between humans and
the animals, as the bacteria in cows and humans belong to different
types. The role of glyphosate was investigated in an experiment in
which Enterococcus bacteria were isolated from cattle, horses and
the alga Chlorella vulgaris, and added at different concentrations to
a culture medium seeded with Clostridium botulinum and incubated
for 5 days. Clostridium botulinum produces neurotoxins, which are
typed and measured with the ELISA (enzyme-linked immunosorbent
assay) method [80]. The researchers found that all Enterococcus iso-

Figure 4 Field infested with Palmer amaranth ‘superweed’, Agweb
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Figure 5 Effects of long-term glyphosate on crop (wheat) health; left not treated with glysphosate, right, treated with glyphosate; adapted from Huber’s presentation [17]

lates inhibited neurotoxin production by C. botulinum and reduced
its growth even at the lowest concentration of Enterococcus bacteria
added. While glyphosate suppressed the growth of Enterococcus
at the lowest concentration tested of 0.1 mg/ml, C. botulinum was
suppressed only at concentrations 10-100 fold higher. The authors
concluded that the ingestion of glyphosate “could be a significant
predisposing factor that is associated with the increase in C. botulinum mediated diseases in cattle.”
We shall come back to livestock diseases from glyphosate tolerant GM feed later.

5 Environmental and agronomic effects

Agribusiness claims that glyphosate and glyphosate-tolerant crops
will improve crop yields, increase farmers’ profits and benefit the
environment by reducing pesticide use. Exactly the opposite is the
case. Pesticide use has actually increased in successive surveys (see
[81] GM Crops Increase Herbicide Use in the United States , SiS 45)
and has been recently confirmed in a peer-reviewed study. Overall pesticide use was found to have increased by 7 % from 1996 to
2011 in the US as a direct result of cultivating GM crops, particularly
glyphosate-tolerant varieties [9, 10]. In the past five years (20082012), herbicide use per acre has doubled in the US compared with
the first five years of commercial planting of GM crops (1996-2000),
with glyphosate/Roundup accounting essentially for all the increase
[11]. Glyphosate herbicides and glyphosate-tolerant crops have had
wide-ranging detrimental effects, including glyphosate resistant
super weeds, virulent plant (and livestock) pathogens, reduced crop
health and yield, harm to off-target species from insects to amphibians and livestock, as well as reduced soil fertility.

5.1 Glyphosate resistant weeds

Critics have long predicted the evolution of weeds resistant to
glyphosate, consistent with all previous herbicides used in the past;
and they are right. This is causing huge agronomic and ecological
concern as farmers are forced to abandon whole fields of crops (see
[82] GM Crops Facing Meltdown in the USA, SiS 46). So much so that
Monsanto has issued a statement saying it is no longer responsible
for the rising costs of weeds under the Roundup® warranty. The
Weed Society of America has since launched free resistance-management courses for farmers, although the solutions are clearly towing
the agribusiness line of dousing crops in additional pesticides, a terri-
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bly flawed solution that will only lead to more of the same, or worse
– weeds resistant to multiple herbicides. Indeed, some species have
already evolved resistance to two 0r even three types of herbicides.
In some cases, these “superweeds” are so resilient that the only
method of destroying them is to pull them out by hand. Palmer amaranth grows at up to 3 inches a day causing an imaginable headache
for farmers (see Figure 4).
First documented in ryegrass in 1996 in Australia, glyphosateresistance has since been observed in 23 separate species across 16
countries by 2010, covering an estimated 120 million hectares worldwide and continuing to spread [83].
Up until 2003, 5 resistant populations had been documented
worldwide. Since 2007, there has been a 5-fold increase in the
spread of resistant weeds (See [84] Monsanto Defeated By Roundup Resistant Weeds, SiS 53). So far, resistant species listed by the
WeedScience database include: Palmer Amaranth, Common Waterhemp, Common Ragweed, Giant Ragweed, Ripgut Brome, Australian
Fingergrass, Hairy Fleabane, Horseweed, Sumatran Fleabane, Sourgrass, Junglerice, Goosegrass, Kochia, Tropical Sprangletop, Italian
Ryegrass, Perennial Ryegrass, Rigid Ryegrass, Ragweed Parthenium,
Buckhorn Plantain, Annual Bluegrass, Johnsongrass, Gramilla mansa
and Liverseedgrass.
Of all the resistant species, Palmer Amaranth and Common waterhemp have received the most attention. Waterhemp produces up
to a million seeds per plant, making it difficult to prevent spreading
of resistant populations. It also has a long emergence pattern, which
means that multiple rounds of herbicide treatments are required.
Resistant common waterhemp was first documented in fields in
Missouri, US, in 2004 after at least 6 consecutive years of growing
soybeans. The suggested mechanism of resistance in this population was the amplification of EPSPS genes in the plant, allowing it to
compensate for glyphosate’s inhibition of the enzyme. According to
Bill Johnson, an entomologist from Perdue University in Indiana US,
waterhemp is a serious threat to soybean farming with the capacity
to reduce yields by 30-50 % [85]. Palmer amaranth is estimated to
have infested at least a million separate sites in the US alone. It is a
particular hardy plant, and is considered one of the most destructive weed species in the south-eastern US. Field experiments have
shown its potential to reduce cotton yields by 17-68 %, having important implications for RR cotton farmers [86].
The problem is rapidly worsening. In January 2013, a survey

17
conducted by Stratus Agri-Marketing indicated that the area of US
cropland infested with glyphosate resistant weeds has expanded to
61.2 million acres in 2012 [87]. Nearly half of all farmers interviewed
reported glyphosate-resistant weeds on their farm, up from 34 %
of farmers in 2011. The rate at which glyphosate-resistant weeds
are spreading is gaining momentum, rising by 25 % in 2011 and 51 %
in 2012. Increases were reported in most states, but especially in
the Midwest. Not only are glyphosate-resistant weeds spreading
geographically, but multiple species are now resistant on an increasing number of farms. In 2012, 27 % of farmers reported multiple
glyphosate-resistant weeds up from 15 % in 2011 and 12 % in 2010. In
the southern states like Georgia, 92 % of farmers reported glyphosate-resistant weeds. Marestail was the most commonly reported
glyphosate-resistant weed followed by Palmer amaranth.
In order to prolong the utility of herbicide-tolerant GM crops,
agribusinesses are now developing crops with multiple tolerance
traits, or tolerance to old herbicides like 2,4-Dichlorophenoxyacetic
acid (2,4-D). Dow Agrosciences are ready to roll out 2,4-D-tolerant
corn, soy and cotton even though this year saw the discovery of 2,4D resistant waterhemp in Nebraska, making it the sixth mechanismof-action group to which waterhemp has developed resistance [88].
The emergence of resistant weeds explains the increases in
pesticide use over the last few years, as farmers apply more and
more in an attempt to rid their farms of hardy weeds. As noted
by the Network of Argentinian Physicians of Crop Sprayed Towns,
repeated glyphosate use on the same plots of land rose from 2 litres
per hectare in 1996, to almost 20 litres in 2011 [89], most likely due to
the emergence of resistant weeds.
The extent of damage wreaked by glyphosate-resistant weeds
has been further exacerbated by the severe US drought of 2012,
which dried out weeds and made them less sensitive to herbicides
[90]. Global warming and herbicide resistant weeds may therefore
have synergistic effects on crop yield losses, again highlighting the
unsustainable approach of intensive chemical agriculture.

5.2 Effects on crop and plant health

Glyphosate use has been associated with the increased incidence
and/or severity of many plant diseases and the overall deterioration

of plant functions such as water and nutrient uptake [16, 17, 91, 92].
As mentioned above, glyphosate’s mechanism of action is the
systemic chelation of metals, including manganese, magnesium,
iron, nickel, zinc and calcium, many of which are important micronutrients. They act as co-factors for numerous plant enzymes
including those involved in the plants’ immune system [91, 93].
While non-transgenic varieties are killed by glyphosate, glyphosatetolerant crops do not die; but their physiology can be compromised.
Manganese is a co-factor for 25 known enzymes involved in processes including photosynthesis, chlorophyll synthesis and nitrate
assimilation, and enzymes of the shikimate pathway to which EPSPS
belongs. The shikimate pathway is responsible for plant responses
to stress and the synthesis of defence molecules against pathogens,
such as amino acids, lignins, hormones, phytoalexins, flavenoids and
phenols. The virulence mechanism of some pathogens, including
Gaeumannomyces and Magnaporthe (which lead to ‘take-all’ and root
rot respectively) involves the oxidisation of manganese at the site
of infection, compromising the plant’s defence against the pathogen. Glyphosate-tolerant crops were found to have reduced mineral
content, confirming glyphosates’ metal chelating activity [94-97].
Changes in physiology including reduced water uptake [94] and photosynthetic parameters (chlorophyll a degradation and chlorosis)
were documented in vivo with glyphosate-tolerant soybeans even at
recommended spraying concentrations [98].
Various plant diseases have reached epidemic proportions
in the US, in its fourth year of epidemics of Goss’ wilt and sudden
death syndrome and eighteenth year of epidemic of Fusarium fungal
colonisation resulting in root rot and Fusarium wilt. Not only does
glyphosate affect disease susceptibility, there is also evidence of
increased disease severity. Examples include ‘take all’, Corynespora
root rot in soybean, Fusarium spp diseases, including those caused
by Fusarium species that are ordinarily non-pathogenic. Head-scab
caused by Fusarium spp of cereals increases following glyphosate
application, and is now prevalent also in cooler climates when
previously it was limited to warmer climates. Nine plant pathogens
have been suggested to increase in severity as a result of glyphosate treatment of crops, while some 40 diseases are known to be
increased in weed control programmes with glyphosate and the list
is growing, affecting a wide range of species: apples, bananas, bar-

Figure 6 Interactions of glyphosate with plant and soil biology; adapted from Huber’s presentation [17]
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Figure 7 Monarch butterflies, University of Arkansas System

ley, bean, canola, citrus, cotton, grape, melon, soybean, sugar beet,
sugarcane, tomato and wheat [99].
USDA scientist Professor Emeritus Don Huber presented detailed evidence including a photograph (Figure 5) to the UK Parliament that glyphosate-tolerant crops are less healthy and yield less.
They have a compromised immune system and require extra water,
which are major problems as climate change is likely to increase
infectious diseases and exacerbate water scarcity [17].
With regard to non-GM crops, pre-application of glyphosate has
been shown to damage wheat varieties. This effect was exacerbated
by additional factors including long-term non-tillage farming, which
increases the glyphosate residues in the soil and high weed densities; and the application of phosphorus fertilizers that actually remobilise glyphosate in the soil. Weed density increases glyphosate
toxicity through accumulation in the roots of weeds [100].
As consistent with previous findings, GM crops are suffering
heavy yield losses in drought-stricken US in 2012 (see [101] GM Crops
Destroyed by US Drought but non-GM Varieties Flourish, SiS 56). A
farmer who has grown both GM and non-GM varieties of corn and
soybean side by side reported an average of 100-120 bushels per
acre harvested from non-GM corn compared to 8-12 bushels to 30-50
bushels per acre from GM corn.
According to a report published by the Union of Concerned Sci-
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entists, GM crops have certainly not succeeded in increasing yields
[102]. Field experiments from the University of Wisconsin found that
glyphosate-tolerant maize reduced yield by 5.98 bushels per acre
compared to conventional non-GM maize [103].
As with animal species, endocrine dysfunction has been suggested in plants exposed to glyphosate (see above), potentially
affecting plant health as well as crop yields. Inhibition of auxins involved in plant growth and development, as well as reduced methionine levels have been observed; methionine is a principle substrate
for fruit, flower opening and shedding of leaves [104].
Various aquatic species including microalgae, protozoa and crustaceans are susceptible to glyphosate, but more so to the surfactant
POEA [105] in Roundup formulations, in common with human cells
(see Section 4.5).

5.3 Effects on soil ecology

Soil fertility is fundamental in maintaining plant health and yields.
However, along with the rise in industrial agrochemical farming
practices, there has been a general increase in the number of plant
diseases in the past 15 to 18 years.
Glyphosate has been shown to stimulate the growth of fungi
and increase the virulence of soil pathogens such as Xylella fastidi-
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osa which causes citrus variegated chlorosis, while also decreasing the presence of beneficial soil organisms [92, 106] Scientists
Reveal Glyphosate Poisons Crops and Soil (SiS 47). Four primary soil
fungi, Fusarium, Phythium, Rhizoccccctonia, and Phytophthora, have
become more active with the use of glyphosate; and concomitantly
diseases caused by these fungi have increased, such as head scab
in corn, or root rot in soybeans, crown rot in sugar beets. Fusarium
head blight, which affects cereal crops, is a disease that produces a
mycotoxin that could enter the food chain.
Beneficial micro- and macro-organisms damaged by glyphosate include earthworms, microbes producing indole-acetic acid (a
growth-promoting auxin), mycorrhizae associations, phosphorus
& zinc uptake microbes such as Pseudomonads and Bacillus that
convert insoluble soil oxides to plant-available forms of manganese
and iron, nitrogen-fixing bacteria Bradyrhizobium, Rhizobium, and
organisms involved in the biological control of soil-borne diseases
that reduce root uptake of nutrients (see [17] (see Figure 6).
In addition to soil microorganisms, Roundup® but not glyphosate alone, kills three beneficial food microrganisms (Geotrichum
candidum, Lactococcus lactis subsp. cremoris and Lactobacillus delbrueckii subsp. bulgaricus) widely used as starter cultures in the dairy
industry [107]. This may explain the loss of microbiodiversity in raw
milk observed in recent years.
It has been assumed that glyphosate is short-lived, degrading
in two weeks, and has low accumulation and drift. However, this
conventional view may only be applicable, if at all, in certain environments. Studies in northern regions of the globe have demonstrated
that glyphosate and its main metabolite AMPA can remain in the
soil even years after the last spraying [108]. That means the herbicide and its residues can remain active and accumulate in soils with
increasingly devastating effects on soil ecology.

5.4 Effects on ecosystems

Glyphosate use impacts animal biodiversity and health either directly
or indirectly through destruction of habitats. It is considered to be
particularly toxic to aquatic and amphibian species, due to its high
water solubility.
Amphibians are the most endangered animal class on Earth.
Recent studies have highlighted glyphosate’s toxicity to frog species, with exposure killing 78 % of animals in laboratory conditions
(see [109] Roundup Kills Frogs, SiS 26). A 2012 study found enlarged
tails in exposed tadpoles, similar to the adaptive changes seen in
response to the presence of predators. Tadpoles adapt their body
shape to suit environmental conditions, so any changes not suited
to the environment could put the animals at a distinct disadvantage
[110]. Currently unpublished data from The Department of Herpetology at the Society of Sciences, Aranzad, Spain suggests that
glyphosate concentrations below agricultural levels are sufficient to
kill 10 species of amphibians in the Basque region of Spain [111]. As
mentioned earlier, birth defects in frogs have also been detailed in
laboratory conditions [21, 22].
The model species for testing toxicity to aquatic organisms is
Daphnia magna. It has been shown to suffer from both acute and
chronic toxicity at levels orders of magnitude lower than officially
recognised by government agencies. Concentrations of 10 mg/L
in 48 h acute experiments; and chronic exposure, particularly to
formulated Roundup, causes serious reproduction damage at levels
close to (1.35 mg/L) or even below (0.45 mg/L) accepted threshold values for glyphosate in surface waters in the United States in
general (0.7 mg/l) and in the state of California specifically (1.0 mg/l).
Roundup was more toxic in all the measurements of chronic toxicity
that included survival, growth, fecundity, abortion rates and juvenile
body size [112].
Studies in aquatic microcosms and mesocosms found that
Roundup at 8 mg glyphosate/L inhibited the growth of green algae
at the expense of toxic bloom-forming cyanobacteria, with potentially drastic impacts on freshwater aquatic ecosystems [113, 114]. It
also accelerates the deterioration of water quality, that is already
jeopardising global water supply (see [115,116] (World Water Supply
in Jeopardy, SiS 56, GM Crops and Water - A recipe for Disaster, SiS

58).

The indirect effect of habitat destruction is exemplified by the
decline of Monarch butterfly numbers (see [117] Glyphosate and
Monarch Butterfly Decline, SiS 52) (Figure 7). The larvae of this
species feed almost exclusively on milkweed plants, which are being destroyed through glyphosate treatment of GM crops. In the
Midwest of the US, there has been a 58 % decline in milkweed plants
and a resulting 17-year decline in Monarch butterfly [118]. A decline in
their winter migration to Mexico has been observed stretching back
15 years.

5.5 Diseases of livestock

The rise of certain diseases in livestock populations has been linked
to glyphosate ingestion from feeding on RR crops. Huber claims
that livestock are suffering a triple whammy of reproductive toxicity
caused by endocrine dysfunction (as described above with regards
to human health), nutrient deficiency, and a novel unknown pathogenic ‘entity’ found in many reproductive tissues and dead foetuses
as well as other body parts [17].
With regards to nutrient deficiency, manganese deficiencies
have been associated with various animal diseases and reproductive
failures, which are becoming increasingly common in livestock. In
Australia, following two seasons of high levels of stillbirths in cattle,
it was found that all dead calves were manganese deficient [119].
Moreover, 63 % of newborn with birth defects were also deficient.
Manganese is known to be important for mobilising calcium into
bones, correlating with abnormal bone formation in these calves.
A Danish farmer recently reversed illnesses in his pigs through
reverting back to a non-GM feed. Illnesses included birth defects, reduced live births, diarrhoea, bloating and poor appetite disappeared,
resulting in increased profit for his farm (see [120] GM Soy Linked to
Illnesses in Farm Pigs, SiS 55). The farmer attributed the illnesses and
deaths to chronic botulism in his pigs fed GM feed. This was consistent with research in Germany mentioned earlier, linking the rise of
chronic botulism in cattle and in farmers to an increase in glyphosate
use in Europe within the past 10 to 15 years [79, 80]. Glyphosate
destroys beneficial bacteria that inhibit Clostridium botulinum in the
gut, allowing the pathogen to flourish.

5.6 Widespread contamination of water supplies

With all the described toxic effects of glyphosate, it becomes imperative to assess the level of contamination of the water supplies, our
source of drinking water (see [121] GM Crops and Water - A Recipe
for Disaster, SiS 58). Recent research in Catalonia, Spain, revealed
widespread contamination of their groundwater [122]. In the US,
glyphosate has been detected in rain and air samples [123].
In Germany, glyphosate was detected in the urine of all tested
Berlin city residents, including one person who had been eating
organic food for over 10 years [124]. Levels reached 5-20 times the
established permitted level in drinking water in the EU. Even those
who live away from farming areas are not protected. Glyphosate
was previously found in urine samples of farm workers at concentrations shown to have cause endocrine disruption.

To conclude

Glyphosate toxicity can no longer be ignored. While evidence of its
harm to health and the environment grows, Monsanto is proposing to raise permitted residual levels in lentils by 100 fold in the EU
[4], and petitioned for further hikes in already unacceptable high
permitted levels in the US [5]. Brazil has recently proposed a new bill
that will ban many environmental toxins including glyphosate [125].
A global ban or phase-out of glyphosate and glyphosate-tolerant
crops is a matter of urgency, and with that, widespread adoption of
non-GM sustainable agriculture [126] (Food Futures Now *Organic
*Sustainable *Fossil Fuel Free , ISIS Report).
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2
Bt Crops Failing & Harmful to Health and Environment
The claim that genetically modified organisms are the most promising way of increasing crop yields is falsified by many independent scientific
studies as well as direct experience with GM crops in India, China, Argentina and the United States; at the same time evidence of harm to health
and the ecosystem accumulates
Dr Eva Sirinathsinghji

Protestors at rally in India that stopped Bt brinjal (eggplant)

1. Crop failures, farm suicides, & false accounting

One of the two major types of genetically modified (GM) crops
grown commercially carries insecticidal toxins from the Bacillus thuringiensis (Bt) bacterium. Since the first planting of Bt crops in 1996,
they now represent 65 % and 75 % of all corn and cotton varieties in
the US respectively [1], and cover an estimated 66 million hectares
of land globally in 2011. Approximately 90 % of all cotton in India
is also GM; a devastating example of the GM crop system, where
monopoly of the seed market by agritech giants has forced Indian
farmers into a cycle of debt caused by expensive GM seeds that
are not only failing to control pests, but also failing to yield (see [2]
Transgenic Cotton Offers No Advantage, SiS 38). The Indian government admitted that 2012 yields in the state of Maharashtra was
likely to be down by 40%; that, coupled with continually rising costs,
forced 5 million cotton farmers to demand compensation from the
government [3, 4]. The huge numbers of farmers committing suicide
in cotton-growing is now acknowledged by the Indian Ministry of
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Agriculture to be directly linked to Monsanto’s Bt cotton varieties
[5], as we have reported earlier ([6] Farmer Suicides and Bt Cotton
Nightmare Unfolding in India, SiS 45) (Figure 1).
The selling point of Bt crops was to reduce pesticide applications. It did initially, largely because Bt toxins from GM crops,
claimed to be harmless to both humans and non-target species, are
not included when pesticide applications are quantified. It turns out
that the health and environmental burdens from Bt ‘biopesticides’
incorporated into Bt crops are not too different from conventional
pesticides. The Bt toxins are more likely to be ingested by humans
and other animals as they are present inside the plant cells and cannot be washed off, making it all the more important to include the
toxins in pesticide counts. The Wall Street Journal has just reported
that conventional pesticides have made a dramatic comeback nevertheless, as pests acquired rapid resistance to the Bt toxins. Pesticide
companies have seen their sales go up 5 to 50 % in 2012 and the first
quarter of 2013 [7]. One company, American Vanguard, acquired a
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series of insecticides firms and technologies during the past decade,
betting that insecticide demand would return as Bt loses effectiveness, which was just what many scientists have predicted. Corn rootworm resistance is a particularly big problem currently (see Figure 2)
Risk assessment to-date for Bt crops (even more so than other
GM crops) is widely regarded as inadequate (see [8] Bt Toxins in Genetically Modified Crops: Regulation by Deceit, SiS 22). The alleged
efficacy and safety of these products cannot be established when
exposure levels have not been reliably determined. In particular,
reports of declining concentrations in the food chain and soils are
unreliable and need to be re-evaluated. Despite these inadequacies
in risk assessments so far, evidence of Bt toxicity to health and the
environment is steadily accumulating.
Increases in crop yields have also been used to sell Bt crops.
Available data show no clear yield increases with Bt crop cultivation.
At best, there is some evidence of a small advantage during high
infestations of the European cornborer to Bt maize crops, but during
low to moderate infestations, there appears to be little advantage
even without the use of insecticides on non-GM crops [9]. Certain
single transgene Bt varieties as well as stacked varieties were shown
to reduce crop yields, particularly Bt varieties targeting the corn
rootworm, with yield losses of 12 bushels per acre compared with
conventional varieties. Stacked traits also reduced yields through
negative genetic interaction of the multiple transgenes, which varied with different combinations of transgenes [10].
Charles Benbrook at the Centre for Sustaining Agriculture and
Natural Resources, Washington State University, Washington USA,
highlights the “dramatic changes” in GM corn and soybeans over
the past five years compared with the first five years of commercial
use (1996-2000); among them, two to six Bt toxins needed in corn to

Bt toxin has been shown to cause damage to
multiple organs including the heart, kidney
and liver of lab animals in industry studies
that were re-analysed by independent
scientists
deal with the European cornborer and the corn rootworm complex;
the use of delayed release, systemic seed treatments including two
insecticides and two fungicides, one of which a nicotinoid implicated
in honey bee colony collapse, an unprecedented increase in fungicide use on corn: 11 % crop acres in latest 2010 USDA survey compared with no more than 1% treated previously [11]. This completely
gives the lie to the claim that Bt crops reduce pesticide use, and this
is in addition to about double the herbicides used per acre, with
glyphosate/Roundup accounting essentially for all the growth.

2. Risks to human health

Bt toxin has been shown to cause damage to multiple organs including the heart, kidney and liver of lab animals in industry studies that
were re-analysed by independent scientists [12] (see [13] GM Feed
Toxic, New Meta-analysis Confirms, SiS 52). Toxicity to human kidney
cells has been further confirmed in vitro, where exposure to Cry1Ab
toxin caused necrotic cell death [14] (see [15] Bt Toxin Kills Human
Kidney Cells, SiS 54). Moreover, adverse immune responses were
detected in lab animals as well as humans. One study found immune
responses to the Bt toxin similar to that seen with the cholera toxin

Figure 1 Escalation of farm suicides in India from Bt cotton
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Figure 2 Field with Bt corn plants lodged from rootworm attack, Aaron Gassmann/Iowa State University

Maize crops expressing Cry1Ab have been
infested with the western bean cutworm
(Striacosta albicosta) since 2000, and so
severely that it is termed ‘pest replacement’
[16], while Cry1Ab has been shown in feeding studies of Monsanto’s
MON810 maize to induce intestinal and peripheral immune responses with a rise in T and B cells, CD4+, C84+, γδT, and αβT subpopulations of immune cells in both the gut and peripheral sites after 30
and 90 days of feeding in mice [17].
Most recently, immune responses were observed in mice
administered Cry1Aa, Cry1Ab, Cry1Ac or Cry2A by gavage directly to
the stomach. Combinations of the proteins also elicited immune responses that included haematotoxicity (toxicity to red blood cells),
particularly for cells developing into red blood corpuscles, as well
as a significant reduction in bone marrow cell proliferation [18]. The
immune responses showed a more pronounced effect from 72 hours
onwards after a single exposure.
Allergenic responses had been reported by farmers and factory
workers handling Bt crops for years, with effects on eyes, skin and
the respiratory tract (see [19] (More illnesses linked to Bt crops, SiS
30). Contrary to industry’s claims, neither the Bt gene nor the toxin
protein is degraded in the gut, but circulate in the blood stream. A
recent study in Canada found that over 90 % of women and their
unborn babies had the toxin in their blood streams, just from eating
a typical Canadian diet [20]. The toxin crossing the placental barrier
is of obvious concern. Reduced fertility in mice fed Bt maize has
been reported in a lab study (see [21] GM Maize Reduces Fertility &
Deregulates Genes in Mice, SiS 41).
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3. Breakdown of pest control

The breakdown of pest control can occur at three levels: the expression of the toxin not reliably sufficient to kill all target pests; secondary pests that are not susceptible to the Bt toxins emerging as a
result of reduced use of other pesticides, bad agricultural practices
such as monoculture farming, and the reduction of food or niche
competitors (target pests); and pests developing resistance to Bt
toxins, rendering them completely ineffective. All such breakdown
of Bt pest control have occurred.

3.1 Bt toxin levels insufficient to kill pests

Genetic modification of plants is unpredictable by nature (see
Chapter 3). Bt toxins were inserted in plants so that they can be
expressed consistently across the whole plant. However, studies
have found inconsistent expression both across the whole plant and
during its life-span, resulting in insufficient toxin to kill target pests
[22, 23]. Farmers have reported crop failures from target pests. In
the US, 25 farmers filed a law suit against Monsanto for the failure
of their Bt cotton to protect from bollworm infestation [24]. A 2005
survey of over 100 Indian farmers in Andhra Pradesh found that 32.5
% of farms had infestations of American bollworm (see [25] Organic
Cotton Beats Bt Cotton in India, SiS 27). At the same time, organic
farmers reported a low 4.1 % incidence of infestation.

3.2 Secondary pest and disease infestations

A study published in Science in 2011 found that over a period of 10
years, the mirid bug, previously considered an occasional or minor
pest, acquired pest status, with increasing population sizes that
corresponded with decreased pesticide use on Bt cotton fields in
Northern China. Not only is this a problem for Bt crops, but many
other important food crops as well, and conventional pesticides are
brought back in increasing amounts [26] (see [27] GM-spin Meltdown in China, SiS 47). With expensive GM seeds and additional
pesticide costs, farmers are left worse off than before. Bt cotton
fields in India are also showing infestations of new pests such as the
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Figure 3 Mealy bugs on dead plant leaf (left), close-up of single giant bug on cotton plant (right), from [28]

mealy bug (Figure 3), gall midges, mosquitos and safflower caterpillars that were not previously a problem (see [28] Mealy Bug Plagues
Bt Cotton in India and Pakistan, SiS 45). One mechanism behind secondary pest infestation has been suggested in a 2013 study showing
that cottons’ innate insecticidal defensive strategy is reduced when
target pests are killed by Bt toxins. In natural situations, plant damage caused by pests induces the release of the insecticidal proteins
called terpenoids. But, with Bt killing target pests, the plant damage
and consequently, terpenoid release is reduced, leading to higher
than normal infestation by other pests like cotton aphids [29].
Although initially, Bt cotton had partial success in reducing bollworm infestations, cotton can be targeted by 165 different species
of pests that are not all susceptible to the Bt toxin, and secondary
pest infestations as well as new illnesses such as leaf ‘streak’ virus
and lalya are on the rise (see [6]). The new mealy bug infestations
seen across India and Pakistan have considerably reduced crops
yields (45-50 % in 2007-2008). The two predominant species of mealy
bugs originated from the US and arrived since the introduction of Bt
cotton. They have now been found on other crops including brinjal,
okra, tomato, chilli, potato, cluster bean, green gram, papaya and

sunflower [30]. Independent studies in India show significant reductions in crop yields that correlate with reduced profits as well as
devastating numbers of farmer suicides due to indebtedness from
expensive Bt seed varieties, combined with the low yielding crops
[5]. A study comparing organically grown cotton and Bt cotton over
200 farms in Andhra Pradesh in India highlighted the propensity of
Bt cotton to accumulate diseases and pests, along with reduced
yields [25].
Brazil is suffering the same fate; 2-4 % of their cotton and soybean crops in Bahia are lost to corn earworm caterpillars. Since the
Bt toxins killed off the Spodoptera species that eat the corn earworm, a plague of caterpillars (Helicoverpa zea) is now costing over
2 billion Brazilian Reals to cover losses and alternative insecticides
[31].
The US has been seeing huge rises in secondary pest infestations cotton crops since Bt cotton was introduced [32]. Data from
2010 compiled by Mississippi State University entomologist Mark
Williams identified the top cotton pests: in the south of the cotton
belt (Arkansas), the tarnished plant bug; in Tennessee, the stink
bug followed by plant bugs and the spider mites; in the Southwest

Tarnished plant bugs can
reduce yields by 50 %

Figure 4 The tarnished plant bug, from [34]

(Texas, Oklahoma and Kansas) fleahopper especially in the eastern
part of Texas including the coastal and central areas followed by
thrips and bollworms; In the Southeast (Virginia, North Carolina,
South Carolina, Georgia, Alabama and Florida), stink bugs followed
by thrips and bollworms; in the West (California, Arizona and New
Mexico), tarnished plant bug Lygus, followed by mites, thrips, whiteflies and aphids [33]. Tarnished plant bugs can reduce yields by 50 %.
Research showed that the yields of an experiment where insecticide
applications to control the tarnished plant bugs were initiated from
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Figure 5 The stink bugs top to bottom: brown, green and southern green stink bugs (left) and their
immature nymphs (right), rearranged from [35]

the second week of flowering and continued throughout the season
yielded twice as much as the untreated controls [34]. The tarnished
plant bug Lygus lineolaris (Figure 4) belongs to a group that includes
also the clouded plant bug and the cotton fleahopper.
Stink bug pests across the southeastern cotton belt consist of
three main species, the brown stink bug, Euschistus servus (Say); the
green stink bug Acrosternum hilare (Say), and the southern green
stink bug Nezara viridula (L.), with population levels of the three species varying widely across seasons, states and fields [35]. Stink bugs
primarily feed on a wide range of developing fruit and seed hosts
(more than 200 cultivated and noncultivated) including cotton, corn
soybeans, peanuts, fruits, grains, vegetables, grasses, shrubs and
trees. Adults overwinter in protected areas such as leaf litter, straw,
under tree bark and at the base of native grasses. As the season
progresses, adults fly to find a sequence of host plants with overlapping reproductive stages. Populations continue to increase before
moving onto late-season crops like cotton, peanuts, soybeans, and
fall vegetables and pecans. The largest populations are generally in
the late summer and fall. Depending on the species and latitude, one
to five generations develop annually.

Ban GMOs Now

Maize crops expressing Cry1Ab have been infested with the
western bean cutworm (Striacosta albicosta) since 2000, and so
severely that it is termed ‘pest replacement’, a phenomenon usually
associated with intensive farming and the heavy use of pesticides
[36]. Prior to 2000, this species was not considered a maize pest
but instead was confined to narrow regions. It has since affected at
least 8 US states. The development of CryF maize that targets the
cutworm with 80-90 % efficiency, along with the SmartStax crops
that also carry Cry1F as well as 5 other Bt toxins are predicted to exacerbate the problem, as large-scale cultivation of these crops could
encourage selection of the 10-20 % not killed by Cry1F which could
then spread throughout the population. This could also provide big
business to pesticide produces when the Cry1F maize is not effective.

3.3 Bt resistance in target pests

Rising insect resistance to Monsanto’s biggest selling Bt corn is
threatening its utility and profitability. Insect resistance prompted
an investigation by the Environmental Protection Agency (EPA).
According to documents in the docket (Docket No: EPA-HQOPP-2011-0922) [37], “severe” damage to corn by rootworm has oc-
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Studies also suggested a link between Bt
toxicity and global bee population decline.
Bt crops expressing Cry1Ab exacerbated the
damage caused by microsporidia, a fungal
parasite
curred in four states in the US (see Fig. 2). Further, the EPA describes
Monsanto’s insect resistance monitoring program as “inadequate”.
As predicted by many scientists, as the cultivation of Bt crops
expanded, Bt resistance has emerged and is spreading. So far, 8
populations of Bt resistant pests have been documented, 2 resistant
to Bt sprays, with the rest resistant to Bt crops (see [38] Bt Resistant
Rootworm Spreads, SiS 52). Resistance appears to be a dominant
trait at least in Iowa, so only one copy of a resistant gene is necessary for the pest to survive, instead of two copies. This means resistance can spread much more rapidly through pest populations.
To counteract Bt resistant pests, agritech businesses are busy
making next generation crops that carry more and more Bt toxins.
For example, the original Bolgard cotton contained one Bt toxin
Cry1Ac, Bollgard II cotton contains 2 toxins, while Bollgard III contains 3. The latest Smartstax has 8 genes, 6 for insecticide resistance
and two for herbicide tolerance. Thus, the failure of first generation
transgenic crops can actually prove profitable for Industry. Farmers
become locked in a cycle of dependency, having to buy stronger
or more expensive products. It is a well-known business model of
‘planned obsolescence’ [39]. This strategy is already being called
into question as insects seem to be developing resistance to multiple
toxins. The EPA and researchers who created these pyramid crops
predicted that insects exposed to multiple toxins are controlled
by “redundant killing”, where two or more toxins act in different
way to kill a pest. But in laboratory settings, this prediction was not
borne out. On the contrary, pests already resistant to one Bt toxin
more rapidly develop resistance to other toxins. These experiments
also revealed a decrease in Cry1Ac and Cry2Ab expression over the
growing season, which is likely to exacerbate the problem [40].

damage caused by microsporidia, a fungal parasite (see [48] The
Mystery of the Disappearing Bees, SiS 34). Honey bees exposed to
the Cry1Ab protein, took longer to imbibe the contaminated syrup.
The same study also found learning in bees significantly affected following Cry1Ab oral exposure [49]. Lacewings, an important predator
of wheat pests, suffered significantly reduced survival and delayed
development when fed an insect pest (lepidopteran) that has eaten
GM maize containing the Bt toxin Cry1Ab, but not when fed the
same pest treated with much higher levels of the natural toxin (see
[50] GM Food & Feed Not Fit for "Man or Beast", ISIS report) [51,
52].
As the toxin is expressed also in the roots of the plants, it seeps
into the soil where it was found to persist for 180 days. This affects
soil fertility by harming soil organisms, thereby depleting the land
and reducing crop yields. A study conducted in India found that soil
bacteria in Bt cotton fields were reduced by 14 %, while total microbial biomass was reduced by 8.9 % (see [53] Monsanto's Bt Cotton
Kills the Soil as Well as Farmers, ISIS Report). This has implications
for yields of crops as well as illnesses, with a new disease termed
lalya emerging as a result of nutrient deficiencies in the soil. This
causes the plants to redden and wilt. Cross contamination of GM
varieties with non-GM varieties also poses big risks for biodiversity,
as has been documented with GM corn in Mexico [54].
By-products of Bt crops were found in field studies to reduce
the growth rate of aquatic insects (caddisflies) by 50 % and increase
mortality rates [55] (see [56] Bt Crops Threaten Aquatic Ecosystems,
SiS 36). Half the caddisflies living near Bt maize fields had Bt maize
pollen in their gut. Potential off-target effects are possible in soil as
well as streams and rivers. Bt toxin contamination of streams and
waterways has been documented in and around Bt maize plantations. One study found 13 % of stream sites and 26 % of water column
sites in the US contaminated with Cry1Ab [57].

5. To conclude

Bt crops are at best useless in pest control, and at worst, an exacerbating factor for pest infestation and reducing crop yields. They are
also proving hazardous to non-target species in the ecosystem and
to human health. All the evidence favours non-GM integrated pest
control as a far superior strategy.

4. Environmental and ecological damage

Besides hazards to human health, Bt toxins also impact negatively
on ecosystems. A common model organism for eco-toxicity studies
is the water flea Daphnia magna. When fed a diet of 100 % Bt maize,
it showed increased mortality, reduced numbers of females reaching
sexual maturity, and reduced overall egg production [41].
An independent study exposed industry toxicology tests to be
completely inadequate. It showed clear toxicity 0f the Cry1Ab toxin
to the target pest European cornborer, and most importantly, also
to the non-target 2-spotted ladybird [42] (see [43] Bt Toxicity Confirmed: Flawed Studies Exposed, SiS 55).
Pollen from Bt maize was found to increase mortality of
monarch butterfly larvae. This, along with glyphosate destruction
of their habitats, may be at least partially responsible for declines
in Monarch butterfly numbers [44, 45] (see [46] Glyphosate and
Monarch Butterfly Decline, SiS 52). Peacock butterflies, a protected
species in Europe, is also predicted to be under threat from Bt Maize
in Southern Europe. Simulation models of both maize and butterflies
were combined with actual dose-response data of peacock butterfly
exposure to MON810 maize showed that maize pollen is likely to
harm the butterfly larvae. The species is bivoltine (has two broods
per year), the second brood coinciding with maize pollination. Furthermore, maize pollen is wind-borne, and Bt toxins inside pollen are
not UV degradable, unlike the Bt sprays used in organic agriculture,
making exposure more likely. This study contradicts the predictions
made by the EFSA (European Food Safety Authority), which was
based more on assumptions than empirical data as in this study [47].
Studies also suggested a link between Bt toxicity and global
bee population decline. Bt crops expressing Cry1Ab exacerbated the
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3
The New Genetics and Dangers of GMOs
The original rationale and impetus for genetic modification was the ‘central dogma’ of molecular biology that assumed DNA carries all the instructions for making an organism, which are transmitted via RNA to protein to biological function in linear causal chains. This is contrary to the
reality of the ‘fluid genome’ that has emerged since the mid-1970s. In order to survive, the organism needs to engage in natural genetic modification in real time, an exquisitely precise molecular dance of life with RNA and DNA responding to and participating fully in ‘downstream’ biological
functions. That is why organisms and ecosystems are particularly vulnerable to the crude, artificial genetically modified RNA and DNA created by
human genetic engineers; and why genetic modification can probably never be safe
Dr Mae-Wan Ho

1. What’s a GMO?

A genetically modified organism (GMO) is an organism with synthetic
genetic material inserted into its genome. It is made in the laboratory with sterile techniques, which also means without sex. The genome is practically all of the genetic material of an organism, a copy
of which is present (with few exceptions) in every cell of its body.
Every organism, as for example, a plant, is made of tissues,
tissues of cells, and as you go down the scale with an increasingly
powerful microscope, you can see that each cell has a nucleus containing a copy of all its genetic material - the genome – packaged in
structures called chromosomes. Each chromosome, when unwound
is a very long thread, called chromatin, and when you strip away the
special proteins from the chromatin, you end up with the double
helix DNA (deoxyribosenucleic acid), the genetic material (Figure 1).
The DNA is what gets chopped and changed in genetic engineering
and genetic modification.

plantlet that develops into a distinct transgenic plant. Because there
is no control over where and in what form the transgenic DNA lands
in the host genome, each resulting transgenic plant is essentially a
different transgenic line. (For more, see [1] (FAQ on Genetic Engineering, ISIS Tutorial).
The rationale and impetus for genetic engineering and genetic
modification is the ‘central dogma’ of molecular biology due to Francis Crick [2, 3], who shared the Nobel Prize with James Watson for
the DNA double helix structure [4]. In its original form, the central
dogma supposed that DNA carries all the instructions for making an
organism. Individual ‘genetic messages’ in DNA are faithfully copied
or transcribed into RNA (ribosenucleic acid), which is then translated
into a protein via a genetic code; the protein determining a particular trait, such as herbicide tolerance, or insect resistance; one gene,
one character (Figure3). If it were really as simple as that, genetic
modification would work perfectly every time. Unfortunately things
are vastly more complicated.

2. The fluid genome and natural genetic engineering

Figure 1 Genetic engineering involves chopping and changing DNA in organisms, CSIRO

In genetic modification, foreign DNA is introduced into the
genome of plant cells maintained in culture using a vector, a piece
of DNA carrying the foreign DNA and designed to jump into the
host cell genome. The foreign DNA - transgenic DNA or GM construct
- typically contains more than one gene, a sequence of DNA that
expresses a protein. Each transferred gene - a transgene - consists of
a coding sequence that specifies the distinctive amino acid sequence
of a protein, with a promoter, the signal for starting in front of it
and behind, a terminator, the signal for stopping (see Figure 2). In
addition, the GM construct usually includes one or more marker
genes that enable the transformed cells (cells that have taken up
and integrated the transgenic DNA) to be identified and selected.
Antibiotic resistance marker genes express antibiotic resistance, so
transformed cells can be selected with antibiotics, which kill untransformed cells. Each transformed cell is then induced to grow into a

Figure 2 A transgene
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I first warned of the hazards of genetic modification more than 15
years ago. In [5] Genetic Engineering Dream or Nightmare (ISIS publication, first edition 1997), I described the new genetics of the ‘fluid
genome ’ - a term coined by molecular geneticists in the early 1980s
- and said the greatest danger of genetic modification is that it is misguided by the ideology of genetic determinism (the ‘central dogma’
of the old genetics). Genetic determinism made genetic engineering
seem compelling, but was totally contrary to reality.
Instead of the linear, one-way information flow envisaged in the
central dogma from DNA to RNA to protein and ‘downstream’ biological function, there is intricate cross-talk between the organism
and its environment at all levels, with feed-forward and feed-back
cycles swirling through the epigenetic and metabolic networks of
molecular interactions that mark and change genes as the organism
goes about its business of living, their effects reverberating down
the generations [6, 7] (Death of the Central Dogma and other arti-

It is the fluid and adaptable
genome that defeats all
mechanistic attempts at genetic
modification, which is why
genetic modification can almost
never be safe. It is a clash of
ideology with reality

27
important for us to take responsible action.
Indeed, new findings on the fluidity and responsiveness of the
genome have made the hazards of genetically modified DNA and
RNA even greater than I had envisaged, and I shall update the big
picture in this chapter.

3. GM inherently hazardous

Reliable evidence obtained by scientist independent of the biotech
industry going back to the 1990s and evidence obtained by farmers
in the field both show that GM feed invariably causes harm, regardless of the animal species or the food crops that were genetically
modified or the genes and constructs inserted into the genome.
A full list is presented in Box 1, partly drawn from [9] GM Food
Nightmare Unfolding in the Regulatory Sham (ISIS scientific publication) and updated with studies done and cases uncovered since. It
presents a consistent picture of GM-linked deaths and illnesses, with
scientists confirming what farmers have experienced for years. This
is particularly significant as independent scientific studies are by very
meagrely supported, and scientists find it very difficult to obtain the
GM material from the companies for their research.
The inevitable conclusion one comes to is that GM is inherently
hazardous.
Figure 3 The central dogma of molecular biology, Wikimedia

cles in the series, SiS 24; Living with the Fluid Genome, ISIS publication).
The organism is doing its own natural genetic modification with
great finesse, a molecular dance of life that’s necessary for survival.
Unfortunately, genetic engineers don’t know the dance; they are
only now tracing its footprints in the genome. It is clearly impossible
to modify one gene or one function at a time without affecting other
functions, ultimately the entire organism. It is also this molecular
dance of life that makes organisms and ecosystems so vulnerable
to the unintended effects of genetic modification. Furthermore,
the insults and injuries to organisms and ecosystems exposed to
the GMOs can be passed on to future generations to influence the
course of evolution (see Figure 4) ([8]Development and Evolution
Revisited, ISIS scientific publication). The human organism shapes
its own development and evolutionary future; that is why it is so

3. What are the hazards of GMOs?

There are many possible hazards of GMOs associated with the fluid
and responsive genome; I have put them into four categories in Table
1 [5, 36] (The Case for A GM-Free Sustainable World, ISIS/TWN
publication).
Despite the lack of dedicated research, there is now a wealth of
evidence that GM food and feed is unsafe, both from lab studies by
independent scientists, and from farmers’ experiences in the field
all over the world. The list of health impacts from GM feed includes
birth defects, miscarriages, infertility, cancers, and mysterious new
pathogens. There is also evidence that GM crops yield less, poison
crops and soil, and cause the emergence and re-emergence of many
crop diseases as described in the first two chapters of this report.
Although the weight of evidence against the safety of GMOs
is overwhelming, we are still largely in the dark as to the precise
nature of the hazard(s) associated with different GMOs. Toxicity
has been found for transgene products such as the Bt proteins from

Figure 4 The new genetics of the fluid genome versus the old genetics of the central dogma [8]
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Box 1
Accumulating evidence on the health hazards of GM food and
feed
1. A 2-year lab feeding trial reported in 2012 found rats of
both sexes exposed to Roundup and/or Roundup-tolerant
maize not sprayed with herbicide were 2 to 3 times as
likely to die as controls and to develop large tumours,
of mammary glands in females and of kidney and skin in
males [10] (see [11, 12] (GM Cancer Warning Can No Longer
Be Ignored and Excess Cancers and Deaths with GM Feed:
the Stats Stand Up, SiS 56). In other words, the GMO
without the herbicide was also harmful in every respect.
Pituitary disease was up more than 2 fold in females and
liver and kidney diseases up 1.5 to 2 fold in males on GM
maize alone.
2. A Danish farmer found excessive illnesses and deaths in
his pigs fed GM soy meal including chronic diarrhoea, birth
defects, reproductive problems, bloating, stomach ulcers,
weak and smaller piglets, and reduced litter size. These
were entirely reversed when he put them on a GM-free
diet [13] (GM Soy Linked to Illnesses in Farm Pigs, SiS 55).
3. A meta-analysis pooling all available data on 19 feeding
trials carried out for 90 days on GM soybean and maize,
both glyphosate tolerant and Bt crops representing 83 %
of commercialized GMOs, found significant disruption of
liver and kidney functions [14, 15] (GM Feed Toxic, New
Meta-Analysis Confirms, SiS 52).
4. Professor emeritus Don Huber at Purdue University
warned of “pathogen new to science” associated with
glyphosate tolerant GM crops and livestock fed on them,
causing unprecedented deaths and infertility [16, 17]
(Emergency! Pathogen New to Science Found in Roundup
Ready GM Crops and Scientist Defends Claim of New
Pathogen Linked to GM Crops, SiS 50).
5. Between 2005 and 2006, senior scientist Irina Ermakova
at the Russian Academy of Sciences reported that female
rats fed glyphosate-tolerant GM soybeans produced
excessive numbers of severely stunted pups and more
than half of the litter dying within three weeks, while the
surviving pups were completely sterile [18, 19] (GM Soya
Fed Rats: Stunted, Dead, or Sterile, SiS 33).
6. Between 2004 and 2005, hundreds of farm workers and
cotton handlers in Madhya Pradesh, India, reported allergy
symptoms from exposure to Bt cotton containing Cry1Ac
or both Cry1Ac and Cry1Ab proteins [20] (More Illnesses
Linked to Bt Crops, SiS 30).
different strains of the soil bacteria Bacillus thuringiensis expressed
in many GM crops, (reviewed in Chapter 2), while the multiple toxicities and carcinogenicity of glyphosate herbicides, heavily used with
glyphosate tolerant GM crops, are no longer in doubt (reviewed in
Chapter 1). There remains a range of hazards that are not so easily
identified, even though evidence exists for most, if not all of them
in the scientific literature. These are due to the unpredictability and
uncontrollable nature of the genetic modification process itself (Table 1, category 1), which can activate or inactivate genes, scramble
genomes, create new proteins, new nucleic acids, new metabolites,
and others due to the transgenic DNA and its instability (Table 1 category 3), of horizontal gene transfer - the direct transfer of DNA into
the genomes of cells - from the GMO to all other species interacting
with the GMO.

4. Transgene instability & the illegality of GMOs

Since the 1990s, some of us have raised the possibility of unintended
secondary horizontal gene transfer from GMOs released into the
environment with detailed reviews and reports, many of which were
sent to our regulators [37-40] (Gene Technology and Gene Ecology
of Infectious Diseases, ISIS scientific publication; Horizontal Gene
Transfer - The Hidden Hazards of Genetic Engineering, ISIS/TWN
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7.

8.

9.

10.

11.
12.

13.

14.
15.

Between 2005 and 2006, thousands of sheep died after
grazing on Bt cotton crop residues in four villages in the
Warangal district of Andhra Pradesh in India [21] (Mass
Deaths in Sheep Grazing on Bt Cotton, SiS 30).
In 2005, scientists at the Commonwealth Scientific and
Industrial Research Organization in Canberra Australia
tested a transgenic pea containing a normally harmless
protein in bean (alpha-amylase inhibitor 1), and found it
caused inflammation in the lungs of mice and provoked
sensitivities to other proteins in the diet [22, 23] (Transgenic Pea that Made Mice Ill, SiS 29).
From 2002 to 2005, scientists at the Universities of Urbino,
Perugia and Pavia in Italy published reports indicating that
GM-soya fed to young mice affected cells in the pancreas,
liver and testes [24-28].
In 2003, villagers in the south of the Philippines suffered
mysterious illnesses when a Monsanto Bt maize hybrid
containing Cry1Ab protein came into flower; antibodies to
the Cry1Ab protein were found in the villagers, there have
been at least five unexplained deaths and some remain ill
to this day [29] (GM Ban Long Overdue, SiS 29).
In 2004, Monsanto’s secret research dossier showed that
rats fed MON863 GM maize containing Cry3Bb protein
developed serious kidney and blood abnormalities [30].
Between 2001 and 2002, a dozen cows died in Hesse Germany after eating Syngenta GM maize Bt176 containing
Cry1Ab/Cry1Ac plus glufosinate-tolerance; and more in the
herd had to be slaughtered from illnesses [31] (Cows Ate
GM Maize & Died, SiS 21). In 2012, biotech giant Syngenta
was criminally charged with denying knowledge it had
since 1996 that its GM maize kills livestock during a civil
court case brought by the farmer that ended in 2007 [32]
(Syngenta Charged for Covering up Livestock Deaths from
GM Corn, SiS 55) (see Figure 5).
In 1998, senior scientist Arpad Pusztai and colleagues formerly of the Rowett Institute in Scotland reported damage in every organ system of young rats fed GM potatoes
containing snowdrop lectin, including a stomach lining
twice as thick as controls [33].
Also in 1998, scientists in Egypt found similar effects in the
gut of mice fed Bt potato containing a Cry1A protein [34].
In 2002, Aventis company (later Bayer Cropscience) submitted data to UK regulators showing that chickens fed
glufosinate-tolerant GM maize Chardon LL were twice as
likely to die compared with controls [35] (Animals Avoid
GM Food, for Good Reasons, SiS 21).

report; GM DNA Does Jump Species, SiS 47; Scientists Discover New
Route for GM-gene ‘Escape’, SiS 50). At first the regulators and GM
proponents denied that horizontal gene transfer could happen at
all, or the probability is so tiny as to be practically zero [5]. Later,
when it became clear from molecular genetic analyses that rampant
horizontal gene transfer has taken place in the course of evolution
and in recent times, they said horizontal gene transfer is a natural
process, and therefore no need to worry; and anti-GM is just antiscience (see for example [41]).
But there is nothing natural about genetic modification done in
the laboratory. First, it is nothing if not facilitated, greatly enhanced
horizontal gene transfer, but without the precision and finesse of
the natural process. It relies on making unnatural GM constructs that
are designed to cross species barriers and to jump into genomes, and
aggressive promoters to force the GMO to express the transgene.
Second, genetic modification enables genes to be transferred
between species that would never have exchanged genes otherwise: thus, DNA from species living on opposite sides of the globe
can be recombined; and genetic material from species that have
been extinct for tens or hundreds of thousand years can nevertheless be transferred to living species. Third GM constructs tend to be
unstable, and hence, more prone to further horizontal gene transfer
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Figure 5 Cows ate Syngenta’s GM maize and died; Syngenta criminally charged for covering up livestock deaths since 1996

Table 1 Hazards of GMOs
1. Uncontrollable, unpredictable impacts on safety due to the
genetic modification process*
Scrambling the host genome*
Widespread mutations*
Inactivating genes*
Activating genes*
Creating new transcripts (RNAs) including those with
regultory functions*
Creating new proteins*
Creating new metabolites or increasing metabolite to toxic
levels*
Activating dormant viruses*
Creating new viruses by recombination of viral genes in GM
insert with those in the host genome*
2. Toxicity of transgene protein(s) introduced (intentionally or
otherwise)
Transgene protein toxic*
Transgene protein allergenic or immunogenic*
Trangenic protein becoming allergenic or immunogenic due
to processing*
Unintended protein created by sequence inserted may be
toxic or immunogenic
3. Effects due to the GM insert and its instability*
Genetic rearrangement with further unpredictable effects*
Horizontal gene transfer and recombination*
Spreading antibiotic and drug resistance*
Creating new viruses and bacteria that cause diseases
Creating mutations in genomes of cells to which the
GM insert integrate including those associated with
cancer*
4. Toxicity of herbicides used with herbicide tolerant GM crops*
*Documented in scientific literature

Transgenes tend to be
integrated into gene-rich regions
after it has integrated into the genome. This has been documented
in a study comparing herbicide tolerance in a transgene with the
same trait from a mutation [42]. The transgene was up to 30 times
more likely to escape and spread to neighbouring plants, and the
most likely reason is via horizontal gene transfer.
The clearest evidence for the instability of GM constructs is
transgene instability, the tendency for the transgenes not just to become silenced in transgenic lines, but to rearrange or become lost in
successive generation. Transgene instability is an open secret buried
under the permissive regulatory carpet.
In 2003, independent scientists characterized the GM insert in
all the commercially approved transgenic lines in Europe, and found
every one of them had undergone rearrangement [43] (see [44]
Transgenic Lines Proven Unstable, SiS 20). According to European
Directive 2001/18/EC, that would make them illegal, as they were
not the ‘event-specific’ lines originally characterised and approved
for commercial release [45] (Unstable Transgenic Lines Illegal, SiS
21). Event-specific characterisation and risk assessment is important because the transgenic process is utterly uncontrollable and
unpredictable. The properties of the transgenic line depend entirely
on where and in what form the transgenic DNA has landed and the
collateral damage done to the genome in the event. Consequently,
even-specific characterization is essential as well as data confirming
that the transgenic line derived from the event is genetically stable.
Transgene instability makes a mockery of the risk assessment
process, because any change in transgene expression, or worse,
rearrangement or movement of the transgenic DNA insert(s) would
create another transgenic plant different from the one that was
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characterized and risk assessed. And it matters little how thoroughly
the original characterization and risk assessment may have been
done. I raised the issue with the European authority, to no avail.
Later analyses of one of the lines indicated further rearrangements
have taken place [46, 47] (see [48, 49] MON810 Genome Rearranged Again, Transgenic Lines Unstable hence Illegal and Ineligible
for Protection, SiS 38). MON810 was analysed again a few year later
and confirmed to have a different insertion site as well as new mRNA
transcripts representing fusion proteins between cry1A transgene
and host genome sequences, adding 2 or 18 amino acids to the Cry1A
protein [50].
The legislature should take note: unstable transgenic lines are
illegal. Not only should they not be still growing commercially, they
are also strictly ineligible for patent protection. According to a
review published in 2004, the loss of transgenes during reproduction
occurs at a frequency of 10 to 50 % of transgenic plants, regardless of
how they are produced [51]. Transgene instability appears to depend
on the nature; of the transgene, the host genome, and the site of
integration, and not on the transformation method. There may be

These ‘ hotspots’ for integration
may be sites that tend to be
exposed and break more often,
and hence also hotspots for disintegration.
integration hotspots in the genome that are inevitably also disintegration hotspots, as revealed by experiments in ‘gene therapy’ [52]
(Gene Therapy Risks Exposed, SiS 19) in human cells, and confirmed
in large scale analysis of transgenic integration in plants [53] and in
the common carp [54].
In plants, transgene integration sites resulting from all transformation systems (except for homologous recombination) exhibit
short sequence homologies between the integrated transgenic DNA
and flanking genomic sequences of 1 to 8 bp, and between the rearranged transgene fragments [53]. Transgenes tend to be integrated
into gene-rich regions, and reduced in the centromere regions of
chromosomes. They also show propensity for AT-rich regions and at
transitions between normal base composition to a poly-T or A-rich
region. These ‘ hotspots’ for integration may be sites that tend to
be exposed and break more often, and hence also hotspots for disintegration. Another reason for transgenic instability is the genetic
modification process itself, which may destabilise the genome by
causing genome scrambling and chromosomal abnormalities.
Transgene instability is now widely reported in the scientific
literature, and some examples are given below.
Apple cultivars were transformed using Agrobacterium vector
to increase resistance to diseases like powdery mildew, apple scab
and fire blight [55]. A total of 64 plants of 15 different transgenic
apple lines were transferred to the greenhouse, half of them grown
as own rooted trees, and half grafted in different non-transgenic
scion-rootstock. When tested after an unspecified time, 22 of the
plants (34 %) lost one or both genes. In the rest, four plants did not
express the antibiotic marker gene, one had lost its promoter and in
other three, the promoter was silenced (not functional). In a second
experiment, 26 lines carrying the attacin E gene from Hyalophora
cecropia, the b-glucuronidase (gus) gene and the nptII gene were
propagated vegetatively in vitro without selective agents for 4 years
(50 generations) and then analysed [56]. Neither expression nor
integration remained stable in some lines, differences were found
between plants of a single line and several plants were chimeras of
expressing and non-expressing cell clones. For example, twenty-
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Figure 6 Horizontal gene transfer connects all kingdoms in evolution, Doolittle,
1999.

three lines kept all three genes (at least in some of the plants). One
line lost gusA and two lines lost all genes. Low levels of nptII expression were found in 12 lines, increased expression in 10 lines and only
two had the same level of protein expression. Stable expression of
gus was found in eight lines, though some plants were mosaics of
cells that expressed the gene and cells that did not, Two lines had no
activity at all, even though one had the gene.
Researchers in Brazil identified a remarkable systematic elimination of transgenes [57]. A bean (Phaseolus vulgaris L.) line was
obtained by particle bombardment with plasmid pMD4 containing
the gus gene and the rep-trap-ren genes from bean golden mosaic
geminiviru, both under the control of the CaMV (cauliflower mosaic
virus) 35S promoter, to make it immune to the golden mosaic geminivirus. A soybean line was transformed with another plasmid pAG1
that contains a different combination of genes: the gus gene under
the control of the act2 promoter and the ahas (acetohydroxyacid
synthase) gene under the control of its promoter from Arabidopsis
thaliana. In both, the transgenes were stable during the vegetative
phase, but were eliminated during meiosis, the cell division that
makes germ cells.
The transgenic bean line contains at least 3 copies of the
transgenes integrated at three separate loci (sites). None of the
copies were transferred to the progeny by self-crossing or crosses
to untransformed plants. Not a single progeny plant inherited any
transgene. This phenomenon was systematically repeated for over
two years in plants propagated by grafting (20 progenies of more
than 300 plants from self-pollination, and 10 progenies of more than
100 plants from crosses to untransformed plants).
Analysis of the host genome flanking the transgene inserts revealed that one integrated plasmid disrupted a ribosomal RNA gene
while another was integrated into a sequence with no significant
homology to known sequences. The third integrated sequence could
not be isolated because it lacked the necessary plasmid sequence.
The same phenomenon occurred in the soybean transgenic line.
The instability of the transgenic insert implies that it can jump
out and insert at another place in the same genome, or it can transfer horizontally to the genome of cells in all organisms exposed to
the GMO.
There is no doubt that transgenic DNA is far from natural for
reasons already given, and all the indications are that it can spread
more easily (see Box 2, adapted from [7]). I shall deal more substantially with horizontal gene transfer and specific elements of the
GM constructs, the CaMV 35S promoter and Agrobacterium T-DNA
vector in later sections.

6. Horizontal gene transfer from GMOs does happen

There is plenty of evidence that transgenic DNA can transfer from
plant to bacteria in the laboratory, as noted by the European Food
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Box 2
Transgenic DNA more likely to spread horizontally
1. Transgenic DNA is designed to jump into genomes,
often through viral or bacterial plasmid vectors that can
integrate into genomes.
2. Transgenic DNA tends to be structurally unstable and
hence prone to break and join, giving rise to numerous deletions, duplications, and other rearrangements
during the transformation process, which spread into
the host genome; and this is in part responsible for the
instability of transgenic varieties [46-57] (see main text).
3. The mechanisms that enable transgenic constructs to
jump into the genome enable them to jump out again
and reinsert at a different site or into another genome.
4. The borders of the most commonly used vector for
transgenic plants, the T-DNA of Agrobacterium, are
recombination hotspots (sites that tend to break and
join). In addition, a recombination hotspot is also associated with the CaMV 35S promoter and many terminators, which mean that the whole or parts of the integrated transgenic DNA will have an increased propensity for
secondary horizontal gene transfer and recombination
(see later in main text).
5. The Agrobacterium vector and the bacteria remaining
in transgenic plants is a vehicle for gene escape and can
transfer genes into many bacteria as well as into human
cells (see main text).
6. Transgenic constructs tend to integrate at recombination hotspots in the genome, which again, would
increase the chances that they will disintegrate and
transfer horizontally [52-54].
7. Transgenic DNA often has other genetic signals, such
as the origin of replication left over from the plasmid
vector. These are also recombination hotspots, and in
addition, can enable the transgenic DNA to be replicated
independently as a plasmid that is readily transferred
horizontally among bacteria and other cells.
8. The metabolic stress on the host organism due to the
continuous over-expression of transgenes linked to aggressive promoters such as the CaMV 35S promoter will
increase the instability of the transgenic DNA, thereby
facilitating horizontal gene transfer
9. Transgenic DNA is typically a mosaic of DNA sequences
copied from many different species and their genetic
parasites; these homologies mean that it will be more
prone to recombine with, and successfully transfer
to the genomes of many species and their genetic
parasites. Homologous recombination typically occurs
at one thousand to one million times the frequency of
non-homologous recombination, and short homologous
sequences could act as anchors for acquiring non-homologous sequences (see main text).
Safety Authority (EFSA) only relatively recently [58], just as it is
well-known that transgenic DNA can persist in debris and residues
in the soil long after the GM crops have been cultivated. But EFSA,
like other regulatory agencies, has persistently denied that horizontal transfer of transgenic DNA can happen in the field or anywhere
outside the laboratory. Even though phylogenetic studies have
documented rampant cross-kingdom horizontal gene transfers in
the course of evolution (Figure 6).
Geneticists at the University of Oldenburg in Germany demonstrated that while horizontal transfer of similar sequences (by
homologous recombination) is the rule in bacteria, the horizontal
transfer of non-homologous DNA also occurs at relatively high
frequencies when a homologous DNA ‘anchor sequence’ is present,
which can be as short as 99bp [59]. This certainly applies to transgenic DNA, which consists of viral, bacterial and other sequences
cobbled together. In a review published in 2004, at least 87 species

of naturally transformable bacteria was listed [60] – these are bacteria that can take up and integrate foreign DNA into their genome
- representing 2 % of all known species. The authors pointed out that
transgenic DNA can spread not only via the roots and plant debris,
but also via pollen drift into fields that had never cultivated GM
crops. They even developed a bio-monitoring technique for detecting transgenic DNA based on transformation of a competent strain
of bacteria that depends on double cross-over (breaking and joining)
event between the transgenic DNA and the bacterial chromosome,
a theoretically much rarer event than a single cross-over. Nevertheless, the bio-monitoring technique is at least as sensitive as a routine
polymerase chain reaction (PCR) for detecting minute amounts of
specific DNA, indicating that horizontal transfer of transgenic DNA is
not a rare event. This conflicts with the irrational conclusion in the
same review that [60], “each of the many steps involved from the
release of intact DNA from a plant cell to integration into a prokaryotic genome has such a low probability that a successful transfer
event [is] extremely rare.”
Researchers at Cardiff University in the UK have confirmed
that horizontal transfer of transgenic DNA occurs at readily detectable levels using a similar system [61]. In sterile soil microcosms,
transformation was detected using pure plant DNA at 3.6 x 10-8
and in ground up leaves at 2.5 x 10-11 transformant per recipient; for
non-sterile soil using pure plant DNA, the frequency was 5.5 x 10-11
transformant per recipient.
However, it is very likely that transformation frequencies are
routinely underestimated, as the overwhelming majority of natural
bacteria cannot be cultured in the lab. Using methods that restore
function to a green fluorescent protein transgene so the transformed bacteria can be seen without the need to culture and select
for them, researchers were able to detect transfer of plant DNA to
bacteria directly on the surface of intact leaves as well as on rotting, damaged leaves [62, 63]. Rotting and damaged leaves release
nutrients that promote bacterial growth, and bacteria that can take
up foreign DNA are at their most receptive (competent) state for
horizontal gene transfer during exponential growth, thus ‘opportunistic’ hotspots for transfer of plant DNA to bacteria are present
in plant material infected with pathogens. The experiment amply
confirms that horizontal gene transfer in the field happens at much
higher frequencies than previously supposed.
Antibiotic marker genes are routinely used to make GMOs as
they offer a convenient way of selecting for cells that have taken
up the GM DNA. A major concern is the spread of these antibiotic
resistance genes by horizontal gene transfer to bacterial pathogens,
making infections untreatable. However, there has been few if
any proper studies that monitor the spread of antibiotic resistance
genes from GM crops released into the environment until recently.
A study in China found the antibiotic resistance marker gene, blá, for
ampicillin resistance in all 6 of China’s major rivers [64] (see [65] GM
Antibiotic Resistance in China’s Rivers. SiS 57); sequencing confirmed
that the gene is a synthetic version derived from a lab and different
from the wild type. It is the same as the version present in numerous GM crops released in China commercially or in field trials. The
blá gene confers resistance to the most common class of antibiotics called β-lactams, which includes besides ampicillin (a -lactam),
the penicillin derivatives (penams), cephalosporins (cephems),
monobactams, and carbapenems. The researchers suggested that
horizontal gene transfer of genetically engineered plasmids to
microbes in the soil or from lactic acid bacteria to human and animal
gut microbes is a likely consequence of the pollution of river water,
and may underlie the rise in antibiotic resistance in animals as well
as humans. This study again provides clear evidence that horizontal
gene transfer from GMOs does happen, and very readily so.
Can GM DNA transfer to cells of animals feeding on the GMO?
Several studies have documented the survival of DNA in food/feed
throughout the intestinal tract in mice and pigs [66, 67 and references therein], in the rumen of sheep [68], and in the rumen and
duodenum of cattle [69]. There is also evidence dating from the
early 1990s that ingested DNA in food and feed can pass through the
intestinal wall and enter the bloodstream (reviewed in [70] (DNA in
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GM Food & Feed, SiS 23).
In the only feeding trial on human volunteers [71], a single meal
was given in a milk shake containing GM soya flour with about 3 x
1012 copies of the soya genome. The complete 2 266 bp of the epsps
transgene was recovered from the colostomy bag in six out of seven
ileostomy subjects, at levels ranging from a high of 1011 copies (3.7
%) in one subject to 105 copies in another. This is evidence that DNA
is not rapidly broken down in the gastrointestinal tract, confirming
earlier results from the same research group. Further, in three of the
seven ileostomy subjects, about 1 to 3 per million bacteria cultured
from the contents of the colostomy bag were positive for the GM
soya transgene, showing that horizontal transfer of transgenic DNA
had occurred, either before the single meal was taken, as claimed, or
else as the result of the single GM soya meal, a possibility that cannot be ruled out [70]. Interestingly, no bacteria were found to have
taken up non-transgenic soya DNA, despite the fact that non-transgenic soya DNA is vastly more abundant than the transgenic DNA,
and humans have been exposed to non-transgenic soya DNA for
millennia. This is the clearest indication that transgenic DNA is much
more readily transferred for reasons given in Box 2.
The transfer of transgenic DNA demonstrated in the single human trial is just the tip of the iceberg, it shows how readily transgenic DNA, including antibiotic resistance genes, can transfer to
bacteria, especially in the gastrointestinal tract. The gastrointestinal
tract is a hotspot for horizontal gene transfer as successive reviews
have made clear [72, 73].
Gene transfer from a GM probiotic in the bird gut is much higher
than the rates observed by culturing the bacteria on a petri-dish
[72], basically because the latter method depends on the diversity
of bacteria being able to grow in culture at the same time. Besides,
anaerobic bacteria make up 99 % of human gut flora, and these will
not grow at all in ordinary culture. Organisms residing in the gastrointestinal tract are thought to be reservoirs of antibiotic resistance
and virulence genes. Studies using simulated ileum of the pig gut
provided clear evidence that antibiotic resistance could be transmitted between resident and pathogenic members of the Enterobacteriaceae passing through the gut [73].
Gene transfer in the colon has been found in Bacteriodes species. Frequently, the environment of the gut is exposed to low levels
of antibiotics used as therapeutic agents, growth promoters, or as
contaminants in food. Antibiotics have been shown to stimulate the
transfer of mobile genetic elements such as conjugative transposons
(jumping genes involved in conjugation, a process whereby bacteria
exchange genes via cell contact) and genomes of bacterial viruses
which also reside in the bacterial genome. The mouse gut enabled a
shiga toxin 1(Stx1)-encoding phage (bacteria virus) to be transmitted
between two E. coli strains and produce infectious virions capable of
infecting yet other E. coli strains in the gut.
The rumen is the first ‘stomach’ of cattle, sheep and goats,
where high-fibre plant materials are digested by a microbes, both
prokaryotes and eukaryotes, providing a great opportunity for
horizontal gene transfer [73]. Transfer of antibiotic resistance in the
rumen was first documented in sheep in the 1970s, and since then
indirect evidence has mounted for rumen transfer events, with the
protozoa in the rumen playing an important role in facilitating gene
transfer between bacteria inhabiting the rumen [74].
We have reported [36] on how free DNA survives for a considerable period of time in saliva and was able to transfer to Streptococcus gordonii, a natural inhabitant of the mouth; so horizontal gene
transfer is likely to start right away in the mouth [72].
All the more so, as foods such as ultra-heat treated milk, cacao
drink and tomato juice were found to support horizontal gene
transfer when external DNA was added along with bacteria [75]. The
highest transformation frequencies of E. coli occurred in milk, soy
drink, tomato and orange juice, and DNA was released and taken up
by E. coli under food processing conditions.
Evidence is emerging that genomes of higher plants and animals
may be softer targets for horizontal gene transfer than genomes
of bacteria. We have been warning of this possibility at least since
2001, when experiments in ‘gene therapy’- making transgenic human
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cells - were demonstrating how easy it is for transgenic constructs
to be taken up by human and animal cells [76] (SLIPPING THROUGH
THE REGULATORY NET: ‘Naked’ and ‘free’ nucleic acids, ISIS/TWN
report). Similarly, information from transgenic Arabidopsis and rice,
with sequenced genomes, and the huge amounts of relic viruses,
transposons, retroelements, and chloroplast and mitochondrial
DNAs found in these and other sequenced genomes are persuading
geneticists that [51]: “nuclear genomes of plants, like those of other
eukaryotes, are promiscuous in integrating nonhomologous DNA.”
We have spelt out what such consequences could be [76]: insertion mutations including cancer, activation of dormant viruses, and
recombination with viral sequences in the genome to generate new
viruses; all of which have been demonstrated in gene therapy experiments. Further evidence will be described at the end of this chapter.

7. Hazards of the CaMV 35S promoter

A scientist from EFSA (European Food Safety Authority) belatedly
discovered that major GM crops and products the regulatory agency
has been approving for commercial release over the past 20 years
contain a potentially dangerous virus gene. The gene – Gene VI overlaps with the CaMV 35S promoter, the most widely used for
driving gene expression in GM crops. This momentous discovery
was published [77] in a little known journal. It would have passed
unnoticed had it not caught the attention of Jonathan Latham and
Alison Wilson of Independent Science News, who carried out a proper
retrospective risk assessment on the Gene VI fragment, showing
that the gene product is toxic to plants probably through, among
other things, the inhibition of gene silencing, a necessary function
universal to plants and animals (see later); hence it is also likely to
be toxic to animals including humans (see [78, 79] Hazardous Virus
Gene Discovered in GM Crops after 20 Years and Potentially Dangerous Virus Gene Hidden in Commercial GM Crops, SiS 57). They called
for all GM crops containing CaMV 35S and similar viral promoters to
be withdrawn.
This is not the first time that the safety of CaMV 35S promoter is
being questioned.
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ISIS first raised concerns over the CaMV 35S and similar promoters in a paper published in the journal Microbial Ecology in Health and
Disease in 1999 [80] (Cauliflower Mosaic Viral Promoter - A Recipe
for Disaster?) when the promoter was discovered to have a recombination (fragmentation) hotspot. We argued this would enhance
unintended horizontal gene transfer and recombination, and in the
process create new viruses or activate old ones, and trigger cancer
in animal cells by ‘insertion carcinogenesis’. The CaMV 35S promoter
was known to be highly promiscuous in being able to function in
most if not all species across the living world (including human cells,
as it turned out). To make matters worse, many synthetic versions
of the promoter have been constructed with additional enhancers
for gene expression and sequences from other sources, all of which
increase its instability (tendency to fragment) as well as its ability to
drive inappropriate gene expression. (We also reported the overlap
of the 35S promoter with Gene VI, so this knowledge must have
been widely known, although its safety implications were not obvious, at least to us.)
As a precautionary measure, we strongly recommended that all
transgenic crops containing CaMV 35S or similar promoters should
be immediately withdrawn from commercial production or open
field trials.
Our first paper brought a swift reaction. Within two days of its
being published online, someone managed to solicit at least nine
critiques, including one from Monsanto, which were posted on a
website funded by the biotech industry and widely circulated on
the internet. The critiques varied in tone from moderately polite to
outright abusive. We wrote a detailed rebuttal, which was likewise
circulated and posted to the same website, and have not received
any replies from our critics since. But in January 2000, Nature Biotechnology published a distorted, one-sided and offensive account of
our paper, concentrating on the criticisms and ignoring our rebuttal
completely, which we published in the same journal that carried the
first paper[81] (Hazards of Transgenic Plants Containing the Cauliflower Mosaic Viral Promoter).
It is significant but sad that regulators have denied any risk
posed by gene VI in exactly the same way they argued against the
dangers posed by the recombination hotspot in the CaMV 35S promoter. The first objection is that humans have been eating the CaMV
for millennia without ill effects (if indeed people ate virus-infected
vegetables); the second is that the CaMV 35S promoter is only active
in plants and certainly not in animal or human cells.
Our rebuttal to the first objection is that the intact CaMV,
consisting of the CaMV genome wrapped in its protein coat, even
if eaten, is not infectious for human beings or for other non-susceptible animals and plants, as is well-known; for it is the coat that
determines host susceptibility in the first instance. However, the
naked or free viral genomes (and parts thereof) are known to be
more infectious and have a wider host-range than the intact virus.
Furthermore, the synthetic CaMV 35S promoters are very different
from the natural promoters, often with extra sequences added, and
are both much more aggressive as promoters driving inappropriate
gene expression as well as more prone to fragment and recombine.
The second objection - that CaMV 35S is not active in animals
and human cells - is simply false as we discovered in the scientific
literature dating back to 1989, and pointed this out in a third report
[82] (CaMV 35S promoter fragmentation hotspot confirmed, and it is
active in animals ). The CaMV 35S promoter supported high levels of
reporter gene expression in mature Xenopus oocytes [83] and gave
very efficient transcription in extracts of nuclei from HeLa cells (a
human cell line) [84].
What of our original concern over the CaMV 35S promoter
activating viruses in host genomes? There is new evidence suggesting that the CaMV 35S promoter may enhance the multiplication
of disease-associated viruses including HIV and cytomegalovirus
through the induction of proteins required for transcription of the viruses [85] (New Evidence Links CaMV 35S Promoter to HIV Transcription, ISIS scientific publication).
These known hazards of the CaMV 35S promoter are in addition
to those due to gene VI; which fully justifies our original recommen-

dation for a total recall of the affected GM crops.

8. Hazards of Agrobacterium vector

In 2010, scientists at Bristol University in the UK announced the [86]
“discovery of a previously unknown route” whereby “GM genes
may escape into the natural environment.”
The “escape” referred to is horizontal gene transfer. The
researchers showed that plant wounds that could be created by
insect bites, abrasion and other mechanical damage, are hotspots
for gene trafficking due to the wound hormones produced by the
plant. Under such circumstances, the soil bacterium Agrobacterium tumefaciens, which causes crown gall disease in plants, could
expand its host range to infect fungi, and insert foreign genes into
the fungi’s genome [87]. This has large implications on the safety of
GMOs already widely released into the environment, according to
the authors. It turns out that their discovery is nothing new.
A. tumefaciens causes crown-gall disease in plants, a tumour-like
growth or gall on the infected plant, accompanied by the transfer
of a DNA segment (T-DNA) from the tumour-inducing (Ti) plasmid
of the bacterium. It is probably unique among natural plant pathogens in carrying out trans-kingdom horizontal gene transfer during
an infection. And it is this ability that has been widely exploited for
creating GM crops (Figure 7). But this was a big mistake, as I shall
explain.
In the 1990s, it was shown that the range of organisms transformed by Agrobacterium could be extended if the wound hormone
acetosyringone was used to induce the virulence (disease causing)
system.
The researchers at Bristol University reasoned that as A. tumefaciens is a soil-dwelling pathogen that often infects plants through
wounds, it is conceivable that the bacterium could encounter numerous species of microorganisms, including pathogenic fungi that use
the same method to gain entry into the plant. The wound sites are
likely to be exuding wound hormones such as acetosyringone, so
the bacteria are primed for T-DNA transfer to the other species.
For their investigations, they used the wilt-causing fungus Verticillium albo-atrum, a strong candidate for encounters with Agrobacterium in the plant, as it has a similarly wide host range, infecting
both root and crown. Previous lab experiments have shown that V.
albo-atrum cannot be transformed by Agrobacterium in the absence
of acetosyringone. So, if it is presented with Agrobacterium on plant
tissue, and transformation does occur, it must be the plant that supplies the wound hormone.
Successful transformants of V. albo-atrum were obtained at high
frequencies in every kind of plant tissue: 2 out of 17 potato slices, 1
out of 15 carrot slices; 14 out of 42 dishes each with 3-5 leaf pieces,
and 10 out of 31 stem sections. The transformants were confirmed
by molecular genetic analyses.
The researchers concluded [87]: “This work therefore raises
interesting questions about whether the host range of A. tumefaciens in nature is greater than just plants. It is possible that evidence
of such events could be looked for retrospectively in the increasing
number of genome sequences becoming available....
“In addition, the result may well have implications for the risk
assessment of GM plants generated via Agrobacterium-mediated
transformation, as Agrobacterium can survive within plant tissue
through transformation and tissue culture and can therefore be
found within regenerated transgenic plants...”
This is an understatement of a serious risk that has been known
almost since the first release of Agrobacterium-transformed GMOs
into the environment. The risks are far greater than stated.
By the late 1990s, the Agrobacterium vector system became
very widely used (see Figure 8), and many GM crops created were
commercially released. Scientists at the Kinsealy Research and Development Centre in Dublin, Ireland, and the Scottish Crop Research
Institute in Dundee, Scotland, were concerned that the inserted
genes in plants would spread to wild populations by cross-pollination or by horizontal gene transfer to unrelated species, which was
by then well-documented in the scientific literature.
The researchers considered it “imperative” to address the risk
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Figure 7 Agrobacterium is a promiscuous trans-kingdom gene transfer vector, from keyhani.ifas.ufl.edu

posed in using Agrobacterium as a tool in genetic engineering [88,
89], given its ability to transfer genes to other plants.
The transformation procedure involves inoculating the cells or
tissue explants with the Agrobacterium vector system (consisting of
the genetically modified Agrobacterium and its binary vector) and
co-cultivation of the plant cells and bacteria for a short period, followed by the elimination of the bacteria with antibiotics.
However, if all the bacteria were not eliminated, then “release
of these plants may also result in release of the Agrobacterium [with
the foreign genes]”, which will serve as a vehicle for further gene
escape, at least to other Agrobacterium strains naturally present in
the soil in the first instance.
Although various antibiotics have been used to eliminate
Agrobacterium following transformation, the researchers stated
that “very few authors actually test to ensure that the antibiotics
succeed.”
Moreover, the Agrobacterium can remain latent within the plant
tissue. So putting transgenic plant material into culture medium
without antibiotics and finding no Agrobacterium is no guarantee
that the transgenic plant is free of it, as was often assumed.
In their study, they investigated the ability of antibiotics to
eliminate Agrobacterium tumefaciens after transformation in three
model systems: Brassica (mustard), Solanum (potato), and Rubus
(raspberry). The antibiotics carbenicillin, cefataxime and ticaracillin
were used respectively to eliminate the bacterium at four times the
minimum bactericidal concentration, as recommended. They found
that none of the antibiotic succeeded in eliminating Agrobacterium.
The contamination levels increased from 12 to 16 weeks to
such an extent that transgenic Solanum cultures senesced and died.
Contamination in shoot material decreased over 16 to 24 weeks possibly because only the apical node was used in further culture, but
even that did not eliminate Agrobacterium from all the samples; 24 %
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cefataxime and ticaracillin were
used respectively to eliminate
the bacterium at four times
the minimum bactericidal
concentration, as recommended.
They found that none of
the antibiotic succeeded in
eliminating Agrobacterium
remained contaminated at 24 weeks.
The binary vector was also present under non-selective conditions up to 6 months after transformation, where approximately 50
% of contaminated material still harboured bacterial cells with the
binary vector at high levels of about 107 colony forming units per
gram. The researchers pointed out: “Here is where the possibility of
gene escape arises. The presence of the disarmed Agrobacterium in
the tissue would not be a problem if the binary vector had been lost,
but now its survival and spread are real possibilities.” The binary vector contains the foreign genes as well as antibiotic resistance marker
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Figure 8 The Agrobacterium binary vector system consisting of the modified Ti plasmid with the T-DNA deleted, but with virulence genes vir required for infection
and oriV for origin of replication), and a mini Ti consisting of the right and left borders (RB and LB) of T-DNA, between which the transgenes are inserted, a kanamycin resistance marker gene kanr, and genetic signals ori (origin of replication) for replicating the mini Ti, and bom (basis of mobilization) required for transfer of the
miniTi into plant cells, from keyhani.ifas.ufl.edu

gene(s).
There is no limit to the foreign genes that can be inserted into
the binary vector. A few years earlier, a research group in Israel had
inserted a viroid that causes disease in citrus fruits into the disarmed
Ti plasmid of Agrobacterium and used that to infect and transform
several plant species including tomato (Lycopersicon esculentum) Gynura aurantiaca, avocado (Persea americana), and grapefruit (Citrus
paradisi) grafted on Troyer citrange (Pancirus trifoliate x C. sinensis)
[90]. Extracts prepared from tissues of the infected plants 38-90
days after inoculation were plated on selective media and found to
contain large amounts of the engineered bacteria.
The researchers warned of “newly formed combinations of persistently transmitted viruses” coupled with “the opportunistic and
systemically moving Agrobacterium vector infectious to a wide host
range might eventually cause infection and damage to crop plants or
natural vegetation” that are “not presently visited by the traditional
vectors of the virus disease.”
In other words, Agrobacterium persisting in transgenic plants
released into the environment has the potential to spread newly
created viral diseases, and to plants that normally would not be
infected by the disease agents. At the time, the researchers did not
know that Agrobacterium would also infect animals and humans,
and could spread new diseases to them as well (see below).
Have these warnings been heeded by other researchers? There
is no evidence they have been taken on board. Agrobacterium has
since been shown to transform at least 80 different non-plant species including yeasts and other fungi, algae, mammalian and human
cells, also the gram positive bacterium Streptomyces lividans. A
review published in 2008 stated [91]: “Future research has to show

whether Agrobacterium-mediated transformation contributed to
horizontal gene transfer between microorganisms in the rhizosphere.”
We have repeatedly drawn attention to this possibility, most
recently in 2011 [40] and before that, in 2010 [39] and in 2008 [92]
(Horizontal Gene Transfer from GMOs Does Happen, SiS 38); the
danger is even greater than envisaged by the early warnings in the
1990s.
In the gene transfer system based on A. tumefaciens, foreign
genes are spliced into the mini-T-DNA binary that ends up integrated
into the genome of the plant cell (see Fig. 8). But further investigations revealed that the process whereby Agrobacterium injects
T-DNA into plant cells strongly resembles conjugation, the natural
mating process between bacterial cells; and the crucial genetic signals are interchangeable [93].
Conjugation, mediated by certain bacterial plasmids requires a
sequence called the origin of transfer (oriT) on the DNA transferred.
All the other functions can be supplied from unlinked sources, referred to as ‘trans-acting functions’ (or tra).
It transpired that the left and right borders of the T-DNA are
similar to oriT, and can be replaced by it. Further, the disarmed
T-DNA, lacking the trans-acting functions (virulence genes that
contribute to disease), can be helped by similar genes belonging to
many other pathogenic bacteria.
That means transgenic plants created by the Agrobacterium
binary vector system have a ready route for horizontal gene escape,
via Agrobacterium, helped by the ordinary conjugative mechanisms
of many other bacteria that cause diseases, which are present in
the environment. I first pointed this out [94] in reviewing a book on
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horizontal gene transfer which contained all the key information on
the similarity between Agrobacterium’s gene transfer system and
bacterial conjugation, but still failed to sound the warning.
Agrobacterium not only transfers genes into plant cells; there is
possibility for retrotransfer of DNA from the plant cell to Agrobacterium [95]. High rates of gene transfer are associated with the plant
root system and the germinating seed, where conjugation is most
likely [96].
Finally, Agrobacterium attaches to and genetically transforms
several human cell lines [97, 98] (Common plant vector injects genes
into human cells ISIS News 11/12). In stably transformed HeLa cells (a
human cell line derived originally from a cancer patient), the integration of T-DNA occurred at the right border, exactly as would happen
when it is transferred into a plant cell genome. This suggests that
Agrobacterium transforms human cells by a mechanism similar to
that which it uses for transforming plants cells.
It is worth citing Joe Cummin’s comment on the scientific paper
[98]: “The paper shows that human cancer cells along with neurons
and kidney cells were transformed with the Agrobacterium T-DNA.
Such observations should raise alarm for those who use Agrobacterium in the laboratory.”
Cummins could have warned of exposure to Agrobacterium via
ordinary soil, especially those contaminated with genetically modified plant debris and Agrobacterium.
The possibility that Agrobacterium is a vehicle for horizontal
spread of transgenic DNA and the dangers of creating new pathogens remains unresolved to this day.
In 2008, Agrobacterium was linked to the outbreak of a strange
disease.

8.1 Agrobacterium & Morgellons disease

The Centers for Disease Control (CDC) in the United States launched
an investigation on ‘Morgellons disease’ in January 2008 [99, 100]
(see [101] Agrobacterium & Morgellons Disease, A GM Connection?,
SiS 38) after receiving thousands of complaints from people with
this bewildering condition described as an unexplained skin condition with a reported range of symptoms including crawling, biting
and stinging sensations; granules, threads, fibres, or black speck-like
materials on or beneath the skin, and/or skin lesions; in some cases
also fatigue, mental confusion, short term memory loss, joint pain,
and changes in visions.
Morgellons disease first became known in 2001, when Mary Leitao created a web site describing the illness in her young son, which
she named after a 17th century medical study in France describing
similar symptoms. Until then, people with Morgellons disease have
been diagnosed as cases of “delusional parasitosis”, in which the
symptoms are deemed entirely imaginary, and lesions allegedly due
to self-inflicted wounds.
In a paper [102] published in 2006, researchers from the Morgellons Research Foundation (which no longer exists) identified the
states of California, Texas and Florida as having the highest number
of cases of Morgellons disease in the United States, but all 50 US
states and 15 other nations, including Canada, the UK, Australia,
and the Netherlands, have reported cases of the disease. The two
main occupational groups reporting symptoms are nurses and
teachers, with nurses outnumbering teachers three to one. The risk
factor common to both groups was suspected to be a transmitted
infectious agent. Contact with soil or waste products appears to be
associated with the disease. Cases have been reported in cats and
dogs, as well as horses. The list of people registered with Morgellons disease totalled 12 106 worldwide, as recorded by Morgellons
Research Foundation on 12 April 2008. CDC’s investigation was to
be carried out in conjunction with Kaiser Permanente’s Northern
California Division of Research and the US Armed Forces Institute of
Pathology.
What finally prompted CDC to investigate the disease was probably the discovery in January 2007 of Agrobacterium DNA in fibres of
skin biopsies taken from Morgellons patients. The work was carried
out by a team that included Vitaly Citovsky, a professor of molecular
and cell biology at Stony Brook University in New York (SUNY), the
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very scientist who discovered Agrobacterium can transfer genes
to human cells [97]. The team took scanning electron microscope
pictures of the fibres in or extruding from the skin of patients suffering from Morgellons disease, confirming that they are unlike any
ordinary natural or synthetic fibres (Figure 9).
The team also analysed patients for Agrobacterium DNA. Skin
biopsy samples from Morgellons patients were subjected to highstringency polymerase chain reaction (PCR) tests for genes encoded
by the Agrobacterium chromosome and for Agrobacterium virulence
(vir) genes and T-DNA on its Ti plasmid. They found that “all Morgellons patients screened to date have tested positive for the presence of Agrobacterium, whereas this microorganism has not been
detected in any of the samples derived from the control, healthy
individuals.” Their preliminary conclusion is that “Agrobacterium
may be involved in the etiology and/or progression” of Morgellons
disease.
The unpublished findings, including electron micrographs, were
posted on a website in January 2007 that no longer exists. A brief
publication in Journal of Investigative Medicine reported the finding
of Agrobacterium genes in two Morgellons patients and the authors
including Citovsky explained why they looked for Agrobacterium
[103]: “Morgellons skin fibers appear to contain cellulose. This observation indicates possible involvement of pathogenic Agrobacterium,
which is known to produce cellulose fibers at infection sites within
host tissues.”
We wrote a report on the possible connection between the use
of Agrobacterium in genetic modification and the widespread release of GM crops contaminated with genetically modified Agrobacterium and Morgellons disease [101], which was sent to the CDC. We
urged the CDC to “clarify the role of Agrobacterium in the aetiology
of Morgellons Disease as a matter of urgency.”
In 2012, after a long delay, the CDC published its verdict [104]:
“No common underlying medical condition or infectious source was
identified, similar to more commonly recognized conditions such
as delusional infestation.” They had done no investigations on the
Agrobacterium connection; and the list of authors did not include
Citovsky or his associates. The case is far from closed.

9. RNA interference and double-stranded RNA

Most commercially grown GM crops are engineered to produce
foreign proteins, but new ones are increasingly engineered to
produce RNA of a special kind - double-stranded RNA (dsRNA) - that
aims to interfere with the expression of a specific gene, usually to
silence the gene [105]. The ability of dsRNA to interfere with gene
expression was known since the 1980s; and the biochemistry of the
phenomenon - referred to as RNA interference (RNAi) – was worked
out in the roundworm Caenorhabditis elegans in the late 1990s [106].
Since then, the same RNAi pathway has been identified in practically
all plant and animal kingdoms, and is part of the organism’s defence
against foreign nucleic acids including viruses.
DsRNA includes siRNA (short-inhibitory RNA), miRNA (microRNA), shRNA (short hairpin RNA) etc., all intermediates leading to
RNA interference of protein synthesis. This can happen at transcription, or at translation. Typically, dsRNA originates from a long RNA
molecule with stretches of complementary base sequences that
base pair to form a stem ending in a non-base-paired loop. This
stem-loop structure is then processed into a shorter dsRNA, and
one strand, the guide strand does the job of interfering. It binds to a
mRNA (messenger RNA) molecule in the cytoplasm by complementary base-pairing to prevent the mRNA from being translated into
protein. Alternatively, the guide strand targets and chemically modifies DNA sequences in the nucleus by adding methyl groups to the
DNA, and cause modification of histone proteins associated with the
DNA. The nuclear pathway is known to inhibit transcription and to
seed the formation of heterochromatin, an inactive, non-transcribed
region of chromosomes.
Interestingly, the gene silencing effect of dsRNA can become
inherited (either indefinitely, or through two or more generations)
in cells and organisms that are not genetically modified, but simply
exposed to the dsRNA for a period of time. It can happen via methyl
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Figure 9 Scanning electron microscope images of fibres from skin biopsies of patients with Morgellons Disease - a, white fibre with calcite, scale bar 10mm; b, green
fibre with alumina ‘rock’ protruding, scale bar 20mm; c, various ribbon-like, cylindrical and faceted fibres all coated with minerals, scale bar 10 mm; d, skin lesion
with fibres stabbing through the epidermis, scale bar 300 mm, from [101]

groups added to the DNA, or the modification of histones [107,
108] or perhaps through RNA-dependent RNA polymerase that can
amplify and perpetuate the dsRNA [109] without changing the base
sequence of the DNA in the genome. This is another example of the
inheritance of acquired characters now known to occur through
many different mechanisms (see [110] Epigenetic Inheritance - What
Genes Remember and other articles in the series, SiS 41) that makes
genetic modification all the more hazardous.
DsRNA genetic modification has large implications on safety
based on what is already known [111] (New GM Nightmares with
RNA, SiS 58): dsRNA is stable, it resists digestion and can enter the
bloodstream; its role in modifying gene expression is universal and
acts across kingdoms; toxicity to animals have been amply demonstrated and exploited in targeting pests; although the intended
target is a specific gene, many off-target effects have been identified; finally, plant dsRNA has been found circulating in the human
bloodstream where it can be taken up into cells and tissues to interfere with the expression of genes. Consequently, animals including
human beings eating the GM food containing dsRNA could well be
harmed.
The dangers are real. Researchers in China showed that miRNA
from food can circulate in the human blood stream and turn genes
off in the human body [112] (see [113] How Food Affects Genes, SiS
53). They demonstrated that dsRNAs can survive digestion and
be taken up in the circulatory system via the gastrointestinal tract.
These plant-derived miRNA silenced a gene in human tissue culture
cells, and in mouse liver, small intestine and lung. A survey of existing data of small RNA molecules (conducted by scientists working
for Monsanto) from human blood and tissues sources, farm animals
and insects confirmed that regulatory RNAs from plants can be
found in animals including humans [114]. Thus, new dsRNA species

They found that “all Morgellons
patients screened to date have
tested positive for the presence
of Agrobacterium, whereas this
microorganism has not been
detected in any of the samples
derived from the control,
healthy individuals.”
in GM foods may be taken up by the animal cells to silence genes
inappropriately.
The gene-silencing depends on complementary base pairing
for short sequences – 21 bases at most, but could be as few as 7 for
miRNA - and there could be similar sequences all over the same
genome and in genomes of other species. In particular, many miRNA
target regulatory sequences of genes that are likely to be common
to sets of genes expressed together [113] in certain tissues and cells.
Worse yet, the matching need not be precise. Off-target effects are
already well-known in gene therapy applications [115]. Over the past
decade, investigations have produced a set of ‘canonical rules’ gov-
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erning the interaction between miRNA and their target mRNA, but
many exceptions to the rules have also been uncovered.
Recently, researchers used a new technique to capture all the
miRNAs bound to their targets by cross-linking them and sequencing the base-paired miRNA-target RNA duplexes. They found that
the exceptions far outnumber the rule-based interactions [116] (see
[117] RNA Interference “Complex and Flexible”, SiS 59). Moreover,
the results have been obtained in one cell type, human embryonic
kidney cells, grown in culture. The report closed with the comment
[116]: “More generally, the spectrum of miRNA-mRNA interactions is
expected to rapidly change during differentiation and viral infection
and following metabolic shifts or environmental insults.” In other
words, it is well-nigh impossible to predict or control off-target
effects, as they vary according to the cells and tissues involved and
their precise states.
A worst case scenario of toxic dsRNA came from a gene
‘therapy’ experiment in mice reported in 2006, which killed more
than 150 animals [118] Gene Therapy Nightmare for Mice (SiS 31).
The technique – hailed as 2002’s ‘breakthrough of the year’ in ‘precision’ gene therapy - was found to have many off-target effects only
a year later [119] Controversy over gene therapy ‘breakthrough’, SiS
26). Researchers were already finding dozens of genes affected by a
single siRNA.
Jack Heinemann at the University of Canterbury, Christchurch,
in New Zealand conducted a comparison between the DNA sequence of the human genome and a DNA sequence from the wheat
SBE1 gene provided to the database Genbank by CSIRO. He found 4
perfect matches of 21 nucleotides and another 13 nucleotide stretch
match, within a wheat gene sequence of just 536 nucleotides [120].
And this does not include comparisons of secondary unintended
dsRNAs that may be induced in the GM plant, as indeed, in any GMO,
including those not explicitly engineered to create dsRNA, nor the
many mismatches that can give rise to a plethora of off-target effects under different environmental conditions in different cells and
tissues.
How can anyone still think GM food in any form is safe? But this
is not the end of the story.

10. The nucleic acids intercom

The conventional view of DNA is that it sits within the nucleus of the
cell, somewhat static and metabolically inert, except during replication in dividing cells, or in repair when damaged, for example, by
ultraviolet light. RNA, the other nucleic acid, has the job of transmitting the genetic message written in the DNA to the rest of the cell.
RNA consists of faithful complementary copies of stretches of DNA
that, after extensive processing, are exported outside the nucleus
to the cytoplasm, where they form different parts of the necessary
machinery to translate the messenger RNAs (mRNAs) into proteins
(see Figure 1). And proteins are responsible for all the downstream
biological functions. Consequently, knowing the sequence of DNA
in the genome will decode the secret of life, will tell you how the
organism, the human being, is constructed. That was how the human genome project as well as genetic modification was sold to the
public [5].
Well, nothing could be further from the truth even before the
human genome was conceived. The most important contribution of
the human genome project to the advancement of science is to put
the last nail on the coffin of the genetic determinist ideology that
made the project seem so compelling ([121] Human Genome Map
Spells Death of Genetic Determinism , isisnews 7/9). It has conspicuously failed to deliver even promises to identify the genes that predispose us to common diseases and other attributes, let alone how
to construct a human being ([122] Ten years of the Human Genome,
SiS 48; [123, 124] Mystery of Missing Heritability Solved?, No Genes
for Intelligence, SiS 53; [125]. Instead, environmental, epigenetic
effects that mark and change genes across generations have come
onto centre stage [110].
Some of us knew that genetic determinism had died at least
since the early 1980s when recombinant DNA (genetic engineering)
technology enabled geneticists to scrutinize the genome in fine mo-
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Darwin suggested in 1868 that all cells of an
organism shed minute particles, gemmules,
which circulate throughout the body and are
passed on to the next generation through
the germ cells, thereby transmitting the
characteristics of the parents to their
offspring. And if the cells of the parents
undergo changes during their life time,
those changes would also be transmitted
to the offspring. Within the past decade,
geneticists have discovered substantial
amounts of nucleic acids circulating in the
bloodstream which are taken up by cells
and transported to the nucleus, where they
could be integrated into the cells’ genome.
These nucleic acids appear very much like
Darwin’s gemmules
lecular detail and discovered to their astonishment what they called
‘the fluid genome’ [5, 7] (see earlier). Nevertheless, it is still amazing how dynamic and responsive the genetic material is, and how
utterly entangled with everyday ‘downstream’ biological functions;
no wonder it is impossible to pin down the genes predisposing us to
diseases and other human attributes [120-123].
RNA not only acts as messenger RNAs, ribosomal RNAs and
transfer RNAs for making proteins, it also acts as enzymes – ribozymes – that cut and join RNAs to make new ones that are not
encoded in the genome, target specific mRNA for cleavage, and is
the active enzyme of the ribosome that joins amino acids together
to make proteins [126]. RNA is now known to regulate gene expression through thousands of miRNAs in RNA interference universal to
plants and animals (see previous section). MiRNAs are part of the
nucleic acid intercommunication system of the body ([127] Intercommunication via Circulating Nucleic Acids, SiS 42). This nucleic
acid intercom has been rediscovered several times since Darwin
proposed his theory of pangenesis to account for heredity including
the inheritance of acquired characters [128, 129] (Darwin’s Pangenesis, the Hidden History of Genetics, & the Dangers of GMOs, SiS 42).
Darwin suggested in 1868 that all cells of an organism shed minute
particles, gemmules, which circulate throughout the body and are
passed on to the next generation through the germ cells, thereby
transmitting the characteristics of the parents to their offspring. And
if the cells of the parents undergo changes during their life time, those
changes would also be transmitted to the offspring.
Darwin’s cousin Francis Galton designed a series of blood transfusion experiments on rabbits with different pigments to test the
theory of pangenesis, or at any rate, to test if gemmules existed; but
found no evidence for them (probably because the volume of blood
transfused was too small), and the theory was largely abandoned.
Within the past decade, geneticists have discovered substantial
amounts of nucleic acids circulating in the bloodstream which are
taken up by cells and transported to the nucleus, where they could
be integrated into the cells’ genome [127,128]. These nucleic acids
appear very much like Darwin’s gemmules. Many experiments
subsequent to those carried out by Galton, on grafting in plants and
transfusion in animals, showed that heritable characteristics could
be transferred between organisms in the form of nucleic acids.
Furthermore, germ cells too can take up circulating nucleic
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Figure 10 Formation of exosomes in multivesicular bodies and their extracellular release in cultured human mesenchymal stem cells, from [134]

acids, because there is really no ‘Weismann’s barrier’ separating
somatic from germ cells [5]. Cytoplasmic/maternal inheritance is
well-known; but it turns out that sperms are very adept at taking up
nucleic acids and transferring them into egg cells at fertilization. This
process is so well-established that it is referred to as sperm-mediated gene transfer [130, 131] (Epigenetic Inheritance through Sperm
Cells, the Lamarckian Dimension in Evolution, SiS 42); and applies not
only to DNA, but also RNA. RNA sequences are reverse transcribed
into complementary DNA (cDNA) sequences. The nucleic acids are
delivered to the egg at fertilization, and inherited by the developing embryo in mosaic fashion; the foreign DNA being maintained
stably as episomes (extrachromosomal DNA), but also occasionally
integrated into the cell genome. Sperm mediated gene transfer can
be made to happen easily by exposing sperm cells to nucleic acids,
but it has also been observed to happen in vivo [131, 132], where
either parent can transmit a mutant trait to an offspring that has
two wild type copies of the gene, and hence not supposed to exhibit
the mutant trait.
Pangenesis was expurgated from the mainstream neo-Darwinian account of evolution, as was any suggestion that circulating
nucleic acids served as intercommunication between cells and tis-

sues in the same organism and between different organisms, or that
it could be transmitted to the next generation.
Both RNA and DNA are trafficked between cells, sent out from
cells in overlapping but distinct vehicles to inform and transform
other cells. Distinct populations of nucleic acids are exported from
different cells in various conditions of health and disease, so much so
that they are offering new opportunities for diagnosis. There is also
evidence that nucleic acids exported by cancer cells both condition
the body to accept cancer cells and spread cancer cells. Genetically
modified nucleic acids, therefore, can take advantage of the system
to enter and transform cells or do harm in other ways. There can be
no doubt that this can happen; the ease with which nucleic acids are
taken up by cells has been widely exploited in experiments in ‘gene
therapy’ since the 1990s [76].
The best characterized vehicles for intercellular nucleic acid
trafficking are exosomes [133]. Exosomes are membrane-bound
vesicles (40-100 nm diameter) assembled in a membrane bound
multivesicular body (MVB) inside the cell (see Figure 10i and ii) [134].
The membrane of the MVB invaginates to form the vesicles that are
packed with enzymes, cytokines (cell-cell communication molecules
of the immune system), nucleic acids and other signalling com-
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pounds. In response to stimuli, the MVB fuses with the plasma membrane (Fig. 10 iii and iv) and the vesicles are released as exosomes
into the extracellular space where they can interact with neighbouring cells or other more distant cells and induce changes in their state
through the transfer of new receptor molecules or genetic material.
Exosomes are released in vitro by a wide range of cells in the
blood and bone marrow as well as cancer cells. In vivo, exosomes
have been isolated and characterized in practically all body fluids
plasma, urine, saliva, cerebrospinal fluid, amniotic and synovial
fluids.
Exosomes from different sources have a common set of proteins that regulate membrane cytoskeleton dynamics and membrane fusion; they also have a specific molecular repertoire that
varies according to the cell type and conditions from which they
originate. They are enriched in specific nucleic acids, in particular
miRNAs and RNAs generally complexed with proteins. Exosomes are
now considered an integral part of the intercellular communication
system for immune modulation, as for example during pregnancy,
to enable the mother’s immune system to tolerate antigens from
the foetus, or during oxidative stress, to increase the ability of other
cells to withstand oxidative stress. However, cancer cells also make
use of the same communication system to spread around the body.
DNA is known to be released in apoptotic bodies (membranebound vesicles containing fragmented DNA resulting from programmed cell death), which can be phagocytosed (engulfed) and
transported into the nucleus of recipient cells for expression and
integration into the genome (see [127]).
Apoptotic bodies derived from tumour cells induce foci (centres
of malignancy) in p53-deficient fibroblast cultures in vitro and tumours in animals. Whole chromosomes or fragments are transferred
by the phagocytosis pathway and integrated into the genome [127].
Horizontal gene transfer between cells may be important during
tumour progression.
A further mechanism of horizontal DNA transfer has been suggested by studies in autoimmune disease [135]. The antimicrobial
peptide LL-37, widely expressed in epithelia, bone marrow, and the
genitourinary tract of humans, forms stable complexes with DNA
and translocates extracellular DNA to the nucleus. LL-37-mediated
delivery of self DNA may be an early event in autoimmune disease.
The ability of LL-37 to transfer DNA across the plasma membrane
is a shared property within the growing family of ‘cell-penetrating
peptides’.
Circulating DNA in cancer patients has many characteristics
in common with the DNA of their tumours, and is suspected of
being derived from apoptotic bodies of cancer cells. Furthermore,
elevated concentration per se appears indicative of disease states,
whether it is cancer, systemic lupus erthyematosus, rheumatoid
arthritis, glomerulonephritis, pancreatic, hepatitis, inflammatory
bowel disease, etc [136].
There is current debate as to whether circulating DNA is solely
derived from dead cells or whether they are actively secreted by
living cells (see [137]). It has been pointed out that the DNA circulating in healthy individuals simply do not have the characteristics of
DNA from apoptotic or other dead cells, and any apoptotic DNA
released from dead cells are immediately cleared and broken down
by phagocytic cells nearby before it can reach the blood stream.
Only in disease states when cells die in great numbers exceeding the
capacity of phagocytic cells to clear the DNA do apoptotic bodies
reach the circulation. Thus, in cell cultures with no dead cells, DNA is
nevertheless actively secreted into the medium until a certain external concentration is reached. Replacing the medium leads to further
secretion until the external equilibrium concentration is restored.
In fact, the active release of DNA from living cells has been
known for at least 50 years, leading to the hypothesis that such DNA
could be acting as a messenger (see [138, 139] and references therein). The main part of the DNA circulating in plasma and serum comes
from active release of newly synthesized DNA by living cells. The
released DNA is associated with RNA and a glycolipoprotein complex that in bacteria contains a DNA-dependent RNA polymerase,
and in higher organisms, also a DNA-dependent DNA polymerase.
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The most important contribution
of the human genome project to
the advancement of science is to
put the last nail on the coffin of
the genetic determinist ideology
that made the project seem so
compelling
Alu repeat sequences (transposons) are overrepresented compared
to unique gene sequences. The spontaneously released DNA has a
lower molecular weight than the typical genomic DNA. Both dividing
and non-dividing cells release DNA, but not cells that are damaged or
dying. Such release of DNA also takes place in bacteria, and cells of
amphibians, birds, human, mammals, and plants. This DNA complex
can be readily taken up by other cells where it can become integrated into the chromatin and expressed, both in vitro and in vivo.
High through-put parallel DNA sequencing of total circulating
DNA from the serum of 51 healthy humans compared with 4 genomic DNA showed that the profile of circulating DNA resembled normal
genomic DNA with the following exceptions [140]. Chromosome 19
sequences are under-represented; chromosome 19 contains most
genes and has the highest amount of Alu elements. Alu sequences,
are over-represented, accounting for 11.4 + 0.4 % in circulating DNA
samples compared to 8.5 + 0.8 % in the genomic samples; while
L1 and L2 long interspersed nuclear elements (LINEs) are underrepresented, accounting for 19 % in serum DNA samples compared
with 22.8 % in genomic samples. Also notable were the relatively
large individual variations of circulating DNA for coding sequences,
which ranged from 0.78 to 1.4 times genomic sequences; untranslated regulatory sequences, ranging from 0.58 to 1.3 times genomic
sequences, and pseudogenes (relict genes previously believed to be
no longer active) ranging from 0.85 to 1.15 times genomic sequences. The researchers conclude that non-specific release (due to cell
death) is not the sole origin for circulating DNA.
It has been suggested that circulating DNA takes part in homologous recombination with genomic DNA, and that this process
can correct mutations as well as induce genetic changes, with the
external DNA fragments serving as reference molecules [141]. The
team of researchers from Novosibirsk State University in Russia had
used total genomic DNA preparations added to the culture medium
to ‘reprogram’ cancer cells to normal cells. They injected fragmented wild type rat DNA into rats with diabetes caused by hereditary
vasopressin deficiency, resulting in rapid improvement of the
animals’ physiological condition. Injection of fragmented wild-type
mouse genomic DNA into mice lethally irradiated with ionising radiation saved the mice and accelerated the recovery of animals treated
with a chemotherapeutic mutagen cyclophosphamide. They postulated that small genomic DNA fragments entered the cell nuclei and
eliminated the mutations. In a later report, the team showed that
short wild type human genomic DNA fragments added to the culture
medium of proliferating human breast cancer cells entered the cell
nuclei and repaired the extended 47 bp deletion in their CASP3 gene
[142]. The fragments, ~ 200-3000 bp, were obtained by sonicating
human placental DNA from a healthy consenting donor, followed by
nuclease digestion. The fragments were labelled with radioactive 32P
isotope and added to the culture medium, and the time course of
repair of the deletion followed by polymerase chain reaction (PCR)
with primers flanking the deletion in the DNA isolated from the
cells. The wild-type product is 125 bp while the mutant product is 78
bp. In the first experiment, cells treated for 6 and 12 days showed
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wild-type: mutant product in a ratio of 1:1, indicating that some 50
% of the mutant genes had been repaired. In a second experiment
monitored at 5 and 40 days, the team detected wild-type gene repair
at 5 days, but at 40 days, the wild-type product greatly exceeded the
mutant product.
The result obtained was remarkable considering that the
correct CASP3 gene sequence was only one of millions of other
genomic sequences in the random mixture of the genomic DNA fragments used. The researchers mentioned the possible risk [142] “of
introducing mutations or causing a new disease if the DNA used for
treatment contains such mutations.” The same applies to the potential danger of extraneous transgenic DNA that may get integrated
into the genome of host cells; considering that transgenic DNA may
be especially invasive (see Box 2).

8. To conclude

The rationale and impetus for genetic engineering and genetic
modification was the ‘central dogma’ of molecular biology that assumed DNA carries all the instructions for making an organism. The
mechanistic fallacy is inherent in the very term ‘genetic engineering’,
for it goes against the grain of the fluid and responsive genome that
already emerged since the early 1980s.
Instead of linear causal chains leading from DNA to RNA to
protein and downstream biological functions, complex feed-forward
and feed-back cycles interconnect organism and environment at all
levels, marking and changing RNA and DNA down the generations.
In order to survive, the organism needs to engage in natural
genetic modification in real time, an exquisitely precise molecular
dance of life with RNA and DNA responding to and participating fully
in ‘downstream’ biological functions. That is why organisms and
ecosystems are particularly vulnerable to the crude, artificial genetically modified RNA and DNA created by human genetic engineers, as
already indicated by abundant evidence presented in this and other
chapters of this report.
It is the fluid and adaptable genome that defeats all mechanistic
attempts at genetic modification, which is why genetic modification
can almost never be safe. It is a clash of ideology with reality.

Stop Press

A new study published as this report is going to press finds significantly higher rates of severe stomach inflammation in pigs fed a
diet of mixed GM corn and soybean for 22.7 weeks compared to an
equivalent non-GM control diet: 32 % compared to 12 %. Female pigs
fed the GM diet also had uterus heavier by 25 % on average [143].
The GM diet and duration of the feeding trial is representative of the
commercial pig industry in the US. These results reaffirm the observations of independent scientists and farmers indicating that GM per
se introduces health hazards.
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