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Dedication
to teacher Magda Zanoni

This publication represents the continuity of the work started by
Magda Zanoni, in the Ministry of Agricultural Development (MDA),
in order to discuss the risk of the transgenic plants to the health and
the environment. In her work at the MDA and as a representative of
the Ministry at CTNBio, Magda made efforts to call the attention to
the importance of this debate.

Magda worked for many years as a researcher from the Center for
Agricultural Studies and Rural Development (NEAD/MDA),
and published a number of books. Among them, in 2007 she co-
organized “Plantas Geneticamente Modificadas: riscos e incertezas”
[Genetically Modified Plants: hazards and uncertaities], which was
the embryo of this work.

In addition to her direct involvement with the biotechnologies
subject, Magda always defended the need for a “good use” of science,
with transdisciplinary vision and proposing the fair re-distribution
of its benefits, especially for the rural populations, who develop the
current agriculture as a perennial service for mankind.

Her academic background was always accompanied by a tireless
social activism, writing up and promoting discussions about a
“Citizen Science”. She dedicated herself for many years to deepening
the dialogue and consolidate the cooperation between Brazil and
France, between academic institutions and, also, between farmers
organizations. Her work was based on innovative actions and on the
search for constructing new approaches about science, particularly in
the articulations between research and qualification.

Graduated in Natural Sciences and Biological and Geological
Sciences from the Federal University of Rio Grande do Sul (UFRGS),

Magda continued her academic studies in France, as a result of an
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enforced exile due to her resistance activism against the military
dictatorship and in defend of Brazil's re-democratization. There,
she was awarded a number of titles, among them the Doctorate in
Development Sociology one, at University Paris I — Sorbonne. She
retired as a Maitre de Conférence in University Paris VII. She worked
for many years as a researcher from LADYS - Laboratory for Social
Dynamics and Recomposition of Spaces, of the University of Paris
Ouest Nanterre La Defense.

Magda died on March 10th, 2015 and this work is dedicated to her.
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Preface

For the fifth consecutive year, Brazil is considered as being the second
largest producer of transgenic plants of the world, after the United
States. The area for this type of culture already exceeded 40 million
of hectares in our country.

The continuous increase of the area planted with transgenic soy,
maize and cotton varieties, and the successive commercial release
of new genetically modified organisms (GMOs), with combined
alterated genes now, indicate the importance of monitoring their
possible impacts to the environment, in general, and the human
health, in particular.

With this respect, the Ministry of Agrarian Development (MDA)
bring to the public this work which provides subsides to the
qualification of risk evaluation processes associated to the growth
of transgenic crops and to the consumption of their products and
derivatives. The publication, intended to risk managers, researches,
professionals from the biological, legal, economic and other areas, as

well as to the other individuals interested on the subject, results from
the Group of Agrobiodiversity Studies (GEA).

The extensive systematization work contained in this book gather
references of scientific articles that are available for consultation
via Internet, scientific publications or databank websites. The
presented references correspond to studies published by independent
researchers in magazines and indexed journals. Most of the articles
can be accessed for free reading and download.

In more than 750 indications of texts from renowned research
institutes established in several regions of the planet, scientists
warn about the hazards and uncertainties involved in the massive
environmental release of transgenic plants. By evidencing and
documenting the absence of scientific consensus with respect to the
transgenics impacts to the people’s health and to the social-ecological
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biodiversity, thise book brings vast elements for the evaluation of
problems resulting from the adoption of this type of biotechnology.
The information here gathered reinforce the urgent need for critical
analyses of the current agricultural and agrarian development model,
opening the discussion for the search for alternatives for the rural
environment and livelihood.

With the book “Transgenic Crops — hazards and uncertainties: More
than 750 studies disregarded by the GMOs regulatory bodies”,
the MDA’ intention is, therefore, to promote the thinking and
contribute to the debate about the release and use of transgenic
plants, focused on the importance of maintaining the biodiversity
and agrobiodiversity, the safety and food sovereignty and the

sustainable rural development. Have a good reading!

Patrus Ananias

Minister of State of Agrarian Development
December 2014 until April 2016



Presentation

This book has a different format from the conventional ones that
propose to present a bibliographic review of scientific publications
related to a certain subject. It innovates by placing questions about
aspects of the scientific debate on the genetic modification of living
organisms for, subsequently, presenting a list of bibliographic
references opposed to the versions adopted by regulatory agencies
and disclosed in marketing campaigns of transgenics producer
companies.

All the references presented here correspond to studies published by
independent researchers in magazines and indexed journals. These
articles enable to problematize those examined subjects, taking into
consideration arguments sometimes radically opposed to those
produced by the agrochemical and biotechnological companies or
at their service.

Researchers, students, opinion makers and those in line with the
groups which believe or are interested in defending the hypothesis
of the absence of environmental and health risks in the commercial
use of transgenic plants, will have here the opportunity to review
their opinions . To the others, this document provides supportive
elements to guide the debate with the first ones, when it comes to
defending the interests of society, nature preservation and a more
sustainable agricultural model.

The present bibliographic review includes hazards to the human and
animal health, risks to the environment, as well as agronomic or
socioeconomic problems. Examples include evidences of increased
Cry' toxin-resistant insect attacks and multiplication of herbicide-
tolerant weed” populations. The impacts of toxins and pesticides
associated to genetically modified plants are also discussed.

1 Proteins with insecticidal properties that result in the death of certain insects when consumed.
2 Also mistakenly called “weeds”.
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The book evaluates biosafety issues with focus on aspects that have
been neglected by most of transgenic risk evaluation bodies, such
as the National Technical Biosafety Commission (CTNBio) and
registration and inspections agencies like Anvisa and Ibama in Brazil.
The elements described in about 750 studies validated by scientific
magazines with editorial board clearly show that there is no consensus
in the scientific community about the genetic modification subject
and its impacts.

Such lack of consensus, object of many warnings from the Group of
Agrobiodiversity Studies (GEA), linked to the Ministry of Agrarian
Development (MDA), in its several publications, seminars and
debates over the last ten years, is now supported by the extensive
bibliographic documentation gathered here.

The initiative of this book, for its uniqueness has, therefore, a public
interest role by calling the attention to the diffuse responsibilities in
the society, concentrated at CTNBio and at the National Biosafety
Council (CNBS), which would be responsible for reviewing the
scientific base adopted by that Commission, the opinions of
which have been repeatedly favorable to the transgenics developing
companies’ claims. By adoptinga consensus inexistent in the scientific
community, these opinions amplify the magnitude of the risks the
brazilian population and biomes are subject to, disconsidering
the Precautionary Principle and affecting the credibility of the
government and its institutions. Thus, unfortunately, it is not only
Science that is impaired by the scientific obscurantism.

Group of Agrobiodiversity Studies (GEA/NEAD/MDA)
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Introduction

The book “Transgenic Crops — Risks to the Health and the
Environment — More than 750 studies disregarded by the GMOs
regulatory bodies” incorporates results of an extensive bibliographic
research covering the subject of the hazards and uncertainties
associated to the use of transgenic plants.

The main scientific publications referenced by specialized editorial
boards related to the growth or transgenic plants (in commercial or
experimental scale®), to the management of those crops and to the
animal and human consumption of their products were examined.

Being highlighted the issues related to biosafety, prioritizing
environmental, human and animal aspects associated to the use of
the concerned technologies, we accounted around 750 referenced
articles, published between 1980 and 2015. Maintained in invisibility
because their findings are opposite to the numerous pro-mgo
marketing campaigns, such studies launch new perspectives about the
subject. The abundance and the importance of such documents, as
well as the invisibility imposed to them in the discussions conducted
by the regulatory agencies, justify this publication, the objective
of which is to enhance the scientific controversy concerning the
biosafety of the transgenic plants. It is, as the documents gathered
here evidence, a strong and active debate, weighing the attempts to
impose false consensuses by the biotechnology industry and their
associated lobbies. Opposite to what has been stated by foundations,
institutes, associations and NGOs which incorporate the ideology of
the biotechnology companies upon budget supports and members
in their administration boards®, the scientific community remains

deeply divided.

3 In general called deliberated releases into the environment [field trials].

4 In Brazil one can cite the Council for Biotechnology Information (CIB). At the international level apperas the
International Life Science Institute (ILSI).
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The controversy, involving all the subjects related to the transgenic
plants biosafety, can be summarized in terms of risks to the human
and animal health and risks to the environment, being subdivided
into sub-subjects and particularities associated to the involved
transgenes, to the host organisms, to the technological packages
and associated pesticides, among others. As it will be shown over
this book, hundreds of studies evidence risks and weaknesses of
affirmatives stating absence of toxicity of Bt proteins for human
beings and farm animals. The same can be verified concerning the
impact of underdosages and the results of sublethal effects of Cry
toxins on non-target organisms or concerning the damages causes by
crops that are tolerant to herbicides on the soil microbiota and the
agricultural-ecological systems they are inserted to.

The statements about the impossibility to restrain the gene flow
between GM species and these with native or agricultural species are
also questionable. The impacts to the agrobiodiversity are greater as
more extensive are the possibilities, the mechanisms and pollination
vectors, but are not limited to this. The studies also reveal possibilities
of horizontal transfers of genes and their fragments, increasing the
risks resulting from overcoming the natural barriers between the
species.

Highlight must further be given to the expansion in the use
of pesticides associated to transgenic crops, to the hazards of
glyphosate-, ammonium glufosinate-based herbicides and other
pesticides succeeding the first ones in growing spiral of toxicity,
as well as the risk evaluation processes practiced by the regulatory
bodies. We call the attention to the fact that a similar research
work - and not less wide - would be required to approach the set or
socioeconomic risks represented by such plants. Effective agronomic
performance analyses, such as the balance of costs and benefits taking
into consideration medium term perspectives, were never conducted
on an impartial and independent way, taking into consideration the
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Introduction

possibility to reject such technologies. The objective of establishing
a systemic balance, analyzing the risk/benefit of the biotechnology
applied to the agriculture domain, what should guide the National
Biosafety Council decisions — in Brazil — has never been among
CTNBio’s concerns. If sought, this objective would certainly be
supported not only in the studies gathered here, but also add those
generated in another universe of specialized scientific magazines to
these so as to cover the economy and sociology subjects.

The form this book is presented also differs from the usual format
of books on which the bibliographic references used are indicated
in the texts. In this case, an explanation of the approached subject is
conducted and the quotes are listed with references so that the reader
can access the original publications in full and use them as desired and
draw their own conclusions about the several approached subjects.

We hope this effort reaches the purpose of challenging the scholars
on such fields to complete this research, so as to consolidate the range
of knowledge required for the National Biosafety Council® (CNBS)
to better comply with its duty to evaluate the opportunity and
convenience to support CTNBios supposedly scientific decisions,
which, ignoring this collection, invariably recommends unrestricted
authorization for planting and consumption (human and animal) of
transgenics in Brazil.

The first part of this publication, entitled Unpredictable and non-
intentional genetic modification effects, focuses in studies pointing
to the absence of control by the biotechnologist over the actions and
the mechanisms he/she uses by imposing the transformed organism
a new biological function. Despite of being random in terms of
construction process, this function and others engaged by it will

5 Higher level policy instance regarding biosafety decisions in Brazil. The body is legally competent review
CTNBio decisions and to analyze the socioeconomic risk of transgenic plants and to assess the opportunity and
the convenience of technology. Composed of eleven ministers, met only twice after complaints issued by IBAMA
and ANVISA against technical decision of CTNBio about the first GM corn commercially released in 2008/2009.
In such opportunities, strengthened the latter part of the CTNBio and gave up their other responsibilities, being
silent since.
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be fixed on a perennial and stable way in its role over the future
generations, of that being and by others affected by it.

The difhiculties involved in voluntarily (and correctly) inserting
certain gene sequences in other organisms by means of classic genetic
modification techniques appear right in the beginning of the gene
transformation process. These consolidate themselves, among other
examples, by inserting a number of copies of the interest transgene
in the transformed organism, which fix, in full or in part, in random
places of the new transgenic being’s genome.

In fact, without conducting long lasting and expensive tests and
studies allowing to characterize the obtained transformation,
the researchers will not know, strictly speaking, what they have
performed. The basic fact is that the insertion mechanisms does not
allow to anticipate the site where the desired genomic sequences
will be incorporated, or how this will be completed, or even how
many of them (and on which state, if as a whole or by parts) will be
incorporated to the receiving DNA, or even what the transformed
genome reaction will be in face of such transgenic invasion. Also,
there is no way to anticipate if the plant will accept the transgenes
and their functions, repairing, as possible, the damages caused by
the method in the DNA, or if; to the contrary, it will silence the
incorporated transgene, blocking its expression.

In parallel, the researchers also state that there are no mechanisms
allowing to follow all the genetic and/or metabolic functions of the
genomic sequences to be inserted. Indeed, it is possible that there
is no scientific structure allowing at least to estimate, or know, all
the metabolic relationships involved in the relationships triggered by
a single gene, taking into consideration the environmental changes
and the horizon of life of any individual.

The central dogma the genetic modification is supported by,
frequently reiterated in the regulatory agencies and expanded with
the assumption of the substantial equivalence, more than 20 years
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ago revealed itself as failed and without scientific support. A gene
does not encode a single protein which will play a clear and defined
role. A gene, under the influence of the environment, will make
possible the expression of a wide set of proteins which, in their turn
will interact of different ways with the macro set of proteins of the
transformed organism and its relationships with the environment.

Finally, the genetic modification technique itself operates on an
unrelated way to the set of involved relationships, abstracting or
ignoring the epigenetic phenomena which regulates a number of
biological mechanisms of the organisms, including the hereditary
ones. By concentrating in less than a single support of the biological
information, a DNA fragment, assumes that the organisms result
from the simple addition of their parts, as if, knowing the genome,
we had a map that is able to organize life creation. In other words,
the genetic modification success in transposing a new function to an
organism which naturally did not have it, rests above everything on
the chance, where the success probability is substantially lower than
that of the lotteries.

In a second part, entitled Agronomic issues related to the growth
of transgenic plants, the selected articles focus on biosafety studies
noting agronomic problems related to planting and handling of
commercially released transgenic plants.

Such problems refer to the development of insect populations
and ruderal plants genetically resistant to transgenic technology —
sensitivity to Cry proteins and herbicides, respectively, to existing
biological interactions, potentially causers of the inefhcacy of the virus-
resistance technology, as well as to the occurrence of ecological disturbs
in the agricultural systems. All these aspects result in a number of
agronomic problems such as attacks of secondary pests and transgenic
dissemination in genetically related organisms, with economic, social
and ecological impacts which far extrapolate the areas cultivated by
those farmers who decide to adopt such technologies.

21
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It is worth emphasizing that some articles related to productivity,
to the use of pesticides and to the economic profit of the transgenic
plants producers were included, despite of being slightly out of
the scope of this publication. Likewise, the coexistence subject is
particularly approached with reference to some articles about the
gene flow, horizontal and vertical, adding cases of contamination
between transgenic and non-transgenic commercial crops. It is
worth emphasizing that the “coexistence” subject, in addition to
the consideration of biological studies and arguments found in the
scientific literature, requires an approach adding social, economic and
cultural elements appropriate to each administrative region (country,
region, etc.) and their different agricultural-ecological systems and
biomes.

The third part, entitled Risks to the environment associated to
the growth and/or use of transgenic plants, covers a set of hazards
and uncertainties associated to the growth and dissemination of
genetically modified plants in the environment.

The systemization of such articles is particularly structured concerning
the risks involving Bt plants. At this point, the controversy about the
Bt proteins specificity theory, their persistence in the environment
and in the trophic chains and the negative impacts — direct and
indirect - of such proteins about non-target macro-organisms
(NTOs) and the soil microbiota communities is included.

In a second time, studies addressing plants tolerant to herbicides
(TH), specially the glyphosate-based one, were systematized. Here,
articles related to the negative impact of the herbicides associated
to HT plants on the environment, are included. In fact, the risk
evaluation of the herbicides associated to the use of transgenic plants
provides important biosafety information about the subject of the
environmental hazards resulting from HT crops, even when the
metabolism of the substances occur on a different way for the two

types of plants (natural and GM).
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Finally, references about the transgenic dissemination/contamination
risks in non-agricultural species come to complement the issues
related to the transgene dissemination in agricultural systems,
analyzed in the second part of this publication.

The fourth part of this work is entitled Risks to the health associated
to the growth and/or use of transgenic plants. Here, around 200
references are joined about this subject - from articles pointing out
to the insufficiency of scientific data to conclude for the absence of
risks to the health, when genetically modified plants or their parts are
consumed, to details about problems related to Bt and HT plants,
separately addressed, on a similar way to that conducted in parts two

and three of this book.

Concerning plants synthesizing Bt toxins, the interactions of such
proteins with mammalian cells, as well as their potentially toxic and
allergenic effects (in vivo and in vitro) are highlighted.

In case of HT plant, following a brief review or articles indicating
negative effects on the human and animal health of herbicides
associates to these crops, especially the glyphosate-based ones,
studies pointing out hazards and uncertainties connected to the
consumption of such plants and their parts will be systematized. In
addition, some references about the hazards and uncertainties to the
health from non-Bt transgenic plants and tolerant to other herbicides
are supplied, in addition the glyphosate-based ones.

Finally, this chapter joins studies pointing out hazards related to the
horizontal gene transfer in mammalian cells and their symbiontic
organisms, as well as uncertainties associated to epigenetic

mechanisms (especially RNAI).

In the fifth and last part of this book, entitled Scientific controversies
and criticisms to the transgenic plants risk analysis process, the
growing academic and scientific clash, conducted in international
scale is analyzed concerning the supposed absence of risks related
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to the planting and consumption of transgenic plants. For that
purposes, more than 90 articles which criticize from the risk
evaluation process indicating the safety of such plants under the
toxicological, allergenic, nutritional and environmental perspective,
to those pointing out evidences of problems with this respect, such as
toxicological, allergenic, nutritional and environmental hazards and
damages will be systematized.

Credibility damaging campaigns for researches and authors
mentioning such hazards and uncertainties are also described.
The chapter further includes a number or reports about subjects
suggesting explanations for the absence of consensus between the
scientists, covering from conflicts of interest and methodological
weaknesses to the commitment with possible research results and
their eventual economic deployment.

Methodological Aspects
Selected articles

As mentioned before, the first criterion for the inclusion of
approximately 750 articles referenced in this publication is their
publication in a national and/or international renowned scientific
magazine — the majority of them have a peer review committee (peer-
reviewed journals). The publication of a study in such magazines
in fact allows its access by the scientific community — which will
have at their disposal the materials and methodology used for their
conduction, as well as a significant part of the gross data, which does
not result from the authors analysis and which are subject to a number
of interpretations. With this respect, in case other researchers do not
agree with the interpretation of the study authors, the latest express
their divergent opinions, in general by means of a communication
or another publication in the same magazine or even in another
magazine specialized in the same subject. Such counter-argumenting
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possibility for the scientific community is not possible in case of
internal reports from institutes, NGOs or companies, on which only
the authors had access to the data.

It is worth emphasizing that the fact that a study is published in
one of such magazines does not mean a priori that the presented
arguments are the most exact ones, and much less that the authors
conclusions mean some type of absolute truth. However, in the
absence of opposite manifestation by the scientific community
members, such study can be considered as being the closest to a
truthful description of a certain situation, at a certain moment. In
fact, a scientific hypothesis can be considered as robust until the
science itself proves the opposite: this is the way science progresses.

In addition, the fact that the studies are peer-reviewed before they are
published minimizes the probability to make results incorporating
methodological bias and conclusions not supported by the data and
their implications/interpretations available to the society.

With this respect, the option to select only studies and works
published in scientific magazines provided with a specialized editorial
board and which practices the blind review (the reviewers do not
know who the authors are and vice-versa) must be considered as the
best alternative to collect independent opinions about any scientific
subject.

Article categories

In order the assist the reader in using this publication, we adopted a
classification typology in the document.

The references are preceded by acronyms indicating their nature.
Thus, when the mentioned article is clearly intended for a
bibliographic review of a certain subject, the reference is preceded by
the acronym REV-; the acronym COM- refers to “communications”
or “comments’ (generally characterized by a rapid working
time and which occupies a maximum of one or two pages in a
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scientific magazine); the acronym MOD- indicates a study about
modeling or experimental model and the acronym EPI- refers to an
epidemiological study. The absence of the acronyms indicates articles
supported by an experiment, with explicit material and method,
regardless of being conducted in the field or in laboratory. Such
classification typology is intended to clarify the reader about the type
of mentioned reference, being that in general a direct comparison
between two studies belonging to distinct categories is inappropriate.

Finally, in order to provide a historical overview of the subject, the
referenced articles were chronologically ordered for each addressed
problem. In addition to facilitate the reading, such ordering
emphasizes the historical backgrounds of the debate and illustrates
the continuity in time of the controversies about the several addressed
subjects.

Access to information and target public

It is worth mentioning that all these articles are available in digital
media through the internet - significant part of them for free
(especially through Open Access) -, depending on the magazines
authors intention and the editors option, and the rest only upon
payment or access through pre-paid servers in universities and
research institutions.

In order to facilitate the access to the articles, the internet links
directly taking to the online publication were associated to each free
access reference. When the article is not in a free access system, the
associated link will direct the reader to the abstract, always accessible
online.

In general, the National Center for Biotechnology Information
(NCBI - USA) internet links were prioritized. A number of reasons
guided such option, such as the extensive databank about biosafety
studies on transgenic plants, the presence of the cross reftool —allowing
to identify related studies, corrigendum and answers to a certain article
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-, in addition to the public character of the body. When an article
is not found in such databank, another internet site is indicated. In
all of the cases it was prevented to prioritize, promote or support
certain websites or institutions. Those specialized in the trade of
scientific publication of participants of Civil Society Organizations
were treated on a similar and secondary way, as mentioned above. In
practical terms, the facility to locate online publications by means of
a search tool in the basic internet (Google) consisted, somehow, in
a criterion which significantly guided the indication of the internet
links used in this publication. Evidently, the articles as do not depend
on such indications and can be accessed through other means.

All the links found in this publication were accessed between
11/01/2014 and 03/30/2015.

¢ transcribed here maintain the

The summaries and references
language of the original publication. Because the English language
is widely dominant in the scientific literature, this situations repeats
in this book. We understand that the option can be justified by the
technical difficulties involved in the translation of an abstract of an
already peer-validated scientific study, without risk of changes — even
if slight — in the meaning provided by the authors. As an example,
consider that, even the interpretation of simples words, such as
“might” or “may” (generally translated to Portuguese as “pode”) are
subject to imply relevant changes to the meaning of the original

sentence.

Although considering the importance of the familiarity with the
technical English for the appropriate use of the contents exposed
here, we emphasize that this book is not exclusively intended for
biotechnologists, molecular biologists or geneticists. In contrast, it is
necessary towiden the debate concerning the hazardsand uncertainties

6 For the option adopted in this publication to keep references in English, the ABNT standards system could not
be used.
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about the environment, health and agricultural production of
transgenic plants. And this book is intended to contribute for
so, by making scientific studies about these subjects available to
other spheres of the scientific community. With this respect, the
target public includes ecologists, statisticians, microbiologists,
nutritionists, toxicologists, veterinarians, physicians, agronomic,
agricultural and forest engineers, among others. We understand that
such professional categories are poorly represented in the scientific
debate and, consequently, in the decision making associated to such
subjects, decisively affecting the exercise of their professions.

This book will contribute for such. It will be noted on it that,
excluding few summaries singularly associated to certain specialties
in the biology field, the studies referenced here, as well as the texts
introducing them, provide robust support for opinion leaders
connected to a number of already referred professional categories,
as well as to public managers of the human area and environmental
health areas. The content will also be very useful to legislators, law
inspectors and the organized civil society representatives - even
without academic qualification in “hard/exact sciences”. It is worth
mentioning that significant part of the foreign technical terms to
non-specialists will be defined in footnotes, over the material. As a
complement, at the end of the book we provide a small explanatory
glossary which will help to clarify doubts concerning expressions
that, even known by the general public, can have distinct meanings
in the biology context.

Scholars connected to social sciences and the like are also included
among the target public of this book. We understand that they can
expand their technical knowledge about the subject and enrich
them with expertise from their area. We consider as being relevant
the approach of such professionals of the debate about the GMOs
and with the practice of the analysis and decision making conducted
in the regulatory instances, before the several interpretation of the
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Precaution Principle. We suppose that this document may contribute
for the acquisition of knowledge about biology and genetics and,
consequently, encourage its incorporation to the debates of such
scientific areas.

We also hope that this book is adopted as an information source for
professionals and social actors who work in the subject of pesticides
and their impact on the environment, the public health and the
agricultural production.

Finally, this work incorporates, by means of the referred articles,
great international effort applied to the construction of scientific
knowledge, comprisinga number of biology domainsand representing
an innovative challenge to the common citizen (potential involuntary
consumer of GMOs!), who will find information here allowing him/
her to better understand the technology associated to the GMOs and
of some mechanisms inherent to the life, under their most different
forms and complexities.

Have a good reading!

Gilles Ferment, Leonardo Melgarejo, Gabriel Fernandes and José
Maria Ferraz
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Contextualization

1 Transgenics and basic notions of biology

The genetic modification process changes the living being, allowing
the fusion of genetic material from completely different species,
whether bacteria, fungi, plants or animals. In order to better
understand how such technology works and what risks it can bring
to the environment and to the consumers, some basic notions of

biology are indispensable.

1.1 Cells, proteins, genome and gene regulation

Every living being is constituted by one or several cells (unicellular
or pluricellular organism). Depending on the species, the number of
cells may largely range: while the human being has approximately
10E" cells, Caenorhabditis elegans (a worm that is frequently used in
biological research) has approximately 1,031 cells, and the bacteria
have only one. In general, the number of cells of an organism depends
on its size/volume.

These cells comprise a number of components performing several
essential functions to those “life units”, such as the reproduction (cell
multiplication), communication (with other cells) and breathing
(cellular) ones, among others.

In pluricellular organisms the cells do not have the same functions,
performing distinct “tasks”. The liver cells will have an important
function in the detoxification of harmful molecules and the immune
system cells (white cells, for example) will have wider biological roles,
related to the protection of the organism against viral or bacterial
infections, for example. In case of plants, the root cells will have
different functions from those of the grains or the leaves, which
will further present differentiations associated to the systems they
participate in.

30



But, regardless of the involved functions (whether common or
specific to certain cells), almost all the cell actions are conducted by
means of proteins. The proteins correspond, with this respect, to
the main functional molecules of the cells. Some proteins will carry
materials out or to the cell, others will help to destroy or cut out old
or dangerous elements, others will act in the production of energy or
in cell multiplication, and so on.

1.2 Where does the protein diversity come from and
how are they produced to develop certain and so distinct
functions?

Part of the answers is located in the core of each cell. In such
compartment there are macromolecules containing the information
required for the cell (or the unicellular organism) operation: these are

the main DNA strands’.

Specifically, a DNA strand can be composed by billions of
Deoxyribonucleic Acid (DNA) molecules. The variation will depend
on the species of organism carrying that DNA. There are four types
of nitrogenous bases (Adenine, Thymine, Guanine and Cytosine),

designated by letters A, T, G and C.

The DNA complexity can be illustrated by the following estimate:
the simple transcription of the information “written” in the core
of a single human cell, using those four letters, would required the
publication of 10 books, in A4 format, with 1,000 pages each.

Certain  Deoxyribonucleic  Acid sequences have particular
significations. As in the case of the several letters of our alphabet,
which when associated in a certain order generate sentences with
their own meaning, the order on which those four bases occur defines
what we can call biological messages.

7 During the process of cell division, especially, the DNA strands are clustered and compressed and can be viewed
in the form of chromosomes.
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The science designated such biological messages (codes) of genes.
The current knowledge progressed and it is currently know that
the genes alone are not able to command certain expressions, once
their relationship with the environment, in addition to the existence
of nitrogen bases sequences which do not form genes, but act as
essential regulation elements so that those messages are issued,
read or understood. In other words, less than half of the genetic
basis is formed by genes. The rest, for not determining the protein
formation, was initially interpreted as “waste DNA”, has regulatory
functions that are essential to the genes operation. It is in this sense
that the initial interpretation that the genes define the life as it is, has
been proven to be incorrect, being admitted in the present that it is
not exactly known what a gene is.

But it is because of that reductionist interpretation that it is used to
say that the DNA, with its set of genes, constitutes a kind of “book
of life”, where the support of the genetic information and all its
possibilities are hidden.

There are usually various thousands of genes in each DNA molecule.
Some organisms are more complex than others and the man, who has
approximately 22 thousand genes, is not in the top of the list. Rice,
for example, has around 50 thousand genes. In all the organisms,
it is the message coded in the DNA, supported by the regulatory
sequences and submitted to pressures and particularities of the cell
medium, which guides the elaboration of proteins, encouraging the
wide variety of functions and characteristics of all the live organisms.
Thus, those nitrogen bases combinations are crucial for the formation
of a wide range of molecules which gives the basis to all the known
and imaginable biological processes.

On a simplified way, it is assumed that a gene is always translated into
protein(s). But it is worth mentioning that the genetic information
contained in the DNA strand cannot be directly translated into
proteins. It needs to pass through a transition process, “rewriting or
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recoding”. This process allows the DNA to be copied (transcribed)
in another molecule — the Ribonucleic Acid strand qualified as
messenger (RNAm) — before it serves as the basis for the elaboration
of proteins. In other words, it is in the process called transcription
that the RNAm will be translated into amino acids, which in their
turn will form one or more types of proteins.

1.3 Gene regulation

In summary, the DNA strand is comprised by genes containing
the genetic information required for the manufacture of proteins
responsible for almost all the biological processes performed by the
cells (except viruses and other exceptions). In addition, all the cells of
a certain organism will have the same DNA molecule and, therefore,
the same genetic information. But, it is not guaranteed that such
information will be expressed in the same way in all the cells. Such
finding introduces the gene regulation or the gene expression
regulation concept.

In fact, at any time over the history of a cell life, only a small part
of the RNA and proteins coded in its genome will be expressed.
At different moments, the profile of expressed gene products may
markedly differ in qualitative and quantitative terms with respect
to which proteins will be expressed and in what level or expression.

Any step of a gene expression can be modulated, from the DNA ac-
cessibility® for its transcription to the post-translational modification’
of a protein, passing through the amount of synthesized RNA. The
gene regulation guarantees the cell a significant part of the control
over its structure and function, being the basis of extremely varied bi-
ological mechanisms such as the cell differentiation, morphogenesis
or the adaptability of any organism to the environment.

8 In general, DNA is accessible to transcriptional machinery only when uncompressed, a known form of euchromatin.

9 Biological processes to complete the synthesis of a protein after translation process of RNA strands to chains
of amino acids, by adding, for example, certain molecules (sugars, phosphorus) or giving it a specific three-
dimensional spatial conformation (via folding and biochemical fixation).
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Another regulatory part of the gene expression is controlled by the
environment where the organism or cell is developed. Epigenetics
relates to the study of the environmental influences, which modify
the expression of the genetic code and the mechanisms involved
therein'’. The epigenetic mechanisms, briefly resumed in this
publication (especially in part 1), will be diverse and may also act
at various moments of the protein elaboration. In addition, the
epigenetic mechanisms effects can be transmitted from generation to
generation, although most of them appears to be reversible in time,
while the RNA changes (such as mutations) are definite.

The noted characters (such as the physical structures which
differentiate the several types of cells) are called phenotypic. In the
scale of an organism, the color of the eyes, the spike insertion height,
the size of capacity to resist to pathogenic agents would be examples
of phenotypic expressions. Thus, the phenotype of an organisms (or
of a cell) will result from a certain type of expression of the genotype,
which will emerge from a wide set of possibilities, being partially
controlled by the environment.

2 Genetically modified organisms and transgenic
food plants: distinct debates

By means of molecular biology tools, research are able to transfer
certain DNA sequences from an organism to the genome of another
one, in order to provide the latest one with a new biological function,
supposedly in the society’s interest. Theoretically, any living being
can be transformed in laboratory into a transgenic organism. The
current examples include plants, bacteria, yeast, mice, fishes, sheeps
and goats, among others. Some of these have revealed themselves as
very pertinent and interesting research tools for the understanding

10 The field of epigenetics has been widely disregarded (when not simply ignored) in the risk assessment of GMOs.
Possibly because it confronts outdated paradigms and dogmas but also underlies significant part of molecular biology
and genetics, historical controversies reactivating such as the transmission of acquired characteristics (Lamarcks
theory) or, more recently, the race in search for technologies set to the financially promising field of gene therapy.
Disregard the knowledge of epigenetics clearly reduces the effectiveness of risk assessments and slow scientific progress.
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and construction of the scientific knowledge about genetic and gene
regulation concepts and mechanisms. Others, not so much.

In fact, the biotechnologies are used, for many decades, both in the
research field and in the support/assistance to chemical-industrial
processes in commercial scale. This is what happens with the production
of insulin in GMO, of antiviral proteins (for the manufacture of
vaccines) of of enzymes with detergent properties, among others.
However, the trade of such products — produces in GMOs — did not
close the debate about biotechnologies with the same intensity as the
transgenic plants intended for feeding. A number of factors, social and
biological, allow us to explain such differentiation. On a summarized
way, the following arguments must be highlighted:

a) in case of transgenic food plants, the consumers health
is directly involved, affecting all the people. In case of medicinal
products such as insulin or recombinant vaccines, only certain
populations are involved, having the opportunity to choose, in
general, consciously for that. In addition, these populations are
protected by social and institutional mechanisms which allow a
relatively efficient monitoring of the potential problems, because of
the medical prescription and the case-by-case follow-up, for example;

b) when parts of a transgenic plant are consumed, it is the
genetically modified organism itself that is being ingested, and not
only a GMO expression product — such as an enzyme produced in
transgenic yeast and subsequently purified before being integrated in
the food chain. Both from the biological point of view and relatively
to the risks to the health, this implies significant differences. The use,
after the purification process of only one protein produced in GMO,
does not extend to an entire set of possibilities of damages associated
to eventual genetic modifications and/or metabolic changes which
may occur in the scale of the whole organism. Such set of possibilities,
in contrast, is present in the situation on which the GMO itself, or
part of it, is consumed.
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9} The commercial transgenic plants are grown in non-
controlled environments, i.e., in the field. The GMOs, in their
turn, developed with experimental objectives and/or intended for
the production or recombinant molecules for various industrial uses
are confined in “closed” environments, even if not necessarily tight,
such as laboratory, incubators, vegetation chamber, etc. This fact
substantially limits the risks associated to the consumption of such
transgenic products by non-target organisms (NTOs), as well as the
risks associated to the dissemination of transgenes in the environment
and their social-environmental impact.

Such observations must not be interpreted as an argument which
exempts the non-agricultural/food biotechnologies from any
biological risk. However, they allow us to clearly delimit the picture
of the scientific controversy addressed in this publication.

This book is clear in its effort of discrimination among the scientific
debates related to the biotechnology risks in general and the
risks associated to the commercial use of transgenic food plants.
“Arguments” like “transgenics are good for our societies because they
have already saved millions of lives of insulin-dependent people'” —
in addition to not having scientific basis — do not fit into a serious
reflection about the problems discussed here.

3 Transgenic plants and risk evaluation:
international and Brazilian context

Currently, in the world scenario, more than 98% of the transgenic
plants were genetically modified in order to express only two types
of characteristics.

11 This type of fallacious argument, which aims to silence the debate about the actual risks to public health,
environment and agriculture, associated with the commercial use of transgenic food plants, has been unfortunately
repeated by significant part of the academic world and scientific societies of Brazil and other countries major
producers of transgenic plants.
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a) the synthesis of an insecticide toxin in their tissues: these are
the so-called Bt plants, which theoretically are “resistant” to insects,
because the target-insect, in general a caterpillar or a coleoptera larva,

when feeding itself with the maize, soy or cotton leaf or the root
(particularly of Bt maize), will ingests those toxins and will die.

b) the modification of metabolic pathways in plants allowing
them to be insensitive to the lethal action of certain herbicides:

These plants are called by the biotechnology industry as Herbicide-
Tolerant (HT) plants. The best known example is represented by
RR soy, which by receiving a bath of glyphosate does not die, in
contrast to all the other plants of the crop treated with the herbicide,
thus facilitating the management of ruderal plants in such crops.
In addition to the tolerance to glyphosate, plants with a function
of tolerance to ammonium glufosinate-based, 2,4-D herbicides, or
those belonging to the chemical group of the imidazolinones are
currently grown in commercial scale.

In the latest years, more en more areas are planted with transgenic
plants combining'? these two functions, i.e., they are toxic plants to
certain insects and also insensitive to certain herbicides.

The transgenic plants are basically produced in only five countries of
the world (USA, Brazil, Argentina, India'® and Canada), totalizing
around 95% of the 180 million cultivated hectares in the planet.

It is worth mentioning that basically six companies hold the world
market of transgenic varieties and perticides associated to them'.
This applies both to the national and the international scenario.

12 This combination of functions can be obtained directly by genetic engineering, moving in the same plant several
transgenes responsible for different functions or by conventional crossing of two or more transgenic plants that
have these functions alone. In this case, it is pyramided / staked events.

13 In India only transgenic cotton is allowed on a commercial scale.

14 For example, Monsanto is responsible for marketing the main varieties of soybeans, corn and cotton tolerant to
glyphosate and also holds the main patent on the glyphosate-based herbicide; Bayer is responsible for marketing
of the main varieties of soybeans, corn and cotton tolerant to gluphosinate ammonium and also holds key patents
on herbicides based on gluphosinate ammonium; DowAgroscience is responsible for the marketing of the main
varieties of soybeans and corn tolerant to 2,4-D and also holds the main patent based herbicide 2,4-D, etc.
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Two main types of risks can be associated to the use of GMOs:

a) risks associated to the new function provided by means of
genetic modification, the insecticide protein synthesized in Bt plants,
for example, and to the presence of the associated transgene(s)

b) risks associated to undesirable effects resulting from the
genetic modification process itself, such as the change to the
metabolic pathways which may result in the synthesis of new
proteins, potentially toxic or allergenic.

Such distinction between the risk types is noted, in most of the book,
thanks to the elaboration of items related to specific risks. All the
biological risks associated to the commercial use of transgenic plants
basically result from these two types of risks. Included here are the
risks associated to the transgenic dissemination in the environment
or to the consumption of such plants by non-target organisms,
animals and human beings.

Although this publication does not cover only risks specific to the
Brazilian context, almost all the referenced articles warn to the
hazards and uncertainties relevant to Brazil.

In fact, Brazil is the second largest producer of transgenic food plants
in the world, with approximately 30 million hectares planted with
transgenic soy, maize, and cotton. We further have a bean and an
eucalyptus, not cultivated yet, but which have already been approved
by CTNBio. For this reason, the entire area planted with transgenic
plants in the country is covered by these two types of transgenic
plants, Bt or HT varieties or which combine these two functions.

The risk evaluation in Brazil is coordinated"” by National Technical
Biosafety Commission (CTNBio), MCTI commision composed by

15 Theoretically subordinated to the socio-economic analysis of the National Biosafety Council (CNBS, composed
of eleven ministers of state) - the technical opinions issued by CTNBio are actually transformed into policy decisions
that result in marketing authorization of GM crops in record time. In the absence of manifestation of CNBS - as is
the case for 95% of transgenic plants authorized today - is the CTNBio that is morally (but not legally) responsible
for a significant part of the country’s agricultural policy, strongly oriented to the use of transgenics.

38



Contextualization

27 doctors, including the government, the academy and the civil
society representatives. In 10 years of existence, CITNBio approved
around 60 transgenic events (45 plants). There has never been
rejection to the company’s requests. Well, all the CTNBio decisions
were controversial since its establishment, in 2005. As it appears
throughout this publication, CTNBio’s technical opinion does not
reflect the scientific community’s opinion.
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Unpredictable and non-intentional
genetic modification effects



1. Genome, epigenome and gene
expression'®

The genetic modification is a molecular biology tools intended
to transfer certain genes from an organism to another, in order
to also transfer characteristics that are supposedly dependent on
such genes. However, in case of products which are released in the
environment and consumed by human being, extremely caution
is required concerning the total of implications and their possible
consequences.

These gene transfers obviously incorporate potentially undesirable
changes, able to result in dangerous effects to the health and the
environment. The controls which would allow to operate with the
required care evidently require the appropriate understanding of the
implications associated to the genome and their relationship with the
environment. The most essential point, in this discussion lies in the
difficulty to, with the current knowledge, correctly understand the
functioning of the genome and the changes imposed to it.

1.1 The gene concept in continuous evolution

The transgenic organisms were developed based on exaggeratedly
simplified premises, of molecular biology and genetics. According to
these, a gene codifies for a certain protein which will perform a certain
function. This and nothing else. With this respect, it was believed
that simply transferring a gene — with interesting function — from an
organism (donor) to another organism (receptor) would be enough
for the latest to be obliged to express the desired function, through the
synthesis of the recombinant protein.

Well, the reasoning became complex when the gene concept progressed,
& & 2
being that current the name “genomic sequence of determined size”

16 Although most of the references mentioned in this item relates to biology in mammalian cells (or model
organisms, such as certain yeasts), it is noteworthy that incorporates doubt valid for supposedly simpler organisms,
including plants (focus of this publication).
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or “DNA elements” is currently better accepted, operating on an
articulated way, conditioned by the environment (they affect while
they are affected by it).

In case of the human being, such simplified interpretation allowed
that most part of the genome was considered, until some years ago, as
“waste DNA”, once it would not be a protein encoder. Subsequently,
the Encode project concluded (in 2012) that 80% of the genome
would have, in fact, several biochemical functions regulators of
unpredictable complex systems based on the knowledge dominated
by science.

The interpretation is maintained. Strictly speaking, we do not know
what a gene is, although we know it is not what we supposed.
With this respect, it is possible to state that the understanding of
the basic biological mechanisms inherent to the life requires more
studies in order to clarify its modes of action and provide safety in its
manipulations. The studies below discuss such issue.

REV — El-Hani, C. 2007. Between the cross and the sword: the crisis of the gene concept.
Genet. Mol. Biol., vol.30, n° 2. Sao Paulo.

Challenges to the gene concept have shown the difficulty of preserving the classical molecular
concept, according to which a gene is a stretch of DNA encoding a functional product (polypeptide
or RNA). The main difficulties are related to the overlaying of the Mendelian idea of the gene as a
‘unit’: the interpretation of genes as structural and/or functional units in the genome is challenged
by evidence showing the complexity and diversity of genomic organization. This paper discusses
the difficulties faced by the classical molecular concept and addresses alternatives to it. Among
the alternatives, it considers distinctions between different gene concepts, such as that between
the ‘molecular’ and the ‘evolutionary’ gene, or between ‘gene-P’ (the gene as determinant of
phenotypic differences) and ‘gene-D’ (the gene as developmental resource). It also addresses the
process molecular gene concept, according to which genes are understood as the whole molecular
process underlying the capacity to express a particular product, rather than as entities in ‘bare’
DNA; a treatment of genes as sets of domains (exons, introns, promoters, enhancers, etc.) in DNA;
and a systemic understanding of genes as combinations of nucleic acid sequences corresponding to
a product specified or demarcated by the cellular system. In all these cases, possible contributions
to the advancement of our understanding of the architecture and dynamics of the genetic material
are emphasized.

Full article available at http://www.scielo.br/scielo.php?pid=S1415-
47572007000300001 &script=sci_arttext
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Encode Project Consortium. 2007. Identification and analysis of functional elements in 1%
of the human genome by the Encode pilot project. Nazure, v.447, p. 799-816.

We report the generation and analysis of functional data from multiple, diverse experiments
performed on a targeted 1% of the human genome as part of the pilot phase of the ENCODE
Project. These data have been further integrated and augmented by a number of evolutionary
and computational analyses. Together, our results advance the collective knowledge about human
genome function in several major areas. First, our studies provide convincing evidence that the
genome is pervasively transcribed, such that the majority of its bases can be found in primary
transcripts, including non-protein-coding transcripts, and those that extensively overlap one another.
Second, systematic examination of transcriptional regulation has yielded new understanding about
transcription start sites, including their relationship to specific regulatory sequences and features of
chromatin accessibility and histone modification. Third, a more sophisticated view of chromatin
structure has emerged, including its inter-relationship with DNA replication and transcriptional
regulation. Finally, integration of these new sources of information, in particular with respect to
mammalian evolution based on inter- and intra-species sequence comparisons, has yielded new
mechanistic and evolutionary insights concerning the functional landscape of the human genome.
Together, these studies are defining a path for pursuit of a more comprehensive characterization of
human genome function.

http://www.ncbi.nlm.nih.gov/pubmed/17571346

Encode Project Consortium. 2012. An integrated encyclopedia of DNA elements in the
human genome. Nature, Vol 489, 57-74.

The human genome encodes the blueprint of life, but the function of the vast majority of its
nearly three billion bases is unknown. The Encyclopedia of DNA Elements (ENCODE) project
has systematically mapped regions of transcription, transcription factor association, chromatin
structure and histone modification. These data enabled us to assign biochemical functions for 80%
of the genome, in particular outside of the well-studied protein-coding regions. Many discovered
candidate regulatory elements are physically associated with one another and with expressed genes,
providing new insights into the mechanisms of gene regulation. The newly identified elements
also show a statistical correspondence to sequence variants linked to human disease, and can
thereby guide interpretation of this variation. Overall, the project provides new insights into the
organization and regulation of our genes and genome, and is an expansive resource of functional
annotations for biomedical research.

http://www.ncbi.nlm.nih.gov/pubmed/22955616

COM - Pennisi, E. 2012. Encode Project Writes Eulogy for Junk DNA. Science, 1159-1161.

Without summary available.

htep://www.ncbi.nlm.nih.gov/pubmed/22955811

Ibarra-Laclette, E.; Lyons, E.; ez al. 2013. Architecture and evolution of a minute plant
genome. Nature, 498, 94-98 doi:10.1038/nature12132.

It has been argued that the evolution of plant genome size is principally unidirectional and increasing
owing to the varied action of whole-genome duplications (WGDs) and mobile element proliferation.
However, extreme genome size reductions have been reported in the angiosperm family tree. Here
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we report the sequence of the 82-megabase genome of the carnivorous bladderwort plant Utricularia
gibba. Despite its tiny size, the U. gibba genome accommodates a typical number of genes for a
plant, with the main difference from other plant genomes arising from a drastic reduction in non-
genic DNA. Unexpectedly, we identified at least three rounds of WGD in U. gibba since common
ancestry with tomato (Solanum) and grape (Vitis). The compressed architecture of the U. gibba
genome indicates that a small fraction of intergenic DNA, with few or no active retrotransposons, is
sufficient to regulate and integrate all the processes required for the development and reproduction
of a complex organism.

http://www.ncbi.nlm.nih.gov/pubmed/23665961

Even today, a number of issues are still open, related to the biological
roles played by most of the DNA elements, to the form how these
rearrange themselves in the genome, how they are accepted or
rejected when changed/broken by natural or artificial processes.

Sargent, R.; Brenneman, M.; Wilson, J. 1997. Repair of Site-Specific Double-Strand Breaks
in a Mammalian Chromosome by Homologous and Illegitimate Recombination. Molecular
and Cellular Biology, p. 267-277.

In mammalian cells, chromosomal double-strand breaks are efficiently repaired, yet little is known
about the relative contributions of homologous recombination and illegitimate recombination in
the repair process. In this study, we used a loss-of-function assay to assess the repair of double-strand
breaks by homologous and illegitimate recombination. We have used a hamster cell line engineered
by gene targeting to contain a tandem duplication of the native adenine phosphoribosyltransferase
(APRT) gene with an I-Scel recognition site in the otherwise wild-type APRT+ copy of the gene.
Site-specific double-strand breaks were induced by intracellular expression of I-Scel, a rare-cutting
endonuclease from the yeast Saccharomyces cerevisiae. I-Scel cleavage stimulated homologous
recombination about 100-fold; however, illegitimate recombination was stimulated more than
1,000-fold. These results suggest that illegitimate recombination is an important competing pathway
with homologous recombination for chromosomal double-strand break repair in mammalian cells.

Full article available at http://www.ncbi.nlm.nih.gov/pmc/articles/PMC231751/

Haber, J. 2006. Transpositions and translocations induced by site-specific double-strand
breaks in budding yeast. DNA Repair (Amst), 5(9-10):998-1009.

Much of what we know about the molecular mechanisms of repairing a broken chromosome has
come from the analysis of site-specific double-strand breaks (DSBs). Such DSBs can be generated
by conditional expression of meganucleases such as HO or I-Scel or by the excision of a DNA
transposable element. The synchronous creation of DSBs in nearly all cells of the population has made
it possible to observe the progress of recombination by monitoring both the DNA itself and proteins
that become associated with the recombining DNA. Both homologous recombination mechanisms
and non-homologous end-joining (NHE]) mechanisms of recombination have been defined by
using these approaches. Here I focus on recombination events that lead to alterations of chromosome
structure: transpositions, translocations, deletions, DNA fragment capture and other small insertions.
These rearrangements can occur from ectopic gene conversions accompanied by crossing-over, break-
induced replication, single-strand annealing or non-homologous end-joining.

http://www.ncbi.nlm.nih.gov/pubmed/16807137
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Katz, S.; Gimble, E; Storici, E 2014. To nick or not to nick: comparison of I-Scel single-
and double-strand break-induced recombination in yeast and human cells. PLOS ONE,
9(2):¢88840. doi: 10.1371/journal.pone.0088840.

Genetic modification of a chromosomal locus to replace an existing dysfunctional allele with a
corrected sequence can be accomplished through targeted gene correction using the cell’s homologous
recombination (HR) machinery. Gene targeting is stimulated by generation of a DNA double-strand
break (DSB) at or near the site of correction, but repair of the break via non-homologous end-joining
without using the homologous template can lead to deleterious genomic changes such as in/del
mutations, or chromosomal rearrangements. By contrast, generation of a DNA single-strand break
(SSB), or nick, can stimulate gene correction without the problems of DSB repair because the uncut
DNA strand acts as a template to permit healing without alteration of genetic material. Here, we
examine the ability of a nicking variant of the I-Scel endonuclease (K223I I-Scel) to stimulate gene
targeting in yeast Saccharomyces cerevisiae and in human embryonic kidney (HEK-293) cells. K2231
I-Scel is proficient in both yeast and human cells and promotes gene correction up to 12-fold. We
show that K2231 I-Scel-driven recombination follows a different mechanism than wild-type I-Scel-
driven recombination, thus indicating that the initial DNA break that stimulates recombination is not
a low-level DSB but a nick. We also demonstrate that K2231I I-Scel efficiently elevates gene targeting
at loci distant from the break site in yeast cells. These findings establish the capability of the I-Scel
nickase to enhance recombination in yeast and human cells, strengthening the notion that nicking
enzymes could be effective tools in gene correction strategies for applications in molecular biology,
biotechnology, and gene therapy.

Full article available at http://www.ncbi.nlm.nih.gov/pmc/articless/PMC3928301/

Thus, as the gene concept remains in full progress, also the scientific
knowledge concerning the set of biological mechanisms allowing the
regulation of such genes increases year after year. In fact, in addition
to the promoters and the encoder DNA regulatory sequences, there
is a number of other molecules with an important role in the gene
regulation and expression and which are not covered by the risk
evaluations in transgenic plants. Concentrated in the strict space
of the promoters, the regulators and terminators, such analyses, as
currently conducted, put aside wide field for the expression of risk

possibility.

Since 20 years ago, new molecules have been identified and
characterized as gene expression regulator elements. They are RNA
molecules which are not translated into proteins, currently called
small RNA species (or non-coding RNA/ncRNA" or functional
RNA funcional/fRNA).

17 'This terminology may prove misplaced, considering it was recently discovered the possibility of certain small
RNA species encode for peptides. See, for example, Lauressergues et al., 2015 (Primary transcripts of microRNAs
encode regulatory peptides, Nature, 520,90-93) and Waterhouse & Hellens, 2015 (Plant biology: Coding in non-
coding RNAs Nature, 520,41-42).
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The sRNAs group a number of RNA types'®, with several actions
in the gene regulation, but also in the DNA replication or in post-
translational modifications. In this context, related to possible SRNAs
(and their consequences) changes when submitting and organism/
cell to the genetic modification process, the miRNA and siRNA
deserve attention. Both have an essential role in the mechanism
currently called RNA interference (RNAi), which determines the
gene regulation inhibition (in general destroying specific messenger
RNA — preventing the formation of proteins from these).

The biological potential of this mechanisms, as well as the associated
molecules, is immense, although full of uncertainties. In fact, a single
miRNA may decrease the expression level of hundreds of genes.
These molecules also have ability to interact in the form of the cell
chromatin, leaving the DNA in a physical state that is incompatible
with its transcription in RNAm.

Parallely, chemical changes — particularly consolidated by the addition
of methyl groups to histones and/or in the DNA itself, by means of
methylases — also change the gene availability for its transcription or
directly regulate the methylated gene expression, respectively.

These gene regulation forms basically independent from the
organism’s DNA sequences are largely associated to epigenetic
mechanisms, constituting a recent accumulation field which has
not deserved attention compatible with its relevance, concerning
the risk analysis of the transgenic plants. In fact, such analysis is
currently focused only on possible changes to the DNA of the
transformed organism.

Fire A; Xu S.; ez al. 1998. Potent and specific genetic interference by double-stranded RNA
in Caenorhabditis elegans. Nature, 391(6669):806-11.

Experimental introduction of RNA into cells can be used in certain biological systems to interfere
with the function of an endogenous gene. Such effects have been proposed to result from a simple

18  See http://en.wikipedia.org/wiki/List_of_RNAs for more detals
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antisense mechanism that depends on hybridization between the injected RNA and endogenous
messenger RNA transcripts. RNA interference has been used in the nematode Caenorhabditis
elegans to manipulate gene expression. Here we investigate the requirements for structure and
delivery of the interfering RNA. To our surprise, we found that double-stranded RNA was
substantially more effective at producing interference than was either strand individually. After
injection into adult animals, purified single strands had at most a modest effect, whereas double-
stranded mixtures caused potent and specific interference. The effects of this interference were
evident in both the injected animals and their progeny. Only a few molecules of injected double-
stranded RNA were required per affected cell, arguing against stochiometric interference with
endogenous mRNA and suggesting that there could be a catalytic or amplification component in
the interference process.

Full article available at http://www.nature.com/nature/journal/v391/n6669/full/391806a0.html

REV — Mello C.; Conte Jr D. 2004. Revealing the world of RNA interference. Nazure,
432:338-42.

The recent discoveries of RNA interference and related RNA silencing pathways have revolutionized
our understanding of gene regulation. RNA interference has been used as a research tool to control
the expression of specific genes in numerous experimental organisms and has potential as a
therapeutic strategy to reduce the expression of problem genes. At the heart of RNA interference lies
a remarkable RNA processing mechanism that is now known to underlie many distinct biological
phenomena.

http://www.ncbi.nlm.nih.gov/pubmed/15372040

Grewal, S; Elgin, S. 2007. Transcription and RNA interference in the formation of
heterochromatin. Nature, 447:399—-4006.

Recent findings have challenged the longstanding belief that heterochromatin is an inert and
transcriptionally inactive structure. Studies in organisms ranging from fission yeast to animals have
found that noncoding RNAs transcribed from heterochromatic DNA repeats function in the assembly
and function of heterochromatin. In this review, we discuss the roles of RNA and RNA turnover in
mechanisms that mediate heterochromatin assembly and keep heterochromatic domains silent.

Full article available at http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2950806/

Washietl, S., Pedersen, J.; Korbel, Jan; ez 2. 2007. Structured RNAs in the Encode selected
regions of the human genome. Genome Research, 17(6): 852-864.

Functional RNA structures play an important role both in the context of noncoding RNA
transcripts as well as regulatory elements in mRNAs. Here we present a computational study to
detect functional RNA structures within the ENCODE regions of the human genome. Since
structural RNAs in general lack characteristic signals in primary sequence, comparative approaches
evaluating evolutionary conservation of structures are most promising. We have used three recently
introduced programs based on either phylogenetic—stochastic context-free grammar (EvoFold)
or energy directed folding (RNAz and AlifoldZ), yielding several thousand candidate structures
(corresponding to ~2.7% of the ENCODE regions). EvoFold has its highest sensitivity in highly
conserved and relatively AU-rich regions, while RNAz favors slightly GC-rich regions, resulting
in a relatively small overlap between methods. Comparison with the GENCODE annotation
points to functional RNAs in all genomic contexts, with a slightly increased density in 3’-UTRs.
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While we estimate a significant false discovery rate of ~50%-70% many of the predictions can be
further substantiated by additional criteria: 248 loci are predicted by both RNAz and EvoFold, and
an additional 239 RNAz or EvoFold predictions are supported by the (more stringent) AlifoldZ
algorithm. Five hundred seventy RNAz structure predictions fall into regions that show signs of
selection pressure also on the sequence level (i.e., conserved elements). More than 700 predictions
overlap with noncoding transcripts detected by oligonucleotide tiling arrays. One hundred seventy-
five selected candidates were tested by RT-PCR in six tissues, and expression could be verified in
43 cases (24.6%).

Full article available at http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1891344/

Reyes-Turcu, E; Grewal S. 2012. Different means, same end — heterochromatin formation
by RNAi and RNAi-independent RNA processing factors in fission yeast. Curr Opin Genet
Dev, 22:156-63.

‘The assembly of heterochromatin in eukaryotic genomes is critical for diverse chromosomal events
including regulation of gene expression, silencing of repetitive DNA elements, proper segregation of
chromosomes and maintenance of genomic integrity. Previous studies have shown that noncoding
RNAs and the RNA interference (RNAi) machinery promote the assembly of heterochromatin that
serves as a multipurpose platform for targeting effectors involved in various chromosomal processes.
Recent work has revealed that RNAi-independent mechanisms, involving RNA processing activities
that utilize both noncoding and coding RNAs, operate in the assembly of heterochromatin. These
findings have established that, in addition to coding for proteins, mRNAs also function as signaling
molecules that modify chromatin structure by targeting heterochromatin assembly factors.

Full article available at http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3331891/

Ahlenstiel C.; Lim, H.; Cooper, D; Ishida, T.; Kelleher, A.; Suzuki, K. 2012. Direct evidence
of nuclear Argonaute distribution during transcriptional silencing links the actin cytoskeleton
to nuclear RNAi machinery in human cells. Nucl Acids Res, 40: 1579-95.

Mammalian RNAi machinery facilitating transcriptional gene silencing (TGS) is the RNA-induced
transcriptional gene silencing-like (RITS-like) complex, comprising of Argonaute (Ago) and small
interfering RNA (siRNA) components. We have previously demonstrated promoter-targeted siRNA
induce TGS in human immunodeficiency virus type-1 (HIV-1) and simian immunodeficiency
virus (SIV), which profoundly suppresses retrovirus replication via heterochromatin formation and
histone methylation. Here, we examine subcellular co-localization of Ago proteins with promoter-
targeted siRNAs during TGS of SIV and HIV-1 infection. Analysis of retrovirus-infected cells
revealed Agol co-localized with siRNA in the nucleus, while Ago2 co-localized with siRNA in
the inner nuclear envelope. Mismatched and scrambled siRNAs were observed in the cytoplasm,
indicating sequence specificity. This is the first report directly visualizing nuclear compartment
distribution of Ago-associated siRNA and further reveals a novel nuclear trafficking mechanism
for RITS-like components involving the actin cytoskeleton. These results establish a model for
elucidating mammalian TGS and suggest a fundamental mechanism underlying nuclear delivery
of RITS-like components.

Full article available at http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3287199/
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1.2 Omission of epigenetics in genetic modification
concept

Genome studies in model organisms and the conduction of the
Human Genome Sequencing Project evidenced that significant
part of the physical and chemical characteristics of the living
beings (the phenotype) was not only controlled by the DNA and,
consequently, by the so-called genes. Currently, there is consensus
that a number of such characteristics is controlled by epigenetic
mechanisms, established in hierarchic levels which extrapolate the
functions attributed to the genes, the definition of which is shown
to be insufficient.

The epigenetics can be presented, on a simplified way, as an
articulated governance means, defining the form through which
the genotype may (or not) be used to generate the expression of on
or another phenotype. With this respect, in the words of biologist
Michel Morange, epigenetics “is a concept that partially denies the
‘fatality’ of the genes”.

The epigenetic mechanisms, which involve molecules such as
non-coding RNA/ncRNA (or small RNAs/sRNAs), are generally
triggered/guided by environmental factors, by the diet or by the
microbione (set of the symbiontic organisms of the living beings,
such as the skin or the digestive system bacteria). Under the current
knowledge, both in plants and arthropods such as in mammalians"
certain epigenetic mechanisms seem to be universal, with much to
be discovered about its implications. There are still many doubts
concerning the operation of the epigenome, its several biological roles
in the organisms and the potentially undesirable effects which may
trigger disorders posed to them, by the abusive use of technologies
affecting it (especially transgenic/exogenous dsRNA synthesis).

19  The epigenetic mechanisms control key biological functions. The permanent silencing of one of the X
chromosomes in female mammals, stands out among its most symbolic examples.
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COM — Bass BL. 2001. RNA interference: The short answer. Nature, 411: 428-9.

Without summary.

http://www.nature.com/nature/journal/v411/n6836/full/411428a0.html

Siomi, H.; Siomi, M. 2009. On the road to reading the RNA-interference code. Nazure,
457: 396-404.

The finding that sequence-specific gene silencing occurs in response to the presence of double-
stranded RNAs has had an enormous impact on biology, uncovering an unsuspected level of
regulation of gene expression. This process, known as RNA interference (RNAi) or RNA silencing,
involves small non-coding RNAs, which associate with nuclease-containing regulatory complexes
and then pair with complementary messenger RNA targets, thereby preventing the expression
of these mRNAs. Remarkable progress has been made towards understanding the underlying
mechanisms of RNAI, raising the prospect of deciphering the ‘RNAi code’ that, like transcription
factors, allows the fine-tuning and networking of complex suites of gene activity, thereby specifying
cellular physiology and development.

http://www.ncbi.nlm.nih.gov/pubmed/19158785

Khan, A.; Betel, D.; Miller, M., Sander, C., Leslie, C., Marks, D. 2009. Transfection of
small RNAs globally perturbs gene regulation by endogenous microRNAs. Nat. Biotechnol.,
27(6):549-55. doi: 10.1038/nbt.1543. Erratum in Nat. Biotechnol., 27(7):671.

Transfection of small RNAs (such as small interfering RNAs (siRNAs) and microRNAs (miRNAs))
into cells typically lowers expression of many genes. Unexpectedly, increased expression of genes
also occurs. We investigated whether this upregulation results from a saturation effect--that is,
competition among the transfected small RNAs and the endogenous pool of miRNAs for the
intracellular machinery that processes small RNAs. To test this hypothesis, we analyzed genome-
wide transcript responses from 151 published transfection experiments in seven different human cell
types. We show that targets of endogenous miRNAs are expressed at significantly higher levels after
transfection, consistent with impaired effectiveness of endogenous miRNA repression. This effect
exhibited concentration and temporal dependence. Notably, the profile of endogenous miRNAs
can be largely inferred by correlating miRNA sites with gene expression changes after transfections.
The competition and saturation effects have practical implications for miRNA target prediction,
the design of siRNA and short hairpin RNA (shRNA) genomic screens and siRNA therapeutics.

Full article available at http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2782465/

Jagtap, U.; Guray, R.; Bapat, V. 2011. Role of RNA interference in plant improvement.
Naturwissenschaften, 98(6):473-92. doi: 10.1007/s00114-011-0798-8.

Research to alter crops for their better performance involving modern technology is underway
in numerous plants, and achievements in transgenic plants are impacting crop improvements in
unparalleled ways. Striking progress has been made using genetic engineering technology over
the past two decades in manipulating genes from diverse and exotic sources, and inserting them
into crop plants for inducing desirable characteristics. RNA interference (RNAI) has recently
been identified as a natural mechanism for regulation of gene expression in all higher organisms
from plants to humans and promises greater accuracy and precision to plant improvement. The
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expression of any gene can be down-regulated in a highly explicit manner exclusive of affecting
the expression of any other gene by using RNAIi technologies. Additional research in this field
has been focused on a number of other areas including microRNAs, hairpin RNA, and promoter
methylation. Manipulating new RNAi pathways, which generate small RNA molecules to amend
gene expression in crops, can produce new quality traits and having better potentiality of protection
against abiotic and biotic stresses. Nutritional improvement, change in morphology, or enhanced
secondary metabolite synthesis are some of the other advantages of RNAI technology. In addition
to its roles in regulating gene expression, RNAI is also used as a natural defense mechanism against
molecular parasites such as jumping genes and viral genetic elements that affect genome stability.
Even though much advancement has been made on the field of RNAi over the preceding few years,
the full prospective of RNAI for crop improvement remains to be fully realized. The intricacy of
RNAI pathway, the molecular machineries, and how it relates to plant development are still to be
explained.

http://www.ncbi.nlm.nih.gov/pubmed/21503773

REV - Lejeune, E. ; Allshire, R. 2011. Common ground: small RNA programming and
chromatin modifications. Curr. Opin. Cell. Biol., 23:258-65.

Epigenetic mechanisms regulate genome structure and expression profiles in eukaryotes. RNA
interference (RNAI) and other small RNA-based chromatin-modifying activities can act to reset
the epigenetic landscape at defined chromatin domains. Centromeric heterochromatin assembly
is a RNAi-dependent process in the fission yeast Schizosaccharomyces pombe, and provides a
paradigm for detailed examination of such epigenetic processes. Here we review recent progress
in understanding the mechanisms that underpin RNAi-mediated heterochromatin formation in
S. pombe. We discuss recent analyses of the events that trigger RNAi and manipulations which
uncouple RNAi and chromatin modification. Finally we provide an overview of similar molecular
machineries across species where related small RNA pathways appear to drive the epigenetic
reprogramming in germ cells and/or during early development in metazoans.

http://www.ncbi.nlm.nih.gov/pubmed/21478005

REV - Zhang H.; Zhu J-K. Seecing the forest for the trees: a wide perspective on RNA-
directed DNA methylation. Genes Dev., 26: 1769-73.

In this issue of Genes & Development, Wierzbicki and colleagues (pp. 1825-1836) examine
the current model of RNA-directed DNA methylation (RADM) by determining genome-wide
distributions of RNA polymerase V (Pol V) occupancy, siRNAs, and DNA methylation. Their data
support the key role of base-pairing between Pol V transcripts and siRNAs in targeting de novo
DNA methylation. Importantly, the study also reveals unexpected complexity and provides a global
view of the RAIDM pathway.

Full article available at http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3426756/

Cortessis, V.; Thomas D.; Levine A; et al. 2012. Environmental epigenetics: prospects for
studying epigenetic mediation of exposure—response relationships. Hum Genet., 131: 1565-89.

Changes in epigenetic marks such as DNA methylation and histone acetylation are associated with a
broad range of disease traits, including cancer, asthma, metabolic disorders, and various reproductive
conditions. It seems plausible that changes in epigenetic state may be induced by environmental
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exposures such as malnutrition, tobacco smoke, air pollutants, metals, organic chemicals, other
sources of oxidative stress, and the microbiome, particularly if the exposure occurs during key
periods of development. Thus, epigenetic changes could represent an important pathway by which
environmental factors influence disease risks, both within individuals and across generations. We
discuss some of the challenges in studying epigenetic mediation of pathogenesis and describe some
unique opportunities for exploring these phenomena.

Full article available at http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3432200/

Shenderov, B.; Midtvedt, T. 2014. Epigenomic programing: a future way to health? Microb.
Ecol. Health Dis., 8;25. doi: 10.3402/mehd.v25.24145.

It is now generally accepted that the ‘central genome dogma’ (i.e. a causal chain going from DNA
to RNA to proteins and downstream to biological functions) should be replaced by the ‘fluid
genome dogma, that is, complex feed-forward and feed-back cycles that interconnect organism
and environment by epigenomic programing - and reprograming - throughout life and at all levels,
sometimes also down the generations. The epigenomic programing is the net sum of interactions
derived from own metabolism and microbiota as well as external factors such as diet, pharmaceuticals,
environmental compounds, and so on. It is a growing body of results indicating that many chronic
metabolic and degenerative disorders and diseases - often called ‘civilization discases’ - are initiated
and/or influenced upon by non-optimal epigenomic programing, often taking place early in life. In
this context, the first 1,000 days of life - from conception into early infancy - is often called the most
important period of life. The following sections present some major mechanisms for epigenomic
programing as well as some factors assumed to be of importance. The need for more information
about own genome and metagenome, as well as a substantial lack of adequate information regarding
dietary and environmental databases are also commented upon. However, the mere fact that we
can influence epigenomic health programing opens up the way for prophylactic and therapeutic
interventions. The authors underline the importance of creating a ‘Human Gut Microbiota
and Epigenomic Platform’ in order to facilitate interdisciplinary collaborations among scientists
and clinicians engaged in host microbial ecology, nutrition, metagenomics, epigenomics and
metabolomics as well as in disease epidemiology, prevention and treatment.

Full article available at http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4016746/

Zhang, L.; Hou, D.; Chen, X.; er al. 2012. Exogenous plant MIR168a specifically targets
mammalian LDLRAPI: evidence of cross-kingdom regulation by microRNA. Cel/
Research 22:107-126. doi:10.1038/cr.2011.158.

Our previous studies have demonstrated that stable microRNAs (miRNAs) in mammalian serum
and plasma are actively secreted from tissues and cells and can serve as a novel class of biomarkers
for diseases, and act as signaling molecules in intercellular communication. Here, we report the
surprising finding that exogenous plant miRNAs are present in the sera and tissues of various
animals and that these exogenous plant miRNAs are primarily acquired orally, through food intake.
MIR168a is abundant in rice and is one of the most highly enriched exogenous plant miRNAs in
the sera of Chinese subjects. Functional studies in vitro and in vivo demonstrated that MIR168a
could bind to the human/mouse low-density lipoprotein receptor adapter protein 1 (LDLRAP1)
mRNA, inhibit LDLRAP1 expression in liver, and consequently decrease LDL removal from
mouse plasma. These findings demonstrate that exogenous plant miRNAs in food can regulate the
expression of target genes in mammals.

Full article available at http://www.nature.com/cr/journal/v22/n1/full/cr2011158a.html
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An excellent example of the industry precipitation in its search for
rapidly placing in the market transgenic products which are not
fully understood by the science relates to Flav/Svr®® tomato. The
first transgenic plant traded in the world, it was distributed for
consumption even before the subjacent mechanisms to the effects
obtained by the genetic manipulation have been known. Only 12
years after the launching of that tomato in the market, the researches
reached clearer interpretations concerning the biological mechanisms
responsible for the controlled ripening by a chemical inducer, at the
desired moment. By the time of launching, it was supposed that
the effect obtained in the Flav/svr tomato resulted from the direct
mediation the anti-sense mRNA. Well, it is currently recognized
that such technology truly resorted to an epigenetic mechanism of
interference RNA (RNAi).

Sanders, R.; Hiatt, W. 2005. Tomato transgene structure and silencing. Naz. Biotechnol.,
23:287-9.

Without summary.

http://www.ncbi.nlm.nih.gov/pubmed/15765076

Krieger, E.; Allen, E.; Gilbertson, L.; Roberts, J.; Hiatt, W.; Sanders, R. 2008. The Flavr Savr
Tomato, an early example of RNAIi technology. HortScience, 43, 962-964.

The Flavr Savr tomato was introduced as the first genetically engineered whole food in 1994.
The commercial event, resulting from transformation with an antisense expression cassette of the
endogenous polygalacturonase gene, was sequenced and found to contain two contiguous, linked,
transfer DNA insertions. We found polygalacturonase suppression correlates with accumulation
of =21-nt small interfering RNAs, the hallmark of an RNA interference-mediated suppression
mechanism.

Full article available at http://hortsci.ashspublications.org/content/43/3/962.full

20 A similar interpretation error was observed in case of papaya genetically modified to resist the ringspot virus
(Chiang et al., 2001. Comparative reactions of recombinant papaya ringspot viruses with chimeric coat protein
(CP) genes and wild-type viruses on CP-transgenic papaya. / Gen Virol 82 (Pt 11): 2827-36).
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2 Genetically modified organism
response to genetic modification

2.1 The transgene insertion technology
inaccuracy results in important modifications in
the transformed organism’s genome

In contrast to what hasbeen historically defended by the biotechnology
companies, the development or transgenic plants results from a highly
invasive and random technological process, responsible for damages
to the transformed organism’s DNA and in the configuration of the
transgene itself (mutations, deletions, rearrays, etc.).

Insertions have also been noted on which the trangenes are attached
to unstable sites of the genome, such as in retrotransposons* (mobile

DNA elements).

The number of copies of the cassette/transgene which will be
integrated in the target genome is also highly variable and depends
on the case. It must be emphasized, at this point, that each inserted
copy will correspond to the aggregation of new and additional
uncertainties concerning the final effects of that change through
genetic modification.

REV — Pawlowski, W.; Somers, D. 1996. Transgene inheritance in plants genetically
engineered by microprojectile bombardment. Mol. Biotechnol., 6 (1): 17-30.

Microprojectile bombardment to deliver DNA into plant cells represents a major breakthrough in the
development of plant transformation technologies and accordingly has resulted in transformation of
numerous species considered recalcitrant to Agrobacterium- or protoplast-mediated transformation
methods. This article attempts to review the current understanding of the molecular and genetic
behavior of transgenes introduced by microprojectile bombardment. The characteristic features of
the transgene integration pattern resulting from DNA delivery via microprojectile bombardment
include integration of the full length transgene as well as rearranged copies of the introduced
DNA. Copy number of both the transgene and rearranged fragments is often highly variable. Most
frequently the multiple transgene copies and rearranged fragments are inherited as a single locus.

21  In an evolutionary view, it is possible to illustrate the biological importance of retrotransposons into a plant
genome, based on corn. For details, see SANMIGUEL, P & BENNETZEN, J., L. 1998 (Evidence that a Recent
Increase in Maize Genome Size was Caused by the Massive Amplification of Intergene Retrotransposons. Annals of
Botany 82 (Supplement A): 37-44, 1998), available at http://aob.oxfordjournals.org/content/82/suppl_1/37.full.pdf.
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However, a variable proportion of transgenic events produced by microprojectile bombardment
exhibit Mendelian ratios for monogenic and digenic segregation vs events exhibiting segregation
distortion. The potential mechanisms underlying these observations are discussed.

http://www.ncbi.nlm.nih.gov/pubmed/8887358

Srivastava V.; Anderson, O.; Ow, D. 1996. Single copy transgenic wheat generated through
the resolution of complex integration patterns. PNAS, 96: 1117-21.

Genetic transformation of plants often results in multiple copies of the introduced DNA at a single
locus. To ensure that only a single copy of a foreign gene resides in the plant genome, we used a
strategy based on site-specific recombination. The transformation vector consists of a transgene
flanked by recombination sites in an inverted orientation. Regardless of the number of copies
integrated between the outermost transgenes, recombination between the outermost sites resolves
the integrated molecules into a single copy. An example of this strategy has been demonstrated with
wheat transformation, where four of four multiple-copy loci were resolved successfully into single-
copy transgenes.

Full article available at http://www.ncbi.nlm.nih.gov/pmc/articles/PMC17996/

Sawasaki, T.; Takahashi, M.; Goshima, N.; Morikawa, H. 1998. Structures of transgene loci
in transgenic Arabidopsis plants obtained by particle bombardment: junction regions can
bind to nuclear matrices. Gene, 218, 24-35.

To clarify the molecularstructure of the integrationsites of transgenes, we used particlebombardment to
examine the DNA sequences of transgene loci. Three transgenic Arabidopsis lines gave a single
Southern hybridization band with a selectable gene as the probe. Junction regions flanked by the
transgenes were cloned by the inverse polymerase chain reaction method, and the characteristics
of the DNA sequences of the 10 junction regions were investigated. All but two of these were
AT-rich sequences bearing motifs characteristic of a scaffold/matrix-attachment region (S/
MAR). Calculations showed that seven of them should have a propensity for curvature. An
assay of in-vitro binding to tobacco nuclear matrices showed that all the junction regions bound
to nuclear matrices and that the two input DNAs did not bind. The 12 chromosome/transgene (CT)
junctions in these three transgene loci were investigated. Cleavage sites for topoisomerase I were
found at 10 of the 12, near the junction point. The other two junctions had sites within 6bp
of the junction point. The sequence near one terminal of the transgene in the transgene loci was
compared with that near the other terminal. Short, direct repeats consisting of 4-6bp were present
within 10bp of the junction points in the sequence. We speculate that the transgene introduced
by particle bombardment is delivered on AT-rich S/MAR that has a propensity for curvature, and
then a nucleotide near the short, direct repeat on the transgene is joined near the cleavage sites on
the genome for topoisomerase 1.

http://www.ncbi.nlm.nih.gov/pubmed/9751799

COM - Jank, B.; Haslberger, A. 2000. Recombinant DNA insertion into plant
retrotransposons. 77btech, Vol. 18.

Without summary.

Full article available at hteps://goo.gl/nllbiC
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Svitashev, S.; Ananiev E.; Pawlowski, W.; Somers, D. 2000. Association of transgene
integration sites with chromosome rearrangements in hexaploid oat. 7heor. Appl. Gener. 100,
872-880.

Transgene loci in 16 transgenic oat (Avena sativa L.) lines produced by microprojectile bombardment
were characterized using phenotypic and genotypic segregation, Southern blot analysis, and
fluorescence in situ hybridization (FISH). Twenty-five transgene loci were detected; 8 lines exhibited
single transgene loci and 8 lines had 2 or 3 loci. Double FISH of the transgene and oat C- and
A/D-genome-specific dispersed and clustered repeats showed no preferences in the distribution of
transgene loci among the highly heterochromatic C genome and the A/D genomes of hexaploid oat,
nor among chromosomes within the genomes. Transgene integration sites were detected at different
locations along individual chromosomes, although the majority of transformants had transgenes
integrated into subtelomeric and telomeric regions. Transgene integration sites exhibited different
levels of structural complexity, ranging from simple integration structures of two apparently
contiguous transgene copies to tightly linked clusters of multiple copies of transgenes interspersed
with oat DNA. The size of the genomic interspersions observed in these transgene clusters was
estimated from FISH results on prometaphase chromosomes to be megabases long, indicating that
some transgene loci were significantly larger than previously determined by Southern blot analysis.
Overall, 6 of the 25 transgene loci were associated with rearranged chromosomes. These results
suggest that particle bombardment-mediated transgene integration may result from and cause
chromosomal breakage and rearrangements.

Full article available at http://pawlowski.cit.cornell.edu/2000.pdf

Svitashevy S.; Pawlowskiy, W.; Makarevitch I.; Plank, D.; Somers D. 2002. Complex
transgene locus structures implicate multiple mechanisms for plant transgene rearrangement.

The Plant Journal. 32, 433-445. (1)

To more fully characterize the internal structure of transgene loci and to gain further understanding
of mechanisms of transgene locus formation, we sequenced more than 160 kb of complex transgene
loci in two unrelated transgenic oat (Avena sativa L.) lines transformed using microprojectile
bombardment. The transgene locus sequences from both lines exhibited extreme scrambling of
non-contiguous transgene and genomic fragments recombined via illegitimate recombination.
A perfect direct repeat of the delivered DNA, and inverted and imperfect direct repeats were
detected in the same transgene locus indicating that homologous recombination and synthesis-
dependent mechanism(s), respectively, were also involved in transgene locus rearrangement.
The most unexpected result was the small size of the fragments of delivered and genomic DNA
incorporated into the transgene loci via illegitimate recombination; 50 of the 82 delivered DNA
fragments were shorter than 200 bp. Eleven transgene and genomic fragments were shorter than
the DNA lengths required for Ku-mediated non-homologous end joining. Detection of these
small fragments provided evidence that illegitimate recombination was most likely mediated by
a synthesis-dependent strand-annealing mechanism that resulted in transgene scrambling. Taken
together, these results indicate that transgene locus formation involves the concerted action of
several DNA break-repair mechanisms.

http://www.ncbi.nlm.nih.gov/pubmed/12445116

Wu H.; Sparks, C.; Jones, H. 2006. Characterization of T-DNA loci and vector backbone
sequences in transgenic wheat produced by Agrobacterium-mediated transformation. Mol.
Breeding 18: 195-208.

Detailed molecular characterisation of transgene loci is a requirement for gaining regulatory
approval for environmental release of genetically modified crops. In cereals, it is generally
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accepted that Agrobacterium-mediated transformation generates cleaner transgene loci with lower
copy number and fewer rearrangements than those generated by biolistics. However, in wheat
there has been little detailed analysis of T-DNA insertions at genetic and molecular level. Wheat
lines transformed usingAgrobacterium rumefaciens with bar and gusA (GUS) genes were subjected
to genetic and molecular analysis. Unlike previous studies of transgene loci in wheat, we used
functional assays for PAT and GUS proteins, combined with PCR and Southern analysis to detect
the presence, copy number, linkage and transmission of two transgenes inserted in the same
T-DNA. Thirty-four independent transgenic lines were categorised into three types: type I events
(38% of total) where the gusA and bar genes displayed complete genetic linkage, segregating
together as a single functional locus at the expected ratio of 3:1; type II events (18%), which
possessed two or more transgene loci each containing gusA and bar; and type I1I events (44%),
containing an incomplete T-DNA in which cither the gusA or bar gene was lost. Most lines in
this last category had lost the bargene situated near the left T-DNA border. Southern analysis
indicated that 30% of all lines possessed a single T-DNA copy containing gusA and bar. However,
when data on expression and molecular analysis are combined, only 23% of all lines have single
copy T-DNAs in which both gene cassettes are functioning. We also report on the presence of
plasmid backbone DNA sequence in transgene loci detected using primer pairs outside the left
and right T-DNA borders and within the plasmid selectable marker (Np#l) gene. Approximately
two thirds of the lines contained some vector backbone DNA, more frequently adjacent to the left
border. Taken together, these data imply unstable left border function causing premature T-strand
termination or read-through into vector backbone. As far as we are aware, this is the first report
revealing near border T-DNA truncation and vector backbone integration in wheat transgenic
lines produced by Agrobacterium-mediated transformation.

htep://link.springer.com/article/10.1007%2Fs11032-006-9027-0#close

REV — Wilson, A.; Latham, J.; Steinbrecher, R. 2006. Transformation-induced mutations
in transgenic plants: analysis and biosafety implications. Biotechnol. Genet. Eng. 23:209-37.

Without summary.

Full article available at http://www.econexus.info/publication/transformation-induced-mutations-
transgenic-plants

REV - Latham, J.; Wilson, A.; Steinbrecher, R. 2006. The Mutational Consequences of
Plant Transformation. Journal of Biomedicine and Biotechnology, Article ID 25376, Pages
1-7.

Plant transformation is a genetic engineering tool for introducing transgenes into plant genomes.
It is now being used for the breeding of commercial crops. A central feature of transformation is
insertion of the transgene into plant chromosomal DNA. Transgene insertion is infrequently, if ever,
a precise event. Mutations found at transgene insertion sites include deletions and rearrangements
of host chromosomal DNA and introduction of superfluous DNA. Insertion sites introduced using
Agrobacterium tumefaciens tend to have simpler structures but can be associated with extensive
chromosomal rearrangements, while those of particle bombardment appear invariably to be
associated with deletion and extensive scrambling of inserted and chromosomal DNA. Ancillary
procedures associated with plant transformation, including tissue culture and infection with
A tumefaciens, can also introduce mutations. These genome-wide mutations can number from
hundreds to many thousands per diploid genome. Despite the fact that confidence in the safety
and dependability of crop species rests significantly on their genetic integrity, the frequency of
transformation-induced mutations and their importance as potential biosafety hazards are poorly
understood.

Full article available at http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1559911/
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In this context, it is necessary to highlight the fact that most of the
transgenic events so far commercially released presents transgene
configurations that are physically distinct from the predicted and
expected ones as a result of the insertion process.

Windels, P; Taverniers, I; Depicker, A; Van Bockstaele, E.; De Loose, M. 2001.
Characterisation of the Roundup Ready soybean insert. Eur. Food Res. Technol., 213, 107-112.

In this article we describe the isolation and characterisation of the junction between insert DNA and
plant DNA in the transgenic Roundup Ready soybean line event 40-3-2. Our results establish that
during integration of the insert DNA several rearrangements occurred at the 3> NOS junction and
that the genomic plant DNA at the pre-integration site may have been rearranged. These findings
highlight the utility of characterising junction regions to fulfil the request for information regarding
which DNA sequences have been incorporated in commercialised transgenic lines. Furthermore,
the characterisation of junction regions is, in our opinion, the method of choice to support method
development for detection and identification of plant biotechnology-derived products.

Full article available at http://cera-gmc.org/docs/articles/09-090-008.pdf

Herndndez, M.; Pla, M; Esteve, T; Prat, S.; Puigdoménech, P; Ferrando, A. 2003. A specific
real-time quantitative PCR detection system for event MONS810 in maize YieldGard® based
on the 3’-transgene integration sequence. Transgenic Research, 12: 179-189.

The increasing presence of transgenic plant derivatives in a wide range of animal and human
consumables has provoked in western Europe a strong demand for appropriate detection methods
to evaluate the existence of transgenic elements. Among the different techniques currently used,
the real-time quantitative PCR is a powerful technology well adapted to the mandatory labeling
requirements in the European Union (EU). The use of transgene flanking genomic sequences has
recently been suggested as a means to avoid ambiguous results both in qualitative and quantitative
PCR-based technologies. In this study we report the identification of genomic sequences adjacent
to the 3’-integration site of event MONS810 in transgenic maize. This genetically modified crop
contains transgene sequences leading to ectopic expression of a synthetic CrylA(b) endotoxin
which confers resistance to lepidopteran insects especially against the European corn borer. The
characterization of the genome-transgene junction sequences by means of TAIL-PCR has facilitated
the design of a specific, sensitive and accurate quantification method based on TagMan chemistry.
Cloning of event MON810 3’-junction region has also allowed to compare the suitability of
plasmid target sequences versus genomic DNA obtained from certified reference materials (CRMs),
to prepare standard calibration curves for quantification.

http://www.ncbi.nlm.nih.gov/pubmed/12739886

Rang, A; Linke, B.; Jansen, B. 2005. Detection of RNA variants transcribed from the
transgene in Roundup Ready soybean. Eur. Food Res. Technol., 220, 438-43.

'The acreage for genetically modified crops (GMOs)—particularly soybean—has steadily increased
since 1996, when the first crop of Roundup Ready soybean (intended for food production) was
grown. The Roundup Ready soybean varieties derive from a soybean line into which a glyphosate-
resistant enolpyruvylshikimate- 3-phosphate-synthase (EPSPS) gene was introduced. The inserted
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and the flanking regions in Roundup Ready soybean have recently been characterized. It was
shown that a further 250-bp fragment of the epsps gene is localized downstream of the introduced
nos terminator of transcription, derived from the nopaline synthase gene from Agrobacterium
tumefaciens. We examined whether this 250-bp fragment could be of functional importance.
Our data demonstrate that at least 150 bp of this DNA region are transcribed in Roundup Ready
soybean. Transcription of the fragment depends on whether readthrough events ignore the nos
terminator signal located upstream. Our data also indicate that the read-through product is further
processed, resulting in four different RNA variants from which the transcribed region of the nos
terminator is completely deleted. Deletion results in the generation of open reading frames which
might code for (as yet unknown) EPSPS fusion proteins. The nos terminator is used as a regulatory
element in several other GMOs used for food production. This implies that read through products
and transcription of RNA variants might be a common feature in these GMOs.

Full article available at heep://link.springer.com/article/10.1007%2Fs00217-004-1064-5#page-1

Collonnier, C.; Schattner, A.; Berthier, G.; ez al. 2005. Characterization and event specific-
detection by quantitative real-time PCR of T25 maize insert. Journal AOAC International,
vol. 88, no. 2, p. 536-546.

T25 is one of the 4 maize transformation events from which commercial lines have so far been
authorized in Europe. It was created by polyethylene glycol-mediated transformation using a
construct bearing one copy of the synthetic pat gene associated with both promoter and terminator
of the 35S ribosomal gene from cauliflower mosaic virus. In this article, we report the sequencing
of the whole T25 insert and the characterization of its integration site by using a genome walking
strategy. Our results confirmed that one intact copy of the initial construct had been integrated
in the plant genome. They also revealed, at the 5’ junction of the insert, the presence of a second
truncated 35S promoter, probably resulting from rearrangements which may have occurred before
or during integration of the plasmid DNA. The analysis of the junction fragments showed that the
integration site of the insert presented high homologies with the Huck retrotransposon family. By
using one primer annealing in the maize genome and the other in the 5’ end of the integrated DNA,
we developed a reliable event-specific detection system for T25 maize. To provide means to comply
with the European regulation, a real-time PCR test was designed for specific quantitation of T25
event by using Tagman chemistry.

http://www.ncbi.nlm.nih.gov/pubmed/15859082

Rosati, A.; Bogani, P; Santarlasci, A.; Bulatti, M. 2008. Characterisation of 3’ transgene
insertion site and derived mRNAs in MONS810 YieldGard maize. Plant Mol. Biol., 67 (3):
271-81.

The construct inserted in YieldGard MONB810 maize, produced by Monsanto, contains the CaMV
35S promoter, the hsp70 intron of maize, the cryl(A)b gene for resistance to lepidopterans and the
NOS terminator. In a previous work a truncation event at the 3’ end of the cryl(A)b gene leading
to the complete loss of the NOS terminator was demonstrated. The 3’ maize genome junction
region was isolated in the same experiment not showing any homology with known sequences. The
aim of the experiments here reported was therefore to isolate and characterize a larger portion of
the 3’ integration junction from genomic DNA of two commercial MON810 maize lines. Specific
primers were designed on the 3’ integration junction sequence for the amplification of a 476 bp
fragment downstream of the sequence previously detected. In silico analysis identified the whole
isolated 3’ genomic region as a gene putatively coding for the HECT E3 ubiquitin ligase. RT-
PCR performed in this region produced cDNA variants of different length. In silico translation of
these transcripts identified 2 and 18 putative additional aminoacids in different variants, all derived
from the adjacent host genomic sequences, added to the truncated CRY1A protein. These putative
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recombinant proteins did not show homology with any known protein domains. Our data gave
new insights on the genomic organization of MONB810 in the YieldGard maize and confirmed the
previous suggestion that the integration in the genome of maize caused a complex recombination
event without, apparently, interfering with the activity of the partial CRY1A endotoxin and both
the vigor and yield of the YieldGard maize.

Full article available at http://www.salmone.org/wp-content/uploads/2009/05/buiatti2008.pdf

La Paz, J; Vicient, C; Puigdoménech, P; Pla, M. 2010. Characterization of
polyadenylatederyZA(b) transcripts in maize MON810 commercial varieties. Analytical and
Bioanalytical Chemistry, Volume 396, Issue 6, pp 2125-2133.

The Zea mays L. event MONB10 is one of the major commercialized genetically modified crops. The
inserted expression cassette has a 3’ truncation partially affecting the crylA(b) coding sequence, resulting
in the lack of the NOS terminator, with transcription of the transgene reported to read-through 3’-
past the truncation site. Here, we demonstrate that the cryIA(b) transgene gives rise to a variety of
polyadenylated transcripts of different sizes that extend to around 1 kbp downstream the truncation site.
A Stop codon at position +7 downstream the truncation site indicates the production of a transgenic
protein with two additional amino acids; which is compatible with the reported size of the CrylIA(b)
protein in MONS810. There is no evidence of the existence of other translated products. Several main
3’ transcription termination regions were detected close to the truncation site and in the transgene
3’ flanking sequence. Next to these main termination sites, we identified some sequence motifs that
could potentially act as 3’-end-processing elements and drive termination of the transgene transcripts.
The MONB8I10 transgene has been introduced into different commercial varieties through breeding
programs. Here, we demonstrate that there are no significant differences among the levels of transgene
mRNA accumulation, major transcript sizes and 3’ termini profiles comparing a number of MON810
commercial varieties grown under similar environmental conditions. Commercial varieties of this event
appear to be stable in terms of transgene expression.

http://www.ncbi.nlm.nih.gov/pubmed/19841912

Waminal, N.; Ryu, K.; Choi S-H.; Kim H. 2013. Randomly detected genetically modified
(GM) maize (Zea mays L.) near a transport route revealed a fragile 45S rDNA phenotype.
PLOS ONE. 9;8(9):¢74060. doi: 10.1371/journal.pone.0074060.

Monitoring of genetically modified (GM) crops has been emphasized to prevent their potential effects
on the environment and human health. Monitoring of the inadvertent dispersal of transgenic maize
in several fields and transport routes in Korea was carried out by qualitative multiplex PCR, and
molecular analyses were conducted to identify the events of the collected GM maize. Cytogenetic
investigations through fluorescence in situ hybridization (FISH) of the GM maize were performed to
check for possible changes in the 45S rDNA cluster because this cluster was reported to be sensitive
to replication and transcription stress. Three GM maize kernels were collected from a transport route
near Incheon port, Korea, and each was found to contain NK603, stacked MON863 x NK603, and
stacked NK603 x MONS8I10 inserts, respectively. Cytogenetic analysis of the GM maize containing
the stacked NK603 x MONS810 insert revealed two normal compact 55 rDNA signals, but the 45S
rDNA showed a fragile phenotype, demonstrating a “beads-on-a-string” fragmentation pattern, which
seems to be a consequence of genetic modification. Implications of the 45S rDNA cluster fragility in
GM maize are also discussed.

Full article available at http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3767626/
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Ben Ali, S-E.; Madi, Z.; Hochegger, R.; Quist, D.; Prewein, B.; Haslberger, A.; Brandes, C.
2014. Mutation Scanning in a Single and a Stacked Genetically Modified (GM) Event by
Real-Time PCR and High Resolution Melting (HRM) Analysis. /nz. . Mol. Sci., 15, 19898-
19923; d0i:10.3390/ijms151119898.

Genetic mutations must be avoided during the production and use of seeds. In the European Union
(EU), Directive 2001/18/EC requires any DNA construct introduced via transformation to be
stable. Establishing genetic stability is critical for the approval of genetically modified organisms
(GMOs). In this study, genetic stability of two GMOs was examined using high resolution melting
(HRM) analysis and real-time polymerase chain reaction (PCR) employing Scorpion primers for
amplification. The genetic variability of the transgenic insert and that of the flanking regions in a
single oilseed rape variety (GT73) and a stacked maize (MON88017xMON810) was studied. The
GT73 and the 5’ region of MON810 showed no instabilities in the examined regions. However; two
out of 100 analyzed samples carried a heterozygous point mutation in the 3’ region of MONS810 in
the stacked variety. These results were verified by direct sequencing of the amplified PCR products
as well as by sequencing of cloned PCR fragments. The occurrence of the mutation suggests that the
5’ region is more suitable than the 3’ region for the quantification of MON810. The identification
of the single nucleotide polymorphism (SNP) in a stacked event is in contrast to the results of earlier
studies of the same MONB810 region in a single event where no DNA polymorphism was found.

Full article available at http://www.ncbi.nlm.nih.gov/pmc/articles/ PMC4264145/

Even in cases on which the DNA sequence mapped in the host
plant appeared to be identical to the predicted one, this would not
guarantee that its operation would produce the expected effects,
and only these. The similarity in terms of identity of that genetic
information does not guarantee by itself that the protein synthesis
will be identical in the original being and in the transformed
one. In fact, post-translational mechanisms — consolidated by the
folding in the three-dimensional space of the amino acids sequence
-, dependent of the cellular medium and the influenced the cell is
submitted to, will define essential pathways for the configuration
of the definite biological functions of that protein. The adoption
of a spatial pattern distinct from the expected one — regardless
of the DNA which generated a certain protein — may change its
functionality, transforming macromolecules that are harmless to
the organisms into harmful toxins** or allergens.

22 It should be noted that the difference between a normal type of prion and prion responsible for mad cow
discase lies only in the spatial conformation of the protein, not the DNA sequence that generated. Check for
example, Abid & Soto, 2006 (The intriguing prion disorders. Cell Mol Life Sci, 63, 2342-2351).
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Prescott, V.; Campbell, P; Moore, A.; Mattes, ]J.; Rothenberg, M.; Foster, P; Higgins, T.;
Hogan, S. 2005. Transgenic expression of bean alpha-amylase inhibitor in peas results in
altered structure and immunogenicity. Journal of Agricultural and Food Chemistry, 53.

‘The development of modern gene technologies allows for the expression of recombinant proteins in
non-native hosts. Diversity in translational and post-translational modification pathways between
species could potentially lead to discrete changes in the molecular architecture of the expressed
protein and subsequent cellular function and antigenicity. Here, we show that transgenic expression
of a plant protein (alpha-amylase inhibitor-1 from the common bean (Phaseolus vulgaris L. cv.
Tendergreen)) in a non-native host (transgenic pea (Pisum sativum L.)) led to the synthesis of a
structurally modified form of this inhibitor. Employing models of inflammation, we demonstrated
in mice that consumption of the modified alphaAl and not the native form predisposed to antigen-
specific CD4+ Th2-type inflammation. Furthermore, consumption of the modified alphaAl
concurrently with other heterogeneous proteins promoted immunological cross priming, which
then elicited specific immunoreactivity of these proteins. Thus, transgenic expression of non-native
proteins in plants may lead to the synthesis of structural variants possessing altered immunogenicity.

http://www.ncbi.nlm.nih.gov/pubmed/16277398

2.2 Instability of the transgene - and of its
expression - after insertion

The forced insertion of transgenic material, which generally involves
DNA elements of a number of phylogenetically distant species,
tend to cause changes to the transformed organism’s genome,
generating favorable conditions to the transgene instability. Such
instability — in the expression of the recombinant proteins (or in
other expression products) can be expressed during the vegetative
cycle of the plant and/or by the time the transgene is transmitted
from generation to generation.

Considering the various internal and external factors to the
organism which influence such instabilities, it is evident that its set
generates very complex anticipation hazards and uncertainties, in a
biosafety perspective.

Sometimes, the transgene is simply silenced®, as it has been noted
in commercial transgenic varieties.

23 Gene silencing of transgenes is also dealt with in item 2.3 of Part 2 of this book, where we discuss potential
ineffectiveness of virus resistance technologies in genetically modified plants.
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Meza, T.; Kamfjord, D.; Hikelien, A-M.; Evans, 1.; Godager, L.; Mandal, A.; Jakobsen, K.;
Aalen, R. 2001. The frequency of silencing in Arabidopsis thaliana varies highly between
progeny of siblings and can be influenced by environmental factors. Transgenic Research,

10: 53-67.

In a collection of 111 transgenic Arabidopsis thaliana lines, silencing of the nptll gene was
observed in 62 (56%) of the lines and three distinct nptll-silencing phenotypes were identified.
Two T-DNA constructs were used, which differed in distance and orientation of the marker gene
relative to the border sequences. Comparison of the sets of lines generated with each vector,
indicate that the T-DNA construct configuration influence the incidence of lines displaying
silencing, as well as the distribution of silencing phenotypes. Twenty lines were investigated more
thoroughly. The frequency of silencing varied between siblings in 19 lines, including three lines
containing a single T-DNA copy. The last line showed 100% silencing. The gus gene present
in both constructs could be expressed in the presence of a silenced nptll gene. Investigation of
methylation at a single site in the pnos promoter revealed partial methylation in multi-copy lines,
but no methylation in single-copy lines. For 16 lines, the overall frequencies of silencing differed
significantly between control plants and plants exposed to temperature stress; in 11 of these lines
at the 0.1% level. In several cases, the frequency of silencing in progeny of stress-treated plants
was higher than for the control group, while other lines showed higher frequencies of kanamycin-
resistant progeny for the stress-treated sibling plants.

Full article available at https://goo.gl/hVmf48

Aguilera, M.; Querci, M.; Balla, B.; Prospero, A.; Ermolli, M.; Van den Eede, G. 2008. A
Qualitative Approach for the Assessment of the Genetic Stability of the MON 810 Trait
in Commercial Seed Maize Varieties. Food Anal. Methods, 1: 252-258.

Maize MON 810 is one of the European Union’s (EU) authorized genetically modified
organisms (GMO) for placing on the food and feed market. The total number of MON 810
varieties registered in the European Common Catalogue of varieties of agricultural plant species
has almost tripled since 2005. One of the requirements described in EU legislation, namely
the genetic stability of GM seed varieties, was thus assessed by analyzing the intactness of the
entire MON 810 integration and its genotypic stability in commercial varieties available on the
market for at least the last 2 years. A combined strategy using qualitative analytical methods
made possible to determine the presence/absence of the individual genetic elements and of the
whole GM construct. The restriction fragment length polymorphism patterns obtained from
amplified whole constructs by long polymerase chain reaction (PCR) were compared side by side.
CrylA(b) protein expression levels were determined by enzyme-linked immunosorbent assay.
Twenty-four out of the 26 analyzed varieties met the expected stability features. One variety
gave negative results in all assays, and one variety contained the necessary genetic elements for
expressing CryIA(b) protein although giving negative results for the long PCR product. To our
knowledge, this study is the first post-marketing stability analysis performed on GM commercial
seed varieties.

htep://link.springer.com/article/10.1007%2Fs12161-008-9035-2

2.2.1 The transgene instability due to internal factors

As previously mention, in addition to the transformation method
used, also the organizational structure resulting from the insertion
of the transgene influences its stability, the stability of its expression
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and, also, the heritage standard of such DNA elements over the
generations.

Kohli, A.; Twyman, R.; Abranches, R.; Wegel, E.; Stoger, E.; Christou, P. 2003. Transgene
integration, organization and interaction in plants. Plant Molecular Biology 52: 247-258.

It has been appreciated for many years that the structure of a transgene locus can have a major
influence on the level and stability of transgene expression. Until recently, however, it has been
common practice to discard plant lines with poor or unstable expression levels in favor of those
with practical uses. In the last few years, an increasing number of experiments have been carried out
with the primary aim of characterizing transgene loci and studying the fundamental links between
locus structure and expression. Cereals have been at the forefront of this research because molecular,
genetic and cytogenetic analysis can be carried out in parallel to examine transgene loci in detail.
'This review discusses what is known about the structure and organization of transgene loci in cereals,
both at the molecular and cytogenetic levels. In the latter case, important links are beginning to be
revealed between higher order locus organization, nuclear architecture, chromatin structure and
transgene expression.

http://www.ncbi.nlm.nih.gov/pubmed/12856933

Yin, Z; Plader, W.; Malepszy, S. 2004. Transgene inheritance in plants. J Appl
Genet., 45(2):127-44.

The patterns of transgene inheritance in plants and the possible explanations for non-Mendelian
transmission are reviewed. The non-Mendelian inheritance of a transgene has been recorded with a
frequency between 10% and 50% in transgenic plants produced either by Agrobacterium-mediated
transformation or through particle bombardment. Different effects such as deletion, duplication,
rearrangement, repeated sequence recombination as well as gene interaction have been observed for
transgenic loci. The nature of the recipient genome, nature of the transgene and the interactions
between them seem to contribute to the non-Mendelian segregation of transgenes.

Full article available at https://goo.gl/1Zjczz

Epigenetic mechanisms may also influence - and even prevent - the
transgene expression. One of the ways would be by means of the
system called PTGS (Post Transcriptional Gene Silencing). Such
mode of action — intended for the destruction of all the RNAm
synthesized by one transgene — is indicated as a type of “genetic
defense system” which recognizes and fights against the introduction
of certain endogenous and/or exogenous DNA sequences. Under an
evolutionary point of view, such mechanism would have progressed
in order to protect the organisms from viruses and transposons.

Other information about the PTGS mechanism involved in the
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inhibition of the transgene expression in case or tolerance to virus
can be found in item 2.3 of Part 2 of this book.

Dougherty, W.; Parks, T.1995. Transgenes and gene suppression: telling us something new?
Curr Opin Cell Biol., Vol. 7(3): 399-405.

Transgenes provide unique opportunities to assess the relationship between genotype and phenotype
in an organism. In most cases, introduction and subsequent expression of a transgene will increase
(with a sense RNA) or decrease (with an antisense RNA) the steady-state level of a specific gene
product. However, a number of surprising observations have been made in the course of many
transgenic studies. We develop a hypothesis that suggests that many examples of endogenous gene
suppression by either antisense or sense transcripts are mediated by the same cellular mechanism.

http://www.ncbi.nlm.nih.gov/pubmed/7662371

Kumpatla, S.; Chandrasekharan, M.; Iyer, M; Li, G.; Hall, T. 1998. Genome intruder
scanning and modulation systems and transgene silencing. Trends in Plant Science, Vol 3, Issue
3.97-104.

‘The widespread occurrence of transgene inactivation in plants and classical cases of silencing of
duplicated sequences in fungi suggest that all genomes contain defense systems that are capable of
monitoring and manipulating intrusive DNA. Such DNA might be recognized by its structure, its
sequence composition relative to that of its genomic environment and possibly by its disruption of
normal biochemical functions. Although methylation, especially of repeated sequences, is widely
associated with gene inactivation, other attributes, including chromatin modification, may be
involved. Elimination of inactivated intrusive DNA (presently best documented for filamentous
fungi) may also contribute to genomic defense mechanisms in plants. Stable integration and
expression of introduced genes are essential for genetically engineered crops, and thus transformation
constructs must be designed to avoid host surveillance processes.

Full article available at https://goo.gl/5Xwfqh

Kumpatla, S.; Hall; T. 1999. Organizational complexity of a rice transgene locus susceptible
to methylation-based silencing. Life, 48, 459-467.

Molecular analyses of a rice (Oryza sativa L.) transgene locus introduced using biolistic techniques
revealed the presence of multiple copies of rearranged fragments, as well as an intact copy of the
supplied constructs. Both the gene of interest (35S-Btt cryllIA) and the selectable marker used
(Ubil-bar) were methylated and silenced. Additionally, vector sequences were present in great
abundance and were also highly methylated, indicating that the entire transgene insert was marked
for methylation. The rearrangement of input DNA resulted in interspersion of plasmid backbone
regions with the gene of interest. Permutation of segments encoding the gene of interest and the
selectable marker was also detected, perhaps explaining why sequences introduced on separate
plasmids are frequenty found to be inserted at the same locus. The 35S promoter contained
several hotspots for fragmentation. These observations strongly support the concept that intrusive
DNA is recognized by host surveillance systems and that transgene loci with anomalous structural
organization are subjected to inactivation by processes such as methylation.

htep://www.ncbi.nlm.nih.gov/pubmed/10632579
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Cogoni, C.; Macino, G. 2000. Post-transcriptional gene silencing across kingdoms. Curr

Opinion Genet Dev, 10, 638-43.

Post-transcriptional gene silencing (PTGS) as a consequence of the introduction of either transgenes
or double-stranded RNA molecules has been found to occur in a number of species. In the past year,
studies in different systems have greatly enhanced our understanding of the molecular mechanisms
of these phenomena. The ubiquitous presence of PTGS in both the plant and animal kingdoms and
the finding of common genetic mechanisms suggest that PTGS is a universal gene-regulation system
fundamental in biological processes such as protection against viruses and transposons.

Full article available at https://goo.gl/7z152A

Hirai, S.; Takahashi, K.; Abiko, T.; Kodama, H. 2010. Loss of sense transgene-induced post-
transcriptional gene silencing by sequential introduction of the same transgene sequences
in tobacco. The FEBS Journal, 277(7):1695-703. doi: 10.1111/j.1742-4658.2010.07591 .

RNA silencing is an epigenetic inhibition of gene expression and is guided by small interfering
RNAs. Sense transgene-induced post-transcriptional gene silencing (S-PTGS) occurs in a portion of
a transgenic plant population. When a sense transgene encoding a tobacco endoplasmic reticulum
omega-3 fatty acid desaturase (NtFAD3) was introduced into tobacco plants, an S-PTGS line, S44,
was obtained. Introduction of another copy of the NtFAD3 transgene into S44 plants caused a
phenotypic change from S-PTGS to overexpression. Because this change was associated with the
methylation of the promoter sequences of the transgene, reduced transcriptional activity may abolish
S-PTGS and residual transcription of the sense transgene may account for the overexpression. To
clarify whether RNA-directed DNA methylation (RADM) can repress the transcriptional activity of
the S44 transgene locus, we introduced several RADM constructs targeting the transgene promoter.
An RdDM construct harboring a 200-bp-long fragment of promoter sequences efficiently abrogated
the generation of NtFAD3 small interfering RNAs in S44 plants. Transcription of the transgene
was partially repressed, but the resulting NtFAD3 mRNAs successfully accumulated and an
overexpressed phenotype was established. Our results indicate an example in which overexpression
of the transgene is established by complex epigenetic interactions among the transgenic loci.

http://www.ncbi.nlm.nih.gov/pubmed/20180844

It is worth reminding that situations on which the integration of a
transgene occurs on a physical basis, but without being expressed in
the organism, have already been identified for more than 30 years.
However, only recently the knowledge allowing to interpret some of
the mechanisms involved in this process were accessed.

Barton, K.; Binns, A.; Matzke, A. Chilton, M-D. 1983. Regeneration of Intact Tobacco
Plants Containing Full Length Copies of Genetically Engineered T-DNA, and Transmission
of T-DNA to RI Progeny. Cell, Vol. 32, 1033-1 043.

Cloned DNA sequences encoding yeast alcohol dehydrogenase and a bacterial neomycin
phosphotransferase have been inserted into the T-DNA of Agrobacterium tumefaciens plasmid
pTiT37 at the “rooty” locus. Transformation of tobacco stem segments with the engineered bacterial
strains produced attenuated crown gall tumors that were capable of regeneration into intact, normal
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tobacco plants. The yeast gene and entire transferred DNA (T-DNA) were present in the regenerated
plants in multiple copies, and nopaline was found in all tissues. The plants were fertile, and
seedlings resulting from self-pollination also contained intact and multiple copies of the engineered
T-DNA. Expression of nopaline in the germinated seedlings derived from one regenerated plant
was variable and did not correlate with the levels of T-DNA present in the seedlings. Preliminary
evidence indicates that nopaline in progeny of other similarly engineered plants is more uniform.
'The disarming of pTiT37 by insertions at the “rooty” locus thus appears to produce a useful gene
vector for higher plants.

Full article available at https://goo.gl/xIp2fM

2.2.2 The transgene instability due to interactions with
environmental factors

In addition to the internal factors, there is a number of external
environmental factors which interact with the transgene, affecting its
stability. In many circumstances, the local environmental conditions
and the stress factors, in the field, seem to affect the transgene
expression way and characteristics.

Olsen, K; Daly, J.; Finnegan, E.; Mahon, R. 2005. Changes in CrylAc Bt Transgenic
Cotton in Response to Two Environmental Factors: Temperature and Insect Damage. /.

Econ. Entomol. 98(4): 1382D1390.

The efficacy of CrylAc Bacillus thuringiensis (Bt) cotton plants against field populations of
Helicoverpa armigera (Hiibner) has been inconsistent over the growing season. Any reduction in
efficacy (where efficacy is the capacity of the plant to affect the survival of the insect) increases
the opportunities for H. armigera to evolve resistance to Bt toxin. Changes in efficacy could be
due to changes at the level of gene expression and/or in the physiological makeup of the plant
and may be induced by environmental conditions. Two environmental factors, temperature and
insect damage, were investigated. Temperature was found to affect efficacy, whether plants were
grown at different temperatures continuously or were exposed to a change in temperature for a
short period. Damage caused by chewing insects (H. armigera larvae) produced a dramatic increase
in the efficacy of presquare Bt cotton. In contrast, damage by sucking insects (aphids) did not
induce changes in efficacy. Changes in efficacy seemed to be mediated through modification of the
physiological background of the plant rather than changes in the level of CrylAc expression or in
the concentration of the Bt toxin. The impact of the non-Bt responses of plants on strains of H.
armigera should be evaluated. It is possible that by enhancing existing defensive mechanisms of
plants, the rate of evolution of resistance to Bt toxins could be retarded by increasing the plants
overall toxicity through the additive effects of the toxins and plant defenses.

http://www.ncbi.nlm.nih.gov/pubmed/16156594

Bruns, H.; Abel, C. 2007. Effects of nitrogen fertility on Bt endotoxin levels in maize.
Journal of Entomological Science, 42: 35-43.

A study was conducted to determine if Bt endotoxin concentrations during reproductive growth of
Bt maize hybrids are affected by different N-fertility rates used to grow the crop. Previous research
has shown N-fertility rates positively affect Bt concentrations of young Bt maize plants grown
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in a glasshouse. Three Bt hybrids, two with Bt event MON-810 (AgriGold brand cv. A 6729Bt
and Pioneer brand cv. 33V08Bt) one with Bt event DBT 418 (DeKalb 626Bt) and one non-Bt
maize hybrid (DeKalb brand cv. 626) were grown at Stoneville, MS, USA in 2002 and 2003 with
N-fertility rates of 0, 112, 224, and 336 kg N/ha. Tissue samples of the outer ear husks and primary
car leaf sheaths were collect at growth stage R3 and analyzed for Bt concentration. Agronomic data
were collected at maturity. The concentrations of Bt endotoxin in both sets of tissue were positively
correlated with N-fertility rate for the MON-810 Bt hybrids but not the DBT 418 Bt hybrid.
Increases in N-fertility increased grain yields. The Bt hybrids had less lodging (0.7%-1.0%) than
the non-Bt hybrid (5.1%). Adequate levels of N-fertility are important to MON-810 Bt hybrids
not only for yield, but also to ensure sufficient levels of Bt endotoxin for maximum protection from
susceptible insect pests.

Full article available at http://www.regional.org.au/au/asa/2004/poster/3/8/453 brunsha.htm

Griffiths, B.; Caul, S.; Thompson, J.; Birch, A.; Scrimgeour, C.; Cortet, J.; Foggo, A;
Hacket, C.; Krogh, P; 2006. Soil microbial and faunal community responses to Bt maize
and insecticide in two soils. Journal of Environmental Quality, 35: 734-741.

The effects of maize (Zea mays L.), genetically modified to express the CrylAb protein (Bt), and an
insecticide on soil microbial and faunal communities were assessed in a glasshouse experiment. Soil
for the experiment was taken from field sites where the same maize cultivars were grown to allow
comparison between results under glasshouse conditions with those from field trials. Plants were
grown in contrasting sandy loam and clay loam soils, half were sprayed with a pyrethroid insecticide
(deltamethrin) and soil samples taken at the five-leaf stage, flowering, and maturity. The main effect on
all measured parameters was that of soil type and there were no effects of Bt trait or insecticide on plant
growth. The Bt trait resulted in more soil nematodes and protozoa (amocbac), whereas insecticide
application increased plant Bt concentration and altered nematode community structure. The only
significant effects on soil microbial community structure, microarthropods, and larvae of a nontarget
root-feeding Dipteran, were due to soil type and plant growth stage. The results indicate that, although
there were statistically significant effects of the Bt trait on soil populations, they were small. The relative
magnitude of the effect could best be judged by comparison with the insecticide treatment, which
was representative of current best practice. The Bt trait had no greater effect than the insecticide
treatment. Results from this glasshouse experiment were in broad agreement with conclusions from
field experiments using the same plant material grown in the same soils.

Full article available at https://goo.gl/yanQnO

Zeller, S.; Kalinina, O.; Brunner, S.; Keller, B.; Schmid, B. 2010. Transgene X environment
interactions in genetically modified wheat. PLOS One, 12; 5(7):¢11405.

Background: The introduction of transgenes into plants may cause unintended phenotypic effects
which could have an impact on the plant itself and the environment. Little is published in the
scientific literature about the interrelation of environmental factors and possible unintended effects
in genetically modified (GM) plants.

Methods and Findings: We studied transgenic bread wheat Zriticum aestivum lines expressing
the wheat Pm3b gene against the fungus powdery mildew Blumeria graminis f.sp. tritici. Four
independent offspring pairs, each consisting of a GM line and its corresponding non-GM control
line, were grown under different soil nutrient conditions and with and without fungicide treatment
in the glasshouse. Furthermore, we performed a field experiment with a similar design to validate our
glasshouse results. The transgene increased the resistance to powdery mildew in all environments.
However, GM plants reacted sensitive to fungicide spraying in the glasshouse. Without fungicide
treatment, in the glasshouse GM lines had increased vegetative biomass and seed number and a
twofold yield compared with control lines. In the field these results were reversed. Fertilization
generally increased GM/control differences in the glasshouse but not in the field. Two of four GM
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lines showed up to 56% yield reduction and a 40-fold increase of infection with ergot disease
Claviceps purpurea compared with their control lines in the field experiment; one GM line was very
similar to its control.

Conclusions: Our results demonstrate that, depending on the insertion event, a particular transgene
can have large effects on the entire phenotype of a plant and that these effects can sometimes be
reversed when plants are moved from the glasshouse to the field. However, it remains unclear which
mechanisms underlie these effects and how they may affect concepts in molecular plant breeding
and plant evolutionary ecology.

Full article available at https://goo.gl/zhXuoz

Blaise, D.; Kranthi, K. 2011. CrylAc expression in transgenic Bt cotton hybrids is influenced
by soil moisture and depth. Current Science, Vol 101 (6).

CrylAc toxin concentration was assessed in leaves of Bt transgenic cotton hybrid grown on shallow
(<60 cm) and deep (>90 cm) black soils of Nagpur, Maharashtra, India. Cry toxin concentration
increased up to 80 days after sowing followed by a steep decline. In general, toxin concentration
was greater on the deep black soils than the shallow soil. This was because of greater water-holding
capacity of the deep soils. Cry toxin concentration was closely related to the soil water content.
Beyond (excess moisture) and below (moisture deficit) field capacity, toxin concentration declined.
A cubic polynomial best described the relationship between Cry toxin concentration and soil
moisture content (R2 = 0.95).

Full article available at http://www.currentscience.ac.in/Volumes/101/06/0783.pdf

In case of Bt plants, the instability in the toxin synthesis (from a
quantitative point of view) impairs the pest control strategy based
on high doses, used in most recent events with views to limit the
development of genetically resistant inset populations. Evidently
such instability also sets a precedent for other implications and risks,
such as agronomic, socioeconomic and environmental perspectives.

Coviella, C.; Morgan, D.; Trumble, J. 2000. Interactions of Elevated CO2 and Nitrogen
Fertilization: Effects on Production of Bacillus thuringiensis Toxins in Transgenic Plants.
Environ. Entomol., 29(4): 781-787.

Elevated atmospheric CO, concentrations will cause plants to grow faster, lower nitrogen content
per unit of plant tissue, and generate higher carbon to nitrogen (C/N) ratios. We hypothesize
that production of transgenic proteins will be reduced, thus reducing the efficiency of Bacillus
thuringiensis (Bt) transgenes against insect populations. Commercially available transgenic cotton
plants expressing the Cry 1Ac gene from Bt were compared with a near isogenic non-Bt cotton
line in a split-plot design with two levels of atmospheric CO, (ambient, 370 ppm and elevated,
900 ppm) incorporating a 2 x 2 factorial design with two nitrogen (N) fertilization regimes (low,
30 mg N/kg soil/wk and high, 130 mg N/kg soil/wk), and two levels of Bt (presence or absence).
Bioassays using Spodoptera exigua (Hiibner) and quantitative enzyme-linked immunosorbent
assays for toxin content indicated reduced Bt protein production in elevated CO,. The tendency
for test insects to consume more foliage from plants with lower N, caused by the elevated CO,,
did not compensate for the reduction in toxin production. N fertilization regime interacted
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with CO, concentration, showing that plants growing in N limited systems would produce
substantially less toxin. The use of transgenic plants is becoming increasingly important and will
continue to be so in the next decades. At the same time, atmospheric CO, increase will affect the
effectiveness of this strategy. These observations have implications not only for agricultural use
of transgenic plants, but also for the ecological consequences of transfer of Bt toxins to closely
related wild plant genotypes.

http://www.bioone.org/doi/abs/10.1603/0046-225X-29.4.781?2journal Code=enve

Abel, C.; Adamczyk, J. 2004. Relative concentration of CrylA in maize leaves and cotton
bolls with diverse chlorophyll content and corresponding larval development of fall
armyworm (Lepidoptera: Noctuldae) and southwestern corn borer (Lepidoptera: Crambidae)
on maize whorle leaf profiles. Journal of Economic Entomology, 97: 1737-1744.

To manage insect resistance to transgenic crops that express insecticidal proteins from Bacillus
thuringiensis (Bt) Berliner, the U.S. Environmental Protection Agency recommends a refuge-
based insect resistance management strategy where a percentage of non-Bt (refuge) crop is grown
in proximity to a Bt-expressing crop. An important requirement for this strategy is that the toxin
exists at a high effective dose for control of the target pest(s), so that heterozygous individuals in
the population do not reach adulthood. Factors that cause reduced levels of toxin in the plant are
a threat to this strategy. We quantified Cry1Ab from different areas of the maize, Zea mays L., leaf.
In general, the distal tip of the V7 maize leaf had a higher concentration of CrylAb compared
with the middle section of the V7 leaf, and the middle section of the developing V9 leaf had the
lowest concentration of CrylAb. When these sections of maize tissue were fed to fall armyworm,
Spodoptera frugiperda (J.E. Smith), and southwestern corn borer, Diatraea grandiosella Dyar,
there was not a reduction in development or an increase in mortality with tissue that had higher
concentrations of toxin. Another study tested the relative concentration of CrylAb between the
white-yellow, yellow-green, and green portions of the developing ninth leaf within the maize
whorl. There were differences in CrylAb concentration among these leaf areas. The green tissue
had the highest concentration of toxin followed by the yellow-green and white-yellow tissues.
Correlations between concentration of CrylAb and 5-d fall armyworm larval weights among
the three leaf color profiles were all significant and negative, i.c., decreased concentration of
CrylAb in the leaf tissue resulted in increased 5-d larval weights. There was 100% mortality
to the southwestern corn borer larvae fed CrylAb maize leaf tissue. Differences in the amount
of CrylAb in the developing V9 leaf profiles did not alter the absolute susceptibility of the
southwestern corn borer to the toxin. In cotton, Gossypium hirsutum L., the amount of CrylAc
was significantly lower in boll tips where flowers had remained attached compared with normal
boll tips. Boll tips where the flowers remained attached are often the site where corn earworms,
Helicoverpa zea (Boddie), penetrate Bt cotton bolls. This study demonstrated that, in two diverse
plant species, tissue that has low chlorophyll content does not fully express Cry1A. Photosynthesis
regulating factors related to mRNA transcription and translation should be studied for their effect
on CrylA production and insect control.

http://www.ncbi.nlm.nih.gov/pubmed/15568367

Kranthi, K.; Naidu, S.; Dhawad, C; Tatwawadi, A.; Mate, K.; Patil, E.; Bharose, A.; Behere,
G.; Wadaskar, R;; Kranthi, S. 2005. Temporal and intra-plant variability of CrylAc
expression in Bt-cotton and its influence on the survival of the cotton bollworm, Helicoverpa
armigera (Hibner) (Noctuidae: Lepidoptera). Current Science, Vol. 89 (2), 291.

The quantitative levels of CrylAc and the seasonal decline in expression differed significantly among
the eight commercial Bollgard hybrids tested. The CrylAc expression was found to be variable
among the hybrids and also between different plant parts. The leaves of Bt-cotton plants were found
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to have the highest levels of CrylAc expression followed by squares, bolls and flowers. The toxin
expression in the boll-rind, square bud and ovary of flowers was clearly inadequate to confer full
protection to the fruiting parts. Increasing levels of Helicoverpa armigera survival were correlated
with the toxin levels decreasing below 1.8 mg/g in the plant parts. Genotype-independent seasonal
decline of the CrylAc toxin levels was observed in all the hybrids. CrylAc expression decreased
consistently as the plant aged. The decline in CrylAc was more rapid in some hybrids compared to
others. The choice of parental background appeared to be crucial for sustainable expression of the
crylAc transgene. The implications of variability in CrylAc expression and the seasonal decline on
bollworm management are discussed.

Full article available at https://goo.gl/CpHSLd

Dong, H.; Li, W. 2007. Variability of endotoxin expression in Bt transgenic cotton. /. Agron.
Crop Seci., 193 (1), 21-29.

Transgenic cotton expressing Bt ( Bacillus thuringiensis) zoxins is currently cultivated on a large
commercial scale in many countries, but observations have shown that it behaves variably in toxin efficacy
against target insects under field conditions. Understanding of the temporal and spatial variation in
efficacy and the resulting mechanisms is essential for cotton protection and production. In this review,
we summarize current knowledge on variability in Bt cotton efficacy, in particular on the induced
variability by environmental stresses. We also discuss the resulting mechanisms and the countermeasures
for the inconsistence in efficacy in Bt cotton. It is indicated that insecticidal protein content in Bt
cotton is variable with plant age, plant structure or under certain environmental stresses. Variability in
Bt cotton efficacy against target insect pests is mainly attributed to the changes in Bt protein content,
but physiological changes associated with the production of secondary compounds in plant tissues may
also play an important role. Reduction of Bt protein content in late-season cotton could be due to the
overexpression of Bt gene at earlier stages, which leads to gene regulation at post-transcription levels and
consequently results in gene silencing at a later stage. Methylation of the promotor may be also involved
in the declined expression of endotoxin prozeins. As a part of total protein, the insecticidal protein in
plant tissues changes its level through inhibited synthesis, degradation or translocation to developing
plant parts, particularly under environmental stresses, thus being closely correlated to N metabolism. It
can be concluded that developing new cotton varieties with more powerful resistance, applying certain
plant growth regulators, enhancing intra-plant defensive capability, and maintenance of general health
of the transgenic crop are important in realizing the full transgenic potential in Bt cotton.

http://onlinelibrary.wiley.com/doi/10.1111/j.1439-037X.2006.00240.x/abstract

Nguyen, H.; Jehle, J.; 2007. Quantitative analysis of the seasonal and tissue-specific
expression of CrylAb in transgenic maize Mon810. Journal of Plant Diseases and Protection,
114 (2), 82-87.

The tissue-specific expression and seasonal abundance of CrylAb protein were determined in
transgenic maize plants (Mon810, variety ‘Novelis’) from two field trials located near Bonn and
Halle, Germany. A zotal of 1085 samples were analysed by using Double Antiserum-Enzyme Linked
Immunosorbent Assay (DAS-ELISA). The CrylAb contents of various plant tissues (root, stem,
upper leaf, lower leaf, anther, pollen and kernel) were determined at four different growth stages
(BBCH19, BBCH30, BBCHG61 and BBCHS83) collected in 2001, 2002 and 2003. Mon810
showed the highest CrylAb contents in the leaves (5.5 - 6.4 mu g g(-1) fresh weight [fw]) at
BBCHS83, whereas the lowest CrylAb contents were detected in the pollen (1 - 97 ng g(-1) fw).
CrylAb content of residual root stocks collected in the field nine months after harvest was 15 - 17
ng g(-1) fw. This demonstrated that the CrylAb concentration in residual root stocks was reduced
to about one-hundredth of the fresh roots. The monitoring of CrylAb expression showed that the
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CrylAb contents varied strongly between different plant individuals.

https://www.jstor.org/stable/43228900

Bakhsh, A.; Shahzad, K.; Husnain, T. 2011. Variation in the spatio-temporal expression of
insecticidal genes in cotton. Czech J. Genet. Plant Breed., 47 (2011): 1-9

‘The most significant breakthrough in plant biotechnology is the development of the techniques to
transform genes from unrelated sources into commercially important crop plants to develop resistance
against targeted insect pests. The spatio-temporal expression of insecticidal genes in transgenic cotton
varies with plant age, plant parts and environmental conditions. The understanding of this temporal
and spatial variation in efficacy and the resulting mechanisms is essential for cotton protection and
production. This review summarizes variations in the efficacy of introduced insecticidal genes in
cotton crop. The factors contributing to the variability of endotoxins have also been highlighted.
'The reduction in Br protein biosynthesis in late-season cotton tissues could be attributed to the
overexpression of the Bt gene at earlier stages, which leads to gene regulation at post-transcription
levels and consequently results in gene silencing at a later stage. Methylation of the promoter may
also play a role in the declined expression of endotoxin proteins. In genetically modified crops
several environmental factors have been reported to affect the expression of transgenes. Among
environmental factors nitrogen metabolism, inhibition of synthesis, degradation, remobilization
and high temperature are attributable to the quantitative reduction in Bt proteins. Applying plant
growth regulators or protein enhancers such as Chaperone™ may improve Bt cotton efficacy
through enhancing the synthesis of proteins. Also some agronomic practices such as nitrogen
fertilization and timely irrigation favour the endotoxin expression. Thus, variations in the efficacy
of insecticidal genes in transgenic cotton and the involved mechanisms need to be understood fully
so0 as to plan rational resistance management strategies to retard the rate of resistance development
and to control target pests effectively by enhancing the endotoxin expression through genetic or
agronomic management.

Full article available at http://www.agriculturejournals.cz/publicFiles/36993.pdf

Mejia, R.; Polanfa, I.; 2012. Expression of the Cry1Ab Toxin in Transgenic Corn Yieldgard®
in the Eastern Plains of Colombia. Southwestern Entomologist, 37(2):209-223.

The knowledge of the Bt toxin concentracion within a transgenic plant is basic for the
estimation of the performance of the insect pest aimed to be managed with this technology. In
a commercial lot at the National Cereal Federation (FENALCE) in the municipality of Granada
(Meta), Colombia, samples from plants of transgenic maize YieldGard® were taken to determine
the average concentracion of the CrylAb toxin. In the laboratory by means of the sandwich
ELISA assay, theprotein was quantified in vegetative and reproductive tissues with the kit “for
Cryl1Ab/CrylAc Qualiplate Envirologix.” For this purpose, leaves, stem, ear, ear styles, husk,
cob, and corn kernels were lyophilized. The analyses indicated that expression fluctuates between
tissues from the same plant and between plants in the same plot. The average concentracion of
CrylAb was: 8.97 ug/g fresh weight in leaves (V7), 8.96 in stems, 2.3 in male inflorescence (VT),
9.57 in unfertilized styles, 7.27 in fertilized styles (R1), 8.39 in cob (R3), 12.19 in husks, and
1.85 pg/g fresh weight in grains (R3). concentracions in seeds and leaves were similar to those
obtained in the U.S.A. and Europe. This marked difference in the toxin expression makes Bt corn
a plant susceptible to some pests, because there is no uniformity in the CrylAb concentracion in
the tissues consumed.

http://www.bioone.org/doi/abs/10.3958/059.037.0214
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2.3 Diversity of unexpected effects in the gene
expression, in metabolome or in the proteome of
the transformed organism

The insertion/transfer of a certain genetic sequence to another
organism may induce/activate new and unexpected effects on
the expression of physiological/biological characteristics of such
transformed organism. Such changes can be associated or not to
the physical changes resulting from the genetic transformation
process or even from the transgene instabilities, as mentioned in
the previous items (2.1 and 2.2).

Some of these effects can be noted by means of evaluation of the
set of proteins and/or metabolites synthesized by the transformed
organism. The theory which supports the genetic modification —
based in the weak hypothesis that the transfer of a single “gene”
would exclusively result in its full expression and similar to its origin
organism — would imply that the transgene expression products
would represent the only differences between the GMO and its
isogenic (organism with the genome identical to the transgene
exception). As a result, the identification of metabolic differences
distinct from the predicted ones, after the insertions, would be
sufficient to characterize the fragility of that hypothesis and of the
interpretations resulting from it.

Well, a number of studies verify situations on which dozens of
proteins, the expressions of which were modified by the insertion
of a transgene, can be mapped. The fact is so relevant that, from
the knowledge and Metabolome studies, evidencing the possibility
of changing the metabolic profile of the GMOs, the European
Economic Community became mandatory (as of 2004) the labeling
- as “transgenic” - of food containing more than 0.9% of component
from ingredients extracted from GMOs*.

24 In Brazil, Decree No. 4680 of April 24, 2003, which regulates the labeling of products containing GMOs,
is also based in part on that basis.
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Villas-Boas, S.; Gombert, A. 2006. Andlise do Metaboloma. Biotecnologia, Ciéncia e
Desenvolvimento, n° 36 p.58-69.

Without summary.

Full article available at hteps://pt.scribd.com/document/223431273/Analise-de-Metaboloma
Portuguese

Batista, R.; Saibo, N.; Lourenco, T.; Oliveira, M. 2008. Microarray analyses reveal that plant
mutagenesis may induce more transcriptomic changes than transgene insertion. 3640-3645,
PNAS, vol. 105, n°. 9.

Controversy regarding genetically modified (GM) plants and their potential impact on human
health contrasts with the tacit acceptance of other plants that were also modified, but not considered
as GM products (e.g., varieties raised through conventional breeding such as mutagenesis). What is
beyond the phenotype of these improved plants? Should mutagenized plants be treated differently
from transgenics? We have evaluated the extent of transcriptome modification occurring during rice
improvement through transgenesis versus mutation breeding. We used oligonucleotide microarrays
to analyze gene expression in four different pools of four types of rice plants and respective controls:
(i) a y-irradiated stable mutant, (i) the M1 generation of a 100-Gy y-irradiated plant, (ii7) a stable
transgenic plant obtained for production of an anticancer antibody, and (iz) the T1 generation of a
transgenic plant produced aiming for abiotic stress improvement, and all of the unmodified original
genotypes as controls. We found that the improvement of a plant variety through the acquisition
of a new desired trait, using either mutagenesis or transgenesis, may cause stress and thus lead to
an altered expression of untargeted genes. In all of the cases studied, the observed alteration was
more extensive in mutagenized than in transgenic plants. We propose that the safety assessment of
improved plant varieties should be carried out on a case-by-case basis and not simply restricted to
foods obtained through genetic engineering.

Full article available at http://www.pnas.org/content/105/9/3640.full

Liu, Z; Li, Y.;; Zhao, J.; Chen, X;; Jian, G.; Peng, Y.; Qi , E 2012. Differentially Expressed
Genes Distributed Over Chromosomes and Implicated in Certain Biological Processes for
Site Insertion Genetically Modified Rice Kemingdao. /nr ] Biol Sci., 8(7): 953-963.

Release of genetically modified (GM) plants has sparked off intensive debates worldwide partly
because of concerns about potential adverse unintended effects of GM plants to the agro system
and the safety of foods. In this study, with the aim of revealing the molecular basis for unintended
effects of a single site insertion GM Kemingdao (KMD) rice transformed with a synthetic crylAb
gene, and bridging unintended effects of KMD rice through clues of differentially expressed genes,
comparative transcriptome analyses were performed for GM KMD rice and its parent rice of
Xiushuill (XS11). The results showed that 680 differentially expressed transcripts were identified
from 30-day old seedlings of GM KMD rice. The absolute majority of these changed expression
transcripts dispersed and located over all rice chromosomes, and existed physical distance on
chromosome from the insertion site, while only two transcripts were found to be differentially
expressed within the 21 genes located within 100 kb up and down-stream of the insertion site.
Pathway and biology function analyses further revealed that differentially expressed transcripts
of KMD rice were involved in certain biological processes, and mainly implicated in two types
of pathways. One type was pathways implicated in plant stress/defense responses, which were
considerably in coordination with the reported unintended effects of KMD rice, which were more
susceptible to rice diseases compared to its parent rice XS11; the other type was pathways associated
with amino acids metabolism. With this clue, new unintended effects for changes in amino acids
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synthesis of KMD rice leaves were successfully revealed. Such that an actual case was firstly provided
for identification of unintended effects in GM plants by comparative transciptome analysis.

Full article available at htep://www.ncbi.nlm.nih.gov/pmc/articles/PMC3399318/

Barbosa, H., S., Arruda, S., Azevedo, R., Arruda, M., 2012. New insights on proteomics of
transgenic soybean seeds: evaluation of differential expressions of enzymes and proteins.
Analytical and Bioanalytical Chemistry, January 2012, Volume 402, Issue 1, pp 299-314.

'This work reports the evaluation of differentially expressed enzymes and proteins from transgenic
and nontransgenic soybean seeds. Analysis of malondialdehyde, ascorbate peroxidase (EC 1.11.1.11),
glutathione reductase (EC 1.6.4.2), and catalase (EC 1.11.1.6) revealed higher levels (29.8, 30.6,
71.4, and 35.3%, respectively) in transgenic seeds than in nontransgenic seeds. Separation of soybean
seed proteins was done by two-dimensional polyacrylamide gel electrophoresis, and 192 proteins were
identified by matrix-assisted laser desorption/ionization (MALDI) quadrupole time-of-flight (QTOF)
mass spectrometry (MS) and electrospray ionization (ESI) QTOF MS. Additionally, the enzyme CP4
EPSPS, involved in the genetic modification, was identified by enzymatic digestions using either
trypsin or chymotrypsin and ESI-QTOF MS/MS for identification. From the proteins identified,
actin fragment, cytosolic glutamine synthetase, glycinin subunit G1, and glycine-rich RNA-binding
protein were shown to be differentially expressed after analysis using the two-dimensional difference
gel electrophoresis technique, and applying a regulator factor of 1.5 or greater.

http://www.ncbi.nlm.nih.gov/pubmed/21947011

Agapito-Tenfen, S.; Guerra, M.; Wikmark , O-G; Nodari, R. 2013. Comparative proteomic
analysis of genetically modified maize grown under different agroecosystems conditions in
Brazil. Proteome Science, 11:46.

Bakground: Profiling technologies allow the simultancous measurement and comparison of
thousands of cell components without prior knowledge of their identity. In the present study, we
used two-dimensional gel electrophoresis combined with mass spectrometry to evaluate protein
expression of Brazilian genetically modified maize hybrid grown under different agroecosystems
conditions. To this effect, leaf samples were subjected to comparative analysis using the near-
isogenic non-GM hybrid as the comparator.

Results: In the first stage of the analysis, the main sources of variation in the dataset were identified
by using Principal Components Analysis which correlated most of the variation to the different
agroecosystems conditions. Comparative analysis within each field revealed a total of thirty two
differentially expressed proteins between GM and non-GM samples that were identified and
their molecular functions were mainly assigned to carbohydrate and energy metabolism, genetic
information processing and stress response.

Conclusions: To the best of our knowledge this study represents the first evidence of protein
identities with differentially expressed isoforms in Brazilian MON810 genetic background hybrid
grown under field conditions. As global databases on outputs from “omics” analysis become
available, these could provide a highly desirable benchmark for safety assessments.

Full article available at http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4176129/

A significant part of the undesirable effect notes following genetic
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modification occurs through pleiotropy® (situation on which a
certain gene conditions or influences the expression of more than
one characteristic) or through epistasis/gene interaction (situation
that is opposite to the preceding one, on which a number of
genes interact among each other in order to influence a single
characteristic). Some of these pleiotropic and/or epistatic effects,
which tend to be hidden in optimized research conditions, are
noted only when the plant is submitted to specific environmental
conditions, determined in the field by a wide variety and
combination of biotic and abiotic stress factors.

In this context, a number of studies point out side effects of
genetic modification, expressed by the change to several metabolic
and biochemical pathways, in transformed plants. As an example,
relationships involved in the lignin and nitrogen metabolism must

be highlighted.

Escher, N.; Kich, B.; Nentwig, W. 2000. Decomposition of transgenic Bacillus thuringiensis maize
by microorganisms and woodlice Porcellio scaber (Crustacea: Isopoda). Basic Appl. Ecol. 1,161-169.

Foliage of transgenic maize Zea mays L., expressing a CrylAb protein derived from Bacillus
thuringiensis (Berliner) subsp. kurstaki, was compared with foliage of the corresponding non-
transgenic maize variety in laboratory feeding and decomposition experiments to study the
effects of the B. thuringiensis protein on the chemical composition of the maize leaves, on the
decomposer Porcellio scaber (Crustacea: Isopoda), and on leaf-litter-colonising microorganisms.
Initial contents of fructose and soluble carbohydrates were significantly higher in non-transgenic
maize. Lignin was decomposed more quickly in transgenic maize. Starch, cellulose, hemicellulose
and ash content did not differ. Bacterial growth on faeces of 2 scaber fed on non-transgenic
maize was up to 60% higher than on faeces of the transgenic-fed woodlice, but bacterial growth
on leaves and fungal growth on faeces were equal on both maize varieties. P scaber showed no
significant difference in its consumption rate of transgenic and non-transgenic maize. The number
of offspring did not differ between the two treatment groups, but the mortality of juveniles reared
on non-transgenic maize leaves was significantly higher. During the first 131 days weight increase
of the offspring was significantly higher in the non-transgenic group, but weight increase of
adult P scaber was higher in the transgenic group. Due to a slightly lower C:N ratio, a lower lignin
content, and a higher content of soluble carbohydrates, the nutritional quality of transgenic maize
leaves was better than that of the non-transgenic variety. This explains the lower mortality of 2
scaber offspring and the faster weight gain of adult 2 scaberon the transgenic diet.

http://www.sciencedirect.com/science/article/pii/S1439179104700213

25 Asfor the biological importance of pleiotropy, we recommend working Wanga et al., 2010 (Genomic patterns
of pleiotropy and the evolution of complexity. www.pnas.org/cgi/doi/10.1073/pnas.1004666107), available at
http://www.pnas.org/content/107/42/18034.full
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Saxena, D.; Stotzky, G. 2001. Bt corn has a higher lignin content than non-Bt corn. American
Journal of Botany, 88: 1704-1706.

Bt corn has been genetically modified to express the CrylAb protein of Bacillus thuringiensis to
kill lepidopteran pests. Fluorescence microscopy and staining with toluidine blue indicated a higher
content of lignin in the vascular bundle sheaths and in the sclerenchyma cells surrounding the vascular
bundle in all ten Bt corn hybrids, representing three different transformation events, studied than of
their respective non-Bt isolines. Chemical analysis confirmed that the lignin content of all hybrids
of Bt corn, whether grown in a plant growth room or in the field, was significantly higher (33-97%
higher) than that of their respective non-Bt isolines. As lignin is a major structural component of plant
cells, modifications in lignin content may have ecological implications.

Full article available at http://www.amjbot.org/content/88/9/1704.long

Stotzky, G. 2004. Persistence and biological activity in soil of the insecticidal proteins from
Bacillus thuringiensis, especially from transgenic plants. Plant and Soil, 266: 77-89.

Insecticidal proteins produced by various subspecies (kurstaki, tenebrionis, and israelensis) ofBacillus
thuringiensis (Bf) bound rapidly and tightly on clays, both pure mined clay minerals and soil clays,
on humic acids extracted from soil, and on complexes of clay and humic acids. Binding reduced
susceptibility of the proteins to microbial degradation. However, bound proteins retained biological
activity. Purified CrylAb protein and protein released from biomass of transgenic B# corn and in
root exudates of growing Bt corn (13 hybrids representing three transformation events) exhibited
binding and persistence in soil. Insecticidal protein was also released in root exudates of Bt potato
(Cry3A protein) and rice (CrylAb protein) but not in root exudates of Bt canola, cotton, and
tobacco (CrylAc protein). Vertical movement of CrylAb protein, either purified or in root
exudates or biomass of Bt corn, decreased as the concentration of the clay minerals, kaolinite or
montmorillonite, in soil increased. Biomass of transgenic Bt corn decomposed less in soil than
biomass of near-isogenic non-Bt corn, possibly because biomass of Bt corn had a significantly
higher content of lignin than biomass of non-B# corn. Biomass of Bt canola, cotton, potato, rice,
and tobacco also decomposed less than biomass of the respective near-isogenic non-Bt plants.
However, the lignin content of these Br plants, which was significantly less than that of Br corn,
was not significantly different from that of their near-isogenic non-Bt counterparts, although it
was consistently higher. The CrylAb protein had no consistent effects on organisms (earthworms,
nematodes, protozoa, bacteria, fungi) in soil or iz vitro. The Cryl1Ab protein was not taken up from
soil by non-Bt corn, carrot, radish, or turnip grown in soil in which Bz corn had been grown or into
which biomass of Bt corn had been incorporated.

heep://link.springer.com/article/10.1007%2Fs11104-005-5945-6

Flores, S.; Saxena, D.; Stotzky, G. 2005. Transgenic Bt plants decompose less in soil than
non-Bt plants. Soil Biology & Biochemistry, 37: 1073-1082.

Bt plants are plants that have been genetically modified to express the insecticidal proteins (e.g.
CrylAb, CrylAc, Cry3A) from subspecies of the bacterium, Bacillus thuringiensis (Bt), to kill
lepidopteran pests that feed on corn, rice, tobacco, canola, and cotton and coleopteran pests that
feed on potato. The biomass of these transgenic B plants (Bz+) was decomposed less in soil than
the biomass of their near-isogenic non-Btplant counterparts (Bz-). Soil was amended with 0.5, 1, or
2% (wt wt') ground, dried (50 °C) leaves or stems of Bt corn plants; with 0.5% (wt wt™!) ground,
dried biomass of Bt rice, tobacco, canola, cotton, and potato plants; with biomass of the near-
isogenic plants without the respective ¢y genes; or not amended. The gross metabolic activity of the
soil was determined by CO, evolution. The amounts of C evolved as CO, were significantly lower
from soil microcosms amended with biomass of Bt plants than of non-Bt plants. This difference
occurred with stems and leaves from two hybrids of Bt corn, one of which had a higher C:N ratio
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than its near-isogenic non-Bt counterpart and the other which had essentially the same C:N ratio,
even when glucose, nitrogen (NH4N03), or glucose plus nitrogen were added with the biomass.
The C:N ratios of the other Bt plants (including two other hybrids of Bt corn) and their near-
isogenic non-Bt counterparts were also not related to their relative biodegradation. Bt corn had a
significantly higher lignin content than near-isogenic non-B¢ corn. However, the lignin content
of the other Bt plants, which was significantly lower than that of bothBt and non-Bt corn, was
generally not statistically significantly different, although 10-66% higher, from that of their
respective non-Bt near-isolines. The numbers of culturable bacteria and fungi and the activity
of representative enzymes involved in the degradation of plant biomass were not significantly
different between soil amended with biomass of B or non-Bt corn. The degradation of the biomass
of all B plants in the absence of soil but inoculated with a microbial suspension from the same soil
was also significantly less than that of their respective inoculated non-B plants. The addition of
streptomycin, cycloheximide, or both to the soil suspension did not alter the relative degradation
of Br+ and Br- biomass, suggesting that differences in the soil microbiota were not responsible for
the differential decomposition of Br+ and Bt~ biomass. All samples of soil amended with biomass
of Br plants were immunologically positive for the respective Cry proteins and toxic to the larvae of
the tobacco hornworm (Manduca sexta), which was used as a representative lepidopteran in insect
bioassays (no insecticidal assay was done for the Cry3A protein from potato). The ecological and
environmental relevance of these findings is not clear.

http://www.sciencedirect.com/science/article/pii/S0038071704004201

Poerschmann, J.; Gathmann, A.; Augustin, J.; Langer, U.; Gérecki, T. 2005. Molecular
composition of leaves and stems of genetically modified Bt and near-isogenic non-Bt maize -
Characterization of lignin patterns. Journal of Environmental Quality, 34: 1508-1518.

Transformation of crops, including maize (Zea mays L.), with the crylAb gene from Bacillus
thuringiensis to combat lepidopteran pests results in pleiotropic effects regarding lignin biosynthesis.
Lignin patterns in stems and leaves of two genetically modified Bt-maize varieties (Novelis T and
Valmont T) were studied along with their non-Bt near-isolines (Nobilis and Prelude, respectively).
Molecular-level based thermochemolysis using tetramethylammonium hydroxide (TMAH) in
combination with gas chromatography-mass spectrometry (GC-MS) was used to quantitate the
total lignin contents and to identify monomeric lignin subunits including p-hydroxyphenyl (P),
guaiacyl (G), and syringyl (S) moieties. The results were supplemented and confirmed by cupric
oxide oxidation. The stems of the transgenic lines had higher concentrations of total lignin than the
respective isogenic lines: Valmont T/Prelude by 18% and Novelis T/Nobilis by 28%. In contrast,
differences in the total lignin concentration of leaves between the transgenic and the respective near-
isogenic lines were marginal. There were significant modifications in the ratio of p-hydroxyphenyl/
guaiacyl/syringyl molecular marker units of stem lignin between transgenic and isogenic lines. The
guaiacyl units (in particular the G18 marker) accounted chiefly for the higher total lignin contents
in the transgenic lines. The leaf lignin patterns did not show significant differences in molecular
markers between isogenic and transgenic lines. TMAH-induced thermochemolysis--conducted in
both the on-line and off-line modes--provided detailed information on the molecular composition
of lignin, thus proving superior to the established “wet chemistry” methods of lignin determination.

http://www.ncbi.nlm.nih.gov/pubmed/16091603

Manetti, C.; Bianchetti, C.; Casciani, L.; Castro, C.; Di Cocco, M.; Miccheli, A.; Motto,
M.; Conti, F 2006. A metabonomic study of transgenic maize (Zea mays) sceds revealed
variations in osmolytes and branched amino acids. journal of Experimental Botany, 57
(11):2613-2625.

The aim of the research was to investigate metabolic variations associated with genetic modifications
in the grains of Zea mays using metabonomic techniques. With this in mind, the non-targeted
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characteristic of the technique is useful to identify metabolites peculiar to the genetic modification
and initially undefined. The results obtained showed that the genetic modification, introducing
CrylAb gene expression, induces metabolic variations involving the primary nitrogen pathway.
Concerning the methodological aspects, the experimental protocol used has been applied in this
field for the first time. It consists of a combination of partial least square-discriminant analysis and
principal component analysis. The most important metabolites for discrimination were selected and
the metabolic correlations linking them are identified. Principal component analysis on selected
signals confirms metabolic variations, highlighting important details about the changes induced on
the metabolic network by the presence of a Bt transgene in the maize genome.

Full article available at htep://jxb.oxfordjournals.org/content/57/11/2613.long

Relevant compositional and nutritional changes have been registered
— in genetically modified plants and, comparatively, in their isogenics
-, which can be interpreted as a consequence of disturbs in the
metabolic and biochemical pathways, resulting from the insertions.

Masoero, F; Moschini, M.; Rossi, F; Prandini, A.; Pietri, A. 1999. Nutritive value,
mycotoxin contamination and in vitro rumen fermentation of normal and genetically
modified corn (crylA(b)) grown in northern Italy. Journal Maydica, Volume: 44 Issue:
3 Pages: 205-209.

An assessment was made on the effect of inserting the crylA(b) gene of Bacillus thuringiensis (Bt)
into the genome of two maize hybrids (the newly-developed hybrid from Cargill Semences
identified as CR and the traditional hybrid B73 x Mo17) on the analytical composition, the 77
vitro rumen degradability and the mycotoxin contamination of the plant. Transgenicity changed
the plant chemical composition as a function of the recipient genotype: starch was increased in
the CR-Bt* plant (73.3 vs. 70.4%, P<0.10), whereas higher lignin content (7.3 vs. 6.3%, P<0.05)
and lower protein (7.1 vs. 7.7%, P<0.10) and soluble nitrogen (26.9 vs. 34.8%, P<0.10) contents
were observed in the B73 x Mol7-Bt* plants in comparison with CR-Bt* plants. When not
considering the hybrid pedigree, there was a tendency (P<0.1) towards a lower protein content in
the Bt maize seeds (8.2 vs. 9.2%) and a higher sugar content in stalk and leaves (5.7 vs. 2.9%).
'The stover degradation increased in the CR-Bt*variety, probably as the consequence of the higher
content of lower structured carbohydrates. Transgenic plants had less ergosterol and fumonisin
content than standard maize, suggesting a reduced susceptibility to mould attack.

hteps://www.researchgate.net/publication/282498875 Nutritive_value mycotoxin contami-

nation and in vitro rumen fermentation of normal and genetically modified corn CRY-
1AB_grown_in_Northern Italy

Lappe, M.; Bailey, E.; Childress, C.; Setchell, K. 1999. Alterations in clinically important
phytoestrogens in genetically modified, herbicide-tolerant soybeans. Journal of Medicinal
Food, 1, 241-245.

'The growing clinical interest and use of soybean-based food products or extracts to increase dietary
phytoestrogen intake makes the precise composition of the key biologically active ingredients of
soybeans, notably genistin and daidzin of substantial medical interest. Conventional soybeans
are increasingly being replaced by genetically modified varieties. We analyzed the phytoestrogen
concentrations in two varieties of genetically modified herbicide tolerant soybeans and their isogenic
conventional counterparts grown under similar conditions. An overall reduction in phytoestrogen
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levels of 12-14 percent was observed in the genetically altered soybean strains. Most of this
reduction was attributable to reductions in genistin and to a lesser extent daidzin levels, which
were significantly lower in modified compared to conventional soybeans in both strains. Significant
sample to sample variability in these two phytoestrogens, but not glycitin, was evident in different
batches of genetically altered soybeans. Given the high biological potency of isoflavones and their
metabolic conversion products, these data suggest genetically modified soybeans may be less potent
sources of clinically relevant phytoestrogens than their conventional precursors. These observations,
if confirmed in other soybean varieties, heighten the importance of establishing baselines of expected
isoflavone levels in transgenic and conventional soy products to ensure uniformity of clinical results.
Disclosure of the origins and isoflavone composition of soy food products would be a valuable
adjunct to clinical decision-making.

Full article available at https://goo.gl/ OMJUdM

Shewmaker, C.; Sheehy, J.; Daley, M.; Colburn, S.; Ke, D. 1999. Seed-specific overexpression
of phytoene synthase: Increase in carotenoids and other metabolic effects. 7he Plant Journal,
20(4): 401-412X.

A bacterial phytoene synthase (crtB) gene was overexpressed in a seed-specific manner and the
protein product targeted to the plastid in Brassica napus (canola). The resultant embryos from
these transgenic plants were visibly orange and the mature seed contained up to a 50-fold increase
in carotenoids. The predominant carotenoids accumulating in the seeds of the transgenic plants
were alpha and beta-carotene. Other precursors such as phytoene were also detected. Lutein, the
predominant carotenoid in control seeds, was not substantially increased in the transgenics. The total
amount of carotenoids in these seeds is now equivalent to or greater than those seen in the mesocarp
of oil palm. Other metabolites in the isoprenoid pathway were examined in these seeds. Sterol
levels remained essentially the same, while tocopherol levels decreased significantly as compared
to non-transgenic controls. Chlorophyll levels were also reduced in developing transgenic seed.
Additionally, the fatty acyl composition was altered with the transgenic seeds having a relatively
higher percentage of the 18 : 1 (oleic acid) component and a decreased percentage of the 18 : 2
(linoleic acid) and 18 : 3 (linolenic acid) components. This dramatic increase in flux through the
carotenoid pathway and the other metabolic effects are discussed.

http://www.ncbi.nlm.nih.gov/pubmed/10607293

Zhou, J. ; Ma, C. ; Xu, H. ; ez al. 2009. Metabolic profiling of transgenic rice with crylAc
and sck genes: an evaluation of unintended effects at metabolic level by using GC-FID and
GC-MS. ] Chromatogr B Analyt Technol Biomed Life Sci, 877(8-9): 725-732.

The crylAc and sck genes were introduced to the rice for the purpose of improving the insect
resistance. Metabolic profiles of wild and transgenic rice were compared to assess the unintended
effects related to gene modification. Wild samples with different sowing dates or sites were also
examined to determine the environmental effects on metabolites. The polar compounds of grains
were extracted, trimethylsilylated and analyzed by gas chromatography-flame ionization detection
(GC-FID). Partial least squares-discriminant analysis (PLS-DA) and principal component analysis
(PCA) were applied to differentiate transgenic and wild rice grains. The significantly distinguishable
metabolites were picked out, and then identified by gas chromatography-mass spectrometry (GC-
MS). It was found that both the environment and gene manipulation had remarkable impacts
on the contents of glycerol-3-phosphate, citric acid, linoleic acid, oleic acid, hexadecanoic acid,
2,3-dihydroxypropyl ester, sucrose, 9-octadecenoic acid (Z)-, 2,3-dihydroxypropyl ester and so on.
Sucrose, mannitol and glutamic acid had a significant increase in transgenic grains in contrast to
those in non-genetically modified (GM) rice.
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http://www.ncbi.nlm.nih.gov/pubmed/19233746

Jiao, Z.; Si, X.; Li, G.; Zhang, Z.; Xu, X. 2010. Unintended compositional changes in
transgenic rice seeds (Oryza sativa L.) studied by spectral and chromatographic analysis
coupled with chemometrics methods. J. Agric. Food Chem., 58, 1746-1754.

Unintended compositional changes in transgenic rice seeds were studied by near-infrared reflectance,
GC-MS, HPLC, and ICP-AES coupled with chemometrics strategies. Three kinds of transgenic rice
with resistance to fungal diseases or insect pests were comparatively studied with the nontransgenic
counterparts in terms of key nutrients such as protein, amino acids, fatty acids, vitamins, elements,
and antinutrient phytic acid recommended by the Organization for Economic Co-operation and
Development (OECD). The compositional profiles were discriminated by chemometrics methods,
and the discriminatory compounds were protein, three amino acids, two fatty acids, two vitamins,
and several elements. Significance of differences for these compounds was proved by analysis of
variance, and the variation extent ranged from 20 to 74% for amino acids, from 19 to 38% for fatty
acids, from 25 to 57% for vitamins, from 20 to 50% for elements, and 25% for protein, whereas
phytic acid content did not change significantly. The unintended compositional alterations as well
as unintended change of physical characteristic in transgenic rice compared with nontransgenic
rice might be related to the genetic transformation, the effect of which needs to be elucidated by
additional studies.

http://www.ncbi.nlm.nih.gov/pubmed/20050687

Abdo, E. ; Barbary O.; Shaltout O. 2013. Chemical Analysis of Bt corn “Monsanto810:
Ajeeb-YG” and its counterpart non-Bt corn “Ajeeb”. JOSR Journal of Applied Chemistry, Vol
4 Issue 1, pp55-60.

Commercialization of biotech crops has started since 1996, where the cultivated area of these crops
was increased from 1.7 million hectares in 1996 to 170.3 million hectares in 2012 according to
the latest statistics in 2012. Bt corn “MONB810: Ajeeb YG®” is one of these crops that express
endotoxin from Bacillus thuringiensis (Bt) throughout the whole plant. This study was designed to
assess the safety of Bt corn by comparing its compositional chemical analysis with its conventional
counterpart “Ajeeb”. Moisture content, crude fat, total saccharides, starch, & crude fiber were
determined; sodium, potassium, magnesium, calcium and phosphorous content were measured,
tannins & phytic acid were determined as anti-nutrients. Amino acids and fatty acids profiles were
also evaluated. Results indicated the presence of significant differences between both of Bt corn and
its counterpart.

Full article available at https://goo.gl/V]dZAu

Li, S.; Chen, L.; Zheng, E; Li, Y. 2013. Effect of the cp4-epsps gene on metal bioavailability
in maize and soybean using bionic gastrointestinal tracts and ICP-MS determination. /.
Agric. Food Chem., 20;61(7):1579-84. doi: 10.1021/jf303962a.

The transformation and metabolism of dietary compounds are affected significantly by gut
microbiota. Hence, gut microbiota are used to improve bionic gastrointestinal tracts. The effect
of the cp4-epsps gene on metal bioavailability was proved by the comparison of the affinity-
liposome metal content ratio (AMCR) in transgenic and conventional crops. The bioavailability
of V, Mn, Co, Ga, Ag, Ba, and Pb in roundup ready soybean decreased significantly because
the ratio of AMCR (R(AMCR)) in the transgenic crop and its corresponding conventional
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type ranged from 0.36 to 0.69. In roundup ready maize, metal bioavailability decreased for Li
and Cr (i.e., R(AAMCR) was 0.26 and 0.39, respectively) but increased for V, Co, and Pb (i.c.,
R(AMCR) was 1.48, 2.07, and 2.12, respectively). Compared with conventional crops, safe
dosage and maximum consumption of roundup ready crops were 1.59 times for soybean and
0.78 times for maize.

http://pubs.acs.org/doi/abs/10.1021/if303962a

The consequences of the metabolic and biochemical disturbs noted
in transgenic plants cannot always be fully characterized. Changes
to metabolic pathways are difficult to be predicted and may affect
important agronomic characteristics, associated to productivity.

Preeti, R; Singh, A.; Ray, K.; Chaudhary, B.; et al. 2011. Detrimental effect of expression of
Bt endotoxin CrylAc on in vitro regeneration, in vivo growth and development of tobacco
and cotton transgenics. Journal of Biosciences, 36(2), 363-376.

High levels of expression of the crylAc gene from Bacillus thuringiensis cannot be routinely
achieved in transgenic plants despite modifications made in the gene to improve its expression.
This has been attributed to the instability of the transcript in a few reports. In the present study,
based on the genetic transformation of cotton and tobacco, we show that the expression of the
CrylAc endotoxin has detrimental effects on both the in vitro and in vivo growth and development
of transgenic plants. A number of experiments on developing transgenics in cotton with different
versions of cryl Ac gene showed that the majority of the plants did not express any CrylAc protein.
Based on Southern blot analysis, it was also observed that a substantial number of lines did not
contain the crylAc gene cassette although they contained the marker gene nptll. More significantly,
all the lines that showed appreciable levels of expression were found to be phenotypically abnormal.
Experiments on transformation of tobacco with different constructs expressing the crylAc gene
showed that in vitro regeneration was inhibited by the encoded protein. Further, out of a total of
145 independent events generated with the different crylAc gene constructs in tobacco, only 21
showed expression of the CrylAc protein, confirming observations made in cotton that regenerants
that express high levels of the Cry1Ac protein are selected against during regeneration of transformed
events. This problem was circumvented by targeting the CrylAc protein to the chloroplast, which
also significantly improved the expression of the protein.

Full article available at

https://www.ncbi.nlm.nih.gov/pubmed/21654089

Powell, A;; Nguyen, C; Hill, T.; Cheng, K.; et al. 2012. Uniform ripening encodes a Golden

2-like transcription factor regulating tomato fruit chloroplast development. Science, vol 336 29.

Modern tomato (Solanum lycopersicum) varieties are bred for uniform ripening (u) light green
fruit phenotypes to facilitate harvests of evenly ripened fruit. U encodes a Golden 2-like (GLK)
transcription factor, SIGLK2, which determines chlorophyll accumulation and distribution in
developing fruit. In tomato, two GLKs--SIGLK1 and SIGLK2--are expressed in leaves, but only
SIGLK?2 is expressed in fruit. Expressing GLKs increased the chlorophyll content of fruit, whereas
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SIGLK2 suppression recapitulated the u mutant phenotype. GLK overexpression enhanced fruit
photosynthesis gene expression and chloroplast development, leading to elevated carbohydrates and
carotenoids in ripe fruit. SIGLK2 influences photosynthesis in developing fruit, contributing to
mature fruit characteristics and suggesting that selection of u inadvertently compromised ripe fruit
quality in exchange for desirable production traits.

http://www.ncbi.nlm.nih.gov/pubmed/22745430

Also, the activation of new metabolic pathways or the synthesis
of new byproducts upon transgenic organisms may represent new
potential biological hazard spectra, both to the human and animal
health such as for non-target organisms.

Donegan, K.K., Palm, C.]J., Fieland, V.J.,et al. Changes in levels, species and DNA
fingerprints of soil microorganisms associated with cotton expressing the Bacillus
thuringiensis var. kurstaki endotoxin. Applied soil ecology., 1995;2(2):111-124.

An important aspect of the risk assessment of pesticidal transgenic plants is the potential for
detrimental effects on the soil ecosystem from residual plant material following harvesting and
tillage. We evaluated this concern by placing leaves of three different lines of cotton genetically
engineered to produce the Bacillus thuringiensis var. kurstaki (B.tk.) endotoxin in soil and
monitoring numbers and species of indigenous soil bacteria and fungi. Four experiments,
lasting 28 or 56 days, were performed using combinations of the following treatments: (1) soil
only; (2) soil +purified B.t.k. toxin; (3) soil +parental cotton; (4) soil +purified B.t.k. toxin
+parental cotton; (5) soil + B.t.k. toxin-producing cotton.

Two of the three transgenic cotton lines caused a transient increase in total bacterial and fungal
population levels that was significantly higher on several sample days in the experiments than
the levels in the other treatments. In contrast, neither the third transgenic cotton line nor the
purified B.t.k. toxins had any significant effects on the total numbers of bacteria and fungi.
Transient changes in bacterial species composition, measured by biochemical tests of individual
cultures, community substrate utilization and DNA fingerprinting, were also observed in
treatments with the two transgenic plant lines.

The plant line specificity of the response, and the lack of effects from the purified B.t.k. toxins,
suggest that the observed effects of the two transgenic plant lines on soil microorganisms may not
have resulted from the plants’ production of B.t.k. toxin. We suggest that genetic manipulation
or tissue culturing of the plants may have produced a change in plant characteristics, aside
from B.tk. toxin production, that can influence growth and species composition of soil
microorganisms.

http://www.sciencedirect.com/science/article/pii/0929139394000437

Schroder, M.; Poulsen, M.; Wilcks, A.; et al. 2007. A 90-day safety study of genetically
modified rice expressing CrylAb protein (Bacillus thuringiensis toxin) in Wistar rats. Food
Chem Toxicol., 45(3): 339-349.

An animal model for safety assessment of genetically modified foods was tested as part of the
SAFOTEST project. In a 90-day feeding study on Wistar rats, the transgenic KMD1 rice
expressing CrylAb protein was compared to its non-transgenic parental wild type, Xiushui 11.
The KMD1 rice contained 15mg Bt toxin/kg and based on the average feed consumption the
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daily intake was 0.54mg Bt toxin/kg body weight. No adverse effects on animal behaviour or
weight gain were observed during the study. Blood samples collected one week prior to sacrifice
were analyzed and compared for standard haematological and biochemical parameters. A few
parameters were significantly different, but all within the normal reference intervals for rats of
this breed and age and not in relation to any other findings, thus not considered treatment
related. Upon sacrifice a large number of organs were weighed, macroscopic and histopathological
examinations were performed with only minor changes to report. The aim of the study was to use
a known animal model in performance of safety assessment of a GM crop, in this case KMD1
rice. The results show no adverse or toxic effects of KMD1 rice when tested in the design used
in this 90-day study. Nevertheless the experiences from this study lead to the overall conclusion
that safety assessment for unintended effects of a GM crop cannot be done without additional
test group(s).

htep://www.ncbi.nlm.nih.gov/pubmed/17050059

Zolla, L.; Rinalducci, S.; Antonioli, P; Righetti, . 2008. Proteomics as a complementary
tool for identifying unintended side effects occurring in transgenic maize seeds as a result of
genetic modifications. Journal of Proteome Research, 7, 1850-1861.

To improve the probability of detecting unintended side effects during maize gene manipulations
by bombardment, proteomics was used as an analytical tool complementary to the existing
safety assessment techniques. Since seed proteome is highly dynamic, depending on the species
variability and environmental influence, we analyzed the proteomic profiles of one transgenic
maize variety (event MON 810) in two subsequent generations (T05 and T06) with their
respective isogenic controls (WT05 and WT06). Thus, by comparing the proteomic profiles of
WT05 with WT06 we could determine the environmental effects, while the comparison between
WT06 and T06 seeds from plants grown under controlled conditions enabled us to investigate
the effects of DNA manipulation. Finally, by comparison of T05 with T06 seed proteomes, it
was possible to get some indications about similarities and differences between the adaptations of
transgenic and isogenic plants to the same strictly controlled growth environment. Approximately
100 total proteins resulted differentially modulated in the expression level as a consequence of the
environmental influence (WT06 vs WT05), whereas 43 proteins resulted up- or down-regulated
in transgenic seeds with respect to their controls (T06 vs WT06), which could be specifically
related to the insertion of a single gene into a maize genome by particle bombardment. Transgenic
seeds responded differentially to the same environment as compared to their respective isogenic
controls, as a result of the genome rearrangement derived from gene insertion. To conclude, an
exhaustive differential proteomic analysis allows to determine similarities and differences between
traditional food and new products (substantial equivalence), and a case-by-case assessment of the
new food should be carried out in order to have a wide knowledge of its features.

Full article available at https://goo.gl/INbGTE

Bortolotto, O.; Silva G.; Bueno, A.; Pomari, A.; Martinelli, S.; Head, G.; Carvalho, R;;
Barbosa, G. 2014. Development and reproduction of Spodoptera eridania (Lepidoptera:
Noctuidae) and its egg parasitoid Télenomus remus (Hymenoptera: Platygastridae) on the
genetically modified soybean (Bt) MON 87701 x MON 89788. Bulletin of Entomological
Research, vol 104, Issue 06, pp 724-730.

Genetically modified crops with insect resistance genes from Bacillus thuringiensis Berliner (Bt-
plants) are increasingly being cultivated worldwide. Therefore, it is critical to improve our knowledge
of their direct or indirect impact not only on target pests but also on non-target arthropods. Hence,
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this study evaluates comparative leaf consumption and performance of Spodoptera eridania
(Cramer), a species that is tolerant of the Cry 1 Ac protein, fed with Bt soybean, MON 87701xMON
89788 or its non-Bt isoline. We also assessed the comparative performance of the egg parasitoid
Telenomus remus Nixon on eggs of S. eridania produced from individuals that fed on these two
soybean isolines as larvae. Results showed that Bt soybean reduced by 2 days larval development
and increased by 3 days adult male longevity. Therefore, we conclude that the effect of Bt soybean
MON 87701xMON 89788 on S. eridania development and reproduction is small, and favorable
to pest development. These differences are less likely to directly result from the toxin presence but
indirectly from unintended changes in plant characteristics caused by the insertion of the transgene.
Our results should be viewed as an alert that S. eridania populations may increase in Bt soybeans,
but on the other hand, no adverse effects of this technology were observed for the egg parasitoid T.
remus which can help to prevent S. eridania outbreaks on these crops.

http://www.ncbi.nlm.nih.gov/pubmed/25248849

2.4 Pyramided events: towards the scientific
reductionism

The designation “pyramided event” (also called “stacked event”
or “piled”) started to be used in order to characterize transgenic
plants obtained through conventional breeding involving two or
more simple transgenic events (with a transgene). Double, triple
or n-pyramided (with n transgenics) are called the same way.
Since the last half decade, almost all the “new” transgenic plants,
commercially released correspond to pyramided events which, in
some cases, support more than five transgenes.

Evidently, the complexity of the interactions is growing, with the
multiplication of risk factors. For this reason, in order to prevent
difficult and expensive evaluation processes — and consequently
facilitate the commercial release of transgenic plants — the regulatory
bodies, supported by the industry, started to adopt evaluation
alternatives which deserve detailed discussion. Prioritizing
practicality aspects and by default of conduct adjustment to
scientific basis principles, they started to use the approach based on
the assumption that phenomena perceived on an isolated way would
not be changed when obliged to joint expression. In other words,
the effects noted in each individual event would present merely
additive expression in the pyramided events, without possibility of
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interaction which could take to unexpected expressions, inexistent
in simple events. Le.: if the transgenic events A and B alone do not
present risks, then, the new AxB event, a priori, would not present
risks.

Thus, and in the interest of the companies, studies applied to the
isolated cases, which deny the possibility for damages, start to serve
as the basis to certify the safety of the multiple events. Thus, despite
of the risks to the society, more complex events, instead of complete
evaluations, start to be judged based on expedite analyses.

Well, this decreased the possibilities to understand the pyramided
events, increasing the risk ranges associated to the use of the
technology. Even so, despite of the extremely decreased number of
researches applied to the pyramided events, the scientific literature
registers studies pointing out to unexpected effects, resulting from
the stacking of transgenes.

More severe than this is the fact that, at the same time on which
the gene interactions — among transgenes — are poorly known, the
knowledge about their potential consequences in the epigenome of
the new organisms is practically null.

Londo, J.; Bollman, M.; Sagers, C.; Lee, E.; Watrud, L. 2011. Changes in fitness-associated
traits due to the stacking of transgenic glyphosate resistance and insect resistance in Brassica

napus L. Heredity, 107, 328-337; doi:10.1038/hdy.2011.19.

Increasingly, genetically modified crops are being developed to express multiple ‘stacked” traits for
different types of transgenes, for example, herbicide resistance, insect resistance, crop quality and
tolerance to environmental stresses. The release of crops that express multiple traits could result in
ecological changes in weedy environments if feral crop plants or hybrids formed with compatible
weeds results in more competitive plants outside of agriculture. To examine the effects of combining
transgenes, we developed a stacked line of canola (Brassica napus L.) from a segregating F(2)
population that expresses both transgenic glyphosate resistance (CP4 EPSPS) and lepidopteran
insect resistance (CrylAc). Fitness-associated traits were evaluated between this stacked genotype
and five other Brassica genotypes in constructed mesocosm plant communities exposed to insect
herbivores (Plutella xylostella L.) or glyphosate-drift. Vegetative biomass, seed production and
relative fecundity were all reduced in stacked trait plants when compared with non-transgenic
plants in control treatments, indicating potential costs of expressing multiple transgenes without
selection pressure. Although costs of the transgenes were offset by selective treatment, the stacked
genotype continued to produce fewer seeds than either single transgenic line. However, the increase
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in fitness of the stacked genotype under selective pressure contributed to an increased number of
seeds within the mesocosm community carrying unselected, hitchhiking transgenes. These results
demonstrate that the stacking of these transgenes in canola results in fitness costs and benefits that
are dependent on the type and strength of selection pressure, and could also contribute to changes
in plant communities through hitchhiking of unselected traits.

Full article available at http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3182500/

Shi, G.; Chavas, J-P; Lauer, J. 2013. Commercialized transgenic traits, maize productivity
and yield risk. Nature Biotechnology, vol 31 number 2.

Without summary.

Full article available at http://www.nature.com/nbt/journal/v31/n2/full/nbt.2496.html

Agapito-Tenfen, S.; Vilperte, V.; Benevenuto, R.; Rover, C.; Traavik, T.; Nodari, R. 2014.
Effect of stacking insecticidal cry and herbicide tolerance epsps ransgenes on transgenic
maize proteome. Plant Biology, 14:346 Open access.

Background: The safe use of stacked transgenic crops in agriculture requires their environmental
and health risk assessment, through which unintended adverse effects are examined prior to their
release in the environment. Molecular profiling techniques can be considered useful tools to address
emerging biosafety gaps. Here we report the first results of a proteomic profiling coupled to transgene
transcript expression analysis of a stacked commercial maize hybrid containing insecticidal and
herbicide tolerant traits in comparison to the single event hybrids in the same genetic background.
Results: Our results show that stacked genetically modified (GM) genotypes were clustered
together and distant from other genotypes analyzed by PCA. Twenty-two proteins were shown to
be differentially modulated in stacked and single GM events versus non-GM isogenic maize and a
landrace variety with Brazilian genetic background. Enrichment analysis of these proteins provided
insight into two major metabolic pathway alterations: energy/carbohydrate and detoxification
metabolism. Furthermore, stacked transgene transcript levels had a significant reduction of about
34% when compared to single event hybrid varieties.

Conclusions: Stacking two transgenic inserts into the genome of one GM maize hybrid variety may
impact the overall expression of endogenous genes. Observed protein changes differ significantly
from those of single event lines and a conventional counterpart. Some of the protein modulation
did not fall within the range of the natural variability for the landrace used in this study. Higher
expression levels of proteins related to the energy/carbohydrate metabolism suggest that the energetic
homeostasis in stacked versus single event hybrid varieties also differ. Upcoming global databases on
outputs from ;omics; analyses could provide a highly desirable benchmark for the safety assessment
of stacked transgenic crop events. Accordingly, further studies should be conducted in order to
address the biological relevance and implications of such changes.

Full article available at http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4273480/

It is worth emphasizing that the risk evaluation associated to
stacked events must consider both the possibilities of interactions
between the transgene expression products and between the
pesticides systematically associated to them (herbicides, for
example). Discussions restricted to the examination of direct
connections and interactions, between the transgenes themselves,
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besides insufficient, are very limited in terms of coverage to provide
minimum safety to the consumption and to the environment.

Admittedly, the genetic modification expression products interact
with environmental factors, being likely to result in effects that are
different to the expected ones or even noted on an isolate way. In
addition, difficulties for simulation and forecasting prevent — based
on information collected in the absence of those combinations — the
conduction of appropriate inferences about possible impacts related to
the adoption level and the synergy of products from such technologies.

Accinelli, C.; Screpanti, C; Vicari, A.; Catizone, P 2004. Influence of insecticidal toxins
from Bacillus thuringiensis subsp. kurstaki on the degradation of glyphosate and glufosinate-
ammonium in soil samples. Agriculture, Ecosystems and Environment, 103 497-507.

Investigations dealing with the persistence in soil of glyphosate [/N-(phosphonomethyl)
glycine] (GLYP) and glufosinate-ammonium [the ammonium salt of DL-homoalanin-4-
yl(methyl)phosphinic acid] (GLUF) herbicides and of insecticidal toxins produced by Bacillus
thuringiensis subsp. kurstaki (Berliner) are largely reported in the literature. However, no
information on the influence of these insecticidal toxins on the persistence in soil of herbicides
is available. Preliminary results regarding the influence of insecticidal toxins extracted from a
commercial formulation of B. thuringiensis subsp. kurstaki (Berliner) (Btk) on the degradation of the
herbicides glyphosate and glufosinate-ammonium in a loam and a sandy loam soil, under laboratory
conditions, were obtained. Soil microbial carbon (SMC) and insecticidal activity of incubated soil
samples were also estimated. In both soil types, persistence of GLYP was significantly higher with
respect to GLUFE. Average GLYP and GLUF half-life was 14.4 and 8.0 days, respectively. Addition
of Btk toxins lead to a significant increase of GLYP and GLUP persistence in both soil types. More
specifically, average GLYP and GLUF half-life in soil samples receiving the Btk treatment was 24.3
and 14.2 days, respectively. In contrast to herbicide persistence in soil, Btk toxins did not influence
microbial carbon content of incubated soil samples. The insecticidal activity of Btk toxins in soil
rapidly decreased during the 28-day incubation time. Considering that degradation of GLYP and
GLUF was mainly a microbial process, the absence of effects of Btk toxins on the soil microbial
carbon and the rapid decrease of insecticidal activity of Btk toxins in the soil suggest a possible effect
of the Btk toxins on other soil properties and/or mechanisms influencing herbicide degradation. The
present preliminary investigation permitted to highlight the possibility of the Btk toxins to enhance
the persistence of GLYP and GLUF in soil, under laboratory conditions. However, further studies
are necessary to investigate whether or not the effects observed in this study under artificial and
controlled conditions can be extrapolated to field conditions.

Full article available at http://stopogm.net/sites/stopogm.net/files/IITBT. pdf

Mesnage, R.; Clair, E.; Gress, S.; Then, C.; Székdcs, A.; Séralini, G-H. 2012. Cytotoxicity on
human cells of Cryl1Ab and CrylAc Bt insecticidal toxins alone or with a glyphosate-based
herbicide. Journal of Applied Toxicology, DOI 10.1002/jat.2712

'The study of combined effects of pesticides represents a challenge for toxicology. In the case of the
new growing generation of genetically modified (GM) plants with stacked traits, glyphosate-based
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herbicides (like Roundup) residues are present in the Roundup-tolerant edible plants (especially
corns) and mixed with modified Brinsecticidal toxins that are produced by the GM plants themselves.
The potential side effects of these combined pesticides on human cells are investigated in this work.
Here we have tested for the very first time CrylAb and CrylAc Bt toxins (10 ppb to 100 ppm) on
the human embryonic kidney cell line 293, as well as their combined actions with Roundup, within
24h, on three biomarkers of cell death: measurements of mitochondrial succinate dehydrogenase,
adenylate kinase release by membrane alterations and caspase 3/7 inductions. CrylAb caused cell
death from 100 ppm. For CrylAc, under such conditions, no effects were detected. The Roundup
tested alone from 1 to 20 000 ppm is necrotic and apoptotic from 50 ppm, far below agricultural
dilutions (50% lethal concentration 57.5 ppm). The only measured significant combined effect was
that Cryl1Ab and CrylAc reduced caspases 3/7 activations induced by Roundup; this could delay
the activation of apoptosis. There was the same tendency for the other markers. In these results, we
argue that modified Bt toxins are not inert on nontarget human cells, and that they can present
combined side-effects with other residues of pesticides specific to GM plants.

Full article available at heeps://goo.gl/iLjc]X

3. Interspecific genetic recombinations
and transgene escape

The possibility/ability for the transgene inserted into a certain
organism comes to escape from that genome, moving towards the
environment and affecting other organisms established therein, is an
important source of uncertainties and hazards.

Such escape is possible by means of Vertical (VGT) or Horizontal
(HGT) Gene Transfer. In the first case, the escape occurs through
the sexual reproduction between genetically related organisms (in
general, of the same species). This transfer modality will be especially
discussed in Part 2 (item 4), where we will address agronomic
problems associated to genetic modification.

In case of Horizontal Gene Transfer (HGT), the transgene may escape
from the organism to the environment through direct interaction
involving the DNA of the transgenic organism and genetic
transportation agents, such as viruses, plasmids and transposons.

3.1 Horizontal gene transfer (HGT): revolution of
the scientific knowledge

The Horizontal Gene Transfer consists in the modality of DNA
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exchanges between non-related organisms, without the fertilization
resource. The HGT allows the genetic information exchange and
operates in a so important and frequent scale that it seems to constitute
one of the forces of the species evolution. The HGT occurs on a
continuous and permanent way in the living world, without distinction
between the biological species.

REV - Koonin, E. 2003. Horizontal gene transfer: the path to maturity. Molecular
Microbiology 50 (3): 725-27.

Without summary.
Full article available at http://onlinelibrary.wiley.com/d0i/10.1046/j.136

Woloszynska, M.; Bocer, T.; Mackiewicz, P; Janska, H. 2004. A fragment of chloroplast
DNA was transferred horizontally, probably from non-eudicots, to mitrochondrial genome
of Phaseolus. Plant Mol Biol., 56 (5): 811-20.

‘The mitochondrial genomes of some Phaseolus species contain a fragment of chloroplast trnA gene
intron, named pvs-trnA for its location within the Phascolus vulgaris sterility sequence (pvs). The
purpose of this study was to determine the type of transfer (intracellular or horizontal) that gave rise to
pvs-trnA. Using a PCR approach we could not find the respective portion of the trnA gene as a part of
pvs outside the Phaseolus genus. However, a BLAST search revealed longer fragments of trnA present
in the mitochondrial genomes of some Citrus species, Helianthus annuus and Zea mays. Basing on
the identity or near-identity between these mitochondrial sequences and their chloroplast counterparts
we concluded that they had relocated from chloroplasts to mitochondria via recent, independent,
intracellular DNA transfers. In contrast, pvs-trnA displayed a relatively higher sequence divergence
when compared with its chloroplast counterpart from Phaseolus vulgaris. Alignment of pvs-trnA with
corresponding trnA fragments from 35 plant species as well as phylogenetic analysis revealed that
pvs-trnA grouped with non-eudicot sequences and was well separated from all Fabales sequences. In
conclusion, we propose that pvs-trnA arose via horizontal transfer of a trnA intron fragment from
chloroplast of a non-eudicot plant to Phaseolus mitochondria. This is the first example of horizontal
transfer of a chloroplast sequence to the mitochondrial genome in higher plants.

http://www.ncbi.nlm.nih.gov/pubmed/15803417

Daubin, V.; Ochman, H. 2004. Quartet mapping and the extent of lateral transfer in
bacterial genomes. Mol Biol Evol, 21 (1): 86-89.

Several recent analyses have used quartet-based methods to assess the congruence among phylogenies
derived for large sets of genes from prokaryotic genomes. The principal conclusion from these studies
is that lateral gene transfer (LGT) has blurred prokaryotic phylogenies to such a degree that the
darwinian scheme of treelike evolution might be abandoned in favor of a net or web. Here, we focus
on one of these methods, quartet mapping, and show that its application can lead to overestimation of
the extent of inferred LGT in prokaryotes, particularly when applied to distantly related taxa.

Full article available at http://mbe.oxfordjournals.org/content/21/1/86.long
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Steale, R.; Hampson, S.; Stover, N.; Kibler, D.; Bode, H.; 2004. Probable horizontal transfer
between a protist and a cnidarian. Current Biology, 14(8): 298-9.

Without summary.

Full article available at hteps://goo.gl/VIkIsE

Davis, C.; Wurdack, K. 2004. Host-to-parasite gene transfer in flowering plants: Phylogenetic
evidence from Malpighiales. Science, 305: 676-78.

Horizontal gene transfer (HGT) between sexually unrelated species has recently been documented
for higher plants, but mechanistic explanations for HGTs have remained speculative. We show that
a parasitic relationship may facilitate HGT between flowering plants. The endophytic parasites
Rafflesiaceae are placed in the diverse order Malpighiales. Our multigene phylogenetic analyses of
Malpighiales show that mitochondrial (matR) and nuclear loci (18S ribosomal DNA and PHYC)
place Rafflesiaceae in Malpighiales, perhaps near Ochnaceae/Clusiaceae. Mitochondrial nad1B-C,
however, groups them within Vitaceae, near their obligate host Tetrastigma. These discordant
phylogenetic hypotheses strongly suggest that part of the mitochondrial genome in Rafflesiaceac
was acquired via HGT from their hosts.

http://www.ncbi.nlm.nih.gov/pubmed/15256617

REV — Andersson, J. 2005. Lateral gene transfer in eukaryotes. Cel/ Mol Life Sci, 62: 1182-1197.

Lateral gene transfer -- the transfer of genetic material between species -- has been acknowledged as
a major mechanism in prokaryotic genome evolution for some time. Recently accumulating data
indicate that the process also occurs in the evolution of eukaryotic genomes. However, there are
large rate variations between groups of eukaryotes; animals and fungi seem to be largely unaffected,
with a few exceptions, while lateral gene transfer frequently occurs in protists with phagotrophic
lifestyles, possibly with rates comparable to prokaryotic organisms. Gene transfers often facilitate
the acquisition of functions encoded in prokaryotic genomes by eukaryotic organisms, which may
enable them to colonize new environments. Transfers between eukaryotes also occur, mainly into
larger phagotrophic eukaryotes that ingest eukaryotic cells, but also between plant lineages. These
findings have implications for eukaryotic genomic research in general, and studies of the origin and
phylogeny of eukaryotes in particular.

http://www.ncbi.nlm.nih.gov/pubmed/15761667

Babi¢, A.; Lindner, A.; Vuli¢, M.; Stewart, E.; Radman, M. 2008. Direct Visualization
of Horizontal Gene Transfer. Science, vol 319, no. 5869 pp. 1533-1536 DOI:10.1126/
science.1153498.

Conjugation allows bacteria to acquire genes for antibiotic resistance, novel virulence attributes,
and alternative metabolic pathways. Using a fluorescent protein fusion, SeqA-YFP, we have
visualized this process in real time and in single cells of Escherichia coli. We found that the F pilus
mediates DNA transfer at considerable cell-to-cell distances. Integration of transferred DNA
by recombination occurred in up to 96% of recipients; in the remaining cells, the transferred
DNA was fully degraded by the RecBCD helicase/nuclease. The acquired integrated DNA was
tracked through successive replication rounds and was found to occasionally split and segregate
with different chromosomes, leading to the inheritance of different gene clusters within the cell
lineage. The incidence of DNA splitting corresponds to about one crossover per cell generation.

Full article available at http://www.sciencemag.org/content/319/5869/1533.long
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Dana, C.; Glauber, K;; Chan, T.; Bridge, D.; Steele, R. 2012. Incorporation of a
Horizontally Transferred Gene into an Operon during Cnidarian Evolution. PLOS ONE,
7(2): e31643.

Genome sequencing has revealed examples of horizontally transferred genes, but we still know little
about how such genes are incorporated into their host genomes. We have previously reported the
identification of a gene (flp) that appears to have entered the Hydra genome through horizontal transfer.
Here we provide additional evidence in support of our original hypothesis that the transfer was from a
unicellular organism, and we show that the transfer occurred in an ancestor of two medusozoan cnidarian
species. In addition we show that the gene is part of a bicistronic operon in the Hydra genome. These
findings identify a new animal phylum in which trans-spliced leader addition has led to the formation of
operons, and define the requirements for evolution of an operon in Hydra. The identification of operons
in Hydra also provides a tool that can be exploited in the construction of transgenic Hydpra strains.

Full article available at https://goo.gl/8Vuf] 1

Domingues, S.; Harms, K; Fricke, W.; Johnsen, P; Silva, G.; et @l 2012. Natural
Transformation Facilitates Transfer of Transposons, Integrons and Gene Cassettes between
Bacterial Species. PLoS Pathog, 8(8): €1002837. doi:10.1371/journal.ppat.1002837.

We have investigated to what extent natural transformation acting on free DNA substrates can
facilitate transfer of mobile elements including transposons, integrons and/or gene cassettes
between bacterial species. Naturally transformable cells of Acinetobacter baylyi were exposed
to DNA from integron-carrying strains of the genera Acinetobacter, Citrobacter, Enterobacter,
Escherichia, Pseudomonas, and Salmonella to determine the nature and frequency of transfer.
Exposure to the various DNA sources resulted in acquisition of antibiotic resistance traits as
well as entire integrons and transposons, over a 24 h exposure period. DNA incorporation
was not solely dependent on integrase functions or the genetic relatedness between species.
DNA sequence analyses revealed that several mechanisms facilitated stable integration in the
recipient genome depending on the nature of the donor DNA; homologous or heterologous
recombination and various types of transposition (Tn21-like and 1S26-like). Both donor strains
and transformed isolates were extensively characterized by antimicrobial susceptibility testing,
integron- and cassette-specific PCRs, DNA sequencing, pulsed field gel electrophoreses (PFGE),
Southern blot hybridizations, and by re-transformation assays. Two transformant strains were
also genome-sequenced. Our data demonstrate that natural transformation facilitates interspecies
transfer of genetic elements, suggesting that the transient presence of DNA in the cytoplasm
may be sufficient for genomic integration to occur. Our study provides a plausible explanation
for why sequence-conserved transposons, IS elements and integrons can be found disseminated
among bacterial species. Moreover, natural transformation of integron harboring populations of
competent bacteria revealed that interspecies exchange of gene cassettes can be highly efficient,
and independent on genetic relatedness between donor and recipient. In conclusion, natural
transformation provides a much broader capacity for horizontal acquisitions of genetic elements
and hence, resistance traits from divergent species than previously assumed.

Full article available at https://goo.gl/po4V4b

This subject will be discussed again in item 4.2. of Part 4, with articles
which examine the possibility of horizontal (trans)gene transfer in
mammalian cells and/or mammalian symbiontic microorganisms
(bacteria from the digestive system and/or specially from the oral
cavity), and in item 3.3 of Part 3, where articles addressing the
possibility of HGT between organisms from the environment in
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general and transgenic organisms are joined.

3.2 Specific concerns with the CaMv promoter

There are not very well worked biosafety aspects in the conventional
risk analyses, related to genetic construction elements which — in
addition to the transgene of interest — contain information required
for the transgene expression in the transformed organisms. One of
these elements is the originating promoter of the cauliflower mosaic
virus (CaMV) and is associated to almost all the genetic constructions
inserted into traded GM plants. Called CaMv PS35S, this element
carries the possibility to interact with other natural vegetable viruses
and, thus, generate new viruses. In addition, it may activate the
CaMYV in plant species normally not susceptible to that disease.

These risks, the agronomic consequences of which must be
considered as relevant, have been a reason for warning for almost
two decades by independent researchers.

Gal, S.; Pisan, B.; Hohn, T.; Grimsley, N; Hohn, B. 1992. Agroinfection of transgenic
plants leads to viable cauliflower mosaic virus by intermolecular recombination. Virology,

187, 525-533.

Intermolecular reconstitution of a plant virus has been detected in whole plants in a system using
a defective cauliflower mosaic virus genome and transgenic host plants containing the missing viral
gene. The information for the gene VI protein of the virus was integrated into the chromosome
of host Brassica napus plants and leaves of these plants were inoculated with Agrobacterium
tumefaciens containing the complementing viral sequences. In several cases, upper leaves contained
replicating viral DNA which was able to incite CaMV symptoms on turnip plants. The sequence
of the resultant recombinant viral molecules suggested that both DNA and RNA recombination
events may have been involved in the production of functional virus, one event being gene targeting
of the T-DNA.

http://www.ncbi.nlm.nih.gov/pubmed/1546451

Wintermantel, W.; Schoelz, J. 1996. Isolation of Recombinant Viruses between Cauliflower
Mosaic Virus and a Viral Gene in Transgenic Plants under Conditions of Moderate Selection
Pressure. Virology, 223, 156-164.

We demonstrate that recombinant viruses formed between a wild-type virus and a viral transgene
can be isolated from transgenic plants under conditions of moderate to weak selection pressure.
We inoculated cauliflower mosaic virus (CaMV) strain W260 to transgenic Nicotiana bigelovii

93



Transgenic Crops - hazards and uncertainties

plants that expressed a copy of CaMV gene VI derived from CaMV strain D4, a gene that
determines systemic infection of solanaceous species, including N. bigelovii. Because W260 infects
nontransformed N. bigelovii systemically, a recombinant virus formed between W260 and the D4
transgene would be expected to have little selective advantage over the wild-type W260 virus W260
was inoculated to approximately 100 plants each of nontransformed and transgenic N. bigelovii
and it systemically infected nearly all of the plants. An analysis of viral DNA recovered from
23 transgenic plants infected with W260 revealed that 20 infections resulted from the systemic
movement of the wild-type W260 virus, while a recombinant between W260 and the D4 transgene
was detected in three of the infections. To determine the percentage of recovery of recombinant
viruses under strong selection pressure, we inoculated approximately 100 nontransformed and
100 D4 gene VI transgenic plants with CaMV strain CM 1841, a virus that is unable to infect
nontransformed N. bigelovii. CM 1841 infected 36% of the transgenic plants systemically, but none
of the nontransformed controls. An analysis of 24 infected plants showed that a recombination
event occurred in every plant, demonstrating that under strong selection conditions, the recovery of
CaMYV recombinants from transgenic plants can be very high.

Full article available at http://www.sciencedirect.com/science/article/pii/S004268229690464X

The physical structure of the CaMV 35S promoter — which has
palindromic nucleotid sequences®® — tends to favor illegitimate
genetic recombinations, potentially generators of unexpected

genomic modifications.

Muller, A.; Kamisugi, Y.; Gruneberg, R.; Niedenhof, 1.; Horold, R.; Meyer, P 1999.
Palindromic sequences and A+T-rich DNA elements promote illegitimate recombination in
Nicotiana tabacum. ]. Mol. Biol., 291, 29-46.

Illegitimate recombination is the prevailing molecular mechanism for the integration of
recombinant DNA into the genome of most eukaryotic systems and the generation of deletions
by intrachromosomal recombination. We developed a selectable marker system to screen for
intrachromosomal illegitimate recombination events in order to assess the sequence and structure-
specific requirements for illegitimate recombination in tobacco. In 12 illegitimate recombination
products analysed, we found that all deletion termini localise to sites of palindromic structures or to
A+T-rich DNA elements. All deletion termini showed microhomologies of two to six nucleotides.
In three plants, the recombination products contained filler-DNA or an inversion of an endogenous
segment. Our data strongly suggest that illegitimate recombination in plants is mediated by a DNA
synthesis-dependent process, and that this mechanism is promoted by DNA regions that can form
palindromic structures or facilitate DNA unwinding.

http://www.ncbi.nlm.nih.gov/pubmed/10438604

Kohli, A.; Griffiths, S.; Palacios, N.; Twyman, R.; Vain, P; Laurie, D.; Christou, P. 1999.
Molecular characterization of transforming plasmid rearrangments in transgenic rice reveals
a recombinaison hotspot in the CaMV 35S promoter and confirms the predominance of
microhomologie mediated recombination. 7he Plant Journal, 17, 6, p. 591-601.
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It is of opposite polarity DNA strands, but with the same nucleotide sequence. Consider as an example the

palindromic sequence 5’-GAATTC-3’ and 3’-CTTAAG-5’.
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The characterization of plasmid-genomic DNA junctions following plant transformation has
established links between DNA double-strand break repair (DSBR), illegitimate recombination
and plasmid DNA integration. The limited information on plasmid-plasmid junctions in plants
comes from the dicot species tobacco and Arabidopsis. We analyzed 12 representative transgenic
rice lines, carrying a range of transforming plasmid rearrangements, which predominantly reflected
microhomology mediated illegitimate recombination involving short complementary patches at
the recombining ends. Direct end-ligation, in the absence of homology between the recombining
molecules, occurred only rarely. Filler DNA was found at some of the junctions. Short, purine-
rich tracts were present, either at the junction site or in the immediate flanking regions. Putative
DNA topoisomerase I binding sites were clustered around the junctions. Although different
regions of the transforming plasmid were involved in plasmid-plasmid recombination, we showed
that a 19 bp palindromic sequence, including the TATA box of the CaMV 35S promoter, acted
as a recombination hotspot. The purine-rich half of the palindromic sequence was specifically
involved at the recombination junctions. This recombination hotspot is located within the
‘highly recombinogenic’ region of the full-length CaMV RNA that has been shown to promote
viral recombination in dicot plants. Clustering of plasmid recombination events in this highly
recombinogenic region, even in the absence of viral enzymes and other cis-acting elements proves
that the plant cellular machinery alone is sufficient to recognize and act on these viral sequences.
Our data also show the similarity between mechanisms underlying junction formation in dicot and
monocot plants transformed using different procedures.

Full article available at http://onlinelibrary.wiley.com/doi/10.1046/j.1365-313X.1999.00399 x/pdf

REV - Ho, M.; Ryan, A.; Cummins, J. 2000. Hazards of transgenic plants containing the
cauliflower mosaic viral promoter. Microbial Ecology in Health and Disease, 12, 6-11.

Without summary.

Full article available at http://www.i-sis.org.uk/camv-mehd.php

COM - Cummins, J.; Ho, M;; Ryan, A. 2000. Hazardous CaMV promoter? Nature
Biotechnology, 18, 363.

Without summary.

http://www.ncbi.nlm.nih.gov/pubmed/10748474

Podevin, N.; du Jardin, P 2012. Possible consequences of the overlap between the CaMV
35S promoter regions in plant transformation vectors used and the viral gene VI in transgenic
plants.GM Crops and Food, 3 (4): 296-300.

Multiple variants of the Cauliflower mosaic virus 35S promoter (P35S) are used to drive the
expression of transgenes in genetically modified plants, for both research purposes and commercial
applications. The genetic organization of the densely packed genome of this virus results in sequence
overlap between P35S and viral gene VI, encoding the multifunctional P6 protein. The present paper
investigates whether introduction of P35S variants by genetic transformation is likely to result in the
expression of functional domains of the P6 protein and in potential impacts in transgenic plants. A
bioinformatic analysis was performed to assess the safety for human and animal health of putative
translation products of gene VI overlapping P35S. No relevant similarity was identified between the
putative peptides and known allergens and toxins, using different databases. From a literature study it
became clear that long variants of the P35S do contain an open reading frame, when expressed, might
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result in unintended phenotypic changes. A flowchart is proposed to evaluate possible unintended
effects in plant transformants, based on the DNA sequence actually introduced and on the plant
phenotype, taking into account the known effects of ectopically expressed P6 domains in model plants.

http://www.ncbi.nlm.nih.gov/pubmed/22892689

Considering that the CaMv P35S can be active in a great set of living
organisms (and not only in plants), biosafety aspects associated to
the possibility that this promoter allows the expression of new DNA
elements — whether recombined or not — under its control, once

ingested, integrated by competent organisms via HGT* (symbiontic

bacteria of the human being, for example) or disseminated in the

environment, must be considered.

Ballas, N.; Broido, S.; Soreq, H.; Loyter, A. 1989. Efficient functioning of plant promoters
and poly(A) sites in Xenopus oocytes. Nucleic Acids Res., 17: 7891-7903.

Mature Xenopus oocytes were challenged with DNA constructs including plant regulatory elements,
namely, the Cauliflower mosaic virus (CaMV) 35S promoter as well as the nopaline synthase (NOS)
promoter and polyadenylation signal. The bacterial chloramphenicol acetyl transferase (CAT) was
used as a reporter gene. When microinjected into these cells, the plant-derived DNA constructs
effectively promoted CAT synthesis in a manner dependent on the presence of the plant promoters
and probably also on the polyadenylation signals. Structural studies revealed that the supercoiled
structures of the above DNA plasmids were much more active in supporting CAT synthesis in
microinjected oocytes than their linear forms, with clear correlation between efficient gene
expression and DNA topology. In contrast, the linear forms of these plasmids were considerably
more active than the supercoiled ones in transfected plant protoplasts. These findings demonstrate,
for the first time, the activity of regulatory elements from plant genes in Xenopus oocytes and shed
new light on the specific rules applicable for gene expression in plant and animal cells.

Full article available at http://www.ncbi.nlm.nih.gov/pmc/articles/ PMC334895/

Gmunder, H.; Kohli, J. 1989. Cauliflower mosaic virus promoters direct efficient expression
of a bacterial G418 resistance gene in Schizosaccharomyces pombe. Mol. Gen. Genet., 220:
95-101.

A system is presented for transformation of the fission yeast Schizosaccharomyces pombe to resistance

against the antibiotic G418. The bacterial resistance gene of the transposon Tn5 is expressed under
the control of promoters and transcription terminators from cauliflower mosaic virus (CaMV). The
promoter of the S. pombe alcohol dehydrogenase gene has also been used. Transformants can be
selected directly on medium containing G418 (up to 1 mg/ml) due to inactivation of G418 by the Tn5
gene product, the aminoglycoside 3’-phosphotransferase (II). The plant viral promoter 35S confers
higher resistance to G418 than the 19S promoter. This corresponds to the relative strengths of these
promoters in plant cells. The strong plant promoter 35S yields resistance comparable to that obtained

27

See section 4.2 of part 4, which presents articles dealing with the risks associated to horizontal transfer

involving the CaMV 35S promoter in mammalian cells.
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with the strong S. pombe promoter from the alcohol dehydrogenase gene. The constructions with the
two plant promoters have been used on multicopy shuttle plasmids that replicate autonomously in S.
pombe and Escherichia coli. In addition the 35S and the 19S constructions have been inserted into the
S. pombe genome where they confer G418 resistance as single copy genes. Since vector sequences are
excluded in this case, all the necessary signals for expression of G418 resistance are contained within the
DNA fragments containing the plant promoters, the resistance gene and the plant terminators. This
transformation system is independent of S. pombe mutants. It may be useful for the transformation
of other lower eukaryotes. The activity of the CaMV promoters in S. pombe may be exploited for the
expression of plant genes in fission yeast.

http://www.ncbi.nlm.nih.gov/pubmed/2558289

Hirt, H.; Kogl, M.; Murbacher, T.; Heberlebors, E. 1990. Evolutionary conservation of
transcriptional machinery between yeast and plants as shown by the efficient expression
from the CaMV 35S promoter and 35S terminator. Curr. Genet., 17: 473-479.

Complementation of fission yeast mutants by plant genomic libraries could be a promising method
for the isolation of novel plant genes. One important prerequisite is the functioning of plant promoters
and terminators in Schizosaccharomyces pombe and Saccharomyces cerevisiae. Therefore, we studied the
expression of the bacterial beta-glucuronidase (GUYS) reporter gene under the control of the Cauliflower
Mosaic Virus (CaMV) 35S promoter and 35S terminator. We show here that S. pombe initiates
transcription at exactly the same start site as was reported for tobacco. The 355 CaMV terminator is
appropriately recognized leading to a polyadenylated mRNA of the same size as obtained in plant cells
transformed with the same construct. Furthermore, the GUS-mRNA is translated into fully functional
GUS protein, as determined by an enzymatic assay. Interestingly, expression of the 35S promoter in
the budding yeast S. cerevisiae was found to be only moderate and about hundredfold lower than in S.
pombe. To investigate whether different transcript stabilities are responsible for this enormous expression
difference in the two yeasts, the 35S promoter was substituted by the ADH (alcohol dehydrogenase)
promoter from fission yeast. In contrast to the differential expression pattern of the 35S promoter, the
ADH promoter resulted in equally high expression rates in both fission and budding yeast, comparable
to the 35S promoter in S. pombe. Since the copy number of the 355-GUS constructs differs only by a
factor of two in the two yeasts, it appears that differential recognition of the 35S promoter is responsible
for the different transcription rates.

htep://www.ncbi.nlm.nih.gov/pubmed/2202523

Assaad, E; Signer, E. 1990. Cauliflower mosaic-virus p35S promoter activity in Escherichia-
coli. Molecular and General Genetics, 223(3): 517-520.

We present evidence that the cauliflower mosaic virus promoter P35S can direct expression of
the bacterial neomycin phosphotransferase II (NPTII) gene in Escherichia coli. Transcription is
initiated at several sites, the major one being located approximately 315 bases upstream of the plant
start site. The nucleotide sequence directly preceding this start site is strongly homologous to the
prokaryotic promoter consensus sequence. Thus constructs designed for introduction into plants
can be expressed in E. coli.

http://www.ncbi.nlm.nih.gov/pubmed/2176717

Burke, C.; Yu X.; Marchitelli, L.; Davis, E.; Ackerman, S. 1990. Transcription Factor IIA
of wheat and human function similarly with plant and animal viral promoters. Nucleic Acid
Research, 18(12):3611-3620.
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Eucaryotic transcription initiation by RNA polymerase II involves protein:DNA interactions during
the formation of a transcription complex. In addition to RNA polymerase II there are at least five
other general transcription factors necessary for initiation with the adenovirus major late promoter.
One of these, TFIIA, is involved in the earliest events during transcription complex assembly. We
have purified TFIIA from wheat germ and characterized it in an in vitro transcription system.
Wheat TFIIA is a single polypeptide of Mr approximately 35 kd which functionally replaces human
(HeLa) TFIIA to form a wheat/HeLa transcription system. [This polypeptide can be eluted from a
SDS-polyacrylamide gel, refolded to a native conformation, and will function as wheat TFIIA in
the heterologous system.] The heterologous system requires a lower optimal incubation temperature
than the Hela system. Biochemical characterization, using the adenovirus major late promoter,
indicates that transcription reaction parameters for both wheat and HeLa TFIIA are similar but
the kinetics of transcription for both TFIIAs are somewhat dissimilar. A plant viral promoter, the
cauliflower mosaic virus 35S promoter, accurately and efficiently directs in vitro transcription in
both the wheat/HeLa and HeLa systems with identical transcription kinetics. We conclude that
TFIIA function has been conserved during evolution.

Full article available at http://www.ncbi.nlm.nih.gov/pmc/articless/PMC331017/

Pobjecky, N.; Rosenberg, G.; Dintergottlieb, G.; Kaufer, N. 1990. Expression
of the betaglucuronidase gene under the control of the CaMV-35S promoter in
Schizosaccharomyces-pombe. Molecular & General Genetics, 220 (2): 314-316.

We have transformed Schizosaccharomyces pombe with the beta-glucuronidase (GUS) gene from
Escherichia coli under the control of the plant cauliflower mosaic virus (CaMV) 35S promoter
element. Efficient expression of GUS enzyme was observed. Moreover, transcription initiated at a
unique site identical to that used in plant cells.

http://www.ncbi.nlm.nih.gov/pubmed/2325625

Ruth, J.; Hirt, H;; Schweyen, R. 1992. The cauliflower mosaic virus 35S promoter is
regulated by cAMP in Saccharomyces cerevisiae. Mol. Gen. Genet., 235:365-372.

The cauliflower mosaic virus 35S promoter confers strong gene expression in plants, animals and
fission yeast, but not in budding yeast. On investigating this paradox, we found that in budding
yeast the promoter acts through two domains. Whereas the upstream domain acts as a silencer,
the downstream domain couples expression to the nutritional state of the cells via the RAS/cAMP
pathway. Point mutations indicate that two boxes with similarity to the cAMP regulated element
(CRE) of mammalian cells mediate this response. Gel retardation assays show that, in both yeast and
plant protein extracts, factors bind to this promoter element. Therefore, transcriptional activation
appears to be highly conserved at the level of transcription factors and specific DNA target elements
in eukaryotes. This offers new ways to investigate gene regulation mechanisms of higher eukaryotes,
which are not as amenable to genetic analysis as yeast.

http://www.ncbi.nlm.nih.gov/pubmed/1334531

Lewin, A.; Jacob, D.; Freytag, B.; Appel, B. 1998. Gene expression in bacteria directed by
plant-specific regulatory sequences. Transgenic Research, 7:403-411.
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The regulation of gene expression represents a specific process which has different structural
and functional requirements in different groups of organisms. It is thus assumed that regulatory
sequences of eucaryotes cannot be recognized in procaryotes. This assumption is of interest for
risk assessments of the environmental impact of deliberate release experiments with genetically
modified organisms. In order to analyse the extent of heterologous gene expression caused by the
transfer of plant-specific regulatory sequences into bacteria, we constructed fusions between plant-
specific regulatory sequences and the coding regions of the luxAB genes for the luciferase of the
bioluminescent bacterium Vibrio harveyi, transferred the fusions into different bacterial species
and measured the luminescence to quantify the expression of the luciferase genes. The regulatory
sequences investigated included (a) the 35S promoter of the Cauliflower mosaic virus, (b) the B33
promoter of a class I patatin gene of potatoes, (c) the promoter of the ST-LS1 gene of potatoes and
(d) the promoter of the rolC gene of Agrobacterium rhizogenes. We could show that in addition
to the 35S promoter, which has already been described as being recognized in Escherichia coli, the
sequences containing the B33 and the ST-LS1 promoters are recognized in bacteria. Luciferase
gene expression promoted by the sequence with the ST-LS1 promoter could be observed in E. coli,
Yersinia enterocolitica and Agrobacterium tumefaciens. Comparison of the luminescence caused
by fusions between luxAB and different promoters on the chromosome and on an endogenous
plasmid of Y. enterocolitica demonstrated that the level of the heterologous gene expression caused
by the fragment with the ST-LS1 promoter was within the range of gene expression levels caused by
endogenous promoters of Y. enterocolitica.

htep://link.springer.com/article/10.1023/A%3A1008876826415

Ryabova, L.; Hohn, T. 2000. Ribosome shunting in cauliflower mosaic virus 355 RNA
leader is a special case of reinitiation of translation functioning in plant and animal systems.

Genes Dev., 14: 817-829.

The shunt model predicts that small ORFs (sORFs) within the cauliflower mosaic virus (CaMV)
35S RNA leader and downstream ORF VII are translated by different mechanisms, that is,
scanning-reinitiation and shunting, respectively. Wheat germ extract (WGE) and rabbit reticulocyte
lysate (RRL) in vitro translation systems were used to discriminate between these two processes
and to study the mechanism of ribosomal shunt. In both systems, expression downstream of the
leader occurred via ribosomal shunt under the control of a stable stem and a small ORF preceding
it. Shunting ribosomes were also able to initiate quite efficiently at non-AUG start codons just
downstream of the shunt landing site in WGE but not in RRL. The short SORF MAGDIS from the
mammalian AdoMetDC RNA, which conditionally suppresses reinitiation at a downstream ORE
prevented shunting if placed at the position of sSORF A, the 5’-proximal ORF of the CaMV leader.
We have demonstrated directly that SORF A is translated and that proper termination of translation
at the 5’-proximal ORF is absolutely required for both shunting and linear ribosome migration.
These findings strongly indicate that shunting is a special case of reinitiation.

Full article available at http://www.ncbi.nlm.nih.gov/pmc/articles/PMC316492/

COM - Ho, M.; Ryan, A.; Cummins, J. 2000. CaMv 35S Promoter Fragmentation Hotspot
Confirmed, and it is Active in Animals. Microbial Ecology in Health and Disease, 12, 189.

Without summary.

Full article available at htep://www.i-sis.org.uk/pdf/CAMV_35s promo_hotspot_confirmed.pdf

Jacob, D.; Lewin, A.; Meister, B.; Appel, B. 2002. Plant-specific promoter sequences carry
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elements that are recognised by the eubacterial transcription machinery. Trans. Research, 11,
291-303.

During evolution the promoter clements from prokaryotes and eukaryotes have developed
differently with regard to their sequence and structure, implying that in general a transfer of
eukaryotic promoter sequences into prokaryotes will not cause an efficient gene expression.
However, there have been reports on the functionality of the 35S promoter from cauliflower
mosaic virus (CaMV) in bacteria. We therefore decided to experimentally investigate the capability
of plant promoter sequences to direct gene expression in various bacteria. Accordingly, we tested
ten different plant-specific promoters from Solanum tuberosum, Nicotiana tabacum, CaMYV,
Agrobacterium tumefaciens, and A. rhizogenes for their ability to initiate transcription in five
different eubacterial species (Escherichia coli, Yersinia enterocolitica, A. tumefaciens, Pseudomonas
putida, and Acinetobacter sp. BD413). To monitor the strength of the plant-specific promoters in
bacteria we created fusions between these promoters and the coding region of the luciferase genes
from Vibrio harveyi and measured the luminescence in the bacteria. Heterologous gene expression
was observed in 50% of the combinations analysed. We then mapped the transcription start site
caused by one of the plant-specific promoters, the ST-LS1 promoter from S. tuberosum, in these
bacterial species. The location of the mapped transcription start site indicated that the sequences
of the plant promoter themselves were recognised by the bacterial transcription apparatus. The
recognition of plant-specific promoter sequences by the bacterial RNA polymerase was further
confirmed by site-directed mutagenesis of the ST-LS1 promoter and the analysis of the effects of the
mutations on the strength of gene expression in E. coli. Using these mutants in our reporter assays
we could localise the sequences of the ST-LS1 promoter serving as -10 region in E. coli. The results
of our study show that promoter sequences are much less specific than is generally assumed. This is
of great importance for our knowledge about the evolution of gene expression systems and for the
construction of optimised expression vectors.

http://www.ncbi.nlm.nih.gov/pubmed/12113461

Vlasak, J.; Smahel, M.; Pavlik, A.; Pavingerova, D.; Briza, J. 2003. Comparison of hCMV
immediate early and CaMV 35S promoters in both plant and human cells. /. Biotechnol.,
103, 197-202.

Cauliflower mosaic virus 35S promoter, widely used in transgenic crop plants, is known to be
recognized in widely differing kinds of cells. Its activity in human cells may have impact on the
risk assessment for the environmental release of genetically modified plants. In this study, transient
expression of several constructs containing beta-glucuronidase (GUS) gene driven by cauliflower
mosaic virus 35S promoter or by immediate early promoter of human cytomegalovirus (pCMV)
was tested in both potato leaf protoplasts and cultured human cells. The results showed very low
but measurable activity of 35S promoter in human 293T-cells (0.01% of that revealed when using
pCMV) and in 293 cells that do not produce SV40 T antigen this activity was even lower. On the
other hand, in potato protoplasts, pPCMV displayed nearly 1% activity seen with p35S.

http://www.ncbi.nlm.nih.gov/pubmed/12890606

Tepfer, M. ; Gaubert, S. ; Leroux-Coyau, M. ; Prince, S. ; Houdebine, L. 2004. Transient
expression in mammalian cells of transgenes transcribed from the Cauliflower mosaic virus

35S promoter. Environ. Biosafety Res., 3, 91-97.

Gene constructs containing the Cauliflower mosaic virus (CaMV) 35S promoter and a sequence
coding either for a green fluorescent protein (GFP) or for firefly luciferase were transfected into
Chinese hamster ovary (CHO) cells. Both reporter genes were expressed to significant levels. The 35S
promoter was 40 times less active than the human ¢F1 alpha promoter, which is known to be one of
the most potent promoters in mammalian cells. The 35S promoter must therefore be considered to be
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a promoter of significant potency in mammalian cells. RT-PCR analysis suggested that transcription
initiation in CHO cells occurred between the TATA box and the transcription start site of the 35S
promoter that function in plant cells. Further analysis by 5’RACE confirmed that transcription was
initiated in CHO cells at different sites located essentially between the TATA box and the plant
transcription start site, showing that 35S promoter activity in animal cells is due to the presence of
promoter elements that are functional in mammalian cells, but that are not those used in plants. The
data reported here raise the possibility that genes controlled by the 35S promoter, which is commonly
used in transgenic plants, have the potential for expression in animal cells.

http://www.ncbi.nlm.nih.gov/pubmed/15612506

Myhre, M.; Fenton, K.; Eggert, J.; Nielsen, K.; Traavik, T. 2006. The 35S CaMV plant virus
promoter is active in human enterocyte-like cells. Eur Food Res Technol, 222: 185-193.

'The 35S cauliflower mosaic virus (CaMV) promoter is commonly used to drive transgene expression
in the genetically engineered (GE) crop plants that have been commercialized so far. Whether, and
how far, the 35S promoter might be active in mammalian cells has been scientifically unsettled
and controversial. Very recently it was established that the 35S promoter is transcriptionally active
following transient reporter gene transfections in continuous cell lines of human [J Biotechnol
103:197-202, 2003] and hamster ovary [Environ Biosafety Res 3:41-47, 2004] fibroblasts. The
initial exposure of a human organism to DNA from GE food takes place in the gastrointestinal tract
(GIT). Hence, we have now investigated the promoter capacity of 35S in human enterocyte-like
cells. We constructed expression vectors with 35S promoter inserted in front of two reporter genes
encoding firefly luciferase and green fluorescent protein (GFP), respectively, and performed transient
transfection experiments in the human enterocyte-like cell line Caco-2. It was demonstrated that
the 35S CaMV promoter was able to drive the expression of both reporter genes to significant
levels, although the protein expression levels might seem modest compared to those obtained with
the strong promoters derived from human cytomegalo virus (h\CMV) and simian virus 40 (SV40).
Furthermore, computer-based searches of the 355 CaMV DNA sequence for putative mammalian
transcription factor binding motifs gave a high number of hits. Some of the identified motifs
indicate that transcriptional activation by the 35S CaMV promoter may be stronger in other human
and animal cell types than in those investigated so far.

Full article available at https://goo.gl/aH2zhf

3.3 Risks associated to the use of Agrobacterium
tumefaciens in transgenic plants

Agrobacterium tumefaciens is naturally competent to perform the
horizontal gene transfer. For this reason, the bacterium has been used
to perform the insertion of desirable genes into cultivated plants,
whether transgenic or not. It has recently been noted that it is also
able to transfer genetic material between certain fungi species and
into human cells, under semi-natural conditions. The implications
are relevant and suggest that the use of such bacterium for the
transformation of plants may result in the insertion of undesirable

101



Transgenic Crops - hazards and uncertainties

genes, appropriate to the A. tumefaciens genome, such as those
responsible for the tumors in infected plants. The possibility that
the recombinant DNA is exsudated by the transformed plants’ roots
and transferred to A. tumefaciens strains natural from the soil (or
to other competent bacteria) — event favored by the homologies
of the genomic sequences — suggests potential important and
irreversible risks, associated to the dissemination of transgenes in the
environment.

With this respect, the use of A. tumefaciens in the transformation of
GMP increases risk factors associated to HGT between organisms
present in cultivated areas with those transgenic plants, organisms
which consume® them or which interact with them.

Knight, C.; Bailey, A.; Foster, G. 2010. Investigating Agrobacterium-mediated transformation
of Verticillium albo-atrum on plant surfaces. PLOS ONE, 5(10): 13684.

Background: Agrobacterium tumefaciens has long been known to transform plant tissue in nature
as part of its infection process. This natural mechanism has been utilized over the last few decades
in laboratories world wide to genetically manipulate many species of plants. More recently this
technology has been successfully applied to non-plant organisms in the laboratory, including
fungi, where the plant wound hormone acetosyringone, an inducer of transformation, is supplied
exogenously. In the natural environment it is possible that Agrobacterium and fungi may encounter
cach other at plant wound sites, where acetosyringone would be present, raising the possibility of
natural gene transfer from bacterium to fungus.

Methodology/Principal Findings: We investigate this hypothesis through the development of
experiments designed to replicate such a situation at a plant wound site. A. rumefaciens harbouring
the plasmid pPCAMDsRed was co-cultivated with the common plant pathogenic fungus Verticillium
albo-atrum on a range of wounded plant tissues. Fungal transformants were obtained from co-
cultivation on a range of plant tissue types, demonstrating that plant tissue provides sufficient vir gene
inducers to allow A. tumefaciens to transform fungi in planta.

Conclusions/Significance: This work raises interesting questions about whether A. rumefaciens may
be able to transform organisms other than plants in nature, or indeed should be considered during
GM risk assessments, with further investigations required to determine whether this phenomenon
has already occurred in nature.

Full article available at https://goo.gl/voGY13

Kunik, T.; Tzfira, T.; Kapulnik, Y.; Gafni, Y.; Dingwall, C.; Citovsky, V. 2001. Genetic

28  Risks associated with the HGT are treated in items 3.3 and 4.2 of Parts 3 and 4, respectively.
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transformation of HeLa cells by Agrobacterium. Proc Natl Acad Sci USA, 98(4): 1871-
1876.

Agrobacterium tumefaciens is a soil phytopathogen that elicits neoplastic growths on the host plant
species. In nature, however, Agrobacterium also may encounter organisms belonging to other
kingdoms such as insects and animals that feed on the infected plants. Can Agrobacterium, then,
also infect animal cells? Here, we report that Agrobacterium attaches to and genetically transforms
several types of human cells. In stably transformed HeLa cells, the integration event occurred at
the right border of the tumor-inducing plasmid’s transferred-DNA (T-DNA), suggesting bona fide
T-DNA transfer and lending support to the notion that Agrobacterium transforms human cells
by a mechanism similar to that which it uses for transformation of plants cells. Collectively, our
results suggest that Agrobacterium can transport its T-DNA to human cells and integrate it into
their genome.

Full article available at http://www.pnas.org/content/98/4/1871.full

Barrett, C.; Cobb, E.; McNicol, R.; Lyon, G. 1997. A risk assessment study of plant genetic
transformation using Agrobacterium and implications for analysis of transgenic plants. Plant
Cell, Tissue and Organ Culture, 47: 135-144.

Agrobacterium transformation systems for Brassica, Solanum and Rubus, using carbenicillin,
cefotaxime and ticaracillin respectively to eliminate contamination, were examined for the
presence of residual Agrobacterium. The results indicated that none of the antibiotics in
question, succeeded in eliminating Agrobacterium and the contamination levels increased in
explants from 12 to 16 weeks to such an extent that Solznum cultures senesced and died.
This may be due to the fact that four times the Minimum bactericidal concentration values
(concentration to be used for elimination of contaminants in culture), for the three antibiotics,
were higher than the concentrations employed in the culture medium. Contamination in shoot
material decreased over 16 to 24 weeks possibly due to bacteriostatis and the use only of
the apical node for further culture. The presence of the binary vector was also noted under
non-selective conditions, even up to 6 months after transformation, where approx. 50% of
contaminated material still harboured bacterial cells with the binary vector at levels of approx.
10, Colony forming units per gram.

heep://link.springer.com/article/10.1007/BF02318949

Ulker, B.; Li, Y;; Rosso, M.; Logemann, E.; Somssich, I.; Weisshaar, B. 2008. T-DNA-
mediated transfer of Agrobacterium tumefaciens chromosomal DNA into plants. Nature
Biotechnology, volume 26, number 9.

Besides the well-documented integration of DNA flanked by the transfer DNA borders,
occasional insertion of fragments from the tumor-inducing plasmid into plant genomes has also
been reported during Agrobacterium tumefaciens-mediated transformation. We demonstrate that
large (up to approximately 18 kb) gene-bearing fragments of Agrobacterium chromosomal DNA
(AchrDNA) can be integrated into Arabidopsis thaliana genomic DNA during transformation.
One in every 250 transgenic plants may carry AchrDNA fragments. This has implications
for horizontal gene transfer and indicates a need for greater scrutiny of transgenic plants for
undesired bacterial DNA.

http://www.ncbi.nlm.nih.gov/pubmed/18758448
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1 Productivity, production cost and use
of pesticides in commercial transgenic
plants crops

Although this work focuses biological aspects related to hazards
and uncertainties associated to the commercial use of transgenic
plants, it is necessary to approach some issues related to their
socioeconomic deployment.

Here, studies questioning suppositions reiterated in marketing
campaigns and endorsed by studies of questionable quality are
presented. Such campaigns inform increased productivity for
transformed plants intended only to support herbicide baths, or
decreased production costs of crops cultivates with seeds costing
4 times more, or even the decrease of the use of pesticides, when
an exponential growth is noted in their sales. It is an important
discussion because such statements are still repeated, although
different from reality, and have an important role in the decision
making which directly contribute for the authorizations for growing
and trading transgenic plants.

With this objective, in the first item of this chapter we presented
some studies which are opposite to the arguments produced by the
biotechnologies industry or at their service (frequently reiterated
by certain authors in some scientific publications). In this case, the
objective is to highlight that also in these points the controversy is
intensive and the divergences are far from being resolved.

The conditions allowing oscillations in the most relevant indictors
for promotional campaigns of the transgenics range a lot. Basically,
the answers noted in each case and for each parameter will
depend on interactions between the particularities of the genome
and the environmental conditions, being obvious the fact that,
in the absence of changes which directly affect the productivity
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construction factors (absorption and metabolism of water and
nutrients, weight and number of grains, use of solar energy, etc.),
any result in this sense will be the result of random factors (of
genetic, environmental or agronomic order).

Thus, once the generations of transgenic plants available in the
market had no changes allowing gain in productivity, and taking
into consideration the frequency with which drops in production
and/or increased use of pesticides are noted, and, consequently,
lower economic benefit for the producer (especially in case of small
producers and familiar farmers who were originally provided with
their own seeds), it is important to examine studies indicating
technical reasons allowing to doubt of myths associated to the
benefits of such cultures.

Elmore, R.;; Roeth, E; Nelson, L.; Shapiro, C; Klein, R; Knezevic, S.; Martin, A. 2001.
Glyphosate resistant soyabean cultivar yields compared with sister lines. Agronomy Journal, 93,

408-412.

Herbicide-resistant crops like glyphosate resistant (GR) soybean [Glycine max (L.) Merr.] are
gaining acceptance in U.S. cropping systems. Comparisons from cultivar performance trials
suggest a yield suppression may exist with GR soybean. Yield suppressions may result from either
cultivar genetic differentials, the GR gene/gene insertion process, or glyphosate. Grain yield of GR
is probably not affected by glyphosate. Yield suppression due to the GR gene or its insertion process
(GR effect) has not been reported. We conducted a field experiment at four Nebraska locations in
2 yr to evaluate the GR effect on soybean yield. Five backcross-derived pairs of GR and non- GR
soybean sister lines were compared along with three high-yield, nonherbicide-resistant cultivars and
five other herbicide-resistant cultivars. Glyphosate resistant sister lines yielded 5% (200 kg ha21)
less than the non-GR sisters (GR effect). Seed weight of the non-GR sisters was greater than that of
the GR sisters (in 1999) and the non-GR sister lines were 20 mm shorter than the GR sisters. Other
variables monitored were similar between the two cultivar groups. The high-yield, nonherbicide-
resistant cultivars included for comparison - yielded 5% more than the non-GR sisters and 10%
more than the GR sisters.

Full article available at https://goo.gl/j89jus

Men, X; Ge, E; Edwards, C.; Yardim, E. 2004. Influence of Pesticide Applications on Pest
and Predatory Arthropods Associated with Transgenic Bt Cotton and Nontransgenic Cotton
Plants. Phytoparasitica, 32(3):246-254.

The effects of pesticide applications on pests (aphids and acarid mites) and predators (ladybeetles
and spiders) were investigated in transgenic Bt cotton and nontransgenic cotton agroecosystems in
1999, 2000 and 2001. Transgenic cotton did not cause changes in populations of acarids and did

106



Part 2 - Agronomic issues related to the transgenic plants growth

not reduce numbers of predators considerably; its effects on aphids were inconsistent. Although
insecticides were not applied against the main pest . cotton bollworm . on transgenic cotton, the
total number of insecticide applications in 3 years was no less than the total applied on nontransgenic
cotton, because additional applications were required against sucking pests on transgenic Bz cotton.
Pesticide applications decreased numbers of aphids, acarids and predatory spiders significantly on
both transgenic and nontransgenic cottons. The results suggest that the use of Bz cotton should be
evaluated carefully in China.

https://goo.gl/O8X6bZ

Ma, B.; Subedi, K. 2005. Development, yield, grain moisture and nitrogen uptake of Bt corn
hybrids and their conventional near-isolines. Field Crops Research, 93: 199-211.

There are concerns over the economic benefits of corn (Zea mays L.) hybrids with the Bt trait
transferred from Bacillus thuringiensis. A field experiment including three to seven pairs of
commercial hybrids and their transgenic Bt near-isolines were grown side-by-side for three
consecutive years in Ottawa, Canada (458170N, 758450W; 93 m above sea level) to determine
(i) which hybrid had the highest yielding potential, (ii) if there was a differential response of Bt
and non-Bt hybrids to N application, and (iii) under natural infestation of European corn borer
(ECB), whether there was a yield advantage of Bt over non-Bt hybrids to justify their cost.We
found that some of the Bt hybrids took 23 additional days to reach silking and maturity, and
produced a similar or up to 12% lower grain yields with 3-5% higher grain moisture at maturity,
in comparison with their non-Bt counterpart. Although N application increased grain yield and N
uptake in 2 of the 3 years, there was no N-by-hybrid interaction on yield or other agronomic traits.
Most Bt hybrids had similar to or lower total N content in grain with higher N in stover than their
respective non-Bt near-isolines. Under extreme weather conditions (e.g. cool air temperature at
planting and severe drought during the development), some of the hybrids (both Bt and non-Bt)
required up to 400 additional crop heat units (CHU) to reach physiological maturity than indicated
by the supplying companies. Our data suggest that within the same maturity group, it was the
superior hybrids (non-Bt trait) that led to the greatest N accumulation, and the highest grain yield.
Under the conditions tested, there was no yield advantage of Bt hybrids in comparison with their
conventional counterparts when stalk lodging and breakage of the non-Bt counterpart by ECB was
low to moderate.

http://www.sciencedirect.com/science/article/pii/S0378429004002564

Hofs, J.; Fok, M.; Vaissayre, M. 2006. Impact of Bt cotton adoption on pesticide use by
smallholders: A 2-year survey in Makhatini Flats (South Africa). Crop Protection, 25(9):
984-988.

This paper explores insecticide use in fields cropped with conventional or Bt cotton varieties in a
smallholder farming area (Makhathini Flats, KwaZulu Natal, South Africa). The study was carried
out during the 2002-2003 and 2003-2004 growing seasons as part of a broader survey based on
daily monitoring of a sample of smallholdings. The adoption of Bt cotton led to a decrease in
pyrethroid use, but the level of insect resistance of this cultivar was not sufficient to completely
drop this pesticide from the spraying programme. On the other hand, organophosphates were
still being applied in substantial amounts, thus raising questions as to the impact of Bt cotton
adoption on farmers’ health. The overall economic results obtained with Bt cotton were slightly
positive despite the low cotton yields obtained in the Flats during our survey. Bt cotton adoption
did lead to labour savings, but the extent of this gain was not as high as expected. In conclusion,
cropping Bt cotton in Makhathini Flats did not generate sufficient income to expect a tangible and
sustainable socioeconomic improvement due to the way the crop is currently managed. Adoption
of an innovation like Bt cotton seems to pay only in an agro-system with a sufficient level of
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intensification.

http://publications.cirad.fr/une_notice.php?dk=533741

Gordon, B. 2007. Manganese nutrition of glyphosate resistant and conventional soybeans.
Bertter Crops, 91 (4): 12-13.

This study was conducted to determine if glyphosate-resistant (GR) soybeans respond differently
to Mn fertilizer than conventional soybean varieties in an irrigated high-yield environment, and
if so to develop fertilization strategies that will prevent or correct deficiencies. Yield of the GR
variety was less than the conventional variety without Mn fertilizer. However, Mn application
(banded at planting) to the GR variety closed the yield gap. The conventional soybean variety
was not responsive to Mn fertilization. Conversely, yield was reduced at the highest rate of Mn. A
second phase of the study showed that a combination of Mn applied as starter and foliar application
provided maximum yield response.

Full article available at https://goo.gl/JpXnWe

Swaminathan, M.; Rawal, V. 2011. Are there Benefits from the Cultivation of Bt cotton?
Review of Agrarian Studies, Vol 1(1).

'This note examines costs and returns from the cultivation of different types of cotton in a rainfed
village in the Vidarbha region of Maharashtra, India. While the pros and cons of GM cotton are
extensively debated, there are only a few empirical studies on the economic performance of Bt
cotton, particularly under rainfed conditions. The results from a detailed survey of farm business
incomes show that Bt cotton was a clear leader in terms of production and gross value of output
when grown as a stand-alone crop. However, on the fields of small and marginal farmers, where
cotton was usually intercropped with sorghum (or other cereals and pulses), the relative income
advantage of Bt cotton declined. Further, expenditure on chemical pesticides was higher for Bt
cotton than for other varieties of cotton. Variability in production was also higher for Bt cotton
than for other types of cotton.

Full article available at https://goo.gl/608ejN

Benbrook, C. 2012. Impacts of genetically engineered crops on pesticide use in the U.S. the
first sixteen years. Environmental Sciences Europe, 24:24.

Background: Genetically engineered, herbicide-resistant and insect-resistant crops have been
remarkable commercial successes in the United States. Few independent studies have calculated
their impacts on pesticide use per hectare or overall pesticide use, or taken into account the impact
of rapidly spreading glyphosate-resistant weeds. A model was developed to quantify by crop and year
the impacts of six major transgenic pest-management traits on pesticide use in the U.S. over the
16-year period, 1996-2011: herbicide-resistant corn, soybeans, and cotton; Bacillus thuringiensis
(Bt) corn targeting the European corn borer; Bt corn for corn rootworms; and Bt cotton for
Lepidopteron insects.

Results: Herbicide-resistant crop technology has led to a 239 million kilogram (527 million pound)
increase in herbicide use in the United States between 1996 and 2011, while Bt crops have reduced
insecticide applications by 56 million kilograms (123 million pounds). Overall, pesticide use
increased by an estimated 183 million kgs (404 million pounds), or about 7%.

Conclusions: Contrary to often-repeated claims that today’s genetically-engineered crops have,
and are reducing pesticide use, the spread of glyphosate-resistant weeds in herbicide-resistant
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weed management systems has brought about substantial increases in the number and volume of
herbicides applied. If new genetically engineered forms of corn and soybeans tolerant of 2,4-D are
approved, the volume of 2,4-D sprayed could drive herbicide usage upward by another approximate
50%. The magnitude of increases in herbicide use on herbicide-resistant hectares has dwarfed the
reduction in insecticide use on Bt crops over the past 16years, and will continue to do so for the
foreseeable future.

Full article available at http://www.enveurope.com/content/24/1/24

Heinemann, J.; Massaro, M.; Coray, D.; Agapito-Tenfen, S.; Wen, J. 2013. Sustainability
and innovation in staple crop production in the US Midwest. International Journal of
Agricultural Sustainability, heep://dx.doi.org/10.1080/14735903.2013.806408.

An agroecosystem is constrained by environmental possibility and social choices, mainly in the
form of government policies. To be sustainable, an agroecosystem requires production systems that
are resilient to natural stressors such as disease, pests, drought, wind and salinity, and to human
constructed stressors such as economic cycles and trade barriers. The world is becoming increasingly
reliant on concentrated exporting agroecosystems for staple crops, and vulnerable to national and
local decisions that affect resilience of these production systems. We chronicle the history of the
United States staple crop agroecosystem of the Midwest region to determine whether sustainability
is part of its design, or could be a likely outcome of existing policies particularly on innovation and
intellectual property. Relative to other food secure and exporting countries (e.g. Western Europe),
the US agroecosystem is not exceptional in yields or conservative on environmental impact. This has
not been a trade-off for sustainability, as annual fluctuations in maize yield alone dwarf the loss of
caloric energy from extreme historic blights. We suggest strategies for innovation that are responsive
to more stakeholders and build resilience into industrialized staple crop production.

Full article available at http://sustainablepulse.com/wp-content/uploads/Jack.pdf

2 Low efficiency of the transgenic plants
in pests and diseases management

Few years after the biotechnologies involving plants-insecticides (Bt)
and herbicide-tolerant plants (TH) were made available in commercial
scale, the transgenic plant producers started to face difficulties in the
management and control of certain species of insects considered as
pests and ruderal plants (wrongly called “invasive” or “weeds™).
Effectively, the continuous and massive synthesis of Bt proteins, as
well as the systematic and continuous use of the same principles

29  The ruderal expression employed throughout this publication is to the effect proposed by Schneider (2007)
(Schneider, A. A. A flora naturalizada no estado do Rio Grande do Sul, Brasil: herbdceas subespontineas. Biociéncias,
Porto Alegre, v. 15, n°® 2, p. 257-268, jul. 2007) and relates to plant species that grow without cultivation and
without human care, encompassing both native and naturalized species. Unlike the term “harmful”, ruderal has no
value judgment and rejects the false premise that any plant other than the object culture would be harmful, which
is not true of the natural systems that have diversity as an essential inherent element to the homeostasis.

109



Transgenic Crops - hazards and uncertainties

and ingredients with herbicide activities, generates significant
selective pressure over the organisms of the involved agricultural-
ecological systems.

Well, in the intraspecific diversity of insects and ruderal plants,
individuals naturally resistant to Bt toxins and to the active
substances of herbicides can be found. These will survive in those
agricultural systems of transgenic plants, in contrast to most of the
other organisms, naturally sensitive to the referred technologies.
Opver the generations (and in some cases, depending on the ecology
of the involved beings, this happens in few agriculture harvests),
the few individuals initially selected due to their resistance generate
important progenies to the point to form full populations provided
with such evolutionarily advantageous genetic profile — in the
context transformed by the presence of those toxins.

Thus, the emergence and the development of populations resistant
to the technological packages associated to BT- and HT-type GM
plants has conformed in general condition species. Observe in
several sites of the planet, with emphasis for those regions where
the transgenics expanded on and earlier and massive way, such
condition already reaches various species, affecting the efficacy
of those technologies. The socioeconomic impact resulting from
that are expressive and aggravated by the fact that the resistance
character, once incorporated to the genome of the so-called “pests”
and “invasive plants”, is irreversible, making the control ways
complex and preventing the adoption of strategies which were
eflicient before the expansion of the Bt and HT technologies.

2.1 Development of populations of insects
resistant to the main Bt proteins

Even before the wide scale commercial use of transgenic Bt plants,
the adaptation of insect populations to Cry toxins generated
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concerns in the scientific community. The hypothesis of rapid loss
of toxicological/agronomic efficacy of such insecticide proteins
indicated the need for caution in their use, which should be
topic, concentrated in focuses of incidence of insects and used
only upon expectations of economic damages. With plants which
permanently produce such proteins in all their cells, implying a
massive use regardless of the presence of pests, it would be expected
a rapid emergence of resistant insects. This fact has been noted in
times ranging around five years after the commercial growth, in
large scale, of Bt maize, soy and cotton in several countries and
continents.

REV - McGaughey, W.; Whalon, M. 1992. Managing insect resistance to Bacillus
thuringiensis toxins. Science, 258: 1451-1455.

Bacillus thuringiensis (B.t.) 8-endotoxins provide an alternative to chemical insecticides for
controlling many species of pest insects. Recent biotechnological developments offer the promise of
even greater use of B.t. toxins in genetically transformed pest-resistant crops. However, the discovery
that insects can adapt to these toxins raises concerns about the long-term usefulness of B.t. toxins.
Several methods for managing the development of resistance to B.t. toxins have been suggested, but
none of these approaches offer clear advantages in all situations.

http://www.ncbi.nlm.nih.gov/pubmed/17755107

COM - Kaiser, J. 1996. Pests Overwhelm Bt Cotton Crop. Science, vol. 273

Thousands of acres of cotton bioengineered to make its own insecticide have fallen victim in the
southern United States to cotton bollworms, one of three pests that the crops were supposed to kill.
'The result has heightened the fears of environmental activists that the insects will eventually develop
resistance to the toxin, known as Bt, and that fear has revived calls for tougher federal biosafety
regulations. The reasons behind the disappointing results—involving one of the first large-scale
plantings of a transgenic crop—also serve as a reminder to researchers that Mother Nature still has
a few tricks up her sleeve.

http://www.sciencemag.org/content/273/5274/423.summary

2.1.1 High development potential of Bt toxin-resistant
populations (notes in bioassays)

Cases of resistance in populations of insects obtained in laboratories
are known for more than two decades. Studies of bioassays allow
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to evaluate the resistance potential of species with a certain genetic
profile for various Bt proteins. It is currently known that such
populations may become insensitive to the toxins in just one or two
dozens of generations — some years for some species of insects of
short biological cycle.

Ali, M.; Luttrell, R.; Young, S. 2006. Susceptibilities of Helicoverpa zea and Heliothis
virescens (Lepidoptera: Noctuidae) Populations to CrylAc Insecticidal Protein. /. Econ.
Entomol., 99(1): 164-175.

Susceptibilities of bollworm, Helicoverpa zea (Boddie) and tobacco budworm, Heliothis virescens (E.)
to CrylAc were measured via a diet-incorporated assay with MPV II at the University of Arkansas
during 2002-2004. Lethal concentration—mortality (LCSO) estimates of five laboratory, seven
laboratory-cross, and 10 field populations of H. virescens varied 12-fold. Pooled susceptibilities of
H. virescens across all laboratory and field populations varied five-fold. The LC, estimates for .
virescens were higher than those reported by previous research before the introduction of transgenic
crops. However, the ratio of susceptibility of laboratory and field populations was similar, suggesting
no change in overall species susceptibility. Individual LC,  estimates of five laboratory, nine
laboratory-cross, and 57 field populations of H. zea varied over 130-fold. Pooled susceptibilities
across laboratory and field populations varied widely. Among the field populations, colonies from
non-Bacillus thuringiensis (Bt) crops were generally more susceptible than those from Bt crops.
Across the Bt crops expressing Cry protein, colonies from Bollgard (Monsanto Company) cotton
had lower susceptibility to CrylAc than those from Bt corn and those from non-Bt crops.

http://www.ncbi.nlm.nih.gov/pubmed/16573337

Huang, E; Leonard, B.; Wu, X. 2007. Resistance of sugarcane borer to Bacillus thuringiensis
Cry1Ab toxin. Entomologia Experimentalis et Applicata,124: 117-123.

The sugarcane borer, Diatraea saccharalis () (Lepidoptera: Crambidae), strain (F52-3-R) was
developed from F, survivors of a single-pair mating on commercial Cry1Ab Bacillus thuringiensis (Br)
corn plants in the greenhouse. The susceptibility of a Bt-susceptible and the F52-3-R strain of D.
saccharalis to trypsin-activated CrylAb toxin was determined in a laboratory bioassay. Neonatestage
larvae were fed a meridic diet incorporating Cry1Ab toxin at a concentration range of 0.0625 to 32mg
g, Larval mortality, larval weight, and number of surviving larvae that did not gain significant weight
(<0.1 mg per larva) were recorded on the 7th day after inoculation. The F52-3-R strain demonstrated
a significant level of resistance to the activated CrylAb toxin. Larval mortality of the Bt-susceptible
strain increased in response to higher concentrations of CrylAb toxin, exceeding 75% at 32mg g™!,
whereas mortality of the F52-3-R strain was below 8% across all CrylAb concentrations. Using a
measure of practical mortality (larvac cither died or gained no weight), the median lethal concentration
(LC50) of the F52-3-R strain was 102-fold greater than that of the Bt-susceptible insects. Larval
growth of both Bt-susceptible and F52-3-R strains was inhibited on CrylAb-treated diet, but the
inhibition of the F52-3-R strain was significantly less than that of the Bt-susceptible insects. These
results confirm that the survival of the F52-3-R strain on commercial Bt corn plants was related
to CrylAb protein resistance and suggest that this strain may have considerable value in studying
resistance management strategies for Bt corn.

heeps://goo.gl/i8p7x9
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Ali, M. ; Luttrell, R. 2007. Susceptibility of Bollworm and Tobacco Budworm (Lepidoptera:
Noctuidae) to Cry2Ab2 Insecticidal Protein. J. Econ. Entomol., 100(3): 921-931.

Susceptibilities of 82 bollworm, Helicoverpa zea (Boddie), and 44 tobacco budworm, Heliothis
virescens (E) (Lepidoptera: Noctuidae), populations to Cry2Ab2 protein were measured in diet
incorporated assays at the University of Arkansas from 2002 to 2005. Resulting data were used to
calculate overall (pooled data) estimates of species susceptibility for future benchmarks of resistance.
Variabilities among populations also were studied by comparing regressions for individual populations
and calculating mean susceptibilities for different subgroups of the colonies studied. Individual lethal
concentration (LC50) estimates for nine laboratory, seven laboratory-cross, and 28 field populations
of H. virescens varied up to 48-fold when adjusted for the response of the most susceptible laboratory
colony studied. Mean susceptibilities of all laboratory, laboratory-cross, or field colonies varied only
two-fold. When grouped by host plants, populations collected on tobacco, Nicotiana tabacum (L.),
seemed to be less susceptible than those collected on other host plants. Individual LC50 values for
82 laboratory, laboratory-cross and field populations of H. zea varied up to 37-fold. Mean LC50
values of all laboratory, laboratory-cross, or field populations varied only three-fold. Susceptibilities
of populations from Bollgard cotton were up to four-fold less than those from Bacillus thuringiensis
corn, Zea mays L. Field populations collected during late season were generally less susceptible than
those collected early in the season. Across the two species, H. zea was less sensitive to Cry2Ab2 than
H. virescens. Both species seem to be less sensitive to Cry2Ab2 than to CrylAc.

htep://www.ncbi.nlm.nih.gov/pubmed/17598557

Meihis, L.; Higdon, M.; Siegfried, B.; Miller, N.; Sappington, T.; Ellersieck, M.; Spencer, T.;
Hibbard, B. 2008. Increased survival of western corn rootworm on transgenic corn within 3
generations of on-plant greenhouse selection. Proc Natl Acad Sci USA, 105(49): 19177-82.

To delay evolution of insect resistance to transgenic crops producing Bacillus thuringiensis (Bt)
toxins, nearby “refuges” of host plants not producing Bt toxins are required in many regions. Such
refuges are expected to be most effective in slowing resistance when the toxin concentration in
Bt crops is high enough to kill all or nearly all insects heterozygous for resistance. However, Bt
corn, Zea mays, introduced recently does not meet this “high-dose” criterion for control of western
corn rootworm (WCR), Diabrotica virgifera virgifera. A greenhouse method of rearing WCR on
transgenic corn expressing the Cry3Bb1 protein was used in which approximately 25% of previously
unexposed larvae survived relative to isoline survival (compared to 1-4% in the field). After three
generations of full larval rearing on Bt corn (Constant-exposure colony), WCR larval survival was
equivalent on Bt corn and isoline corn in greenhouse trials, and the LC, was 22-fold greater for the
Constant-exposure colony than for the Control colony in diet bioassays with Cry3Bb1 protein on
artificial diet. After six generations of greenhouse selection, the ratio of larval recovery on Bt corn
to isoline corn in the field was 11.7-fold greater for the Constant-exposure colony than the Control
colony. Removal from selection for six generations did not decrease survival on Bt corn in the
greenhouse. The results suggest that rapid response to selection is possible in the absence of mating
with unexposed beetles, emphasizing the importance of effective refuges for resistance management.

Full article available at http://www.pnas.org/content/105/49/19177.full

Tabashnik, B.; Unnithan, G.; Masson, L.; Crowder, D.; Li, X; Carritre, Y. 2009.
Asymmetrical cross-resistance between Bacillus thuringiensis toxins CrylAc and Cry2Ab in
pink bollworm. PNAS USA, vol. 106, n° 29.

Transgenic crops producing Bacillus thuringiensis (Bt) toxins kill some key insect pests and can
reduce reliance on insecticide sprays. Sustainable use of such crops requires methods for delaying
evolution of resistance by pests. To thwart pest resistance, some transgenic crops produce 2 different
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Bt toxins targeting the same pest. This “pyramid” strategy is expected to work best when selection
for resistance to 1 toxin does not cause cross-resistance to the other toxin. The most widely used
pyramid is transgenic cotton producing Bt toxins Cryl1Ac and Cry2Ab. Cross-resistance between these
toxins was presumed unlikely because they bind to different larval midgut target sites. Previous results
showed that laboratory selection with CrylAc caused little or no cross-resistance to Cry2A toxins in
pink bollworm (Pectinophora gossypiella), a major cotton pest. We show here, however, that laboratory
selection of pink bollworm with Cry2Ab caused up to 420-fold crossresistance to CrylAc as well
as 240-fold resistance to Cry2Ab. Inheritance of resistance to high concentrations of Cry2Ab was
recessive. Larvae from a laboratory strain resistant to CrylAc and Cry2Ab in diet bioassays survived
on cotton bolls producing only CrylAc, but not on cotton bolls producing both toxins. Thus, the
asymmetrical cross-resistance seen here does not threaten the efficacy of pyramided Bt cotton against
pink bollworm. Nonetheless, the results here and previous evidence indicate that crossresistance occurs
between CrylAc and Cry2Ab in some key cotton pests. Incorporating the potential effects of such
cross-resistance in resistance management plans may help to sustain the efficacy of pyramided Bt crops.

Full article available at http://www.pnas.org/content/106/29/11889.full.pdf+html

Oswald, K.; French, B.; Nielson C.; Bagley, M. 2011. Selection for Cry3Bb1 Resistance
in a genetically diverse population of nondiapausing western corn rootworm (Coleoptera:
Chrysomelidae). Journal of Economic Entomology, 104: 1038-1044.

Five short-diapause laboratory lines of western corn rootworm, Diabrotica virgifera virgifera
LeConte (Coleoptera: Chrysomelidae), were selected for resistance to MONSG63, a variety of
corn genetically modified with the Bacillus thuringiensis Berliner (Bt) transgene that expresses the
Cry3Bb1 delta-endotoxin. Three of the selected lines were developed by incremental increase in the
duration of exposure to MONSG63 over 11 generations (moderate selected lines). Two selected lines
were developed from a control group by constant exposure to MONSG63 for at least 14 d posthatch
over seven generations (intense selected lines). At the end of the experiment, survivorship, as
measured by adult emergence, was approximately 4 times higher in each of the selected lines reared
on MONS863 compared with control lines. Estimates of realized heritabilities (h2) were 0.16 and
0.15 for the moderate and intense selected lines, respectively, and are consistent with h2 estimates
reported previously from a variety of pest insects. These lines provide data necessary for evaluating
the potential for Bt resistance within diabroticite beetles and will be useful for developing improved
insect resistance management strategies.

http://www.ncbi.nlm.nih.gov/pubmed/21735927

Frank, D.; Zukoff, A; Barry, J.; Higdon, M.; Hibbard, B. 2013. Development of Resistance
to eCry3.1Ab-Expressing Transgenic Maize in a Laboratory-Selected Population of
Western Corn Rootworm (Coleoptera: Chrysomelidae). Journal of Economic Entomology,
106(6):2503-2513.

A laboratory colony of western corn rootworm, Diabrotica virgifera virgifera LeConte, was selected
for resistance to transgenic maize expressing the eCry3.1Ab protein. The selected colony was
developed by rearing larvae on nonelite noncommercial Bt maize expressing the eCry3.1Ab protein.
After four generations, selected and control colonies were screened on eCry3.1Ab-expressing
and isoline maize using greenhouse experiments. There was a significant colony x maize pedigree
interaction in terms of the number of larvae recovered. There was no significant difference in the
number of larvae recovered from eCry3.1Ab-expressing and isoline maize for the selected colony,
whereas this difference was significant for the control colony. There was not a significant colony
x maize pedigree interaction in terms of root damage, or the number of beetles recovered, but
the effect of maize pedigree was significant. After four and eight generations of selection, seedling
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bioassays were performed. Again, there was a significant colony x maize pedigree interaction in
terms of the number of larvae recovered. After 11 generations of selection, larvae from the selected
colony had higher LC_ values than the control colony when exposed to increasing concentrations
of the eCry3.1Ab protein. The resistance ratio of the selected colony was 2.58. These data provide
necessary information for understanding the potential for Bt resistance by western corn rootworm
and underscores the need for insect resistance management plans for this pest.

http://www.bioone.org/doi/abs/10.1603/EC131482af=R

2.1.2 Cases of Bt toxin-resistant insect populations noted

in the field

Populations of insects totally insensitive to Bt toxins already exist
in five of the largest species considered as pests (this number at
least doubles when taking into consideration the less sensitive
populations), considering the four main insecticide proteins
(CrylAb, CrylAc, CrylFand Cry3Bb1). While the first populations
were confirmed in the USA in the beginning of the 2000s, resistant
insects are currently noted in all the great countries producers of
transgenics, including Brazil. This “break of resistance, which has
been considered as responsible for suicide waves between cotton
producers in India, has already taken associations of Brazilian
producers to bring an action in order to denounce the misleading
advertising of the biotechnology companies which continue to sell
these transgenic varieties as being “resistant to insects”.

It is worth mentioning that the biological mechanisms through
with the insects considered as pests develop such resistance to Bt
are various, involving a set of molecules and genetic mutations.
Considering that new mechanisms appear over the time, the
break of resistance is not something that can be resolve with the
development of “differentiated” Bt toxins (modified to work
around a type of resistance mechanism).

Shelton, A.; Robertson, J.; Tang, J. 1993. Resistance of diamondback moth (Lepidoptera:
Plutellidae) to Bacillus thuringiensis subspecies in the field. /. Econ. Entomol., 86, 697-705.

Eleven populations of diamondback moth, Plutella xylostella (L.), were collected in 1990 from
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Brassica plants in six states of the United States and in Indonesia and tested for their responses to
two formulations of Bacillus thuringiensis subsp. Kurstaki (Javelin we and Dipel2X), permethrin,
and methomyl. Populations from Florida that had been treated extensively over several years with
these insecticides displayed significantly higher LC50s. In 1992, field tests in geographically separate
areas in Florida and laboratory assays of populations from those fields indicated control failures and
resistance to products containing B. thuringiensis subsp. kurstaki and low levels of resistance to a
product containing B. thuringiensis subsp. aizawai (XenTari). These B. thuringiensis subspp. differ
in the number of toxins produced, but whether resistance to them is a result of cross-resistance or
independent selection was not determined. We documented significant differences between the
response of resistant and susceptible populations to two products containing B. thuringiensis subsp.
kurstaki, thus suggesting that the products actually differed in the number or amounts of toxins. In
laboratory bioassays of three products containing B. thuringiensis suhsp. aizawai and two products
containing B. thuringiensis subsp. kurstaki, the variation in response (as determined by resistance
ratios) varied by 321- to 461-fold for B. thuringiensis subsp. kurstaki and by 3- to 4.1-fold for
B. thuringiensis subsp. aizawai. These studies indicate increasing resistance problems caused by
intensive use of any B. #mringiensis product. We conclude that if B. thuringiensis is to remain a
durable insecticide in parts of the world where resistance does not already occur, other tactics such
as biological control, host-free periods, plant resistance, and cultural controls must he incorporated
into the management programs.

Full article available at hteps://goo.gl/RjGWex

Gunning, R.; Dang, H.; Kemp, E; Nicholson, I.; Moores, G. 2005. New Resistance Mechanism
in Helicoverpa armigera Threatens Transgenic Crops Expressing Bacillus thuringiensis CrylAc
Toxin. Applied and Environmental Microbiology, p. 2558-2563 Vol. 71, No. 5.

In Australia, the cotton bollworm, Helicoverpa armigera, has a long history of resistance to conventional
insecticides. Transgenic cotton (expressing the Bacillus thuringiensis toxin Cry1Ac) has been grown for
H. armigera control since 1996. It is demonstrated here that a population of Australian H. armigera has
developed resistance to CrylAc toxin (275-fold). Some 70% of resistant /. armigera larvae were able
to survive on CrylAc transgenic cotton (Ingard) The resistance phenotype is inherited as an autosomal
semidominant trait. Resistance was associated with elevated esterase levels, which cosegregated with
resistance. In vitro studies employing surface plasmon resonance technology and other biochemical
techniques demonstrated that resistant strain esterase could bind to CrylAc protoxin and activated
toxin. In vivo studies showed that CrylAc-resistant larvae fed CylAc transgenic cotton or CrylAc-
treated artificial diet had lower esterase activity than non-CrylAc-fed larvae. A resistance mechanism
in which esterase sequesters CrylAc is proposed.

Full article available at http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1087549/

Van Rensburg, J. 2007. First report of field resistance by the stem borer, Busseola fisca
(Fuller) to Bt transgenic maize. South African Journal of Plant and Soil, 24(3): 147-151.

Reports of severe damage caused by the African stem borer, Busseola fusca (Fuller) to Mon810-
transgenic maize (Bt) prompted a study in which the survival of progenies of diapause larvae collected
from both a Bt and non-Bt planting were compared when feeding on various Bt and non-Bt hybrids.
Field and greenhouse grown plants were artificially infested with neonate larvae. Larval mass was
recorded at two-day intervals for three weeks. Data were subjected to simple regression analyses
followed by pair wise comparison of the slopes. The two borer populations showed similar larval
mass gains on non-Bt hybrids but differed in the response to Bt-hybrids. Appreciable numbers of
larvae from the non-Bt derived population survived only to the cighth day. In contrast, substantial
numbers of larvae of the Bt-derived population survived over the entire trial period. The mean larval
mass of the Bt-derived population at the conclusion of the experiment was less on Bt-hybrids than
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on their susceptible counterparts. This indicates that the Bt-derived population has attained a level of
resistance where some larvae are able to survive in the presence of the Bt-toxin but not without some
detrimental effect on larval growth rate. Since producers are inclined to provide refugia under rain fed
conditions in the immediate vicinity of irrigated plantings rather than as part of irrigated fields, the
known preference of moths for high humidity could have contributed to increased selection pressure
towards the development of resistance to the Bt-toxin.

Full article available at http://www.tandfonline.com/doi/abs/10.1080/02571862.2007.10634798

Liu, F; Xu, Z.; Chang, J; Chen, J.; Meng, E; Zhu, Y.; Shen, J. 2008. Resistance Allele
Frequency to Bt Cotton in Field Populations of Helicoverpa armigera (Lepidoptera:
Noctuidae) China. ]. Econ. Entomol., 101(3): 933-943.

Resistance evolution in target insects to Bacillus thurningiensis (Bt) cotton, Gossypium hirsutum L.,
is a main threat to Bt cotton technology. An increasing trend of population density of Helicoverpa
armigera (Hiibner) (Lepidoptera: Noctuidae) has been observed since 2001 in Qiuxian County
(Hebei, China), where Bt cotton has been planted dominantly since 1998. This region was selected in
2006 and 2007 for estimating frequency of gene alleles conferring resistance to Bt cotton by screening
the F1 progeny from single-pair cross between field-collected male and laboratory female of the Bt-
resistant strain of H. armigera (F1 screen). F1 offspring from each single-pair line were screened for
resistance alleles based on larval growth, development, and survival on Bt cotton leaves for 5 d. Two-
year results indicated that approximately equal to 20% of field-collected males carried resistance alleles.
The conservative estimate of the resistance allele frequency was 0.094 (95% CI, 0.044-0.145) for
2006 and 0.107 (95% ClI, 0.055-0.159) for 2007. 'This is the first report of resistance allele frequency
increase to such a high level in the field in China. Long-term adoption of Bt sprays, dominant planting
of single-toxin-producing Bt cotton, and lack of conventional cotton refuge system might accelerate
the resistance evolution in the region.

http://www.ncbi.nlm.nih.gov/pubmed/18613597

REV —Tabashnik, B.; van Rensburg, J.; Carri¢re, Y. 2009. Field-Evolved Insect Resistance to
Bt Crops: Definition, Theory, and Data. /. Econ. Entomol., 102(6): 2011-2025.

Transgenic crops producing Bacillus thuringiensis (Bt) toxins for insect pest control have been
successful, but their efPcacy is reduced when pests evolve resistance. Here we review the dePnition
of Peld-evolved resistance, the relationship between resistance and Peld control problems, the theory
underlying strategies for delaying resistance, and resistance monitoring methods. We also analyze
resistance monitoring data from five continents reported in 41 studies that evaluate responses of
field populations of 11 lepidopteran pests to four Bt toxins produced by Bz corn and cotton. After
more than a decade since initial commercialization of Bt crops, most target pest populations remain
susceptible, whereas field-evolved resistance has been documented in some populations of three
noctuid moth species: Spodoprera frugiperda (J. E. Smith) to CrylF in Br corn in Puerto Rico,
Busseola fusca (Fuller) to CrylAb in Bt corn in South Africa, and Helicoverpa zea (Boddie) to CrylAc
and Cry2Ab in Bt cotton in the southeastern United States. Field outcomes are consistent with
predictions from theory, suggesting that factors delaying resistance include recessive inheritance of
resistance, abundant refuges of non-Br host plants, and two-toxin Bz crops deployed separately from
one-toxin Bt crops. The insights gained from systematic analyses of resistance monitoring data may
help to enhance the durability of transgenic insecticidal crops. We recommend continued use of the
longstanding definition of resistance cited here and encourage discussions about which regulatory
actions, if any, should be triggered by specific data on the magnitude, distribution, and impact of
field-evolved resistance.

http://www.ncbi.nlm.nih.gov/pubmed/20069826
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COM - Bagla, 2. 2010. Hardy Cotton-Munching Pests Are Latest Blow to GM Crops.
Science, vol 327.

Without summary.

http://www.ncbi.nlm.nih.gov/pubmed/20299559

Caccia, S.; Herndndez-Rodriguez, C.; Mahon, R.; Downes, S.; James, W.; et al. 2010.
Binding site alteration is responsible for field-isolated resistance to Bacillus thuringiensis
Cry2A insecticidal proteins in two Helicoverpa species. PLOS ONE, 5(4): €9975.

Background: Evolution of resistance by target pests is the main threat to the long-term efficacy of
crops expressing Bacillus thuringiensis (B) insecticidal proteins. Cry2 proteins play a pivotal role in
current Bt spray formulations and transgenic crops and they complement CrylA proteins because
of their different mode of action. Their presence is critical in the control of those lepidopteran
species, such as Helicoverpa spp., which are not highly susceptible to CrylA proteins. In Australia,
a transgenic variety of cotton expressing CrylAc and Cry2Ab (Bollgard II) comprises at least
80% of the total cotton area. Prior to the widespread adoption of Bollgard 1I, the frequency of
alleles conferring resistance to Cry2Ab in field populations of Helicoverpa armigera and Helicoverpa
punctigera was significantly higher than anticipated. Colonies established from survivors of F,
screens against Cry2Ab are highly resistant to this toxin, but susceptible to CrylAc.
Methodology/Principal Findings: Bioassays performed with surface-treated artificial diet on neonates
of H. armigera and H. punctigera showed that Cry2Ab resistant insects were cross-resistant to Cry2Ae
while susceptible to CrylAb. Binding analyses with '*I-labeled Cry2Ab were performed with brush
border membrane vesicles from midguts of Cry2Ab susceptible and resistant insects. The results of
the binding analyses correlated with bioassay data and demonstrated that resistant insects exhibited
greatly reduced binding of Cry2Ab toxin to midgut receptors, whereas no change in '»I-labeled-
CrylAc binding was detected. As previously demonstrated for H. armigera, Cry2Ab binding sites in /.
punctigera were shown to be shared by Cry2Ae, which explains why an alteration of the shared binding
site would lead to cross-resistance between the two Cry2A toxins.

Conclusion/Significance: This is the first time that a mechanism of resistance to the Cry2 class
of insecticidal proteins has been reported. Because we found the same mechanism of resistance
in multiple strains representing several field populations, we conclude that target site alteration is
the most likely means that field populations evolve resistance to Cry2 proteins in Helicoverpa spp.
Our work also confirms the presence in the insect midgut of specific binding sites for this class of
proteins. Characterizing the Cry2 receptors and their mutations that enable resistance could lead to
the development of molecular tools to monitor resistance in the field.

Full article available at hteps://goo.gl/ubhXCI

Storer, N.; Babcock, J.; Schlenz, M.; Meade, T.; Thompson, G.; Bing, J.; Huckaba, R.
2010. Discovery and characterization of field resistance to Bt maize: Spodoptera frugiperda
(Lepidoprera: Noctuidae) in Puerto Rico. J Econ Entomol., 103(4): 1031-8.

Transgenic maize, Zea mays L., event TC1507 produces the CrylF protein to provide protection
from feeding by several important lepidopteran pests, including Spodoptera frugiperda (J.E. Smith)
(Lepidoptera: Noctuidae). Reports of reduced field performance against this species in Puerto Rico
were investigated, and laboratory bioassays showed that S. frugiperda collected from the affected
area exhibited lower sensitivity to the CrylF protein compared with typical colonies from other
regions. The resistance was shown to be autosomally inherited and highly recessive. The Puerto
Rico colony was shown to be moderately less sensitive than susceptible laboratory strains to Cry1Ab
and CrylAc, but the differences in sensitivity were dramatically smaller than for CrylE Potential
contributory factors to the emergence of resistance to CrylF in Puerto Rico populations of S.
frugiperda include the tropical island geography, unusually large population sizes in 2006, and
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drought conditions reducing the availability of alternative hosts. In response to this resistance
incident, the technology providers have stopped commercial sales of TC1507 maize in Puerto Rico
pending potential reversion to susceptibility.

http://www.ncbi.nlm.nih.gov/pubmed/20857709

Ranjith, M.; Prabhuraj, A.; Srinivasa, Y. 2010. Survival and reproduction of natural
populations of Helicoverpa armigera on Bt-cotton hybrids in Raichur, India. Current
Science, vol. 99 (11).

Transgenic Bz-cotton is commercially cultivated on the rationale that it produces toxins that defend
the plants primarily from caterpillars damaging cotton bolls. From the context of crop protection,
it is important that these bollworms remain susceptible to the toxins, so that their populations are
under check. However, if certain individuals are able to survive and breed on the transgenics, they
can build populations resistant to the toxins. In one such instance we discovered individuals of
Helicoverpa armigera, the most prominent among bollworms in India, surviving on commercial Bz-
cotton hybrids containing single (CrylAc) and double (CrylAc and Cry2Ab) genes in experimental
plots of the University of Agricultural Sciences, Raichur campus, India. Analyses of various
biological parameters measured through laboratory breeding on the respective hybrids revealed
that these surviving individuals could not only complete their life cycle but also reproduce. A
proportion of individuals of the succeeding generation were also able to complete their life cycle on
the transgenic commercial hybrids. Interestingly, many of the biological parameters of the bollworm
across Bt and non-Bt hybrids were mostly comparable. These results not only validate the occurrence
of natural populations of H. armigera on Bt cotton hybrids, but also provide evidence for its survival
and successful reproduction in India.

Full article available at https://www.researchgate.net/publication/291688988 Survival and

reproduction of natural populations of Helicoverpa armigera on bt-cotton hybrids in
Raichur India

Gassmann, A.; Petzold-Maxwell, J.; Keweshan, R.; Dunbar, M. 2011. Field evolved resistance
to Bt maize by Western Corn Rootworm. PLOS ONE, 6(7): 222629.

‘The widespread planting of crops genetically engineered to produce insecticidal toxins derived from
the bacterium Bacillus thuringiensis (Bt) places intense selective pressure on pest populations to
evolve resistance. Western corn rootworm is a key pest of maize, and in continuous maize fields
it is often managed through planting of Bt maize. During 2009 and 2010, fields were identified
in Iowa in which western corn rootworm imposed severe injury to maize producing Bt toxin
Cry3Bb1. Subsequent bioassays revealed Cry3Bb1 resistance in these populations. Here, we report
that, during 2011, injury to Bt maize in the field expanded to include mCry3A maize in addition
to Cry3Bb1 maize and that laboratory analysis of western corn rootworm from these fields found
resistance to Cry3Bbl and mCry3A and cross-resistance between these toxins. Resistance to Bt
maize has persisted in lowa, with both the number of Bt fields identified with severe root injury and
the ability western corn rootworm populations to survive on Cry3Bbl maize increasing between
2009 and 2011. Additionally, Bt maize targeting western corn rootworm does not produce a high
dose of Bt toxin, and the magnitude of resistance associated with feeding injury was less than that
seen in a high-dose Bt crop. These first cases of resistance by western corn rootworm highlight the
vulnerability of Bt maize to further evolution of resistance from this pest and, more broadly, point
to the potential of insects to develop resistance rapidly when Bt crops do not achieve a high dose
of Bt toxin.

Full article available at http://www.pnas.org/content/111/14/5141.full
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Dhurua, S.; Gujar, G. 2011. Field-evolved resistance to Bt toxin CrylAc in the pink
bollworm, Pectinophora gossypiella (Saunders) (Lepidoprera: Gelechiidae) from India. Pest
Management Science,vol. 67 (8): 898-903.

Background: The pink bollworm is one of the most destructive pests of cotton. Transgenic cotton
producing Bt toxin CrylAc or a combination of CrylAc and Cry2Ab2 has been used effectively
against this pest. However, some other insects have evolved resistance to Bt toxins in the field.
During the 2007-2008 and 2008-2009 seasons, pink bollworm populations in India were surveyed
to evaluate their responses to CrylAc and seed powder containing CrylAc and Cry2Ab2.

Results: The results provide evidence that resistance to CrylAc had evolved by 2008 in a population
sampled from non-Bt cotton in the Amreli district of Gujarat in western India. The median lethal
concentration of CrylAc for five-day-old larvae (LC50 ) was significantly higher for insects derived in
2008 from Amreli than for any of the other field populations tested from four locations in India. For
CrylAc, the mean LC50 for the strain derived from Amreli in 2008 was 44 times higher than for the
most susceptible population. However, for seed powder of Bollgard II containing primarily Cry2Ab2,
the 2008 Amreli population was only slightly less susceptible than the most susceptible population.
Conclusions: The data reported here constitute the first evidence of field-evolved resistance of pink
bollworm to CrylAc. This initial evidence spurred more extensive evaluations during the 2009-
2010 growing season, which confirmed field-evolved resistance to CrylAc in Amreli. The lack of
cross-resistance to Cry2Ab2 suggests that plants producing this toxin are likely to be more effective
against resistant populations than plants producing only CrylAc.

http://www.ncbi.nlm.nih.gov/pubmed/21438121

Tabashnik, B.; Wu, K.; Wu, Y. 2012. Early detection of field-evolved resistance to Bt cotton
in China: cotton bollworm and pink bollworm. ] Invertebr Pathol., 110(3):301-6. doi:
10.1016/}.jip.2012.04.008. Epub 2012 Apr 16.

Transgenic crops producing Bacillus thuringiensis (Bt) toxins kill some major insect pests, but pests
can evolve resistance and thereby reduce the effectiveness of such Bt crops. The main approach
for slowing pest adaptation to Bt crops uses non-Bt host plants as “refuges” to increase survival of
susceptible pests. To delay evolution of pest resistance to cotton producing Bt toxin CrylAc, several
countries have required refuges of non-Bt cotton, while farmers in China have relied on “natural”
refuges of non-Bt host plants other than cotton. This strategy is designed for cotton bollworm
(Helicoverpa armigera), which attacks many crops and is the primary target of Bt cotton in China,
but it does not apply to pink bollworm (Pectinophora gossypiclla), which feeds almost entirely on
cotton in China. Here we review evidence of field-evolved resistance to CrylAc by cotton bollworm
in northern China and by pink bollworm in the Yangtze River Valley of China. For both pests,
results of laboratory diet bioassays reveal significantly decreased susceptibility of field populations
to CrylAc, yet field control failures of Bt cotton have not been reported. The early detection of
resistance summarized here may spur countermeasures such as planting Bt cotton that produces two
or more distinct toxins, increased planting of non-Bt cotton, and integration of other management
tactics together with Bt cotton.

http://www.ncbi.nlm.nih.gov/pubmed/22537835

REV - Tabashnik, B.; Brévault, T.; Carriére, Y. 2013. Insect resistance to Bt crops: lessons
from the first billion acres. Nature Biotechnology, 31, 510~521 doi:10.1038/nbt.2597.

Evolution of resistance in pests can reduce the effectiveness of insecticidal proteins from Bacillus
thuringiensis (Bt) produced by transgenic crops. We analyzed results of 77 studies from five continents
reporting field monitoring data for resistance to Bt crops, empirical evaluation of factors affecting
resistance or both. Although most pest populations remained susceptible, reduced efficacy of Bt
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crops caused by field-evolved resistance has been reported now for some populations of 5 of 13 major
pest species examined, compared with resistant populations of only one pest species in 2005. Field
outcomes support theoretical predictions that factors delaying resistance include recessive inheritance
of resistance, low initial frequency of resistance alleles, abundant refuges of non-Bt host plants and
two-toxin Bt crops deployed separately from one-toxin Bt crops. The results imply that proactive
evaluation of the inheritance and initial frequency of resistance are useful for predicting the risk of
resistance and improving strategies to sustain the effectiveness of Bt crops.

http://www.ncbi.nlm.nih.gov/pubmed/23752438

Farias, J.; Andow, D.; Horikoshi, R.; Sorgatto, R.; Fresia, P; Santos, A.; Omoto, C. 2014.
Field-evolved resistance to CrylF maize by Spodoptera frugiperda (Lepidoptera: Noctuidae) in
Brazil. Crop Protection, volume 64, Pages 150-158.

The CrylF protein from Bacillus thuringiensis Berliner expressed in event TC1507 maize (Zea
mays L.) was one of the most effective ways to control Spodoptera frugiperda (J. E. Smith) in Brazil.
After reports of reduced effectiveness of this Bt maize event in some areas of Brazil, research was
undertaken to investigate if damage to CrylF maize was caused by resistant S. frugiperda. Additional
investigations were conducted to evaluate the genetic basis of the resistance and to test if CrylF
resistant S. frugiperda selected from populations of different regions of Brazil share the same resistance
locus by using complementation tests. Neonate larvae of S. frugiperda collected from TC1507
maize fields with damage in Western Bahia region in 2011 were able to survive on CrylF maize
plants under laboratory conditions and subsequently produced normal adults. Survival of CrylE-
susceptible S. frugiperda on non-Bt maize was significantly higher in leaf than plant bioassays. Resistance
ratio in diet overlay bioassays was >5000-fold. A discriminating concentration of 2000 ng cm™ of
CrylF protein was defined for monitoring the frequency of resistance of S. frugiperda to Cry1E CrylF
resistant S. frugiperda showed a recessive autosomal inheritance for alleles involved in resistance to
CrylF protein. In complementation tests, the resistant population from Western Bahia was crossed
with the other seven resistant populations collected from different States of Brazil. F, larvae from
each cross had the same survival at discriminating concentration of 2000 ng cm™ of CrylF protein,
indicating that the resistance alleles in each population were likely at the same locus. Therefore,
implementation of resistance management strategies is urgent to prolong the lifetime of CrylF for
controlling S. frugiperda in Brazil.

http://www.sciencedirect.com/science/article/pii/S026121941400204X

Gassmann, A.; Petzold-Maxwell, J.; Clifton, E.; Dunbar, M.; Hoffmann, A.; Ingber, D.;
Keweshan, R. 2014. Field-evolved resistance by western corn rootworm to multiple Bacillus

thuringiensis toxins in transgenic maize. PNAS USA, vol. 111, no. 14, 5141-5146.

The widespread planting of crops genetically engineered to produce insecticidal toxins derived from
the bacterium Bacillus thuringiensis (Bt) places intense selective pressure on pest populations to evolve
resistance. Western corn rootworm is a key pest of maize, and in continuous maize fields it is often
managed through planting of Bt maize. During 2009 and 2010, fields were identified in Iowa in which
western corn rootworm imposed severe injury to maize producing Bt toxin Cry3Bbl. Subsequent
bioassays revealed Cry3Bb1 resistance in these populations. Here, we report that, during 2011, injury
to Bt maize in the field expanded to include mCry3A maize in addition to Cry3Bb1 maize and that
laboratory analysis of western corn rootworm from these fields found resistance to Cry3Bbl and
mCry3A and cross-resistance between these toxins. Resistance to Bt maize has persisted in Iowa, with
both the number of Bt fields identified with severe root injury and the ability western corn rootworm
populations to survive on Cry3Bb1 maize increasing between 2009 and 2011. Additionally, Bt maize
targeting western corn rootworm does not produce a high dose of Bt toxin, and the magnitude of
resistance associated with feeding injury was less than that seen in a high-dose Bt crop. These first cases
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of resistance by western corn rootworm highlight the vulnerability of Bt maize to further evolution
of resistance from this pest and, more broadly, point to the potential of insects to develop resistance
rapidly when Bt crops do not achieve a high dose of Bt toxin.

Full article available at http://www.pnas.org/content/111/14/5141 . full.pdf+html

Fabrick, J.; Ponnuraj, J.; Singh, A.; Tanwar, R.; Unnithan, G.; Yelich, A; Li, X.; Carriére,
Y.; Tabashnik, B. 2014. Alternative splicing and highly variable cadherin transcripts
associated with field-evolved resistance of pink bollworm to Bt cotton in India. PLOS ONE,
19;9(5):¢97900. doi: 10.1371/journal.pone.0097900. eCollection 2014.

Evolution of resistance by insect pests can reduce the benefits of insecticidal proteins from Bacillus
thuringiensis (Bt) that are used extensively in sprays and transgenic crops. Despite considerable
knowledge of the genes conferring insect resistance to Bt toxins in laboratory-selected strains and in
field populations exposed to Bt sprays, understanding of the genetic basis of field-evolved resistance to
Bt crops remains limited. In particular, previous work has not identified the genes conferring resistance
in any cases where field-evolved resistance has reduced the efficacy of a Bt crop. Here we report that
mutations in a gene encoding a cadherin protein that binds Bt toxin CrylAc are associated with
field-evolved resistance of pink bollworm (Pectinophora gossypiella) in India to CrylAc produced by
transgenic cotton. We conducted laboratory bioassays that confirmed previously reported resistance
to CrylAc in pink bollworm from the state of Gujarat, where Bt cotton producing CrylAc has
been grown extensively. Analysis of DNA from 436 pink bollworm from seven populations in India
detected none of the four cadherin resistance alleles previously reported to be linked with resistance
to CrylAc in laboratory-selected strains of pink bollworm from Arizona. However, DNA sequencing
of pink bollworm derived from resistant and susceptible field populations in India revealed eight
novel, severely disrupted cadherin alleles associated with resistance to CrylAc. For these eight alleles,
analysis of complementary DNA (cDNA) revealed a total of 19 transcript isoforms, each containing
a premature stop codon, a deletion of at least 99 base pairs, or both. Seven of the eight disrupted
alleles each produced two or more different transcript isoforms, which implicates alternative splicing
of messenger RNA (mRNA). This represents the first example of alternative splicing associated with
field-evolved resistance that reduced the efficacy of a Bt crop.

Full article available at http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0097900

In addition to the growing presence of insects insensitive to Bt toxins,
some researchers noted that such individuals may have greater fitness
than their similar of sensitive populations. Thus, some insects which
acquire resistance reproduce themselves on a more efficient way,
rapidly increasing their populations and generating agronomic and
socioeconomic damages potentially more relevant than those notes
in their absence.

Oswald, K.; French, B.; Nielson, C.; Bagley, M. 2012. Assessment of fitness costs in
Cry3Bbl-resistant and susceptible western corn rootworm (Coleoptera: Chrysomelidae)
laboratory colonies. Journal of Applied Entomology, Doi: 10.1111/j.1439-0418.2012.01704.x

Maize production in the United States is dominated by plants genetically modified with transgenes
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from Bacillus thuringiensis (Bt). Cry3BDb delta endotoxins expressed by Bt maize specifically target corn
rootworms (genus Diabrotica) and have proven highly efficacious. However, development of resistance
to Bt maize, especially among western corn rootworm (Diabrotica virgifera virgifera) populations,
poses a significant threat to the future viability of this pest control biotechnology. The structured refuge
insect resistance management (IRM) strategy implemented in the United States for Bt maize adopts
a conservative approach to managing resistance by assuming no fitness costs of Bt resistance, even
though these trade-offs strongly influence the dynamics of Bt resistance within numerous agricultural
pest species. To investigate the effects of Bt resistance on fitness components of western corn rootworm,
we compared survivorship, fecundity and viability of five Bt-resistant laboratory lines reared on
MONS863 (YieldGard Rootworm), a Bt maize product that expresses Cry3Bb1 delta endotoxin, and
on its non-transgenic isoline. Analysis of performance on the isoline maize demonstrated no fitness
costs associated with Bt resistance. In fact, resistant lines emerged approximately 2-3 days earlier than
control lines when reared on both MONB863 and the isoline, indicating that selection for Bt resistance
resulted in a general increase in the rate of larval development. In addition, resistant lines reared on
Bt maize displayed higher fecundity than those reared on the isoline, which may have significant
management implications. These data will be valuable for formulating improved IRM strategies for a
principal agricultural pest of maize.

https://goo.gl/etHIOf

2.1.3 Low eflicacy of the Bt technology’s useful life

maintenance strategies

Soon after the recording of the first populations of genetically
resistant insects to Bt toxins, handling strategies were developed in
order to extend the efficacy time of Bt technology. With a concern
directly related to the maintenance of the profit rates, with views
to extend the useful life of the technology, mechanisms intended
to transfer to the farmer the responsibility for natural condition,
resulting from the oppressive presence of Cry proteins, were
proposed. With this respect, two strategies have been recommended
to the producers of Bt transgenic plants by the biotechnology sector.

The first strategy involves the companies which develop
biotechnologies and the producers. The companies started to trade
Bt plants which synthesize - supposedly®® — high doses of toxins
(with the objective to maximize the possibilities of death of the
insects °!), being he producers responsible for implementing
the so-called refuge zones. Close to their crops, such refuges

30  Variations in protein synthesis Cry for Bt plants are exemplified in section 2.2.2 of Part 1.

31  One of the prerequisites for efficacy of high-dose / refuge strategy is that the genetic mutations responsible for
insensitivity to the toxin is transmitted in recessive mode (insensitivity will be expressed in the next generation only
if the insect mate with individual also endowed with the mutation). Now, certain agronomically important pests
have not recessive transmission (or dominant) of this character, invalidating this management strategy.
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correspond to parts of the cultivation areas seeded with non-
genetically modified varieties. It would be a species of seedling
“for the insects”, so as to maintain the numerical prevalence of
sensitive populations. Well, the resistance by the farmers was
expected, with all of them waiting for their neighbors to perform
anti-economic cultivation of the refuge areas, which would
basically serve to preserve the companies’ profits. However,
increased loads of insecticide proteins did not prevent or even
delayed the emergence of tolerant populations. In addition, the
refuge strategy has shown to be fragile, once, in many cases - due
to the species and the predispositions of certain populations to be
selected -, more than half of the crop would need to be planted
with conventional varieties in order to maintain the efficacy of
the technology during some years.

MOD-REV - Gould, F 1998. Sustainability of transgenic insecticidal cultivars: integrating
pest genetics and ecology. Annu Rev Entomol., 43: 701-26.

This review examines potential impacts of transgenic cultivars on insect population dynamics and
evolution. Experience with classically bred, insecticidal cultivars has demonstrated that a solid
understanding of both the target insect’s ecology and the cultivars performance under varied
field conditions will be essential for predicting area-wide effects of transgenic cultivars on pest
and natural enemy dynamics. This experience has also demonstrated the evolutionary capacity
of pests for adaptive response to insecticidal traits in crops. Biochemical and genetic studies of
insect adaptation to the Bacillus thuringiensis (Bt) toxins expressed by currently marketed transgenic
cultivars indicate a high risk for rapid adaptation if these cultivars are misused. Theoretical and
practical issues involved in implementing strategies to delay pest adaptation to insecticidal cultivars
are reviewed. Empbhasis is placed on examining the “high dose”/refuge strategy that has become the
goal of industry and regulatory authorities.

http://www.ncbi.nlm.nih.gov/pubmed/15012402

Huang, E; Buschman, L.; Higgins, R.; McGaughey, W. 1999. Inheritance of resistance to
Bacillus thuringiensis toxin (Dipel ES) in the European corn borer. Science, 284: 965-966.

Resistance in the European corn borer, Ostrinia nubilalis (Hu-bner), to a commercial formulation
of Bacillus thuringiensis (Bf) Berliner toxin, Dipel ES, appears to be inherited as an incompletely
dominant autosomal gene. This contrasts with the inheritance of resistance to Br in other insects,
where it has usually been characterized as a recessive trait. The proposed high-dose/refuge strategy
for resistance management in B¢ maize depends on resistance being recessive or partially recessive. If
field resistance turns out to be similar to this laboratory resistance, the usefulness of the high-dose/
refuge strategy for resistance management in Bt maize may be diminished.
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http://www.ncbi.nlm.nih.gov/pubmed/10320377

Shelton, A.; Tang, J.; Roush, R.; Metz, T.; Earle, E. 2000. Field tests on managing resistance
to Bt-engineered plants. Nature Biotechnology, vol 18.

Several important crops have been engineered to express toxins of Bacillus thuringiensis (Bt) for
insect control. In 1999, US farmers planted nearly 8 million hectares (nearly 20 million acres)
of transgenic Bt crops approved by the EPA. Bs-transgenic plants can greatly reduce the use of
broader spectrum insecticides, but insect resistance may hinder this technology. Present resistance
management strategies rely on a “refuge” composed of non-Br plants to conserve susceptible alleles.
We have used Br-transgenic broccoli plants and the diamondback moth as a model system to
examine resistance management strategies. The higher number of larvae on refuge plants in our field
tests indicate that a “separate refuge” will be more effective at conserving susceptible larvae than
a “mixed refuge” and would thereby reduce the number of homozygous resistant (RR) offspring.
Our field tests also examined the strategy of spraying the refuge to prevent economic loss to the
crop while maintaining susceptible alleles in the population. Results indicate that great care must
be taken to ensure that refuges, particularly those sprayed with efficacious insecticides, produce
adequate numbers of susceptible alleles. Each insect/Bt crop system may have unique management
requirements because of the biology of the insect, but our studies validate the need for a refuge. As
we learn more about how to refine our present resistance management strategies, it is important to
also develop the next generation of technology and implementation strategies.

http://www.ncbi.nlm.nih.gov/pubmed/10700153

REV —Tabashnik, B.; Carri¢re, Y.; Dennehy, T.; Morin, S.; Sisterson, M.; Roush, R. Shelton,
A.; Zhao, J-Z. 2003. Insect Resistance to Transgenic Bt Crops: Lessons from the Laboratory
and Field. /. Econ. Entomol., 96(4): 1031-1038.

Transgenic crops that produce insecticidal toxins from the bacterium Bacillus thuringiensis (Bt)
grew on >62 million ha worldwide from 1996 to 2002. Despite expectations that pests would
rapidly evolve resistance to such Bt crops, increases in the frequency of resistance caused by exposure
to Bt crops in the field have not yet been documented. In laboratory and greenhouse tests, however,
at least seven resistant laboratory strains of three pests (Plutella xylostella [L.], Pectinophora
gossypiella [Saunders], and Helicoverpa armigera [Hiibner]) have completed development on
Bt crops. In contrast, several other laboratory strains with 70- to 10,100-fold resistance to Bt
toxins in diet did not survive on Bt crops. Monitoring of field populations in regions with high
adoption of Bt crops has not yet detected increases in resistance frequency. Resistance monitoring
examples include Ostrinia nubilalis (Hiibner) in the United States (6 yr), P. gossypiella in Arizona
(5 yr), H. armigera in northern China (3 yr), and Helicoverpa zea (Boddie) in North Carolina
(2 yr). Key factors delaying resistance to Bt crops are probably refuges of non-Bt host plants that
enable survival of susceptible pests, low initial resistance allele frequencies, recessive inheritance of
resistance to Bt crops, costs associated with resistance that reduce fitness of resistant individuals
relative to susceptible individuals on non-Bt hosts (“fitness costs”), and disadvantages suffered by
resistant strains on Bt hosts relative to their performance on non-Bt hosts (“incomplete resistance”).
The relative importance of these factors varies among pest-Bt crop systems, and violations of key
assumptions of the refuge strategy (low resistance allele frequency and recessive inheritance) may
occur in some cases. The success of Bt crops exceeds expectations of many, but does not preclude
resistance problems in the future.

http://www.ncbi.nlm.nih.gov/pubmed/14503572

Chilcutt, C.; Tabashnik, B. 2004. Contamination of refuges by Bacillus thuringiensis toxin
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genes from transgenic maize. Proceedings of the National Academy of Sciences, 101:7526-7529.

Transgenic crops producing insecticidal toxins from Bacillus thuringiensis (Bt) are widely used to
control pests, but their benefits will be lost if pests evolve resistance. The mandated high-dose/
refuge strategy for delaying pest resistance requires planting refuges of toxin-free crops near Bt
crops to promote survival of susceptible pests. We report that pollen-mediated gene flow up to 31
m from Bt maize caused low to moderate Bt toxin levels in kernels of non-Bt maize refuge plants.
Immunoassays of non-Bt maize sampled from the field showed that the mean concentration of Bt
toxin CrylAb in kernels and the percentage of kernels with CrylAb decreased with distance from
Bt maize. The highest Bt toxin concentration in pooled kernels of non-Bt maize plants was 45% of
the mean concentration in kernels from adjacent Bt maize plants. Most previous work on gene flow
from transgenic crops has emphasized potential effects of transgene movement on wild relatives of
crops, landraces, and organic plantings, whereas implications for pest resistance have been largely
ignored. Variable Bt toxin production in seeds of refuge plants undermines the high dose/refuge
strategy and could accelerate pest resistance to Bt crops. Thus, guidelines should be revised to reduce
gene flow between Bt crops and refuge plants.

Full article available at https://goo.gl/VcjWTb

MOD - Kranthi, K;; Kranthi, N. 2004. Modelling adaptability of cotton bollworm,
Helicoverpa armigera (Hiibner) to Bt-cotton in India. Current Science, vol. 87, n° 8.

A stochastic model ‘Bt-Adapt’ was developed to simulate the rate of resistance development of
Helicoverpa armigera to CrylAc under Indian farming conditions. The model integrates genetic and
ecological parameters of H. armigera in relation to its response to the CrylAc expressing Bacillus
thuringiensis (Bf)-cotton. Simulation analysis showed that relative survival rate of the CrylAc-
resistant homozygous (RR), heterozygous (RS) and homozygous susceptible (SS) H. armigera
genotypes on Bt-cotton, was the most important factor influencing resistance development. In
the order of significance, the other factors that had the greatest impact on resistance development
were the relative proportion of area under Br-cotton, dominance of the resistant allele and initial
frequency of resistant alleles in field populations. The extent of population reduction in Bt-cotton
and non-Bt crops due to pest control, was found to have a significant impact on the rate of resistance
development. Simulation studies showed that cultivation of Bt-cotton in 10, 20, 30 and 40% of the
total area under cotton, is likely to result in resistant allele frequency reaching 0.5, which would be
adequate to cause crop failure, after 54, 25, 16 and 11 years respectively, if no pest control measures
were adopted in both Bt-cotton and non-B# crops. With a pest control efficacy of 0.9 in Bt-cotton
and 0.5 in non- Br crops, it would take 70 and 45 years for resistant allele frequency to reach 0.5
with the Bt-cotton area at 30 and 40% respectively. Based on the simulation analysis, resistance
management strategies are proposed with emphasis on reducing populations of H.armigera that
survive Br-cotton and enhancement of area of alternate host crops that are as attractive as cotton to
H. armigera, to be used as trap crop or intercrop refuges.

Full article available at http://www.iisc.ernet.in/currsci/oct252004/1096.pdf

REV — Tabashnik, B.; Gassmann, A.; Crowder, D.; Carriére, Y. 2008. Insect resistance to Bt
crops: Evidence versus Theory. Nature Biotechnology, 26: 199-202.

Evolution of insect resistance threatens the continued success of transgenic crops producing Bacillus
thuringiensis (Bt) toxins that kill pests. The approach used most widely to delay insect resistance to
Bt crops is the refuge strategy, which requires refuges of host plants without Bt toxins near Bt crops
to promote survival of susceptible pests. However, large-scale tests of the refuge strategy have been
problematic. Analysis of more than a decade of global monitoring data reveals that the frequency of
resistance alleles has increased substantially in some field populations of Helicoverpa zea, but not in
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five other major pests in Australia, China, Spain and the United States. The resistance of H. zea to Bt
toxin CrylAc in transgenic cotton has not caused widespread crop failures, in part because other tactics
augment control of this pest. The field outcomes documented with monitoring data are consistent
with the theory underlying the refuge strategy, suggesting that refuges have helped to delay resistance.

http://www.ncbi.nlm.nih.gov/pubmed/18259177

COM - Tabashnik, B. 2008. Delaying insect resistance to transgenic crops. PNAS USA, 105
(49) 19029-19030, vol. 105, n° 49 19029-19030 — 1.

Without summary.

Full article available at http://www.pnas.org/content/105/49/19029.full.pdf+html

Kruger, M.; van Rensburg, J.; Van den Berg, J. 2009. Perspective on the development of
stem borer resistance to Bt maize and refuge compliance at the Vaalharts irrigation scheme
in South Africa. Crop Protection, 28 (8): 684-9.

Bt maize has been grown at the Vaalharts irrigation scheme in South Africa since its first release
during 1998. Interest in Bt maize refuge compliance, pest incidence and production practices at
Vaalharts were recently stimulated by the first report of field resistance of Busseola fusca (Lepidoptera:
Noctuidae) to Bt maize. Objectives of this study were to evaluate farmer’s perceptions of the regulatory
aspects guiding the planting of Bt maize and refugia and how the field situation developed between
1998 and 2008. A survey, using a self-administered questionnaire, was conducted amongst 80 farmers
at the irrigation scheme. The questionnaire addressed signing of contracts upon purchasing genetically
modified (GM) seed, refuge compliance, refuge design and general farming practices. Farmers were
also questioned on the perceived benefits and disadvantages of Bt maize and their perceptions of
the pest status of B. fusca. The two greatest advantages associated with Bt maize were indicated to
be convenient management (88%) and increased productivity (61.3%) while 42.5% indicated that
they perceived Be-technology to be environmental friendly. Initial levels of refuge compliance were
low, and even though farmers were obligated to plant a refuge area for each Bt maize field, only
7.7% of farmers planted refuges during 1998. This number increased to 100% during 2008. Eight
percent of farmers, however, indicated that they did not plant a refuge field for each Bt maize field,
which was justified on the basis of small farm sizes (25 ha). Nearly all farmers (99.8%) allow no
spatial separation between the Bt maize field and adjacent refuge area. Farmers preferred to plant the
refuge option where 5% of the field area is planted to conventional maize, which is not sprayed with
insecticide instead of the 20% refuge area on which insecticide application against the target pest
is allowed. In South Africa stewardship programs instituted during the 2008/2009 growing season,
involve grower education programs as well as the compulsory signing of contracts between companies
and farmers that contractually bind them to comply with refuge requirements accompanied by on-
farm inspections. It appears that stem borer resistance to Bt maize in the Vaalharts area resulted from a
combination of a late general planting date with consequent increased levels of infestation and variance
in time of planting providing a continuous supply of moths.

http://www.sciencedirect.com/science/article/pii/S0261219409000921

Carriére, Y.; Crowder, D.; Tabashnik, B. 2010. Evolutionary ecology of insect adaptation
to Bt crops. Evolutionary Applications (Special Issue: Evolution in Agro-Ecosystems) vol. 3,
Issue 5-6: 561-73.

Transgenic crops producing Bacillus thuringiensis (Bt) toxins are used worldwide to control major
pests of corn and cotton. Development of strategies to delay the evolution of pest resistance to Bt
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crops requires an understanding of factors affecting responses to natural selection, which include
variation in survival on Bt crops, heritability of resistance, and fitness advantages associated with
resistance mutations. The two main strategies adopted for delaying resistance are the refuge and
pyramid strategies. Both can reduce heritability of resistance, but pyramids can also delay resistance
by reducing genetic variation for resistance. Seasonal declines in the concentration of Bt toxins
in transgenic cultivars, however, can increase the heritability of resistance. The fitness advantages
associated with resistance mutations can be reduced by agronomic practices, including increasing
refuge size, manipulating refuges to increase fitness costs, and manipulating Bt cultivars to reduce
fitness of resistant individuals. Manipulating costs and fitness of resistant individuals on transgenic
insecticidal crops may be especially important for thwarting evolution of resistance in haplodiploid
and parthenogenetic pests. Field-evolved resistance to Bt crops in only five pests during the last
14 years suggests that the refuge strategy has successfully delayed resistance, but the accumulation
of resistant pests could accelerate.

Full article available at http://onlinelibrary.wiley.com/doi/10.1111/j.1752-4571.2010.00129.x/pdf

Kruger, M.; van Rensburg, J.; Van Den Berg, J. 2011. Resistance to Bt Maize in Busseola
fusca (Lepidoptera: Noctuidae) from Vaalharts, South Africa. Environmental Entomology,
40(2):477-483.

The first report of resistance of the maize stem borer [Busseola fisca (Fuller)] to Bt maize (MON810)
was made in the Christiana area of South Africa during 2007. The objective of this study was to
evaluate the status of resistance of other populations of B. fisca to Bt maize. One greenhouse and
two laboratory studies were conducted. B. fusca populations were collected on Bt maize as well as
the adjacent refugia (conventional maize and non-Bt maize) in the Vaalharts area, 50 km from the
Christiana site. Control populations were collected from sites where Bt maize was not planted. In
the greenhouse study 720 potted plants were each artificially infested with 10 neonate larvae of the
Fl-generation after the field collected populations were reared through to adults. Numbers of live
larvae and larval mass per plant were determined at regular intervals over a 35-d period. Larvae of
the Christiana conventional population (Bt-susceptible) on Bt maize (CHR08ConBt) and Bethal
conventional population (Bt-susceptible) on Bt maize (BET08Con-Bt) did not survive on Bt maize
for longer than 12 d. The populations collected from both Bt (VAA08Bt-Bt) maize and refuges
(VAAO8Ref-Bt) at Vaalharts were resistant and the subsequent generation of larvae completed
their life cycle on Bt maize. Similar results were observed in the laboratory experiments. This study
confirmed resistance of B. fusca to the CrylAb toxin (MONB810). The geographical distribution
of resistance was shown to include at least the Vaalharts area, in addition to the original report for
the Christiana area. These observations that larvae collected from refugia at Vaalharts was resistant,
show that the efficacy of the refuge strategy is compromised in this area because the contribution
of refugia did not produce large enough numbers of susceptible individuals to mate with moths of
which larvae survived inside Bt maize fields.

Full article available at https://goo.gl/iViAxD

REV - Zhang, H.; Tian, W;; Zhao, J.; Jun, L.; Chunhui, Y.; Yihua, L.; Shuwen, Y.; Kongming,
W.; et al. 2012. Diverse genetic basis of field-evolved resistance to Bt cotton in cotton bollworm
from China. Proceedings of the National Academy of Sciences, vol. 109, issue 26, pp. 10275-
10280.

Evolution of pest resistance reduces the efficacy of insecticidal proteins from Bacillus thuringiensis
(Bt) used in sprays or in transgenic crops. Although several pests have evolved resistance to Bt crops
in the field, information about the genetic basis of fieldevolved resistance to Bt crops has been
limited. In particular, laboratory-selected resistance to Bt toxin CrylAc based on recessive mutations
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in a gene encoding a toxin-binding cadherin protein has been identified in three major cotton pests,
but previous work has not determined if such mutations are associated with fieldselected resistance
to Bt cotton. Here we show that the most common resistance alleles in field populations of cotton
bollworm, Helicoverpa armigera, selected with Bt cotton in northern China, had recessive cadherin
mutations, including the deletion mutation identified via laboratory selection. However, unlike all
previously studied cadherin resistance alleles, one field-selected cadherin resistance allele conferred
nonrecessive resistance. We also detected nonrecessive resistance that was not genetically linked with
the cadherin locus. In field-selected populations, recessive cadherin alleles accounted for 75-84%
of resistance alleles detected. However, most resistance alleles occurred in heterozygotes and 59—
94% of resistant individuals carried at least one nonrecessive resistance allele. The results suggest
that resistance management strategies must account for diverse resistance alleles in field-selected
populations, including nonrecessive alleles.

Full article available at http://www.pnas.org/content/109/26/10275 full.pdf

Tabashnik, B.; Gould, F. 2012. Delaying Corn Rootworm Resistance to Bt Corn. journal of
Economic Entomology, 105(3):767-776.

‘Transgenic crops producing Bacillus thuringiensis (Bt) toxins for insect control have been successful,
but their efPcacy is reduced when pests evolve resistance. To delay pest resistance to Bt crops, the U.S.
Environmental Protection Agency (EPA) has required refuges of host plants that do not produce Bt
toxins to promote survival of susceptible pests. Such refuges are expected to be most effective if the
Bt plants deliver a dose of toxin high enough to kill nearly all hybrid progeny producedby matings
between resistant and susceptible pests. In 2003, the EPA Prst registered corn, Zea mays L., producing
a Bt toxin (Cry3Bb1) that kills western corn rootworm, Diabrotica virgifera virgifera LeConte, one of
the most economically important crop pests in the United States. The EPA requires minimum refuges
0f 20% for Cry3Bb1 corn and 5% for corn producing two Bt toxins active against corn rootworms. We
conclude that the current refuge requirements are not adequate, because Bt corn hybrids active against
corn rootworms do not meet the high-dose standard, and western corn rootworm has rapidly evolved
resistance to Cry3Bbl corn in the laboratory, greenhouse, and Peld. Accordingly, we recommend
increasing the minimum refuge for Bt corn targeting corn rootworms to 50% for plants producing one
toxin active against these pests and to 20% for plants producing two toxins active against these pests.
Increasing the minimum refuge percentage can help to delay pest resistance, encourage integrated pest
management, and promote more sustainable crop protection.

http://www.ncbi.nlm.nih.gov/pubmed/22812111

Campagne, P; Kruger, M.; Pasquet, R;; Le Ru, B.; Van den Berg, J. 2013. Dominant
Inheritance of Field-Evolved Resistance to Bt Corn in Busseola fusca. PLOS ONE, 8(7):
€69675. doi:10.1371/journal.pone.0069675.

Transgenic crops expressing Bacillus thuringiensis (B7) toxins have been adopted worldwide,
notably in developing countries. In spite of their success in controlling target pests while allowing a
substantial reduction of insecticide use, the sustainable control of these pest populations is threatened
by the evolution of resistance. The implementation of the “high dose/refuge” strategy for managing
insect resistance in transgenic crops aims at delaying the evolution of resistance to Bt crops in pest
populations by promoting survival of susceptible insects. However, a crucial condition for the
“high dose/refuge” strategy to be efficient is that the inheritance of resistance should be functionally
recessive. Busseola fusca developed high levels of resistance to the Bt toxin Cry 1Ab expressed in Bt corn
in South Africa. To test whether the inheritance of B. fusca resistance to the Bt toxin could be considered
recessive we performed controlled crosses with this pest and evaluated its survival on Bt and non-
Bt corn. Results show that resistance of B. fusca to Bt corn is dominant, which refutes the hypothesis
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of recessive inheritance. Survival on Bt corn was not lower than on non-Bt corn for both resistant
larvae and the F, progeny from resistant x susceptible parents. Hence, resistance management strategies
of B. fusca to Bt corn must address non-recessive resistance.

Full article available at https://goo.gl/RF6AHH

Another strategy adopted by the biotechnology sector in order to
maximize the useful life of the Bt technologies — obtained following
investments of millions of dollar — refers to the development of
“stacked” or “pyramided” transgenic varieties, or “piled”, on which
two or more transgenes are incorporated to the same plant, by means
of conventional breeding involving simple transgenic varieties.

This strategy, which initially raised notable hopes, rapidly showed its
limits. Generally speaking, the insect resistance to one of the toxins
would be overcome/complemented by the lethal action of another
toxin, with a different mode of action — preventing the survival
and the reproduction of individuals holding genomes insensitive
to Bt technology. Currently, the scientific community converges
to consider that pyramided transgenic plants do not prevent the
development of insensitive insect populations, especially when there
are already populations resistant to one of the toxins synthesized in
the pyramided event in the region.

Zhao, J-Z.; Cao, J.; Collins, H.; Bates, S.; Roush, R.; Earle, E.; Shelton, A. 2005. Concurrent
use of transgenic plants expressing a single and two Bacillus thuringiensis genes speeds insect

adaptation to pyramided plants. PNAS, 8426-8430, vol. 102, n° 24.

Transgenic plants expressing insecticidal proteins from the bacterium Bacillus thuringiensis (Bt)
were grown on over 13 million ha in the United States and 22.4 million ha worldwide in 2004.
Preventing or slowing the evolution of resistance by insects (“resistance management”) is critical
for the sustainable use of Bt crops. Plants containing two dissimilar Bt toxin genes in the same
plant (“pyramided”) have the potential to delay insect resistance. However, the advantage of
pyramided Bt plants for resistance management may be compromised if they share similar toxins
with single-gene plants that are deployed simultaneously. We tested this hypothesis using a unique
model system composed of broccoli plants transformed to express different Cry toxins (CrylAc,
CrylC, or both) and a synthetic population of the diamondback moth (Plutella xylostella) carrying
genes for resistance to CrylAc and CrylC at frequencies of _0.10 and 0.34, respectively. After
24-26 generations of selection in the greenhouse, the concurrent use of one- and two-gene plants
resulted in control failure of both types of Bt plants. When only two-gene plants were used in the
selection, no or few insects survived on one- or two-gene Bt plants, indicating that concurrent use
of transgenic plants expressing a single and two Bt genes will select for resistance to two-gene plants
more rapidly than the use of two-gene plants alone. The results of this experiment agree with the
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predictions of a Mendelian deterministic simulation model and have important implications for the
regulation and deployment of pyramided Bt plants.

Full article available at http://www.pnas.org/content/102/24/8426.full

Downes, S.; Parker, T.; Mahon, R. 2010. Incipient resistance of Helicoperva punctigera to
the Cry2Ab Bt toxin in Bollgard II cotton. PLOS ONE, 5(9): €12567.

Combinations of dissimilar insecticidal proteins (“pyramids”) within transgenic plants are predicted
to delay the evolution of pest resistance for significantly longer than crops expressing a single
transgene. Field-evolved resistance to Bacillus thuringiensis (Bt) transgenic crops has been reported
for first generation, single-toxin varieties and the Cryl class of proteins. Our five year data set
shows a significant exponential increase in the frequency of alleles conferring Cry2Ab resistance in
Australian field populations of Helicoverpa punctigera since the adoption of a second generation,
two-toxin Bt cotton expressing this insecticidal protein. Furthermore, the frequency of cry2Ab
resistance alleles in populations from cropping areas is 8-fold higher than that found for populations
from non-cropping regions. This report of field evolved resistance to a protein in a dual-toxin Bt-
crop has precisely fulfilled the intended function of monitoring for resistance; namely, to provide
an early warning of increases in frequencies that may lead to potential failures of the transgenic
technology. Furthermore, it demonstrates that pyramids are not ‘bullet proof’ and that rapid
evolution to Bt toxins in the Cry2 class is possible.

Full article available at https://goo.gl/9oUOSp

Brévault, T.; Heuberger, S.; Zhang, M.; Ellers-Kirk, K.; Ni, X.; Masson, L.; Li, X.; Tabashnik,
B.; Carriere, Y. 2013. Potential shortfall of pyramided transgenic cotton for insect resistance
management. PNAS, 5806-5811, vol. 110, ne 1.

To delay evolution of pest resistance to transgenic crops producing insecticidal proteins from
Bacillus thuringiensis (Bt), the “pyramid” strategy uses plants that produce two or more toxins
that kill the same pest. In the United States, this strategy has been adopted widely, with two-
toxin Bt cotton replacing one-toxin Bt cotton. Although two-toxin plants are likely to be more
durable than one-toxin plants, the extent of this advantage depends on several conditions. One
key assumption favoring success of two-toxin plants is that they kill insects selected for resistance
to one toxin, which is called “redundant killing.” Here we tested this assumption for a major
pest, Helicoverpa zea, on transgenic cotton producing Bt toxins CrylAc and Cry2Ab. Selection
with CrylAc increased survival on two-toxin cotton, which contradicts the assumption. The
concentration of CrylAc and Cry2Ab declined during the growing season, which would tend
to exacerbate this problem. Furthermore, analysis of results from 21 selection experiments with
eight species of lepidopteran pests indicates that some cross-resistance typically occurs between
CrylA and Cry2A toxins. Incorporation of empirical data into simulation models shows that
the observed deviations from ideal conditions could greatly reduce the benefits of the pyramid
strategy for pests like /. zea, which have inherently low susceptibility to Bt toxins and have been
exposed extensively to one of the toxins in the pyramid before two-toxin plants are adopted. For
such pests, the pyramid strategy could be improved by incorporating empirical data on deviations
from ideal assumptions about redundant killing and cross-resistance.

Full article available at http://www.pnas.org/content/110/15/5806.full.pdf+html

Van den Berg, J.; Hilbeck, A.; Bghn, T. 2013. Pest resistance to CrylAb Bt maize:
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Field resistance, contributing factors and lessons from South Africa. Crop Protection,

54, 154-160.

'This paper documents the historical development of resistance of the African maize stem borer,
Busseola fusca (Fuller) (Lepidoptera: Noctuidae) to Bt maize (Zea mays L.). This pest was one of
the first to evolve resistance to Bt maize expressing CrylAb protein. A time-line of events and
contributing factors are presented, from the commencement of efficacy testing through to the
present situation, where the CrylAb toxin has lost its efficacy against B. fusca at many localities
throughout the maize producing region, and single-gene Bt maize events often require insecticide
treatments for which farmers are compensated. Significant levels of pest survival on Bt maize
was observed in the first season after commercial release in 1998 and confirmed seven years later.
Reduced selection pressure on the target pest is the objective of insect resistance management
(IRM), and strategies to accomplish this should receive highest priority. Where resistance is
prevalent, the only viable options to reduce selection pressure are withdrawal of the product
and/or enforcement of high-dose/refuge requirements. The latter action may however be of no
value under conditions where resistance is prevalent, since the value of refugia to an IRM strategy
may be compromised. Remedial actions taken in South Africa included the propagation and
enforcement of refuge compliance followed by the release of pyramided maize hybrids in 2011.
These pyramids combine CrylA.105 and Cry2Ab2 toxin-producing transgenes, replacing the
ineffective singlc—transgcnc. However, it remains uncertain if cross-resistance occurs between
CrylA.105/Cry2Ab2 and the closely related CrylAb toxin, and for how long this pyramided
event will endure. Cultivation of CrylAb-expressing hybrids continues in areas where resistance
levels have been confirmed to be high. In retrospect, this case provides lessons regarding IRM, not
only in South Africa, but wherever Bt crops are being introduced.

htep://www.sciencedirect.com/science/article/pii/S0261219413002093

In any case, after some years of commercial use of the Bt plants, there
is consensus in the scientific community about the need to associated
such technology to an entire set of pre-existing management
alternatives, such as the use of natural predators, complementary
use of agrochemicals, crop rotation, etc. The original objective of
extending to the maximum the useful life of Bt technology, which
for its use causes its own obsolescence, is maintained. Even so, by
the fact that the Bt plants synthesize toxins on a continuous and
permanent way over their biological cycle, in all their cells, some
authors consider the Bt plants as being incompatible with the
Integrated Pest Management (IPM).

Gray, M.; 2011. Relevance of Traditional Integrated Pest Management (IPM) Strategies
for Commercial Corn Producers in a Transgenic Agroecosystem: A Bygone Era? journal of
Agricultural and Food Chemistry, 59 (11), pg. 5852-5858.

'The use of transgenic Bt maize hybrids continues to increase significantly across the Corn Belt of the
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United States. In 2009, 59% of all maize planted in Illinois was characterized as a “stacked” gene
variety. This is a 40% increase since 2006. Stacked hybrids typically express one Cry protein for corn
rootworm control and one Cry protein for control of several lepidopteran pests; they also feature
herbicide tolerance (to either glyphosate or glufosinate). Slightly more than 50 years has passed since
Vernon Stern and his University of California entomology colleagues published (1959) their seminal
paper on the integrated control concept, laying the foundation for modern pest management (IPM)
programs. To assess the relevance of traditional IPM concepts within a transgenic agroecosystem,
commercial maize producers were surveyed at a series of meetings in 2009 and 2010 regarding their
perceptions on their use of Bt hybrids and resistance management. Special attention was devoted to
two insect pests of corn, the European corn borer and the western corn rootworm. A high percentage
of producers who participated in these meetings planted Bt hybrids in 2008 and 2009, 97 and 96.7%,
respectively. Refuge compliance in 2008 and 2009, as mandated by the U.S. Environmental Protection
Agency (EPA), was 82 and 75.7%, respectively, for those producers surveyed. A large majority of
producers (79 and 73.3% in 2009 and 2010, respectively) revealed that they would, or had, used a Bt
hybrid for corn rootworm (Diabrotica virgifera virgifera LeConte) or European corn borer (Ostrinia
nubilalis Hiibner) control even when anticipated densities were low. Currently, the EPA is evaluating
the long-term use of seed blends (Bt and non-B) as a resistance management strategy. In 2010, a large
percentage of producers, 80.4%, indicated they would be willing to use this approach. The current lack
of integration of management tactics for insect pests of maize in the U.S. Corn Belt, due primarily to
the escalating use of transgenic Bt hybrids, may eventually result in resistance evolution and/or other
unforeseen consequences.

http://pubs.acs.org/doi/abs/10.1021/jf102673s

Birch, A.; Begg, G.; Squire, G. 2011. How agro-ecological research helps to address food
security issues under new IPM and pesticide reduction policies for global crop production
systems. Journal of Experimental Botany, page 1 of 11. doi:10.1093/jxb/err064

Drivers behind food security and crop protection issues are discussed in relation to food losses caused
by pests. Pests globally consume food estimated to feed an additional one billion people. Key drivers
include rapid human population increase, climate change, loss of beneficial on-farm biodiversity,
reduction in per capita cropped land, water shortages, and EU pesticide withdrawals under policies
relating to 91/414 EEC. IPM (Integrated Pest Management) will be compulsory for all EU agriculture
by 2014 and is also being widely adopted globally. IPM offers a ‘toolbox’ of complementary crop-
and region-specific crop protection solutions to address these rising pressures. IPM aims for more
sustainable solutions by using complementary technologies. The applied research challenge now is
to reduce selection pressure on single solution strategies, by creating additive/synergistic interactions
between IPM components. IPM is compatible with organic, conventional, and GM cropping systems
and is flexible, allowing regional fine-tuning. It reduces pests below economic thresholds utilizing
key ‘ecological services’, particularly biocontrol. A recent global review demonstrates that IPM can
reduce pesticide use and increase yields of most of the major crops studied. Landscape scale ‘ecological
engineering’, together with genetic improvement of new crop varieties, will enhance the durability
of pest-resistant cultivars (conventional and GM). IPM will also promote compatibility with
semiochemicals, biopesticides, precision pest monitoring tools, and rapid diagnostics. These combined
strategies are urgently needed and are best achieved via multi-disciplinary research, including complex
spatio-temporal modelling at farm and landscape scales. Integrative and synergistic use of existing and
new IPM technologies will help meet future food production needs more sustainably in developed
and developing countries, in an era of reduced pesticide availability. Current IPM research gaps are
identified and discussed.

Full article available at http:/jxb.oxfordjournals.org/content/early/2011/06/08/jxb.err064.full
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2.2 Populations of ruderal herbs which develop
genetic resistance to the main herbicides used in

HT crops

For evolutionary reasons similar to the case of loss of efficacy of
Bt technology before the development of populations of insects
insensitive to the toxins, producers of HT plants also face difficulties
in managing the ruderal plants in their crops.

In fact, the intensive use of some molecules of active products of
herbicides systematically associated to the growth of HT plants,
especially the glyphosate ones, generated a selection pressure which
strengthened populations of ruderal plants naturally resistant to such

herbicides.

The articles listed in this item illustrate the cases of populations
resistant to the main herbicides systematically associated to the
growth of HT plants (glyphosate, ammonium glufosinate and, in
close trade phase, 2,4-D), emphasizing its implications in terms of
difficulty of management and fight. Currently, there is a consensus
in the scientific community in considering that these populations
represent a severe threat to the efficacy of the herbicide-tolerance
technology, notably in case of glyphosate, for its increased pressure
of use. Even so, similar mechanisms of reaction to the selective
pressures will fatally take to the emergence of plants tolerant to the
other active substances, provided they are used in the same massive
form, in terms of coverage and continuity.

Owen, M.; Zelaya, 1. 2005. Herbicide-resistant crops and weed resistance to herbicides. Pesz
Manag., Sci. 61: 301-311.

'The adoption of genetically modified (GM) crops has increased dramatically during the last 3 years,
and currently over 52 million hectares of GM crops are planted world-wide. Approximately 41 million
hectares of GM crops planted are herbicide-resistant crops, which includes an estimated 33.3million
hectares of herbicide-resistant soybean. Herbicide-resistant maize, canola, cotton and soybean
accounted for 77% of the GM crop hectares in 2001. However, sugarbeet, wheat, and as many as
14 other crops have transgenic herbicide-resistant cultivars that may be commercially available in
the near future. There are many risks associated with the production of GM and herbicide-resistant
crops, including problems with grain contamination, segregation and introgression of herbicide-
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resistant traits, marketplace acceptance and an increased reliance on herbicides for weed control. The
latter issue is represented in the occurrence of weed population shifts, the evolution of herbicide-
resistant weed populations and herbicide-resistant crops becoming volunteer weeds. Another issue
is the ecological impact that simple weed management programs based on herbicide-resistant crops
have on weed communities. Asiatic dayflower (Commelina cumminus L) common lambsquarters
(Chenopodium album L) and wild buckwheat (Polygonum convolvulus L) are reported to be increasing
in prominence in some agroecosystems due to the simple and significant selection pressure brought
to bear by herbicideresistant crops and the concomitant use of the herbicide. Finally, evolution of
herbicide-resistant weed populations attributable to the herbicide-resistant crop/herbicide program
has been observed. Examples of herbicide-resistant weeds include populations of horseweed (Conyza
canadensis (L) Cronq) resistant to N-(phosphonomethyl)glycine (glyphosate). An important question
is whether or not these problems represent significant economic issues for future agriculture.

Full article available at hteps://goo.gl/oWBI6f

Sandermann, H. 2006. Plant biotechnology: ecological case studies on herbicide resistance.
Trends in Plant Science, 11 (7), 324-328.

The emerging field of molecular ecology aims to improve the ecological predictability of transgenic
crop plants. The most widely cultivated lines are Roundup-Ready plants, which are genetically
modified to be resistant to the broad-spectrum herbicide glyphosate. Recent publications
demonstrate two ecological effects that were not anticipated: the widespread emergence of
glyphosate-resistant weed biotypes and the formation of a metabolic herbicidal residue. Both effects
appear to be due to the increased use of glyphosate rather than the genetic modification in the
transgenic crop plant. With one prominent exception, opinions collected from the literature point
towards a certain degree of resistance mismanagement and an inadequate testing of the ecological
effects of extensive glyphosate use.

http://www.ncbi.nlm.nih.gov/pubmed/16781885

COM - Waltz, E. 2010. Glyphosate resistance threatens Roundup hegemony. Nazure
Biotechnology, 28, 537-538.

Without summary.

Full article available at http://www.emilywaltz.com/NAS - June 2010.pdf

Gaines, T.; Zhang, W.; Wang, D.; Bukun, B.; Chisholm, S.; Shaner, D.; ez a/. 2010. Gene
Amplification confers glyphosate resistance in Amaranthus palmeri. Proceedings of the
National Academy of Sciences, vol. 107 (3), 1029-1034.

The herbicide glyphosate became widely used in the United States and other parts of the world after
the commercialization of glyphosate-resistant crops. These crops have constitutive overexpression
of a glyphosate-insensitive form of the herbicide target site gene, 5-enolpyruvylshikimate-3-
phosphate synthase (EPSPS). Increased use of glyphosate over multiple years imposes selective
genetic pressure on weed populations. We investigated recently discovered glyphosate-resistant
Amaranthus palmeri populations from Georgia, in comparison with normally sensitive
populations. EPSPS enzyme activity from resistant and susceptible plants was equally inhibited
by glyphosate, which led us to use quantitative PCR to measure relative copy numbers of the
EPSPS gene. Genomes of resistant plants contained from 5-fold to more than 160-fold more
copies of the EPSPS gene than did genomes of susceptible plants. Quantitative RT-PCR on
cDNA revealed that EPSPS expression was positively correlated with genomic EPSPS relative
copy number. Immunoblot analyses showed that increased EPSPS protein level also correlated
with EPSPS genomic copy number. EPSPS gene amplification was heritable, correlated with
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resistance in pseudo-F, populations, and is proposed to be the molecular basis of glyphosate
resistance. FISH revealed that EPSPS genes were present on every chromosome and, therefore,
gene amplification was likely not caused by unequal chromosome crossing over. This occurrence
of gene amplification as an herbicide resistance mechanism in a naturally occurring weed
population is particularly significant because it could threaten the sustainable use of glyphosate-
resistant crop technology.

Full article available at http://www.pnas.org/content/107/3/1029.full

Mortensen, D.; Egan, J.; Maxwell, B.; Ryan, M.; Smith, R. 2012. Navigating a Critical
Juncture for Sustainable Weed Management. BioScience, vol. 62, n° 1, pp. 75-84.

Agricultural weed management has become entrenched in a single tactic—herbicide-resistant
crops—and needs greater emphasis on integrated practices that are sustainable over the long term.
In response to the outbreak of glyphosate-resistant weeds, the seed and agrichemical industries
are developing crops that are genetically modified to have combined resistance to glyphosate
and synthetic auxin herbicides. This technology will allow these herbicides to be used over
vastly expanded areas and will likely create three interrelated challenges for sustainable weed
management. First, crops with stacked herbicide resistance are likely to increase the severity of
resistant weeds. Second, these crops will facilitate a significant increase in herbicide use, with
potential negative consequences for environmental quality. Finally, the short-term fix provided
by the new traits will encourage continued neglect of public research and extension in integrated
weed management. Here, we discuss the risks to sustainable agriculture from the new resistant
crops and present alternatives for research and policy.

Full article available at http://bioscience.oxfordjournals.org/content/62/1/75.full

REV - Ward, S.; Webster, T.; Stecke, L. 2013. Palmer Amaranth (Amaranthus palmeri): A
Review. Weed Technology, 27(1): 12-27.

In little over 20 yr, Palmer amaranth has risen from relative obscurity to its current status as one of
the most widespread, troublesome, and economically damaging agronomic weeds in the southeastern
U.S. Numerous factors have enabled Palmer amaranth to become such a dominant and difficult-
to-control weed, including its rapid growth rate, high fecundity, genetic diversity, ability to tolerate
adverse conditions, and its facility for evolving herbicide resistance. It is both a serious threat to several
U.S. cropping systems and a fascinating model weed. In this paper, we review the growing body of
literature on Palmer amaranth to summarize the current state of knowledge on the biology, agricultural
impacts, and management of this weed, and we suggest future directions for research.

Full article available at http://wssajournals.org/doi/full/10.1614/WT-D-12-00113.1

COM - Service, R. 2013. What Happens When Weed Killers Stop Killing? Science, 20, vol.
341 n° 6152 pp. 1329-1329.

Without summary.

http://www.sciencemag.org/content/341/6152/1329

COM - Nature Editorial, 2014. A growing problem. Nature, vol. 510, p. 187.

Without summary.

Full article available at http://www.nature.com/news/a-growing-problem-1.15382
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2.2.1 Resistance to the glyphosate-based herbicides

REV - Nandula, V;; Reddy, K.; Duke, S.; Poston, D. 2005. Glyphosate-resistant weeds:
Current status and future outlook. Qutlooks on Pest Management, 16: 183-187.

Without summary.

Full article available at https://goo.gl/yF1RZr

Vila-Aiub, M.; Vidal, A.; Balbi, M.; Gundel P; Trucco, E; Ghersa, C. 2007. Glyphosate-
resistant weeds of South American cropping systems: an overview. Pest Management Science,

64, 366-371.

Herbicide resistance is an evolutionary event resulting from intense herbicide selection over
genetically diverse weed populations. In South America, orchard, cereal and legume cropping
systems show a strong dependence on glyphosate to control weeds. The goal of this report is to
review the current knowledge on cases of evolved glyphosate-resistant weeds in South American
agriculture. The first reports of glyphosate resistance include populations of highly diverse taxa
(Lolium multiflorum Lam., Conyza bonariensis L., C. canadensis L.). In all instances, resistance
evolution followed intense glyphosate use in fruit fields of Chile and Brazil. In fruit orchards from
Colombia, Parthenium hysterophorus L. has shown the ability to withstand high glyphosate rates.
The recent appearance of glyphosate-resistant Sorghum halepense L. and Euphorbia heterophylla L.
in glyphosate-resistant soybean fields of Argentina and Brazil, respectively, is of major concern. The
evolution of glyphosate resistance has clearly taken place in those agroecosystems where glyphosate
exerts a strong and continuous selection pressure on weeds. The massive adoption of no-till practices
together with the utilization of glyphosate-resistant soybean crops are factors encouraging increase
in glyphosate use. This phenomenon has been more evident in Argentina and Brazil. The exclusive
reliance on glyphosate as the main tool for weed management results in agroecosystems biologically
more prone to glyphosate resistance evolution.

http://www.ncbi.nlm.nih.gov/pubmed/18161884

Vidal, A; Trezzi, M.; Prado, R; Ruiz-Santaella, J.; Vila-Aiub, M. 2007. Glyphosate resistant
biotypes of wild poinsettia (Euphorbia heterophylla L.) and its risk analysis on glyphosate-
tolerant soybeans. Journal of Food, Agriculture & Environment, 5: 265-269.

The continuous use of a single herbicide for weed control can result in selection of biotypes
resistant to that compound. Greenhouse experiments were conducted to assess the occurrence
of wild poinsettia (Euphorbia heterophylla, EPHHL) resistant biotypes to glyphosate. Two
suspected glyphosate- resistant biotypes from the northern part of Rio Grande do Sul, Brazil, were
compared to known glyphosate-susceptible biotypes. Dose-response curves were used to compare
the biotypes, with rates ranging from 0 to 450 g ha'' in one experiment, and from 0 to 1200 g
ha'in another. The resistance factor, calculated with the I, data, indicated the resistant biotypes
were about three times less sensitive to glyphosate than the susceptible biotypes. This is the first
report of a glyphosate-resistant biotype in a weed species of major importance and distribution
in Brazil. A risk analysis is discussed for the occurrence of glyphosate-resistant wild poinsettia in
glyphosate-tolerant soybeans.

Full article available at http://world-food.net/download/journals/2007-issue_2/e5.pdf
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REV — Powles S. 2008. Evolved glyphosate-resistant weeds around the world: lesson to be
learnt. Pest Management Science, 64, 360-365.

Glyphosate is the world’s most important herbicide, with many uses that deliver effective and sustained
control of a wide spectrum of unwanted (weedy) plant species. Until recently there were relatively few
reports of weedy plant species evolving resistance to glyphosate. Since 1996, the advent and subsequent
high adoption of tr-genic glyphosate-resistant crops in the Americas has meant unprecedented and
often exclusive use of glyph,osate for weed controlover verylarge areas. Consequently, in regions oCthe
USA where transgenic glyphosateresistant crops dominate, there are now evolved glyphosate-resistant
populations of the economically damaging weed species Ambrosia artemissifolia L., Ambrosia trifida
L., Atnaranthus paltneri S Watson, Amaranthus rudis JD Sauer, Amaranthus tuberculatus (Moq) JD
Sauer and various Conyza and Lolium spp. Likewise, in areas’ oftransgenic glyphosate-resistant crops
in Argentina and Brazil, there are now evolved glyphosate-resistant populations ofSorghum halepense
(L.) Pen and Euphorbia hete-rophylla L. respectively. As transgenic glyphosateresistant crops will remain
very popular with producers, it is anticipated that glyphosate-resistant biotypes of other: prominent
weed species will evolve over the next few years. Therefore, evolved glyphosate-resistant weeds are a
major risk for the continued success of glyphosate and transgenic glyphosate-resistant crops. However,
glyphosate-resistant weeds are not yet a problem in many parts ofthe world, and lessons can be learnt
and actions taken, to achieve glyphosate sustainability. A major lesson is that malntenance of diversity
in weed management systems is crucial for glyphosate to be sustainable. Glyphosate is essential for
present and future world food production, and action to secure its sustainability for future generations
is a global imperative.

Full article available at https://www.ncbi.nlm.nih.gov/pubmed/18273881

REV - Binimelis, R.; Pengue, W.; Monterroso, 1. 2009: Transgenic treadmill: Responses to the
emergence and spread of glyphosate-resistant johnsongrass in Argentina. Geoforum, 40, 623-633.

The broad-spectrum herbicide glyphosate has become the largest-selling crop-protection product
worldwide. The increased use of glyphosate is associated with the appearance of a growing
number of tolerant or resistant weeds, with socio-environmental consequences apart from the
loss of productivity. In 2002, a glyphosate-resistant biotype of johnsongrass (Sorghum halepense
(L.)) appeared in Argentina and now covers at least 10,000 ha. This paper analyzes the driving
forces behind the emergence and spread of this weed and also examines management responses
and their implications. Preventive strategies against glyphosate-resistant johnsongrass fail because
of the institutional setting. Reactive measures, however, transfer the risks to the society and the
environment through the introduction of novel genetically modified crops that allow the use of yet
more herbicide. This in turn reinforcesthe emergence of herbicide-resistant weeds, constituting a
new phenomenon of intensification, the “transgenic treadmill”.

http://stopogm.net/sites/stopogm.net/files/123456.pdf

Riar, D.; Norsworthy, J.; Johnson, D.; Scott, R.; Bagavathiannan, M. 2011. Glyphosate
resistance in a Johnsongrass (Sorghum halepense) biotype from Arkansas. Weed Science, 59,
299-304. (1)

Johnsongrass is one of the most troublesome weeds of the world and is listed as a noxious weed in
Arkansas. Reduced johnsongrass control with the recommended application rate of glyphosate (840
g ac ha21) was reported in a continuous soybean field near West Memphis, AR, in the fall of 2007.
A greenhouse study was conducted (1) to confirm and characterize glyphosate resistance in the
johnsongrass biotype from West Memphis and (2) to determine whether resistant and susceptible
biotypes have differential glyphosate absorption or translocation. Dose—response studies revealed
that the resistant biotype was five- to seven-fold less sensitive to glyphosate than the susceptible
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biotype. Glyphosate absorption was similar in resistant and susceptible biotypes at 72 h after
treatment (HAT). However, the treated leaf of the resistant biotype retained 28 percentage points
more absorbed 14C glyphosate compared to the susceptible biotype at 72 HAT. Additionally, the
resistant biotype had less 14C glyphosate translocated to the aboveground tissue below the treated
leaf and to roots compared to the susceptible biotype at 24 and 72 HAT. Reduced translocation
and increased retention of glyphosate in treated leaves is a probable mechanism of resistance in this
glyphosate-resistant johnsongrass biotype.

Full article available at htep://www.bioone.org/doi/pdf/10.1614/WS-D-10-00150.1

REV - Price, A.; Balkcom, K.; Culpepper, S.; Kelton, J.; Nichols, R.; Schomberg, H. 2011.
Glyphosate-resistant Palmer amaranth: A threat to conservation tillage. Journal of Soil and
Water Conservation, vol. 66(4) 265-275.

Conservation tillage reduces the physical movement of soil to the minimum required for crop
establishment and production. When consistently practiced as a soil and crop management system,
it greatly reduces soil erosion and is recognized for the potential to improve soil quality and water
conservation and plant available water. Adoption of conservation tillage increased dramatically with
the advent of transgenic, glyphosate-resistant crops that permitted in-season, over-the-top use of
glyphosate (N-[phosphonomethyl] glycine), a broad-spectrum herbicide with very low mammalian
toxicity and minimal potential for off-site movement in soil or water. Glyphosate-resistant crops
are currently grown on approximately 70 million ha (173 million ac) worldwide. The United States
has the most hectares (45 million ha [99 million ac]) of transgenic, glyphosate-resistant cultivars
and the greatest number of hectares (46 million ha [114 million ac]) in conservation tillage. The
practice of conservation tillage is now threatened by the emergence and rapid spread of glyphosate-
resistant Palmer amaranth (Amaranthus palmeri [S.] Wats.), one of several amaranths commonly
called pigweeds. First identified in Georgia, it now has been reported in Alabama, Arkansas,
Florida, Georgia, Louisiana, Mississippi, North Carolina, South Carolina, and Tennessee. Another
closely related dioecious amaranth, or pigweed, common watethemp (Amaranthus rudis Sauer),
has also developed resistance to glyphosate in Illinois, Iowa, Minnesota, and Missouri. Hundreds
of thousands of conservation tillage hectares, some currently under USDA Natural Resources
Conservation Service conservation program contracts, are at risk of being converted to higher-
intensity tillage systems due to the inability to control these glyphosate-resistant Amaranthus species
in conservation tillage systems using traditional technologies. The decline of conservation tillage
is inevitable without the development and rapid adoption of integrated, effective weed control
strategies. Traditional and alternative weed control strategies, such as the utilization of crop and
herbicide rotation and integration of high residue cereal cover crops, are necessary in order to sustain
conservation tillage practices.

Full article available at https://goo.gl/K2F8A8

Gaines, T; Cripps, A.; Powles, S. 2012. Evolved Resistance to Glyphosate in Junglerice
(Echinochloa colona) from the Tropical Ord River Region in Australia. Weed Technology
26(3):480-484.

The objective of this study was to determine whether a junglerice population from the tropical
Ord River region of northwest Australia was glyphosate resistant, and whether alternative
herbicides labeled for junglerice control were still effective. Seed samples collected from the
field site were initially screened with glyphosate in the glasshouse, and surviving individuals
were self-pollinated for subsequent glyphosate dose-response studies. Glyphosate resistance
was confirmed, as the suspected resistant population was found to be 8.6-fold more resistant
to glyphosate than a susceptible population based on survival (LD, of 3.72 kg ha™), and
5.6-fold more resistant based on biomass reduction (GR,; of 1.16 kg ha™'). The glyphosate-
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resistant population was susceptible to label-reccommended doses of all other herbicides
assessed, including three acetyl-CoA carboxylase (ACC) —inhibiting herbicides (fluazifop-D,
haloxyfop, and sethoxydim), two acetolactate synthase (ALS) —inhibiting herbicides (imazamox
and sulfometuron), paraquat, and glufosinate. Glyphosate resistance has previously evolved
in numerous species found in glyphosate-resistant cropping systems, no-till chemical fallow,
fence line, and perennial crop situations. Here we report the evolution of glyphosate resistance
in a cropping system that included annual tillage. The evolution of glyphosate resistance
in junglerice from a tropical cropping system further demonstrates the need for improved
glyphosate stewardship practices globally.

http://www.bioone.org/doi/abs/10.1614/WT-D-12-00029.1

2.2.2 Resistance to the 2,4-D-based herbicides

COM - Egan, J; Maxwell, B.; Mortensen, D.; Ryan, M. Smith, R. 2011.
2,4-Dichlorophenoxyacetic acid (2,4-D)-resistant crops and the potential for evolution of
2,4-D-resistant weeds. PNAS, 108(11): E37.

Without summary.

Full article available at htep://www.pnas.org/content/108/11/E37 full

Bernards, M.; Crespo, R.; Kruger, G.; Gaussoin, R.; Tranel, . 2012. A Waterhemp
(Amaranthus tuberculatus) Population Resistant to 2,4-D. Weed Science, 60 (3): 379 DOI:
10.1614/WS-D-11-00170.

A waterhemp population from a native-grass seed production field in Nebraska was no longer
effectively controlled by 2,4-D. Seed was collected from the site, and dose-response studies were
conducted to determine if this population was herbicide resistant. In the greenhouse, plants
from the putative resistant and a susceptible waterhemp population were treated with 0, 18,
35, 70, 140, 280, 560, 1,120, or 2,240 g ae ha™' 2,4-D. Visual injury estimates (I) were made
28 d after treatment (DAT), and plants were harvested and dry weights (GR) measured. The
putative resistant population was approximately 10-fold more resistant to 2,4-D (RS ratio) than
the susceptible population based on both L, (50% visual injury) and GR,; (50% reduction
in dry weight) values. The RS ratio increased to 19 and 111 as the data were extrapolated to
I,, and GR, estimates, respectively. GR, doses of 995 g ha™* for the resistant and 109 g ha™!
for the susceptible populations were estimated. A field dose-response study was conducted at
the suspected resistant site with 2,4-D doses of 0, 140, 280, 560, 1,120, 2,240, 4,480, 8,960,
17,920, and 35,840 g ha'. At 28 DAT, visual injury estimates were 44% in plots treated with
35,840 g ha'. Some plants treated with the highest rate recovered and produced seed. Plants
from the resistant and susceptible populations were also treated with 0, 9, 18, 35, 70, 140, 280,
560, or 1,120 g ae ha™! dicamba in greenhouse bioassays. The 2,4-D resistant population was
threefold less sensitive to dicamba based on I, estimates but less than twofold less sensitive based
on GR, estimates. The synthetic auxins are the sixth mechanism-of-action herbicide group to
which waterhemp has evolved resistance.

http://www.bioone.org/doi/abs/10.1614/WS-D-11-00170.1
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2.2.3 Resistance to the Ammonium Glufosinate (AG)-
based herbicides

Avila-Garcia, W.; Mallory-Smith, C. 2011. Glyphosate-resistant Italian ryegrass (Lolium
perenne) populations also exhibit resistance to glufosinate. Weed Science, 59, 305-309.

Resistance to glufosinate has been confirmed in glyphosate-resistant Italian ryegrass populations
collected in hazelnut orchards in Oregon. Dose-response, ammonia accumulation, and enzyme
activity studies were conducted to test the sensitivity of three glyphosate-resistant and three
susceptible Italian ryegrass populations to glufosinate. The glufosinate rates required to reduce the
growth by 50% (GR,)) were 0.15, 0.18, and 0.21 for the control populations C1, C2, and C3,
respectively, whereas for the resistant populations OR1, OR2, and OR3, the GR,; values were
0.49, 0.42, and 0.40 kg ai ha™', respectively, exhibiting an average resistance mdex of 2.4. The
same trend was observed in ammonia accumulation studies between 48 and 96 h after glufosinate
treatment where the susceptible populations accumulated on average two times more ammonia than
the resistant populations. The glufosinate concentration required to reduce the glutamine synthetase
enzyme activity by 50% (Z, ) was not different for the resistant and susceptible populations. The 7 s
ranged from 3.1 to 3.6 uM for the resistant populations and from 3.7 to 4.3 pM for the susceptible
populations; therefore, an insensitive target site is not responsible for the glufosinate resistance.

Full article available at http://wssajournals.org/doi/full/10.1614/WS-D-11-00012.1

2.3 Inefliciency of the virus-resistance technologies

The transgenic technology of resistance to virus is still poorly
developed and presents unsatisfactory results in terms of
commercial scale’”. One of the main reasons is associated to
the fact that such technology uses biological mechanisms only
partially known/understood, submitted to a number of genetic
and epigenetic interactions susceptible to inactivate the transgene
or prevent its full or partial expression, resulting in the inefhicacy
of its purposes.

In these latest years, one of the mechanisms responsible for the
inefficacy of the virus resistance technology, obtained through
genetic modification, is being better understood. It is the

32 In Brazil, this type of technology was commercially released in the case of beans 5.1, developed by Embrapa.
With trade initially scheduled for 2013, the technology is not yet available for producers. According to the
institution that developed the technology, this delay is d%lye to supposed unexpected agronomic problems (greater
sensitivity to other bean pathogens) and observed during the pre-marketing phase - but nevertﬁeless released for
commercial use with support from CTNBio.
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PTG (post-transducional gene silencing™), epigenetic mechanism
of gene silencing intended to the destruction of all the RNAm

produced by certain transgenes, as well as all the homologous
RNAm produced in the cell. Well, the permanent presence of these
RNAm is essential for the transgenic plant to express the desired
characteristic — the resistance to virus, in this case.

Researchers identified that, by “detecting” certain genomic

sequences, a local response of the plant involving the PTGS extends

to all the cells, inhibiting the operation of the technology.

Brault, V.; Pfeffer, S.; Erdinger, M.; Mutterer, ].; Ziegler-Graff, V. 2002. Virus-Induced Gene
Silencing in Transgenic Plants Expressing the Minor Capsid Protein of Beer western yellows

virus. MPMI, vol. 15, No. 8, pp. 799-807.

Transgenic Nicotiana benthamiana expressing the minor coat protein P74 of the phloem-limited
Beet western yellows virus (BWYV) exhibited an unusual spatial pattern of posttranscriptional gene
silencing (PTGS) when infected with BWYV or related viruses. Following infection, transgenic
P74 and its mRNA accumulated to only low levels, 21 to 23 nucleotide RNAs homologous to the
transgene appeared, and the transgene DNA underwent methylation. The infecting viral RNA,
however, was not subject to significant silencing but multiplied readily and produced P74 in the
phloem tissues, although the P74 encoded by the transgene disappeared from the phloem as well as
the nonvascular tissues.

Full article available at http://apsjournals.apsnet.org/doi/abs/10.1094/MPMI.2002.15.8.799

Lucioli, A.; Noris, E.; Brunetti, A.; Tavazza, R.; Ruzza, V;; ez al. 2003. Tomato Yellow Leaf Curl
Sardinia Virus Rep-Derived Resistance to Homologous and Heterologous Geminiviruses
Occurs by Different Mechanisms and Is Overcome if Virus-Mediated Transgene Silencing Is

Activated. /. Virol., 77, 6785-6798.

'The replication-associated protein (Rep) of geminiviruses is involved in several biological processes
brought about by the presence of distinct functional domains. Recently, we have exploited the
multifunctional character of the Zomaro yellow leaf curl Sardinia virus (TYLCSV) Rep to develop
a molecular interference strategy to impair TYLCSV infection. We showed that transgenic
expression of its N-terminal 210 amino acids (Rep-210) confers resistance to the homologous virus
by inhibiting viral transcription and replication. We have now used biochemical and transgenic
approaches to carry out a fuller investigation of the molecular resistance mechanisms in transgenic
plants expressing Rep-210. We show that Rep-210 confers resistance through two distinct molecular
mechanisms, depending on the challenging virus. Resistance to the homologous virus is achieved
by the ability of Rep-210 to tightly inhibit C1 gene transcription, while that to heterologous virus
is due to the interacting property of the Rep-210 oligomerization domain. Furthermore, we present
evidence that in Rep-210-expressing plants, the duration of resistance is related to the ability of the

33

Neither the quality nor the quantity of mRNA produced are changed by the PTGS mechanism, indicating

this mechanism is strictly post-transcriptional.
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challenging virus to shut off transgene expression by a posttranscriptional homology-dependent
gene silencing mechanism. A model of Rep-210-mediated geminivirus resistance that takes
transgene- and virus-mediated mechanisms into account is proposed.

Full article available at http://www.ncbi.nlm.nih.gov/pmc/articles/PMC156158/

Bian, X-Y.; Rasheed, M.; Seemanpillai, M.; Rezajan, M. 2006. Analysis of Silencing Escape
of Tomato leaf curl virus: An Evaluation of the Role of DNA Methylation. Mol. Plant
Microbe Interact., 19, 614—624.

RNA silencing is a sequence-specific mechanism regulating gene expression and has been used
successfully for antiviral defense against RNA viruses. Similar strategies to develop resistance
against DNA containing Tomato leaf curl virus (TLCV) and some other geminiviruses have been
unsuccessful. To analyze this silencing escape, we transformed tomato plants with a hairpin construct
from the TLCV C2 open reading frame (ORF). The transgenic plants showed a strong RNA
silencing response, and following TLCV inoculation, their infection was delayed. However, the viral
infection was not prevented and TLCV DNA accumulated to the levels found in nontransgenic
plants. To determine the fate of a transgene carrying homology to the virus, we used transgenic
plants carrying the TLCV C4 gene, which induces a distinct phenotype. Upon TLCV infection,
the phenotype was abolished and C# transcript disappeared. Concurrently, TLCV-specific small
interfering RNAs were produced. In situ hybridization showed abundant levels of TLCV DNA in
phloem cells of TLCV-infected C4 transgenic plants. However, the C4 transcripts were no longer
detectable in nonvascular cells. Analysis of the transgene by methylation sequencing revealed a high
level of de novo methylation of asymmetric cytosines in both the C4 ORF and its 35S promoter.
A high level of methylation also was found at both symmetric and asymmetric cytosines of the
complementary-sense strand of TLCV double-stranded DNA. Given the previous finding that
methylated geminiviral DNA is not competent for replication, we provide a model whereby TLCV
evades host defense through a population of de novo synthesized unmethylated DNA.

Full article available at http://apsjournals.apsnet.org/doi/abs/10.1094/MPMI-19-0614

Ribeiro, S.; Lohuis, H.; Goldbach, R.; Prins, M. 2007. Tomato Chlorotic Mottle Virus Is
a Target of RNA Silencing but the Presence of Specific Short Interfering RNAs Does Not
Guarantee Resistance in Transgenic Plants. /. Virol, 81, 1563-1573.

Tomato chlorotic mottle virus (ToCMoV) is a begomovirus found widespread in tomato fields in
Brazil. ToCMoV isolate BA-Sel (ToCMoV~[BA-Sel]) was shown to trigger the plant RNA silencing
surveillancein different host plants and, coinciding with a decrease in viral DNA levels, small
interfering RNAs(siRNAs) specific to ToCMoV-[BA-Sel] accumulated in infected plants. Although
not homogeneouslydistributed, the siRNA population in both infected Nicotiana benthamiana
and tomato plantsrepresented the entire DNA-A and DNA-B genomes. We determined that in /V.
benthamiana, the primary targetscorresponded to the 5_ end of AC1 and the embedded AC4, the
intergenic region and 5_ end of AV1 andoverlapping central part of ACS5. Subsequently, transgenic
N. benthamiana plants were generated that were preprogrammed to express double-stranded RNA
corresponding to this most targeted portion of the virusgenome by using an intron-hairpin construct.
‘These plants were shown to indeed produce ToCMoVspecificsiRNAs. When challenge inoculated,
most transgenic lines showed significant delays in symptomdevelopment, and two lines had immune
plants. Interestingly, the levels of transgene-produced siRNAs were similar in resistant and susceptible
siblings of the same line. This indicates that, in contrast to RNA viruses, the mere presence of transgene
siRNAs corresponding to DNA virus sequences does not guarantee virus resistance and that other
factors may play a role in determining RNA-mediated resistance to DNA viruses.

Full article available at http://jvi.asm.org/content/81/4/1563.full
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COM - Lucioli, A.; Sallustio, D.; Barboni, D.; Berardi, A.; Papacchioli, V.; Tavazza, R.;
Tavazza, M. 2008. A cautionary note on pathogen derived sequences. Nat Biotechnol., v.26,
p.617-619.

Without summary.

http://www.ncbi.nlm.nih.gov/pubmed/18536679

Lafforgue, G.; Martinez, E; Sardanyes, J.; Iglesia, E, Niu, Q-W.; Lin S-S., et al. 2011. Tempo
and mode of plant RNA virus-escape from RNA interference-mediated resistance. / Virol,
85: 9686-95.

A biotechnological application of artificial microRNAs (amiRs) is the generation of plants that are
resistant to virus infection. This resistance has proven to be highly effective and sequence specific.
However, before these transgenic plants can be deployed in the field, it is important to evaluate the
likelihood of the emergence of resistance-breaking mutants. Two issues are of particular interest: (i)
whether such mutants can arise in nontransgenic plants that may act as reservoirs and (ii) whether a
suboptimal expression level of the transgene, resulting in subinhibitory concentrations of the amiR,
would favor the emergence of escape mutants. To address the first issue, we experimentally evolved
independent lineages of ZTurnip mosaic virus (TuMV) (family Potyviridae) in fully susceptible wild-
type Arabidopsis thaliana plants and then simulated the spillover of the evolving virus to fully
resistant A. thaliana transgenic plants. To address the second issue, the evolution phase took place
with transgenic plants that expressed the amiR at subinhibitory concentrations. Our results show
that TuMV populations replicating in susceptible hosts accumulated resistance-breaking alleles that
resulted in the overcoming of the resistance of fully resistant plants. The rate at which resistance was
broken was 7 times higher for TuMV populations that experienced subinhibitory concentrations of
the antiviral amiR. A molecular characterization of escape alleles showed that they all contained at
least one nucleotide substitution in the target sequence, generally a transition of the G-to-A and
C-to-U types, with many instances of convergent molecular evolution. To better understand the
viral population dynamics taking place within each host, as well as to evaluate relevant population
genetic parameters, we performed 77 silico simulations of the experiments. Together, our results
contribute to the rational management of amiR-based antiviral resistance in plants.

Full article available at http://jvi.asm.org/content/85/19/9686.full.pdf+html

Other records applied to potential risks resulting from the use of
transgenic technologies of resistance to virus indicate potential
interactions between the recombinant viral protein synthesized in
transgenic plants resistant to viruses and other pre-existing vegetable
viruses. This could affect the efficiency of such biotechnologies, in
addition to generating new types of risks, for which the evaluation
reveals as being of great complexity.

REV — Latham, J.; Wilson, A. 2008. Trans-complementation and Synergism in Plants:
Implications for Viral Transgenes? Molecular Plant Pathology, 9 (1): 85-103.

In plants, viral synergisms occur when one virus enhances infection by a distinct or unrelated virus.
Such synergisms may be unidirectional or mutualistic but, in either case, synergism implies that

144



Part 2 - Agronomic issues related to the transgenic plants growth

protein(s) from one virus can enhance infection by another. A mechanistically related phenomenon
is transcomplementation, in which a viral protein, usually expressed from a transgene, enhances or
supports the infection of a virus from a distinct species. To gain an insight into the characteristics
and limitations of these helper functions of individual viral genes, and to assess their effects on
the plant—pathogen relationship, reports of successful synergism and transcomplementation were
compiled from the peer-reviewed literature and combined with data from successful viral gene
exchange experiments. Results from these experiments were tabulated to highlight the phylogenetic
relationship between the helper and dependent viruses and, where possible, to identify the protein
responsible for the altered infection process. The analysis of more than 150 publications, each
containing one or more reports of successful exchanges, transcomplementation or synergism, revealed
the following: (i) diverse viral traits can be enhanced by synergism and transcomplementation;
these include the expansion of host range, acquisition of mechanical transmission, enhanced
specific infectivity, enhanced cell-to-cell and long-distance movement, elevated or novel vector
transmission, elevated viral titre and enhanced seed transmission; (ii) transcomplementation and
synergism are mediated by many viral proteins, including inhibitors of gene silencing, replicases,
coat proteins and movement proteins; (iii) although more frequent between closely related viruses,
transcomplementation and synergism can occur between viruses that are phylogenetically highly
divergent. As indicators of the interoperability of viral genes, these results are of general interest,
but they can also be applied to the risk assessment of transgenic crops expressing viral proteins. In
particular, they can contribute to the identification of potential hazards, and can be used to identify
data gaps and limitations in predicting the likelihood of transgene-mediated transcomplementation.

http://www.ncbi.nlm.nih.gov/pubmed/18705887

Finally, as in the case of Btand HT plants, it is possible that the genetic
modification of resistance to virus generates ecological disturbs
resulting in agronomic damages caused by insects or pathogens
which, so far, had no expression taking them to be considered as
crop pests®’. For example, researchers noted that the presence of
the virus resistance transgene in a transgenic cucumber fomented
the aggressiveness of certain insect pests of such plant. The main
“attraction” of the plant, for those herbivores, would have resulted in
the crop contamination with another pathogen, a lethal bacterium
for the cucumber and transmitted by that insect.

Sasu, M.; Ferrari, M.; Du, D.; Winsor, J.; Stephenson, A. 2009. Indirect costs of a nontarget
pathogen mitigate the direct benefits of a virus-resistant transgene in wild Cucurbita. Proc
Natl Acad Sci USA, 106(45): 19067-19071.

Virus-resistant transgenic squash are grown throughout the United States and much of Mexico and it is
likely that the virus-resistant transgene (VRT) has been introduced to wild populations repeatedly. The
evolutionary fate of any resistance gene in wild populations and its environmental impacts depend upon
trade-offs between the costs and benefits of the resistance gene. In a 3-year field study using a wild gourd
and transgenic and nontransgenic introgressives, we measured the effects of the transgene on fitness, on
herbivory by cucumber beetles, on the incidence of mosaic viruses, and on the incidence of bacterial wilt
disease (a fatal disease vectored by cucumber beetles). In each year, the first incidence of zucchini yellow

34 Such risks are illustrated in the following item 3.1.
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mosaic virus occurred in mid-July and spread rapidly through the susceptible plants. We found that the
transgenic plants had greater reproduction through both male and female function than the susceptible
plants, indicating that the VRT has a direct fitness benefit for wild gourds under the conditions of our
study. Moreover, the VRT had no effect on resistance to cucumber beetles or the incidence of wilt disease
before the spread of the virus. However, as the virus spread through the fields, the cucumber beetles
became increasingly concentrated upon the healthy (mostly transgenic) plants, which increased exposure
to and the incidence of wilt disease on the transgenic plants. This indirect cost of the VRT (mediated
by a nontarget herbivore and pathogen) mitigated the overall beneficial effect of the VRT on fitness.

Full article available at http://www.pnas.org/content/106/45/19067.full

3 Unexpected agronomic problems
associated to the transgenic plants
growth

3.1 Agronomic data per secondary and/or
potential pests in Bt crops

In certain cases — and notably when there has been no development
of populations of insects insensitive to Bt proteins — farmers who
grow transgenic crops “protected” by Cry toxins may come to face
significant damages due to the attack of other insects. The suppression
of the traditional control forms, as well as the ecological gap resulting
from the elimination of the target insects of Bt technology, has been
pointed out as a stimulation element to the emergence of secondary
pests. Under these conditions, insects which did not cause concerns
assume such characteristic of intensity which may cause significant
damages, with relevant economic impact.

This is particularly due to the selective emptying of certain ecological
niches, which start to be occupied by competitor organisms of the
affected species.

Ashouri, A.; Michaud, D.; Cloutier, C. 2001. Unexpected Effects of Different Potato
Resistance Factors to the Colorado Potato Beetle (Coleoprera: Chrysomelidae) on the Potato
Aphid (Homoptera: Aphididae). Environmental Entomology, vol. 30, no. 3, 524-532.

Improving the use of bioctechnological and classical plant resistance for herbivore pest control with less
reliance on chemicals critically depends on predictable interactions with secondary pests. Performance
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of the potato aphid Macrosiphum euphorbiae (Thomas), a secondary pest of potato in eastern North
America, was studied on potato, Solanum tuberosum L., lines with traits of potential resistance to
primary pests. The lines tested were ‘Newleaf’, a transgenic ‘Superior’ cultivar expressing the Bacillus
thuringiensis Berliner CrylIIA toxin, which is highly resistant to the Colorado potato beetle, Leptinotarsa
decemlineata (Say); a transgenic ‘Kennebec' cultivar expressing rice cystatin I, a protease inhibitor
previously shown to inhibit cathepsin like digestive enzymes in the Colorado potato beetle; NYL 2354, a
potato derived by selective breeding following hybridization with S. berthaulthii, with a moderate density
of glandular trichomes providing resistance to small insects by contact; and the commercial cultivars
Superior and Kennebec used as controls. Transgenic Superior potatoes negatively affected M. euphorbiaé’s
growth and fecundity; in contrast with the OCI potato, which improved aphid performance. The flight
incidence of young alatae of M. euphorbiae that completed development on transgenic Superior was
significantly higher than in aphids from other potato lines. Aphid resistance in the ‘NYL 2354’ line was
complex and depended on aphid access being limited to leaves, which reduced survival and fecundity.
However, when aphids had access to whole NYL 235—4 plants, aphid performance was restored, as
they preferentially fed and reproduced on NYL 2354 stems and apical buds of unfolding leaflets. The
results illustrate that the performance of a secondary pest of potato can vary unpredictably, depending
on the nature of the resistance factors involved in developing specific resistance to a primary pest.

http://www.bioone.org/doi/abs/10.1603/0046-225X-30.3.524?journal Code=enve

Men, X.; Ge, E; Edwards, C.; Yardim, E. 2004. Influence of Pesticide Applications on Pest
and Predatory Arthropods Associated with Transgenic Bt Cotton and Nontransgenic Cotton
Plants. Phyroparasitica, 32(3):246-254.

The effects of pesticide applications on pests (aphids and acarid mites) and predators (ladybeetles
and spiders) were investigated in transgenic Br cotton and nontransgenic cotton agroecosystems in
1999, 2000 and 2001. Transgenic cotton did not cause changes in populations of acarids and did
not reduce numbers of predators considerably; its effects on aphids were inconsistent. Although
insecticides were not applied against the main pest . cotton bollworm . on transgenic cotton, the
total number of insecticide applications in 3 years was no less than the total applied on nontransgenic
cotton, because additional applications were required against sucking pests on transgenic Bz cotton.
Pesticide applications decreased numbers of aphids, acarids and predatory spiders significantly on
both transgenic and nontransgenic cottons. The results suggest that the use of Bz cotton should be
evaluated carefully in China.

Full article available at http://www.biosci.ohio-state.edu/~soilecol/Full%20articles/Ecology%20
and%20Ecotoxicology/2004/Influence%200f%20pesticide%20applications. pdf

Men, X; Ge, E; Edwards, C.; Yardim, E. 2005. The influence of pesticide applications on
Helicoverpa armigera Hiibner and sucking pests in transgenic Bt cotton and non-transgenic
cotton in China. Crop Protection, 24 (4): 319-324.

Effects of pesticide applications, based on an IPM program on cotton bollworm, Helicoverpa
armigera Hiibner, cotton mirids and cotton leathoppers, were evaluated in transgenic Bt-cotton
and non-transgenic cotton agroecosystems between 1999 and 2001 in China. Differences in pest
populations between cotton varieties were also compared. In 1999 and 2000, bollworm populations
on non-transgenic cotton were larger than those on transgenic Bt-cotton. In Bt-cotton fields, the
numbers of fourth-generation bollworms were greater than those of in the second and the third
generations over all 3 years of study. Leathopper populations on Bt-cotton were consistently larger
than those on non-transgenic cotton during the 3 years of study. Although the use of transgenic Bt
cotton decreased the need for insecticide applications against cotton bollworm, this relaxation from
pesticide applications could cause increased populations of sucking insects, which could require
additional insecticide applications.

http://www.sciencedirect.com/science/article/pii/S0261219404002182
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COM - Pearson, H. 2006. Transgenic cotton drives insect boom. Nature. doi:10.1038/
news060724-5.

Without summary.

Full article available at http://www.nature.com/news/2006/060724/full/news060724-5.html

Catangui, M.; Berg, R. 2006. Western bean cutworm, Swiacosta albicosta (Smith)
(Lepidoptera: Noctuidae), as a potential pest of transgenic CrylAb Bacillus thuringiensis corn
hybrids in South Dakota. Environmental Entomology, 35: 1439-1452.

Injuries caused by the western bean cutworm, Striacosta albicosta (Smith), on transgenic CrylAb
Bacillus thuringiensis (Bf) corn hybrids were documented and quantiPed. The western bean
cutworm is an emerging or potential pest of transgenic Bt corn in South Dakota. The proportion
of ears infested with western bean cutworm larvae in the CrylAb Bt corn hybrids were 18-20, 38-
70, and 0-34% in 2000, 2003, and 2004, respectively. The CrylAb Br corn hybrids were almost
completely free of European corn borer infestations. Untreated conventional corn hybrids were less
infested with western bean cutworm larvae but more infested with European corn borer larvae.
‘The proportion of ears infested with European corn borer larvae alone were 33, 58-80, and 8-25%
in 2000, 2003, and 2004, respectively. Infestations with western bean cutworm alone were 28,
8-28, and 13-19%, respectively. Proportion of ears simultaneously infested with both western bean
cutworm and European corn borer larvae were much lower than single infestations by either species
alone, indicating niche overlap and competition. Simultaneous infestations by the two species on
untreated conventional corn hybrids were only 8, 0-18, and 0-1% in 2000, 2003, and 2004. The
corn grains harvested from injured ears were also analyzed for fumonisin and affatoxin through
quantitative enzyme-linked immunosorbent assays. More mycotoxins were found in 2003 when
the levels of insect infestation in the corn ears were higher than in 2004. Results from this study
underscore the need to investigate other emerging or potential arthropod pests of transgenic Bt corn
hybrids in addition to the western bean cutworm.

Full article available at hteps://goo.gl/657KG

Wang, S.; Just, D. 2008. Pinstrup-Andersen P. Bt-cotton and secondary pests. . J.
Biotechnology, 10(2/3): 113-121.

Bt-cotton seed has been effective to control the damage of bollworm in Chinese cotton production since
1999, reducing the need for pesticides and increasing incomes of Chinese farmers. Field data collected in
2004 indicates that these benefits have been eroded by increasing the use of pesticides aimed to control
secondary pests. The combination of Bt-cotton seed and other forms of biological pest control may help
farmers regain the economic and environmental benefits of previous years. Failure to find a solution, may
lead to the discontinuation of the use of Bt-cotton seed in China and elsewhere.

http://www.inderscience.com/info/inarticle.php?artid=18348

Dorhout, D.; Rice, M. 2010. Intraguild competition and enhanced survival of western bean
cutworm (Lepidoptera: Noctuidae) on transgenic CrylAb (MONS8I10) Bacillus thuringiensis
corn. Journal of Economic Entomology, 103: 54—62.

The effect of genetically modified corn (event MONS10, YieldGard Corn Borer) expressing the
Bacillus thuringiensis sp. kurstaki (Berliner) (Bt) endotoxin, CrylAb, on the survival of western
bean cutworm, Striacosta albicosta (Smith), larvae was examined during intraguild competition
studies with either European corn borer, Ostrinia nubilalis (Hiibner), or corn earworm, Helicoverpa
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zea (Boddie), larvae. Competition scenarios were constructed by using either a laboratory or field
competition arena containing one of five different diets and one of 13 different larval size-by-species
scenarios. The survival of western bean cutworms competing with corn earworms in the laboratory
arenas on either a meridic diet or isoline corn silk diet was significantly lower (P < or = 0.01)
than the controls in 13 out of 14 competition scenarios and larval survival was frequently zero.
In contrast, the survival of western bean cutworm competing with corn earworm on a CrylAb-
MONS10 corn silk diet was significant higher (P < or = 0.01) than the controls in four out of six
competition scenarios. The results observed in the three way competitions involving the addition of
European corn borers generally did not alter the outcomes observed in the western bean cutworm
and corn earworm only two-way competitions. These data suggest that CrylAb-MON810 corn
may confer a competitive advantage to western bean cutworm larvae during intraguild competition,
particularly from corn earworms, and that western bean cutworms become equal competitors only
when they are of equal or larger size and the diet is CrylAb-MONB810 corn.

http://www.ncbi.nlm.nih.gov/pubmed/20214368

Lu, Y;; Wu, K; Jiang, Y.; Xia, B.; ezal. 2010. Mirid Bug Outbreaks in Multiple Crops Correlated
with Wide-Scale Adoption of Bt Cotton in China. Science, vol. 328 n° 5982 pp. 1151-1154.

Long-term ecological effects of transgenic Bacillus thuringiensis (Bt) crops on nontarget pests have received
limited attention, more so in diverse small holder—based cropping systems of the developing world. Field
trials conducted over 10 years in northern China show that mirid bugs (Heteroptera: Miridae) have
progressively increased population sizes and acquired pest status in cotton and multiple other crops,
in association with a regional increase in Bt cotton adoption. More specifically, our analyses show that
Bt cotton has become a source of mirid bugs and that their population increases are related to drops
in insecticide use in this crop. Hence, alterations of pest management regimes in Bt cotton could be
responsible for the appearance and subsequent spread of nontarget pests at an agro-landscape level.

Full article available at htep://www.sciencemag.org/content/328/5982/1151.full

Zhao, J.; Ho, P; Azadi, H. 2011. Benefits of Bt cotton counterbalanced by secondary pests?
Perceptions of ecological change in China. Environmental Monitoring and Assessment, volume
173, Issue 1-4, pp 985-994.

In the past, scientific research has predicted a decrease in the effectiveness of Bt cotton due to the
rise of secondary and other sucking pests. It is suspected that once the primary pest is brought
under control, secondary pests have a chance to emerge due to the lower pesticide applications in
Bt cotton cultivars. Studies on this phenomenon are scarce. This article furnishes empirical evidence
that farmers in China perceive a substantial increase in secondary pests after the introduction of
Bt cotton. The research is based on a survey of 1,000 randomly selected farm houscholds in five
provinces in China. We found that the reduction in pesticide use in Bt cotton cultivars is significantly
lower than that reported in research elsewhere. This is consistent with the hypothesis suggested by
recent studies that more pesticide sprayings are needed over time to control emerging secondary
pests, such as aphids, spider mites, and lygus bugs. Apart from farmers’ perceptions of secondary
pests, we also assessed their basic knowledge of Bt cotton and their perceptions of Bt cotton in
terms of its strengths and shortcomings (e.g., effectiveness, productivity, price, and pesticide use) in
comparison with non-transgenic cotton.

http://www.ncbi.nlm.nih.gov/pubmed/20437270

Hagenbucher, S.; Wackers, E; Wettstein, E; Olson, D.; Ruberson, J.; Romeis J. 2013.
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Pest tradeoffs in technology: reduced damage by caterpillars in Bt cotton benefits aphids.
Proceedings of the Royal Society B, 20130042.

The rapid adoption of genetically engineered (GE) plants that express insecticidal Cry proteins
derived from Bacillus thuringiensis (Bt) has raised concerns about their potential impact on
non-target organisms. This includes the possibility that non-target herbivores develop into pests.
Although studies have now reported increased populations of non-target herbivores in Bt cotton,
the underlying mechanisms are not fully understood. We propose that lack of herbivore-induced
secondary metabolites in Bt cotton represents a mechanism that benefits non-target herbivores. We
showthat, because of effective suppression of Bt-sensitive lepidopteran herbivores, Bt cotton contains
reduced levels of induced terpenoids. We also showthat changes in the overall level of these defensive
secondary metabolites are associated with improved performance of a Bt-insensitive herbivore, the
cotton aphid, under glasshouse conditions. These effects, however,were not as clearly evident under
field conditions as aphid populations were not correlated with the amount of terpenoids measured
in the plants. Nevertheless, increased aphid numbers were visible in Bt cotton compared with non-
Bt cotton on some sampling dates. Identification of this mechanism increases our understanding
of how insect-resistant crops impact herbivore communities and helps underpin the sustainable use
of GE varieties.

Full article available at http:/rspb.royalsocietypublishing.org/content/280/1758/20130042.full

Bortolotto, O.; Silva, G.; Bueno, A.; Pomari, A.;; Martinelli, S.; Head, G.; Carvalho,
R.; Barbosa, G. 2014.”Development and reproduction of Spodoptera eridania (Lepidoptera:
Noctuidae) and its egg parasitoid Telenomus remus (Hymenoptera: Platygastridae) on
the genetically modified soybean (Bt) MON 87701xMON 89788. Bull Entomol Res,
104(6):724-30. doi: 10.1017/50007485314000546. Epub 2014 Sep 24.

Genetically modified crops with insect resistance genes from Bacillus thuringiensis Berliner (Bt-
plants) are increasingly being cultivated worldwide. Therefore, it is critical to improve our knowledge
of their direct or indirect impact not only on target pests but also on non-target arthropods. Hence,
this study evaluates comparative leaf consumption and performance of Spodoptera eridania
(Cramer), a species that is tolerant of the CrylAc protein, fed with Bt soybean, MON 87701xMON
89788 or its non-Bt isoline. We also assessed the comparative performance of the egg parasitoid
Telenomus remus Nixon on eggs of S. eridania produced from individuals that fed on these two
soybean isolines as larvae. Results showed that Bt soybean reduced by 2 days larval development
and increased by 3 days adult male longevity. Therefore, we conclude that the effect of Bt soybean
MON 87701xMON 89788 on S. eridania development and reproduction is small, and favorable
to pest development. These differences are less likely to directly result from the toxin presence but
indirectly from unintended changes in plant characteristics caused by the insertion of the transgene.
Our results should be viewed as an alert that S. eridania populations may increase in Bt soybeans,
but on the other hand, no adverse effects of this technology were observed for the egg parasitoid T.
remus which can help to prevent S. eridania outbreaks on these crops.

http://www.ncbi.nlm.nih.gov/pubmed/25248849

In parallel, the use of the Bt technology in large scale may drastically
decrease populations of certain target and non-target species,

and to reduce the possibility of unintended el

A corrigendum, which comes to minimizinf% the risks associated with the use of this event (Bt soybeans)
ects of transgenic (explained in item 2 of Part 1 of this

publication), was published by the same authors and is available at http://journals.cambridge.org/action/
displayAbstract?fromPage=online&aid=9500235&fileld=S0007485314000881.
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exacerbating the ecological imbalances existing in the agricultural-
ecological systems. Well, some of these species are sometimes
natural enemies (or competitors) of others, potentially pests of the
same cultures. Under these circumstances, the elimination of some
insects promotes population explosions of others - not sensitive
to Bt. The scientific literature has recorded the emergence of new
pests in Bt maize crops, supposedly stimulated by the population
decrease of others, which controlled the first ones and which had
their populations decreased for being a Bt target™.

Tooker, J.; Fleischer, S. 2010. First report of western bean cutworm (Striacosta albicosta) in
Pennsylvania. Online. Crop Management, doi:10.1094/CM-2010-0616-01-RS.

These results demonstrate that western bean cutworm moths were present in Pennsylvania in 2009,
and the distribution and quality of the specimens suggest that populations have established. The
data also suggest that universal traps work well for detection of low-level populations at least as well
as milk jug traps.

Full article available at http://ento.psu.edu/publications/wbc-pa

Michel, A.; Krupke, C.; Baute, T.; Difonzo, C. 2010. Ecology and Management of the
Western Bean Cutworm (Lepidoptera:Noctuidae) in Cornand Dry Beans. Journal of
Integrated Pest Management, 1(1): 2010; DOI:10.1603/IPM10003.

The western bean cutworm, Swriacosta albicosta (Smith) (Lepidoptera:Noctuidae),is a native North
American pest that feeds mainly on corn and dry beans. The historical geographic range of the western
bean cutworm coveredthe western Great Plains states, including Colorado, Nebraska, and Wyoming.
Since 1999, the geographic range of the western bean cutworm hasrapidly expanded east ward across
the United States Corn Belt, causing significant and economic damage to corn and dry beans in parts of
this region. This expansion has led to a resurgence of interesting this pest, particularly in areas where it
has most recently caused damage. We summarize the ecology and biology of western bean cutworm and
discuss options for scouting and management, with an emphasis in the expanded geographical range.

Full article available at hteps://goo.gl/tNRzOe

36 In Brazil this chain of ecological effects is seen as responsible for major economic losses faced by producers
of soy and cotton (measured in millions of reis to the state of Bahia, years 2012/2013). Indeed, the elimination
of large populations of Spodoptera sp. (natural predators of the pest Helicoverpa armigera) would have led to a
population explosion of H. armigera, new species of pest of soybeans and cotton, among other crops. No articles
on the topic were found in scientific journals.
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3.2 Agronomic damages by the intensive use of
the herbicides associated to HT plants

The herbicide-tolerance (HT) technology depend on the use of
a certain herbicide — generally systemic — which will be applied
in several moments of the production cycle, on an isolate way
or combined with other herbicide(s) which also do not cause
lethal damages to that plant. Such facility to operate applications
regardless of the culture cycle deeply simplified the agriculture
management of the main crops, at the same time on which it has
drastically expanded the sales of agrochemicals associated to the
HT-type transgenic varieties.

In addition to the impacts to the health and the environment,
resulting from the increased use of the same poisons, the technology
showed ability to generate disturbs in the soil microbiota and in the
exchanges of soil-plant nutrients, decreasing the crop’s productive
capacity, further causing agronomic damages to crops located in
adjacent areas or in the same sites, in subsequent harvests.

3.2.1 Negative impacts of glyphosate on the productivity
of HT plants

Many documents available in the scientific literature point out
that glyphosate-based herbicides physiologically weaken the plants
(particularly soy), affect the soil microbiota communities which
contribute to the good agronomic performance of the crops and
create imbalances in the seed banks and population relationship
associated to them.

Ismail, B.; Kader, A.; Omar, O. 1995. Effects of Glyphosate on Cellulose Decomposition in
Two Soils. Folia Microbiol., 40 (5), 499-502.

Glyphosate with an equivalent concentration of either 0, 2.16 or 8.64 kg/hm? was sprayed on to cellulosic
materials before burying in two soil types; peat (soil I) and sandy clay loam (soil II). Alternatively the
soils were sprayed with 0, 20 or 150 ppm of the herbicide before burying the cellulosic material either
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immediately or after preincubation for 4 weeks. In soil I, the increase in glyphosate concentrations
substantially reduced the decomposition of cellulosic material regardless of the method of application
employed. Glyphosate at 8.64 kg/hm? reduced the mass loss of the treated substrate by 83 %. However,
cellulose decomposition in soil preincubated for 4 weeks before burying was affected almost to the same
extent as the untreated control. Glyphosate stimulated cellulose decomposition when substrates were
buried in soil II. Mass loss in soil treated with 150 ppm increased by about 100 % while when glyphosate
was sprayed directly to the substrate (at 8.64 kg/hm?), the loss was about 25 %.

heep://link.springer.com/article/10.1007/BF02814731

King, C.; Purcell, L.; Vories, E. 2001. Plant growth and nitrogenase activity of glyphosate-tolerant
soybean in response to foliar glyphosate applications. Agronomy Journal, 93 (1), 179-186.

Glyphosate [/V-(phosphonomethyl)glycine] inhibits 5-enolpyruvylshikimate-3-phosphate synthase,
EC 2.5.1.19 (EPSPS), thereby blocking aromatic amino acid synthesis. While glyphosate-tolerant
(GT) soybean [Glycine max (L.) Merr.] contains resistant EPSPS, the N_-fixing symbiont in soybean
root nodules, Bradyrhizobium japonicum, does not contain a resistant enzyme, and glyphosate spray
to GT soybean may interfere with the symbiotic relationship. Glyphosate-tolerant soybean was
treated with glyphosate at several different stages of development to evaluate N, fixation, growth,
and yield in a series of greenhouse, growth chamber, and field experiments. Early applications of
glyphosate generally delayed N, fixation and decreased biomass and N accumulation in the cultivar
Terral TV5866RR (TV5866RR) harvested at 19 d after emergence (DAE), but plants had recovered
by 40 DAE. The biomass and N content of GT soybean were also decreased by glyphosate in
plants that were grown with available soil N. There were differences in sensitivity to glyphosate
among GT cultivars, with biomass decreases in response to glyphosate ranging from 0 to 30% at 40
DAE for the most tolerant and sensitive cultivars that were evaluated. In growth chamber studies,
N, fixation was more sensitive to water deficits in glyphosate-treated plants. In field studies, there
was no measured effect of glyphosate on GT soybean at Fayetteville, AR where there was adequate
soil water throughout the growing season. However, glyphosate tended to decrease biomass and seed
yields under conditions of limited soil water at Keiser, AR.

https://www.agronomy.org/publications/aj/abstracts/93/1/179

Reddy, K.; Zablotowicz, R. 2003. Glyphosate resistant soybean response to various salts of
glyphosate and glyphosate accumulation in soybean nodules. Weed Science, 51 (4): 496-502.

A field study was conducted during 2000 and 2001 at Stoneville, MS, to determine the effects
of isopropylamine, trimethylsulfonium (Tms), diammonium, and aminomethanamide dihydrogen
tetraoxosulfate (Adt) salt formulations of glyphosate on weed control, growth, chlorophyll content,
nodulation, nitrogen content, and grain yield in glyphosate-resistant soybean and to assess potential
glyphosate accumulation in soybean nodules. Glyphosate-Tms and glyphosate-Adt injured soybean,
and visible injury ranged from 29 to 38% 2 d after late postemergence (LPOST) application;
however, soybean recovered by 14 d. Glyphosate formulations had no effect on chlorophyll content,
root and shoot dry weight, or nodule number but reduced nodule biomass by 21 to 28% 14 d
LPOST. Glyphosate levels in nodules from treated plants ranged from 39 to 147 ng g21 (dry
weight), and leghemoglobin content was reduced by as much as 10%. Control of five predominant
weed species 14d after LPOST was . 83% with one application and . 96% with two applications
regardless of the glyphosate salts used. Soybean yields were generally higher with two applications
than with one application regardless of glyphosate formulation. These results indicate that soybean
injury and inhibition of nodule development with certain glyphosate formulations can occur, but
soybean has the potential to recover from glyphosate stress.

Full article available at http://naldc.nal.usda.gov/download/48637/PDF
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Kremer, R;; Means, N.; Kim, S. 2005. Glyphosate affects soybean root exudation and
rhizosphere microorganisms. Int. J. of Environmental Analytical Chemistry, 85 (15): 1165-
1174.

Glyphosate is a nonselective, broad-spectrum herbicide that kills plants by inhibiting the
enzyme 5-enolpyruvylshikimic acid-3-phosphate synthase (EPSPS), which is necessary for
synthesis of aromatic amino acids. A secondary mode of action involves infection of roots by
soilborne microorganisms due to decreased production of plant protection compounds known
as phytoalexins. Varieties of several crops, including glyphosate-resistant (GR) or Roundup
Ready® soybean, are genetically modified to resist the herbicidal effects of glyphosate and provide
farmers with an effective weed management tool. After glyphosate is applied to GR soybean,
glyphosate that is not bound to glyphosate-resistant EPSPS is translocated throughout the
plant and accumulates primarily in meristematic tissues. We previously reported that fungal
colonization of GR soybean roots increased significantly after application of glyphosate but not
after conventional postemergence herbicides. Because glyphosate may be released into soil from
GR roots, we characterized the response of rhizosphere fungi and bacteria to root exudates from
GR and non-GR cultivars treated with and without glyphosate at field application rates. Using
an immunoassay technique, the flux of glyphosate detected in exudates of hydroponically-grown
GR soybean was > 1000 ng plant-1 over the 16-d post-glyphosate application period. Glyphosate
also increased carbohydrate and amino acid contents in root exudates in both soybean cultivars.
However, GR soybean released higher carbohydrate and amino acid contents in root exudates
than non-GR soybean without glyphosate treatment. In vitro bioassays showed that glyphosate in
the exudates stimulated growth of selected rhizosphere fungi, possibly by providing a selective C
and N source combined with the high levels of soluble carbohydrates and amino acids associated
with glyphosate treatment of the soybean plants. Increased fungal populations that develop under
glyphosate treatment of GR soybean may adversely affect plant growth and biological processes
in the soil and rhizosphere.

Full article available at hteps://goo.gl/uyJaCw

Neumann, G.; Kohls, S.; Landsberg, E.; Souza, K.; Yamada, T.; Romheld, V. 2006. Relevance
of glyphosate transfer to non-target plants via the rhizosphere. Journal of Plant Diseases and
Protection, 20: 963-969.

There is a common understanding that the widely used herbicide glyphosate is easily degraded
and adsorbed in soils and thus, harmless for use in agriculture. We can demonstrate, however,
that this conclusion is wrong and dangerous for farmers because in former risk assessments the
behaviour of glyphosate in the rhizosphere was not properly considered. In nutrient solution,
rhizobox and pot experiments we can show that foliar applied glyphosate to target plants is
released into the rhizosphere after a fast translocation from shoots to roots. In the rhizosphere
glyphosate can obviously be stabilized long enough to achieve negative effects on non-target
plants. Such a negative side effect is for example inhibited acquisition of micronutrients such as
Mn, but also Zn, Fe and B, which are involved in plant own disease resistance mechanisms. From
this glyphosate transfer from target to non-target plants (e.g. from weed to trees in orchards) we
predict an increase in disease problems, particularly on soils with low micronutrient availability as
already reported in the USA. In view of plant and soil health, we urgently call for a re-assessment
of glyphosate as herbicide.

Full article available at https://www.researchgate.net/publication/228489677 Relevance of gly-
phosate_transfer to _non-target plants via the rhizosphere

Zablotowicz, R.; Reddy, K. 2007. Nitrogenase activity, nitrogen content, and yield responses
to glyphosate in glyphosate-resistant soybean. Crop Prot, 26:370-6.
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Transgenic glyphosate-resistant (GR) soybean [Glycine max (L.) Merr.] expressing a glyphosate-
insensitive 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS) enzyme has provided new
opportunities for weed control in soybean production. However, glyphosate is toxic to the
soybean nitrogen-fixing symbiont, Bradyrhizobium japonicum, as its EPSPS enzyme is sensitive to
glyphosate. The effects of glyphosate on symbiotic parameters, nitrogen accumulation, and yield in
GR soybean under weed-free conditions were determined in a 3-yr field study during 2002-2004.
Four glyphosate (0.84, 1.68, 2.52+2.52, and 0.84+0.84 kg ac/ha) treatments applied at 4 and 6
weeks after planting (WAP) soybean were compared to a no glyphosate, hand weeded (weed-free)
control. In 2002 and 2003, soybean plants were harvested at 5, 6, 7, and 8 WAP, and roots assessed
for nitrogenase activity (acetylene reduction assay, ARA), root respiration, nodulation, and root
biomass. Soybean seed yield, leaf and seed nitrogen content were determined in all three years. No
consistent effect of glyphosate was observed on either ARA or root respiration. In 2002, both ARA
and respiration were about a third of that in 2003, attributed to early-season drought in 2002. All
glyphosate treatments reduced foliar nitrogen content (26-42%) in 2002. In 2003 and 2004, three
and two glyphosate treatments, respectively, reduced foliar nitrogen content (8-13%), with the
greatest reduction when glyphosate was applied at the highest rate. Soybean yield was reduced by
11% with two applications of 2.52 kg ae/ha glyphosate compared to hand weeded control in 2002,
but seed yield was not affected in 2003 and 2004. Total seed nitrogen harvested in 2002 and 2003
was reduced by 32% and 17%, respectively, when two applications of 2.52 kg ac/ha glyphosate were
applied compared to hand weeded soybean. These studies indicate that nitrogen fixation and/or
assimilation in GR soybean was only slightly affected at label use rate, but was consistently reduced
at above label use rates of glyphosate and the greatest reductions occurred with soil moisture stress
following glyphosate application.

http://www.sciencedirect.com/science/article/pii/S0261219406002584

Bott, S.; Tesfamariam, T.; Candan, H.; Cakmak, I.; Rémheld, V.; Neumann, G. 2008.
Glyphosate-induced impairment of plant growth and micronutrient status in glyphosate-
resistant soybean (Glycine max L.). Plant Soil, 312:185-194.

This investigation demonstrated potential detrimental side effects of glyphosate on plant growth
and micronutrient (Mn, Zn) status of a glyphosate-resistant (GR) soybean variety (Glycine
max cv. Valiosa), which were found to be highly dependent on the selected growth conditions.
In hydroponic experiments with sufficient Mn supply [0.5 pM], the GR cv. Valiosa produced
similar plant biomass, root length and number of lateral roots in the control treatment without
glyphosate as compared to its non-GR parental line cv. Conquista. However, this was associated
with 50% lower Mn shoot concentrations in cv. Conquista, suggesting a higher Mn demand of the
transgenic cv. Valiosa under the selected growth conditions. Glyphosate application significantly
inhibited root biomass production, root elongation, and lateral root formation of the GR line,
associated with a 50% reduction of Mn shoot concentrations. Interestingly, no comparable effects
were detectable at low Mn supply [0.1 uM]. This may indicate Mn-dependent differences in the
intracellular transformation of glyphosate to the toxic metabolite aminomethylphosphonic acid
(AMPA) in the two isolines. In soil culture experiments conducted on a calcareous loess sub-soil of
a Luvisol (pH 7.6) and a highly weathered Arenosol (pH 4.5), shoot biomass production and Zn
leaf concentrations of the GR-variety were affected by glyphosate applications on the Arenosol but
not on the calcareous Loess sub-soil. Analysis of micronutrient levels in high and low molecular
weight (LMW) fractions (80% ethanol extracts) of young leaves revealed no indications for internal
immobilization of micronutrients (Mn, Zn, Fe) by excessive complexation with glyphosate in the
LMW phase.

Full article available at http://stopogm.net/sites/stopogm.net/files/ GlyphosateBott.pdf
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Johal, G.; Huber, D.2009. Glyphosate effects on diseases of plants. Europ. J. Agronomy; 31,144-152.

Glyphosate, N-(phosphonomethyl) glycine, is the most extensively used herbicide in the history
of agriculture. Weed management programs in glyphosate resistant (GR) field crops have provided
highly effective weed control, simplified management decisions, and given cleaner harvested products.
However, this relatively simple, broad-spectrum, systemic herbicide can have extensive unintended
effects on nutrient efficiency and disease severity, thereby threatening its agricultural sustainability. A
significant increase in disease severity associated with the wide spread application of the glyphosate
herbicide can be the result of direct glyphosate-induced weakening of plant defenses and increased
pathogen population and virulence. Indirect effects of glyphosate on disease predisposition result from
immobilization of specific micronutrients involved in disease resistance, reduced growth and vigor
of the plant from accumulation of glyphosate in meristematic root, shoot, and reproductive tissues,
altered physiological efficiency, or modification of the soil microflora affecting the availability of
nutrients involved in physiological discase resistance. Strategies to ameliorate the predisposing effects
of glyphosate on disease include judicious selection of herbicide application rates, micronutrient
amendment, glyphosate detoxification in meristematic tissues and soil, changes in cultural practices
to enhance micronutrient availability for plant uptake, and biological amendment with glyphosate-
resistant microbes for nitrogen fixation and nutrient availability. Given that recommended doses of
glyphosate are often many times higher than needed to control weeds, we believe the most prudent
method to reduce the detrimental effects of glyphosate on GR crops will be to use this herbicide in as
small a dose as practically needed. Such a frugal approach will not only curtail disease predisposition
of GR crops, but will also benefit the grower and the environment.

Full article available at https://goo.gl/fDLrwb

Fernandez, M.; Zentner, R.; Basnyat, P; Gehl, D.; Selles, E; Huber, D. 2009. Glyphosate
associations with cereal diseases caused by Fusarium spp. in the Canadian prairies. European

Journal of Agronomy, 31: 133-143.

Fusarium pathogens cause important diseases, such as root/crown rot and Fusarium head blight
(FHB), in cereal crops. These diseases can be caused by similar Fusarium spp. Common root rot (CRR)
is widespread in the western Canadian Prairies, whereas FHB has potential of becoming an important
disease in this region. There are no commercially available cereal cultivars with good resistance to these
diseases. It is therefore important to identify agronomic practices that could affect levels of Fusarium
pathogens in cereals. This review deals primarily with the effects of tillage systems and glyphosate use
on the development of FHB and CRR in wheat and barley in eastern Saskatchewan. Although the
FHB study in 1999-2002 indicated that environment was the most important factor determining
FHB development, previous glyphosate use and tillage practice were among the production factors
with the greatest association with FHB. Overall, disease was highest in crops under minimum-ill
management. Previous glyphosate use was consistently associated with higher FHB levels caused by
the most important FHB pathogens, Fusarium avenaceum and Fusarium graminearum. Cochliobolus
sativus, the most common CRR pathogen, was negatively associated with previous glyphosate use,
while £ avenaceum,F. graminearum, and other fungi were positively associated, suggesting that
glyphosate might cause changes in fungal communities. The occurrence and isolation of £ avenaceum
from cereal residues were greater under reduced-till than conventional-till while C. sativus was most
common under conventional-till, and £ graminearum was lowest under zero-till. Previous glyphosate
applications were again correlated positively with £ avenaceum and negatively with C. sativus. These
observations agreed with results from the FHB and CRR studies. These are the first studies that
established a relationship between previous glyphosate use and increased Fusarium infection of spikes
and subcrown internodes of wheat and barley, or Fusarium colonization of crop residues. However,
because of the close association between noncereal crops, reduced tillage and glyphosate use, it was
not possible to completely separate the effects of these factors on Fusarium infections. Determining
the relative contribution of these popular production trends to the development of diseases caused
by Fusarium spp. are essential for devising appropriate agronomic recommendations to prevent their
further spread in western Canada, and to reduce the impact that these diseases are having in areas
where they are already established. The consistent association between previous glyphosate use and
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Fusarium infections also warrants further research to elucidate the nature of this association and the
underlying mechanisms determining these effects.

hteps://goo.gl/ TZICxG

Kremer, R.; Means, N. 2009. Glyphosate and glyphosate-resistant crop interactions with
rhizosphere microorganisms. European Journal of Agronomy, 31 (3): 153-161.

Current crop production relies heavily on transgenic, glyphosate-resistant (GR) cultivars. Widespread
cultivation of transgenic crops has received considerable attention. Impacts of glyphosate on rhizosphere
microorganisms and activities are reviewed based on published and new data from long-term field
projects documenting effects of glyphosate applied to GR soybean and maize. Field studies conducted
in Missouri, U.S.A. during 1997-2007 assessed effects of glyphosate applied to GR soybean and maize
on root colonization and soil populations of Fusarium and selected rhizosphere bacteria. Frequency of
root-colonizing Fusarium increased significantly after glyphosate application during growing seasons
in each year at all sites. Roots of GR soybean and maize treated with glyphosate were heavily colonized
by Fusarium compared to non-GR or GR cultivars not treated with glyphosate. Microbial groups and
functions affected by glyphosate included Mn transformation and plant availability; phytopathogen—
antagonistic bacterial interactions; and reduction in nodulation. Root-exuded glyphosate may serve
as a nutrient source for fungi and stimulate propagule germination. The specific microbial indicator
groups and processes were sensitive to impacts of GR crops and are part of an evolving framework
in developing polyphasic microbial analyses for complete assessment of GR technology that is more
reliable than single techniques or general microbial assays.

htep://www.sciencedirect.com/science/article/pii/S1161030109000641

Zobiole, L.; Oliveira, R.; Visentainer, J.; Kremer, R.; Bellaloui, N.; Yamada, T. 2010.
Glyphosate affects seed composition in glyphosate-resistant soybean. /. Agric. Food Chem.,
58 (7), 4517-4522.

The cultivation of glyphosate-resistant (GR) soybeans has continuously increased worldwide in
recent years mainly due to the importance of glyphosate in current weed management systems.
However, not much has been done to understand eventual effects of glyphosate application on GR
soybean physiology, especially those related to seed composition with potential effects on human
health. Two experiments were conducted to evaluate the effects of glyphosate application on GR
soybeans compared with its near-isogenic non-GR parental lines. Results of the first experiment
showed that glyphosate application resulted in significant decreases in shoot nutrient concentrations,
photosynthetic parameters, and biomass production. Similar trends were observed for the second
experiment, although glyphosate application significantly altered seed nutrient concentrations and
polyunsaturated fatty acid percentages. Glyphosate resulted in significant decreases in polyunsaturated
linoleic acid (18:2n-6) (2.3% decrease) and linolenic acid (18:3n-3) (9.6% decrease) and a significant
increase in monounsaturated fatty acids 17:1n-7 (30.3% increase) and 18:1n-7 (25% increase).
‘The combined observations of decreased photosynthetic parameters and low nutrient availability in
glyphosate-treated plants may explain potential adverse effects of glyphosate in GR soybeans.

http://www.ncbi.nlm.nih.gov/pubmed/20307082

Zobiole, L.; Bonini, E.; Oliveira, R.; Kremer, R. ; Ferrarese, O. 2010. Glyphosate affects
lignin content and amino acid production in glyphosate-resistant soybean. Acza Physiologiae
Plantarum, 32, 831-837.

Farmers report that some glyphosate-resistant soybean varieties are visually injured by glyphosate.
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Glyphosate is the main herbicide that directly affects the synthesis of secondary compounds. In this
work, we evaluated the effect of increasing rates of glyphosate on lignin and amino acid content,
photosynthetic parameters and dry biomass in the early maturity group cultivar BRS 242 GR
soybean. Plants were grown in half-strength complete nutrient solution and subjected to various rates
of glyphosate either as a single or in sequential applications. All parameters evaluated were affected by
increasing glyphosate rates. The effects were more pronounced as glyphosate rates increased, and were
more intense with a single total application than sequential applications at lower rates.

heep://link.springer.com/article/10.1007%2Fs11738-010-0467-0

Zobiole, L.; Oliveira, R.; Kremer, R.; Constantin, J.; Yamada, T.; Castro, C.; Oliveira, E;
Oliveira, A.; 2010. Effect of glyphosate on symbiotic N2 fixation and nickel concentration
in glyphosate-resistant soybeans. Applied Soil Ecology, 44: 176-180.

Decreased biological nitrogen fixation in glyphosate-resistant (GR) soybeans has been attributed
directly to toxicity of glyphosate or its metabolites, to N2-fixing microorganisms. As a strong
metal chelator, glyphosate could influence symbiotic N2 fixation by lowering the concentration
of nickel (Ni) that is essential for the symbiotic microorganisms. Evaluation of different cultivars
grown on different soil types at the State University of Maringa” , PR, Brazil during the summer
2008 revealed, significant decreases in photosynthetic parameters (chlorophyll, photosynthetic
rate, transpiration and stomatal conductance) and nickel content with glyphosate use (single or
sequential application). This work demonstrated that glyphosate can influence the symbiotic N2
fixation by lowering nickel content available to the symbiotic microorganisms.

Full article available at https://naldc.nal.usda.gov/download/39648/

Zobiole, L.; Kremer, R.; Oliveira, R.; Constantin, J. 2011. Glyphosate affects micro-
organisms in rhizospheres of glyphosate-resistant soybeans. Journal of Applied Microbiology,
110: 118-127.

Aims: Glyphosate-resistant (GR) soybean production increases each year because of the efficacy
of glyphosate for weed management. A new or ‘second’ generation of GR soybean (GR2) is now
commercially available for farmers that is being promoted as higher yielding relative to the previous,
‘first generation’ (GR1) cultivars. Recent reports show that glyphosate affects the biology and ecology
of rhizosphere micro-organisms in GR soybean that affect yield. The objective of this research was
to evaluate the microbiological interactions in the rhizospheres of GR2 and GR1 soybean and the
performance of the cultivars with different rates of glyphosate applied at different growth stages.
Methods and Results: A greenhouse study was conducted using GR1 and GR2 soybean cultivars
grown in a silt loam soil. Glyphosate was applied at V2, V4 and V6 growth stages at three rates.
Plants harvested at R1 growth stage had high root colonization by Fusarium spp.; reduced
rhizosphere fluorescent pseudomonads, Mn-reducing bacteria, and indoleacetic acid—producing
rhizobacteria; and reduced shoot and root biomass.

Conclusions: Glyphosate applied to GR soybean, regardless of cultivar, negatively impacts the
complex interactions of microbial groups, biochemical activity and root growth that can have
subsequent detrimental effects on plant growth and productivity.

Significance and Impact of the Study: The information presented here will be crucial in developing
strategies to overcome the potential detrimental effects of glyphosate in GR cropping systems.

Full article available at http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2672.2010.04864.x/full
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3.2.2 Agronomic damages in adjacent and/or subsequent
crops

Studies show that, due to the drift, in the form of airborne microdrops
and/or due to their transportation in superficial waters or, further, by
means of their accumulation in the soil (affecting the rhizosphere and
mycorrhizas), the glyphosate, 2,4-D, dicamba and other herbicides
may cause relevant agronomic damages both for the culture where
they are applied and also in subsequent or adjacent crops.

Eker, S.; Ozturk, L.; Yazici, A.; Erenoglu, B.; Romheld, V.; Cakmak, I. 2006. Foliar-applied
glyphosate substantially reduced uptake and transport of iron and manganese in sunflower

(Helianthus annuus L.) plants. J. Agric. Food Chem., 54 (26). pp 10019-10025.

Evidence clearly shows that cationic micronutrients in spray solutions reduce the herbicidal
effectiveness of glyphosate for weed control due to the formation of metal-glyphosate complexes.
The formation of these glyphosate-metal complexes in plant tissue may also impair micronutrient
nutrition of nontarget plants when exposed to glyphosate drift or glyphosate residues in soil. In the
present study, the effects of simulated glyphosate drift on plant growth and uptake, translocation, and
accumulation (tissue concentration) of iron (Fe), manganese (Mn), zinc (Zn), and copper (Cu) were
investigated in sunflower (Helianthus annuus L.) plants grown in nutrient solution under controlled
environmental conditions. Glyphosate was sprayed on plant shoots at different rates between 1.25
and 6.0% of the recommended dosage (i.e., 0.39 and 1.89 mM glyphosate isopropylamine salt).
Glyphosate applications significantly decreased root and shoot dry matter production and chlorophyll
concentrations of young leaves and shoot tips. The basal parts of the youngest leaves and shoot tips were
severely chlorotic. These effects became apparent within 48 h after the glyphosate spray. Glyphosate
also caused substantial decreases in leaf concentration of Fe and Mn while the concentration of Zn and
Cu was less affected. In short-term uptake experiments with radiolabeled Fe (59Fe), Mn (54Mn), and
Zn (65Zn), root uptake of 59Fe and 54Mn was significantly reduced in 12 and 24 h after application
of 6% of the recommended dosage of glyphosate, respectively. Glyphosate resulted in almost complete
inhibition of root-to-shoot translocation of 59Fe within 12 h and 54Mn within 24 h after application.
These results suggest that glyphosate residues or drift may result in severe impairments in Fe and
Mn nutrition of nontarget plants, possibly due to the formation of poorly soluble glyphosate-metal
complexes in plant tissues and/or rhizosphere interactions.

http://www.ncbi.nlm.nih.gov/pubmed/17177536

Cakmak I, Yazici A., Tutus Y., Ozturk L. (2009) Glyphosate reduced seed and leaf
concentrations of calcium, manganese, magnesium, and iron in non-glyphosate resistant

soybean. Eur [ Agron, 31(3):114-9.

Greenhouse experiments were conducted to study the effects of glyphosate drift on plant growth and
concentrations of mineral nutrients in leaves and seeds of non-glyphosate resistant soybean plants
(Glycine max, L.). Glyphosate was sprayed on plant shoots at increasing rates between 0.06 and 1.2%
of the recommended application rate for weed control. In an experiment with 3-week-old plants,
increasing application of glyphosate on shoots significantly reduced chlorophyll concentration of the
young leaves and shoots dry weight, particularly the young parts of plants. Concentration of shikimate
due to increasing glyphosate rates was nearly 2-fold for older leaves and 16-fold for younger leaves
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compared to the control plants without glyphosate spray. Among the mineral nutrients analyzed,
the leaf concentrations of potassium (K), phosphorus (P), copper (Cu) and zinc (Zn) were not
affected, or even increased significantly in case of P and Cu in young leaves by glyphosate, while the
concentrations of calcium (Ca), manganese (Mn) and magnesium (Mg) were reduced, particularly in
young leaves. In the case of Fe, leaf concentrations showed a tendency to be reduced by glyphosate.
In the second experiment harvested at the grain maturation, glyphosate application did not reduce
the seed concentrations of nitrogen (N), K, P, Zn and Cu. Even, at the highest application rate of
glyphosate, seed concentrations of N, K, Zn and Cu were increased by glyphosate. By contrast, the
seed concentrations of Ca, Mg, Fe and Mn were significantly reduced by glyphosate. These results
suggested that glyphosate may interfere with uptake and retranslocation of Ca, Mg, Fe and Mn, most
probably by binding and thus immobilizing them. The decreases in seed concentration of Fe, Mn, Ca
and Mg by glyphosate are very specific, and may affect seed quality.

htep://www.sciencedirect.com/science/article/pii/S1161030109000665

Egan, J.; Barlow, K.; Mortensen, D. 2014. A Meta-Analysis on the Effects of 2,4-D and
Dicamba Drift on Soybean and Cotton. Weed Science, 62(1):193-206. 2014.

Commercial introduction of cultivars of soybean and cotton genetically modified with resistance
to the synthetic auxin herbicides dicamba and 2,4-D will allow these compounds to be used with
greater flexibility but may expose susceptible soybean and cotton cultivars to nontarget herbicide
drift. From past experience, it is well known that soybean and cotton are both highly sensitive
to low-dose exposures of dicamba and 2,4-D. In this study, a meta-analysis approach was used
to synthesize data from over seven decades of simulated drift experiments in which investigators
treated soybean and cotton with low doses of dicamba and 2,4-D and measured the resulting yields.
These data were used to produce global dose—response curves for each crop and herbicide, with crop
yield plotted against herbicide dose. The meta-analysis showed that soybean is more susceptible
to dicamba in the flowering stage and relatively tolerant to 2,4-D at all growth stages. Conversely,
cotton is tolerant to dicamba but extremely sensitive to 2,4-D, especially in the vegetative and
preflowering squaring stages. Both crops are highly variable in their responses to synthetic auxin
herbicide exposure, with soil moisture and air temperature at the time of exposure identified as
key factors. Visual injury symptoms, especially during vegetative stages, are not predictive of final
yield loss. Global dose—response curves generated by this meta-analysis can inform guidelines for
herbicide applications and provide producers and agricultural professionals with a benchmark of
the mean and range of crop yield loss that can be expected from drift or other nontarget exposures
to 2,4-D or dicamba.

http://www.bioone.org/doi/abs/10.1614/WS-D-13-00025.1

Carvalho, E; Souza, B.; Franga, A.; Ferreira, E.; Franco, M.; Kasuya, M.; Ferreira,
E 2014. Glyphosate drift affects arbuscular mycorrhizal association in coffee. Planta
daninba, vol.32 n° 4, Vicosa.

Mycorrhizal association promotes better survival and nutrition of colonized seedling on field, and
consequently, increasing of productivity. However, the weed management can interfere on this
association, due to incorrect use of glyphosate. This work has assessed the effects of glyphosate drift
on the growth and nutrition of arabica coffee plants (Catuai Vermelho - IAC 99) colonized with
arbuscular mycorrhizal fungi (AMF). The experiment was conducted in 2 x 5 factorial scheme, and
included inoculated and non-inoculated plants, and five glyphosate subdoses (0.0, 57.6, 115.2,
230.4, and 460.8 g ha! of glyphosate), in randomized blocks with five replication. The inoculation
was carried during the greenhouse phase of seedlings production with a mixture of Rhizophagus
clarus and Gigaspora margarita, and after to transplanting, when the plants had seven pairs of leaves,
glyphosate subdoses were applied. The product caused intoxication in up to 60% of non-inoculated
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and 45% on inoculated plants, when the highest dose of 460.8 g a.e. ha' was applied. A negative
effect was noted on the growth and phosphorus content of coffee plants, this effect increased
depending on glyphosate subdose, but regardless of inoculation. Glyphosate drift reduces the
growth and nutrition of plants colonized by species of AMF and native fungi, negatively affecting
root colonization of plants treated.

Full article available at http://www.scielo.br/pdf/pd/v32n4/13.pdf

3.3 Transgenic dissemination in the agricultural
system: when technology is a pest’’

In some cases, the transgene inserted into the GMP when
introgressed in genetically related species and considered pests (or
weedy”®), may provide an adaptive advantage to it, generating severe
management problems. In fact, the weeds supposedly controlled by
the herbicide the HT plant is tolerant to survive to the treatment,
making the technology unfeasible. In addition, succession of
maize, soy and RR cotton crops, seed which have fallen in a
harvest may germinate in parallel with the new planting, creating
control difficulties as they will also be resistant to glyphosates or to
herbicides involved with that and with other technologies (as the
case of glufosinate, in Liberty Link crops).

The articles listed below illustrate the mechanisms responsible
for agronomic problems resulting from the transfer of resistance
transgene, from the intended crops to some ruderal species intended
to be controlled.

Hall, L.; Topinka, K.; Huffman, J.; Davis, L.; Good, A. 2000. Pollen flow between
herbicide-resistant Brassica napus is the cause of multiple-resistant B-napus volunteers.

Weed Science, 48: 688-694.

37 It should be noted that part shares a common theme with item 3.2 of part 3 with respect to escape of
transgenes in genetically, closely related and wild species. Sometimes the distinction between these wild / natural
populations and those ruderal / adventitious is ambiguous, particularly in case of feral populations that are just
populations of domesticated plants in renaturation process.

38  The ruderal expression employed throughout this publication is to the effect proposed by Schneider (2007)
(Schneider, A. A. A flora naturalizada no estado do Rio Grande do Sul, Brasil: herbdceas subespontineas. Biociéncias,
Porto Alegre, v. 15, n° 2, p. 257-268, jul. 2007) and relates to plant species that grow without cultivation and
without human care, encompassing both native and naturalized species. Unlike the term “harmful”, ruderal has no
value judgment and rejects the false premise that any plant other than the object culture would be harmful, which
is not true of the natural systems that have diversity as an essential inherent element to the homeostasis.
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A field in which Brassica napus volunteers were not controlled by several applications of glyphosate
was investigated in 1998. This field had been planted with glufosinateresistant and imidazolinone-
resistant B. napus in 1997 and was adjacent to a field that had grown glyphosate-resistant B. napus.
Mature volunteer B. napus were collected on a 50- by 100-m grid in the field. Progeny from 34
volunteers were sprayed with glyphosate at 440 g ae ha_1, and the survivors were sprayed with either
glufosinate or imazethapyr at 400 or 50 g ai ha_1, respectively. Where seed numbers permitted (14
volunteers), seedlings were also sprayed sequentially with glyphosate, glufosinate, and imazethapyr,
at 440 g ac ha_1, 400 g ai ha_1, and 50 g ai ha_1, respectively. In total, 15 volunteers had progeny
that were between 66 and 82% resistant to glyphosate, consistent with the predicted 3:1 resistant :
susceptible ratio. Volunteer B. napus plants with glyphosate-resistant seedlings were most common
close to the putative pollen source; however, a plant with glyphosate-resistant progeny was
collected 500 m from the adjacent field edge. Seedlings from all nine volunteers collected from
the glufosinate-resistant area showed multiple resistance to glyphosate and glufosinate, whereas
seedlings from 10 of 20 volunteers collected from the imidazolinone-resistant area showed resistance
to imazethapyr and glyphosate. DNAextraction and restriction fragment length polymorphism
(RFLP) analysis of seedlings confirmed that mature B. napus volunteers were hybrids resulting
from pollen transfer rather than inadvertent sced movement between fields. Two seedlings from
the 924 screened were resistant to all three herbicides. Progeny from these selfpollinated individuals
were resistant to glyphosate and glufosinate at the predicted 3:1 resistant : susceptible ratio and
resistant to imazethapyr at the predicted 15:1 resistant : susceptible ratio. Sequential crossing of
three herbicide-resistant varieties is the most likely explanation for the observed multiple herbicide
resistance. Integrated management techniques, including suitable crop and herbicide rotations,
herbicide mixtures, and nonchemical controls should be used to reduce the incidence and negative
effect of B. napus volunteers with multiple herbicide resistance.

hteps://goo.gl/ZLg3HD

Arnaud, ]J.; Viard, E; Delescluse, M.; Cuguen, J. 2003. Evidence for gene flow via seed
dispersal from crop to wild relatives in Beta vulgaris (Chenopodiaceae): consequences for the
release of genetically modified crop species with weedy lineages. Proc. R. Soc. Lond. B, 270,
1565-1571.

Gene flow and introgression from cultivated to wild plant populations have important
evolutionary and ecological consequences and require detailed investigations for risk assessments
of transgene escape into natural ecosystems. Sugar beets (Beta vulgaris ssp. vulgaris) are of
particular concern because: (i) they are cross-compatible with their wild relatives (the sea beet, B.
vulgaris ssp. maritima); (ii) crop-to-wild gene flow is likely to occur via weedy lineages resulting
from hybridization events and locally infesting fields. Using a chloroplastic marker and a set
of nuclear microsatellite loci, the occurrence of crop-to-wild gene flow was investigated in the
French sugar beet production area within a ‘contact-zone’ in between coastal wild populations
and sugar beet fields. The results did not reveal large pollen dispersal from weed to wild beets.
However, several pieces of evidence clearly show an escape of weedy lineages from fields via
seed flow. Since most studies involving the assessment of transgene escape from crops to wild
outcrossing relatives generally focused only on pollen dispersal, this last result was unexpected: it
points out the key role of a long-lived seed bank and highlights support for transgene escape via
man-mediated long-distance dispersal events.

Full article available at http://www.ncbi.nlm.nih.gov/pmc/articles/ PMC1691408/pdf/12908976.pdf
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Gealy, D.; Mitten, D.; Rutger, J. 2003. Gene flow between red rice (Oryza sativa) and
herbicide-resistant rice (O. sativa)-Implications for weed management. Weed Technology, vol.
17: 627-645.

Red rice has long been a troublesome, conspecific weed of cultivated rice. Rice varieties carrying
certain herbicide-resistant traits acquired through genetic modification (herbicide-resistant
varieties) now offer new options for red rice control. In concert with this innovation is the risk
of gene flow, which can result in the transfer of that specific herbicide resistance to red rice and
thus render this weed control measure ineffective. Gene flow in concept is simple, however, the
parameters that determine the establishment of a new trait in a weed population are complex.
Cross-pollination to make hybrid seed and the subsequent fate of those hybrid families in the
general weed population are some of the biological factors that influence gene flow between
red rice and cultivated rice. Natural outcrossing among rice plants is generally low. Most of the
pollen dispersal studies published to date indicated that rice 3 rice outcrossing rates were less than
1.0%. Numerous reports summarized in this study suggest that outcrossing rates between rice
and red rice can be highly variable but usually are similar to or lower than this level. However,
once hybrids form, they may introgress into a red rice population within only a few generations.
If hybrid seed families are to persist and establish herbicide-resistant red rice populations, they
must successfully compete in the crop-weed complex. The ability to survive a herbicide applied
to a herbicide-resistant rice variety would be a strong selective advantage for these hybrid families.
Thus, the well-established principles of weed resistance management appear to be relevant for
herbicide-resistant crop systems and should be used in combination with practices to minimize
coincident flowering to mitigate the potential impact of gene flow from herbicide-resistant rice
into red rice. For the rice—red rice crop—weed complex, there are both biological factors and
agricultural practices that can work together to preserve these new weed control options.

Full article available at http://naldc.nal.usda.gov/naldc/download.xhtml?id=54993&content=PDF

Messeguer, J.; Marfa, V.; Catala, M.; Guiderdoni, E.; Mel¢, E. 2004. A field study of pollen-
mediated gene flow from Mediterranean GM rice to conventional rice and the red rice weed.

Molecular Breeding, 13 (1), 103- 112.

The objective of this study was to assess the frequency of pollen-mediated gene flow from a
transgenic rice line, harbouring the gusA and the bar genes encoding respectively, _-glucuronidase
and phosphinothricin acetyl transferase as markers, to the red rice weed and conventional rice in the
Spanish japonica cultivar Senia. A circular field trial design was set up to investigate the influence
of the wind on the frequency of pollination of red rice and conventional rice recipient plants with
the transgenic pollen. Frequencies of gene flow based on detection of herbicide resistant, GUS
positive seedlings among seed progenies of recipient plants averaged over all wind directions were
0.036 _ 0.006% and 0.086 _ 0.007 for red rice and conventional rice, respectively. However, for
both red rice and conventional rice, a clear asymmetric distribution was observed with pollination
frequency favoured in plants placed under the local prevailing winds. Southern analyses confirmed
the hemizygous status and the origin of the transgenes in progenies of surviving, GUS positive
plants. Gene flow detected in conventional rice planted at 1, 2, 5 and 10 m distance revealed a
clear decrease with increasing distance which was less dramatic under the prevailing wind direction.
Consequences of these findings for containment of gene flow from transgenic rice crops to the
red rice weed are discussed. The precise determination of the local wind conditions at flowering
time and pollination day time appear to be of primary importance for setting up suitable isolation
distances.

heep://link.springer.com/article/10.1023%2FB%3AMOLB.0000012285.39859.9d
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Légere, A. 2005. Risks and consequences of gene flow from herbicide-resistant crops: canola
(Brassica napus L.) as a case study. Pest Manag. Sci., 61 (3): 292-300.

Data from the literature and recent experiments with herbicide-resistant (HR) canola (Brassica napus
L) repeatedly confirm that genes and transgenes will flow and hybrids will form if certain conditions
are met. These include sympatry with a compatible relative (weedy, wild or crop), synchrony of
flowering, successful fertilization and viable offspring. The chance of these events occurring is real;
however, it is generally low and varies with species and circumstances. Plants of the same species
(non-transgenic or with a different HR transgene) in neighbouring fields may inherit the new HR
gene, potentially generating plants with single and multiple HR. For canola, seed losses at harvest
and secondary dormancy ensures the persistence over time of the HR trait(s) in the seed bank, and
the potential presence of crop volunteers in subsequent crops. Although canola has many wild/weedy
relatives, the risk of gene flow is quite low for most of these species, except with Brassica rapa L.
Introgression of genes and transgenes in B rapa populations occurs with apparently little or no fitness
costs. Consequences of HR canola gene flow for the agro-ecosystem include contamination of seed
lots, potentially more complex and costly control strategy, and limitations in cropping system design.
Consequences for non-agricultural habitats may be minor but appear largely undocumented.

http://www.ncbi.nlm.nih.gov/pubmed/15593291

Zelaya, 1.; Owen, M.; VanGessel, M. 2007. Transfer of glyphosate-resistance: Evidence of
hybridisation in Conyza (Asteraceae). American Journal of Botany, 94: 660-673.

Transfer of herbicide resistance genes between crops and weeds is relatively well documented;
however, far less information exists for weed-to-weed interactions. The hybridization between
the weedy diploids Conyza canadensis (2n % 18) and C. ramosissima (2n ¥4 18) was investigated
by monitoring transmission of the allele conferring resistance to N-phosphonomethyl glycine
(glyphosate). In a multivariate quantitative trait analysis, we described the phylogenic relationship
of the plants, whereas we tested seed viability to assess potential postzygotic reproductive barriers
(PZRB) thus affecting the potential establishment of hybrid populations in the wild. When
inflorescences were allowed to interact freely, approximately 3% of C. ramosissima or C. canadensis
ova were fertilized by pollen of the opposing species and produced viable seeds; > 95% of the ova
were fertilized under no-pollen competition conditions (emasculation). The interspecific Conyza
hybrid (F", ) demonstrated an intermediate phenotype between the parents but superior resistance
to glyphosate compared to the resistant C. canadensis parent. Inheritance of glyphosate resistance
in the selfed F“l (FH2 ) followed the partially dominant nuclear, single-gene model; FH1 backcrosses
confirmed successful introgression of the resistance allele to either parent. Negligible PZRB were
observed in the hybrid progenies, confirming fertility of the C. canadensis 3 C. ramosissima
nothotaxa. The implications of introgressive hybridization for herbicide resistance management and
taxonomy of Conyza are discussed.

Full article available at http://www.amjbot.org/content/94/4/660.long

Song, X.; Liu, L.; Wang, Z.; Qiang, S. 2009. Potential gene flow from transgenic rice (Oryza
sativa L.) to different weedy rice (Oryza sativa f- spontanea) accessions based on reproductive
compatibility. Pest Management Science, vol 65 (8): 862-9.

Background: The possibility of gene flow from transgenic crops to wild relatives may be affected by
reproductive capacity between them. The potential gene flow from two transgenic rice lines containing
the bar gene to five accessions of weedy rice (WR1-WRS5) was determined through examination of
reproductive compatibility under controlled pollination.

Results: The pollen grain germination of two transgenic rice lines on the stigma of all weedy rice,
rice pollen tube growth down the style and entry into the weedy rice ovary were similar to self-
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pollination in weedy rice. However, delayed double fertilisation and embryo abortion in crosses
between WR2 and Y0003 were observed. Seed sets between transgenic rice lines and weedy rice
varied from 8 to 76%. Although repeated pollination increased seed set significantly, the rank of the
seed set between the weedy rice accessions and rice lines was not changed. The germination rates
of F(1) hybrids were similar or greater compared with respective females. All F(1) plants expressed
glufosinate resistance in the presence of glufosinate selection pressure.

Conclusions: The frequency of gene flow between different weedy rice accessions and transgenic
herbicide-resistant rice may differ owing to different reproductive compatibility. This result suggests
that, when wild relatives are selected as experimental materials for assessing the gene flow of
transgenic rice, it is necessary to address the compatibility between transgenic rice and wild relatives.

http://www.ncbi.nlm.nih.gov/pubmed/19418443

Song, X.; Wang. Z.; Qiang, S. 2011. Agronomic performance of F1, F2 and F3 hybrids
between weedy rice and transgenic glufosinate-resistant rice. Pest Management Science,
67(8):921-31. doi: 10.1002/ps.2132. Epub 2011 Mar 2.

Background: Studies of hybrid fitness, of which agronomic performance may be an indicator, can
help in evaluating the potential for introgression of a transgene from a transgenic crop to wild
relatives. The objective of this study was to assess the agronomic performance of reciprocal hybrids
between two transgenic glufosinate-resistant rice lines, Y0003 and 99-t, and two weedy rice
accessions, WR1 and WR2, in the greenhouse.

Results: F1 hybrids displayed heterosis in height, flag leaf area and number of spikelets per panicle.
'The agronomic performance of F1 between WR1 and Y0003 was not affected by crossing direction.
The tiller and panicle numbers of F1 individuals were higher than their F2 counterparts. However,
these traits did not change significantly from the F2 to the F3 generation or in hybrids with weedy
rice as maternal or paternal plants. For all hybrids, the in vitro germination rates of fresh pollen were
similar and significantly lower than those of their parents, seed sets were similar to or of lower value
than those of weedy rice parents and seed shattering characteristics were partially suppressed, but the
survival of hybrids over winter in the field was similar to that of weedy rice parents. All F1, F2 and
F3 hybrids had similar composite agronomic performance to weedy rice parents.

Conclusion: There was no significant decrease in the composite agronomic performance of any of
the hybrids compared with weedy rice. This implies that gene flow from transgenic cultivated rice to
weedy rice could occur under natural conditions.

http://www.ncbi.nlm.nih.gov/pubmed/21370396

In some cases, the transgene transfer into ruderal species considered
as pests (weedy) may result in adaptive advantage of such plants,
even without using the selection agent (the herbicide associated to a
certain HT plant). Thus, the transgene simply “scapes in the nature”,
with consequences that are difficult to predict in term of damages to
the environment in the medium and long term.

Warwick, S.; Legere, A; Simard, M.; James, T. 2008. Do escaped transgenes persist in
nature? The case of a herbicide resistance transgene in a weedy Brassica rapa population.
Molecular Ecol., vol. 17 (5): 1387-95.
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The existence of transgenic hybrids resulting from transgene escape from genetically modified
(GM) crops to wild or weedy relatives is well documented but the fate of the transgene over time in
recipient wild species populations is still relatively unknown. This is the first report of the persistence
and apparent introgression, i.e. stable incorporation of genes from one differentiated gene pool into
another, of an herbicide resistance transgene from Brassica napus into the gene pool of its weedy
relative, Brassica rapa, monitored under natural commercial field conditions. Hybridization between
glyphosate-resistant [herbicide resistance (HR)] B. napus and B. rapa was first observed at two Québec
sites, Ste Agathe and St Henri, in 2001. B. 7apa populations at these two locations were monitored
in 2002, 2003 and 2005 for the presence of hybrids and transgene persistence. Hybrid numbers
decreased over the 3-year period, from 85 out of ~200 plants surveyed in 2002 to only five out of 200
plants in 2005 (St Henri site). Most hybrids had the HR trait, reduced male fertility, intermediate
genome structure, and presence of both species-specific amplified fragment length polymorphism
markers. Both F1 and backcross hybrid generations were detected. One introgressed individual, i.c.
with the HR trait and diploid ploidy level of B. 7apa, was observed in 2005. The latter had reduced
pollen viability but produced ~480 seeds. Forty-eight of the 50 progeny grown from this plant were
diploid with high pollen viability and 22 had the transgene (1:1 segregation). These observations
confirm the persistence of the HR trait over time. Persistence occurred over a 6-year period, in the
absence of herbicide selection pressure (with the exception of possible exposure to glyphosate in 2002),
and in spite of the fitness cost associated with hybridization.

http://www.ncbi.nlm.nih.gov/pubmed/17971090

Dlugosch, K.; Whitton, J.; 2008. Can we stop transgenes from taking a walk on the wild
side? Molecular Ecology, 17(5):1167-9. doi: 10.1111/j.1365-294X.2008.03663.x.

Whether the potential costs associated with broad-scale use of genetically modified organisms
(GMOs) outweigh possible benefits is highly contentious, including within the scientific
community. Even among those generally in favour of commercialization of GM crops, there is
nonetheless broad recognition that transgene escape into the wild should be minimized. But is
it possible to achieve containment of engineered genetic elements in the context of large scale
agricultural production? In a previous study, Warwick et al. (2003) documented transgene escape
via gene flow from herbicide resistant (HR) canola (Brassica napus) into neighbouring weedy
B. rapa populations (Fig. 1) in two agricultural fields in Quebec, Canada. In a follow-up study
in this issue of Molecular Ecology, Warwick et al. (2008) show that the transgene has persisted
and spread within the weedy population in the absence of selection for herbicide resistance.
Certainly a trait like herbicide resistance is expected to spread when selected through the use of
the herbicide, despite potentially negative epistatic effects on fitness. However, Warwick et al.’s
findings suggest that direct selection favouring the transgene is not required for its persistence. So
is there any hope of preventing transgene escape into the wild?

Full article available at http://onlinelibrary.wiley.com/doi/10.1111/j.1365-294X.2008.03663.x/pdf

Wang, w.; Xia, H.; Yang, X.; Xu, T.; Si, H.; Cai, X.; Wang, E; Su, ].; Snow, A.; Lu, B-R. 2013.
A novel 5-enolpyruvoylshikimate-3-phosphate (EPSP) synthase transgene for glyphosate
resistance stimulates growth and fecundity in weedy rice (Oryza sativa) without herbicide.
New Phytologist, doi: 10.1111/nph.12428.

Understanding evolutionary interactions among crops and weeds can facilitate effective weed
management. For example, gene flow from crops to their wild or weedy relatives can lead to rapid
evolution in recipient populations. In rice (Oryza sativa), transgenic herbicide resistance is expected
to spread to conspecific weedy rice (Oryza sativa f. spontanea) via hybridization. Here, we studied
fitness effects of transgenic over-expression of a native 5-enolpyruvoylshikimate-3-phosphate
synthase (epsps) gene developed to confer glyphosate resistance in rice. Controlling for genetic
background, we examined physiological traits and field performance of crop-weed hybrid lineages
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that segregated for the presence or absence of this novel epsps transgene. Surprisingly, we found
that transgenic F2 crop-weed hybrids produced 48-125% more seeds per plant than nontransgenic
controls in monoculture- and mixed-planting designs without glyphosate application. Transgenic
plants also had greater EPSPS protein levels, tryptophan concentrations, photosynthetic rates, and
per cent seed germination compared with nontransgenic controls. Our findings suggest that over-
expression of a native rice epsps gene can lead to fitness advantages, even without exposure to
glyphosate. We hypothesize that over-expressed epsps may be useful to breeders and, if deployed,
could result in fitness benefits in weedy relatives following transgene introgression.

http://www.ncbi.nlm.nih.gov/pubmed/23905647

4 The impossible coexistence

Gene flow through cross fertilization (pollination), dispersion of
seeds or HGT in crops that are subsequent to GM crops represent
natural factors¥, out of the farmer’s and the biotechnology companies’
control, that make impossible the coexistence of GM and non-GM
plants in the fields.

At the same time, whilesome researchers believe in the possibility to
control the biological factors involved in the genetic contamination
(isolation distances, reserve areas, use of GURTs etc.), others state
that in current situation it is impossible to avoid contamination.
Coexistence will always imply a certain level of undesirable gene
flow. In this point there is consensus in the scientific community
concerning the impossibility to guarantee null contamination
in conventional agrifood chains. There are reasons ranging from
biological to elements of the socioeconomic nature associated to the
expansion of the seeds control and to the accumulation of royalties/
patents charging the use of registered technologies.

Devos, Y. ; Reheul, D. ; Schrijver, A. ; Cors, E ; Moens, W. 2004. Management of herbicide-
tolerant oilseed rape in Europe: a case study on minimizing vertical gene flow. Environ

Biosafety Res., 3(3):135-48.

‘The potential commercialization of genetically modified herbicide-tolerant (GMHT) oilseed rape
in Europe raises various concerns about their potemial environmental and agronomic impacts,
especially those associated with the escape of transgenes. Pollen of oilseed rape can be dispersed
in space, resulting in the fertilization of sympatric compatible wild relatives (e.g. Brassica rapa)
and oilseed rape cultivars grown nearby (GM and/or non-GM Brassica napus). The spatial and

39  Check with item 3 of Part 3 for more references on gene flow between non-agricultural related species.
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temporal dispersal of seeds of oilseed rape may lead to feral oilseed rape populations outside the
cropped areas and oilseed rape volunteers in subsequent crops in the rotation. The incorporation
of a HT trait(s) may increase the fitness of the recipient plants, making them more abundant and
persistent, and may result in weeds that are difficult to control by the herbicide(s) to which they
are tolerant. Vertical gene flow from transgenic oilseed rape to non-GM counterparts may also
have an impact on farming and supply chain management, depending on labelling thresholds for
the adventitious presence of GM material in non-GM products. Given the extent of pollen and
seed dispersal in oilseed rape, it is obvious that the safe and sound integration of GMHT oilseed
rape in Europe may require significant on-farm and off-farm management efforts. Crucial practical
measures that can reduce vertical gene flow include (1) isolating seed production of Brassica napus,
(2) the use of certified seed, (3) isolating fields of GM oilseed rape, (4) harvesting at the correct crop
development stage with properly adjusted combine settings, (5) ensuring maximum germination of
shed seeds after harvest, (6) controlling volunteers in subsequent crops, and (7) keeping on-farm
records. The implementation of the recommended practices may, however, be difficult, entailing
various challenges.

http://www.ncbi.nlm.nih.gov/pubmed/15901096

Hofmann, E; Otto, M.; Wosniok, W. 2014. Maize pollen deposition in relation to distance
from the nearest pollen source under common cultivation - results of 10 years of monitoring
(2001 to 2010). Environmental Sciences Europe, 26:24.

Background: Information on pollen dispersal is essential for the risk assessment and management
of genetically modified organisms (GMOs) such as Bt maize. We analyzed data on maize pollen
deposition at 216 sites in Germany, Switzerland, and Belgium from 2001 to 2010. All data were
collected using the same standardized sampling method. The distances between sampling site and
the nearest maize field ranged from within the field to 4.45 km.

Results: Maize pollen deposition was negatively correlated with distance from the nearest pollen
source. The highest pollen deposition was within the field, but depositions of several thousand
pollen grains per square meter were recorded over the kilometer range. A power function model
most accurately described the relationship between deposition and distance from the nearest pollen
source, rather than the exponential model currently used in EU risk assessment and management,
which underestimates exposure for distances greater than 10 m. Regression analysis confirmed
the high significance of the power relationship. The large variation in pollen deposition at a given
distance reflected the influences of wind direction and other meteorological and site conditions.
Plausible variations of single values and the predicted mean pollen count at a given distance were
expressed by confidence intervals.

Conclusions: The model described here allows estimations of pollen deposition in relation to
distance from the nearest field; therefore, it will be valuable for the risk assessment and management
of GMOs. Our results indicate that buffer zones in the kilometer range are required to prevent
harmful exposure of non-target organisms to GMOs.

Full article available at http://www.enveurope.com/content/26/1/24

REV - Price, B.; Cotter, J. 2014. The GM Contamination Register: a review of recorded
contamination incidents associated with genetically modified organisms (GMOs), 1997—
2013. International Journal of Food Contamination, 1:5.

Background: Since large-scale commercial planting of genetically modified (GM) crops began in
1996, a concern has been that non-GM crops may become contaminated by GM crops and that
wild or weedy relatives of GM crops growing outside of cultivated areas could become contaminated.
The GM Contamination Register contains records of GM contamination incidents since 1997 and
forms a unique database. By the end of 2013, 396 incidents across 63 countries had been recorded.
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Results: Analysis of the Register database reveals rice has the highest number of GM contamination
incidents of all crops (accounting for a third of incidents), despite there being no commercial
growing of GM rice anywhere in the world. The majority of these incidents derive from two distinct
cases of contamination of unauthorised GM rice lines, LLRICE from the USA and BTG63 rice
from China. Maize accounts for 25% of GM contamination incidents, whilst soya and oilseed rape
account for approximately 10% of incidents. Although factors such as acreage grown, plant biology,
designation as a food or non food crop and degree of international trading can potentially affect the
frequency and extent of contamination, it is not possible to determine which are dominant. The
Register records a total of nine cases of contamination from unauthorised GM lines, i.e. those at the
research and development stage with no authorisation for commercial cultivation anywhere in the
world. An important conclusion of this work is that GM contamination can occur independently of
commercialisation. Some of these cases, notably papaya in Thailand, maize in Mexico and grass in
USA have continued over a number of years and are ongoing, whilst other contamination cases such
as Bt10 maize and pharmaceutical-producing GM crops occur only with a single year. The route(s)
of contamination are often unclear.

Conclusions: The detection of GMO contamination is dependent on both routine and targeted
monitoring regimes, which appears to be inconsistent from country to country, even within the
EU. The lack of an analytical methodology for the detection of GM crops at the field trial stage (i.e.
pre-commercialisation) can hamper efforts to detect any contamination arising from such GM lines.

Full article available at http://link.springer.com/article/10.1186%2Fs40550-014-0005-8

4.1 Pollen mediated contamination of non-GM
cultures

Depending on the species, the climate conditions and the mosaic
of the considered crops, gene flow through pollination may occur
between individuals separated by great distances. Each species will
present its particularities concerning the potential to contaminate
through cross fertilization. However, the history of contaminations
over the world shows that no conventional variety having transgenic
equivalents will be protected against gene flow through pollination.
In addition, there are other factors related to the human behavior
which increase the risks of contamination.

Rieger, M.; Lamond, M.; Preston, C.; Powles, S.; Roush, R. 2002. Pollen-mediated
movement of herbicide resistance between commercial canola fields. Science, 296 (5577):

2386-2388.

‘There is considerable public and scientific debate for and against genetically modified (GM) crops.
One of the first GM crops, Brassica napus (oilseed rape or canola) is now widely grown in North
America, with proposed commercial release into Australia and Europe. Among concerns of opponents
to these crops are claims that pollen movement will cause unacceptable levels of gene flow from GM
to non-GM crops or to related weedy species, resulting in genetic pollution of the environment.
‘Therefore, quantifying pollen-mediated gene flow is vital for assessing the environmental impact of
GM crops. This study quantifies at a landscape level the gene flow that occurs from herbicide-resistant
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canola crops to nearby crops not containing herbicide resistance genes.

Full article available at http://www.sciencemag.org/content/296/5577/2386.long

Watrud, L.; Lee, E.; Fairbrother, A.; Burdick, C.; Reichman, J.; Bollman, M.; Storm, M.;
King, G.; Van de Water, P 2004. Evidence for landscape-level, pollen-mediated gene flow
from genetically modified creeping bentgrass with CP4 EPSPS as a marker. PNAS, vol. 101
(40). 14533-14538.

Sampling methods and results of a gene flow study are described that will be of interest to plant
scientists, evolutionary biologists, ecologists, and stakeholders assessing the environmental safety
of transgenic crops. This study documents gene flow on a landscape level from creeping bentgrass
(Agrostis stolonifera L.), one of the first wind-pollinated, perennial, and highly outcrossing transgenic
crops being developed for commercial use. Most of the gene flow occurred within 2 km in the
direction of prevailing winds. The maximal gene flow distances observed were 21 km and 14 km in
sentinel and resident plants, respectively, that were located in primarily nonagronomic habitats. The
selectable marker used in these studies was the CP4 EPSPS gene derived from Agrobacterium spp.
strain CP4 that encodes 5-enol-pyruvylshikimate-3-phosphate synthase and confers resistance to
glyphosate herbicide. Evidence for gene flow to 75 of 138 sentinel plants of A. stoloniféra and to 29
of 69 resident Agrostis plants was based on seedling progeny survival after spraying with glyphosate
in greenhouse assays and positive TraitChek, PCR, and sequencing results. Additional studies are
needed to determine whether introgression will occur and whether it will affect the ecological
fitness of progeny or the structure of plant communities in which transgenic progeny may become

established.

Full article available at http://www.pnas.org/content/101/40/14533.long

Galeano, P; Debat, C.; Ruibal, E; Fraguas, L.; Galvdn, G. 2010. Cross-fertilization between
genetically modified and nongenetically modified maize crops in Uruguay. Env. Biosafety
Res., vol 9 (3): 147-154.

'The cultivation of transgenic (GM) Bt maize (events Mon810 and Btl1) is permitted in Uruguay.
Local regulations ensures that 10% of the crop should be a non-GM cultivar as reservation area
for biodiversity, and the distance from other non-GM maize crops should be more than 250 m in
order to avoid cross-pollination. However, the degree of cross-pollination between maize crops in
Uruguay is unknown. The level of contamination with Bt is a relevant issue for organic farming,
in-situ conservation of genetic resources, and seed production. In this research the occurrence and
frequency of cross-pollination between commercial GM and non-GM maize crops in Uruguay was
assessed. The methodology comprised field sampling and detection using DAS-ELISA and PCR. Five
field-pair situations of GM and non-GM nearly grown with potential risk of pollen contamination
were identified, regarding the distance between crops and similarity between sowing dates. Among
these five situations, Bt contamination was found in three cases. The detected transgenic events
were coincident with the event in each potential source of contamination. Frequencies of transgenic
events in the offspring of non-GM crops were estimated as 1/60, 1/40 and 1/255 for three field
situations with distances of respectively 40, 100 and 330 m from the source of contamination. This
is a first indication that GM contamination may frequently occur in Uruguay if isolation by distance
and/or time is not provided. These findings contribute to evaluate the applicability of regulated
co-existence policy.

http://www.ncbi.nlm.nih.gov/pubmed/21975255

170



Part 2 - Agronomic issues related to the transgenic plants growth

4.2 Transgene dissemination through feral
populations

Depending on the species, the escape of transgenes in populations
of ruderal plants associated to commercial transgenic crops (or
adjacent to them) occurs - and presents the probability to remain
in time - in variable degrees. But when this occurs, and beyond the
environmental thus generated, such populations become reservoirs
of transgenes which may increase their dissemination, whether by
means of pollen or seeds. This reaches even conventional crops
relatively isolated — generating coexistence and relationship problems
between neighbors.

Ellstrand, N. 2001. When transgenes wander, should we worry? Plant Physiol., 125:1543-1545.

Without summary.

Full article available at http://www.plantphysiol.org/content/125/4/1543.full. pdf+html

Simard, M.; Legere, A.; Warwick, S. 2006. Transgenic Brassica napus fields and Brassica rapa
weeds in Quebec sympatry and weed-crop in situ hybridization. Canadian Journal of Botany,
84:1842-1851.

Hybridization between the herbicide-resistant transgenic crop Brassica napus L. (canola) and
its weedy relative Brassica rapa L. (bird rape) has been documented in Quebec. Our goal was to
evaluate the actual hybridization potential based on range overlap and actual in situ hybridization
rates. This was done by mapping B. napus canola fields, comparing them with the sampling
locations of B. rapa herbarium specimens from Quebec, gathering information on the presence
of B. rapa in certified canola seed production fields, and surveying for B. rapa populations
located in, or close to B. napus field margins. Progeny from these populations were screened for
herbicide resistance (HR) and for the presence of the HR transgene. Two fields were also selected
to evaluate B. rapa density effects on hybridization rates. Significant sympatry was observed in
several areas of the province; hybridization occurred in all eight populations (1.1% to 17.5% hybrid
seed) located in field margins and in one (1.1%) out of three populations located less than 10 m
from a B. napus field. Hybridization rates decreased exponentially as B. rapa density increased, but
interplant rates (0% to 68%) were highly variable. Environmental problems could be generated by
the release of B. napus crops with traits conferring fitness benefits in nonmanaged areas.

http://www.nrcresearchpress.com/doi/abs/10.1139/b06-135#.VM]340d W8

Knispel, A.; McLachlan, S;; Van Acker, R; Friesen, L. 2008. Gene flow and multiple
herbicide resistance in escaped canola populations. WeedScience, 56, 72-80.
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Gene flow among herbicide-resistant (HR) canola varieties can lead to the development of multiple
HR canola plants, creating volunteer canola management challenges for producers. In western
Canada, escaped populations of HR canola are ubiquitous outside of cultivated fields, yet the extent
of gene flow resulting in herbicide resistance trait stacking in individuals within these populations
remains unknown. The objectives of this study were to document the presence of single and multiple
herbicide resistance traits and assess the extent of gene flow within escaped canola populations. Seed
was collected from 16 escaped canola populations along the verges of fields and roadways in four
agricultural regions in southern Manitoba from 2004 to 2006. Glyphosate resistance was found in
14 (88%) of these populations, glufosinate resistance in 13 (81%) populations, and imidazolinone
resistance in five (31%) populations. Multiple herbicide resistance was observed at levels consistent
with previously published canola outcrossing rates in 10 (62%) of the tested populations. In 2005
and 2006, maternal plants from two escaped populations were tested using trait indicator test strips
for glyphosate and glufosinate resistance to confirm outcrossing events. In 2005, two of 13 tested
maternal plants with single herbicide resistance traits produced progeny with both glyphosate and
glufosinate resistance. In 2006, of 21 tested plants, 10 single HR maternal plants produced multiple
HR progeny, and five nonresistant maternal plants produced resistant offspring. This is the first report
indicating that intraspecific gene flow results in stacking of herbicide resistance traits in individuals
within escaped canola populations, confirming that multiple HR canola volunteers are not confined to
agricultural fields. Results of this study suggest that escaped populations of crop plants can contribute
to the spread of genetically engineered novel traits, which has important implications for containment,
especially for highly controversial pharmaceutical and industrial traits in crop plants.

http://www.bioone.org/doi/abs/10.1614/WS-07-097.12journal Code=wees

Knispel A.; McLachlan, S. 2010. Landscape-scale distribution and persistence of genetically
modified oilseed rape (Brassica napus) in Manitoba, Canada. Environ Sci Pollur Res Int.,
17(1):13-25. doi: 10.1007/s11356-009-0219-0.

Background, Aim and Scope: Genetically modified herbicide-tolerant (GMHT) oilseed rape (OSR;
Brassica napus L.) was approved for commercial cultivation in Canada in 1995 and currently
represents over 95% of the OSR grown in western Canada. After a decade of widespread cultivation,
GMHT volunteers represent an increasing management problem in cultivated fields and are
ubiquitous in adjacent ruderal habitats, where they contribute to the spread of transgenes. However,
few studies have considered escaped GMHT OSR populations in North America, and even fewer
have been conducted at large spatial scales (i.e. landscape scales). In particular, the contribution of
landscape structure and large-scale anthropogenic dispersal processes to the persistence and spread
of escaped GMHT OSR remains poorly understood. We conducted a multi-year survey of the
landscape-scale distribution of escaped OSR plants adjacent to roads and cultivated fields. Our
objective was to examine the long-term dynamics of escaped OSR at large spatial scales and to assess
the relative importance of landscape and localised factors to the persistence and spread of these
plants outside of cultivation.

Materials and Methods: From 2005 to 2007, we surveyed escaped OSR plants along roadsides and
field edges at 12 locations in three agricultural landscapes in southern Manitoba where GMHT OSR is
widely grown. Data were analysed to examine temporal changes at large spatial scales and to determine
factors affecting the distribution of escaped OSR plants in roadside and field edge habitats within
agricultural landscapes. Additionally, we assessed the potential for seed dispersal between escaped
populations by comparing the relative spatial distribution of roadside and field edge OSR.

Results: Densities of escaped OSR fluctuated over space and time in both roadside and field edge
habitats, though the proportion of GMHT plants was high (93-100%). Escaped OSR was positively
affected by agricultural landscape (indicative of cropping intensity) and by the presence of an
adjacent field planted to OSR. Within roadside habitats, escaped OSR was also strongly associated
with large-scale variables, including road surface (indicative of traffic intensity) and distance to the
nearest grain elevator. Conversely, within field edges, OSR density was affected by localised crop
management practices such as mowing, soil disturbance and herbicide application. Despite the
proximity of roadsides and field edges, there was little evidence of spatial aggregation among escaped
OSR populations in these two habitats, especially at very fine spatial scales (i.e. <100 m), suggesting
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that natural propagule exchange is infrequent.

Discussion: Escaped OSR populations were persistent at large spatial and temporal scales, and low
density in a given landscape or year was not indicative of overall extinction. As a result of ongoing
cultivation and transport of OSR crops, escaped GMHT traits will likely remain predominant in
agricultural landscapes. While escaped OSR in field edge habitats generally results from local seeding
and management activities occurring at the field-scale, distribution patterns within roadside habitats
are determined in large part by seed transport occurring at the landscape scale and at even larger
regional scales. Our findings suggest that these large-scale anthropogenic dispersal processes are
sufficient to enable persistence despite limited natural seed dispersal. This widespread dispersal is likely
to undermine field-scale management practices aimed at eliminating escaped and in-field GMHT
OSR populations.

Conclusions: Agricultural transport and landscape-scale cropping patterns are important
determinants of the distribution of escaped GM crops. At the regional level, these factors ensure
ongoing establishment and spread of escaped GMHT OSR despite limited local seed dispersal.
Escaped populations thus play an important role in the spread of transgenes and have substantial
implications for the coexistence of GM and non-GM production systems.

Recommendations and Perspectives: Given the large-scale factors driving the spread of escaped
transgenes, localised co-existence measures may be impracticable where they are not commensurate
with regional dispersal mechanisms. To be effective, strategies aimed at reducing contamination
from GM crops should be multi-scale in approach and be developed and implemented at both farm
and landscape levels of organisation. Multiple stakeholders should thus be consulted, including
both GM and non-GM farmers, as well as seed developers, processors, transporters and suppliers.
Decisions to adopt GM crops require thoughtful and inclusive consideration of the risks and
responsibilities inherent in this new technology.

http://www.ncbi.nlm.nih.gov/pubmed/19588180

Heuberger, S.; Ellers-Kirk, C.; Tabashnik, B.; Carriére, Y. 2010. Pollen- and Seed-Mediated
Transgene Flow in Commercial Cotton Seed Production Fields. PLOS ONE, 5(11): ¢14128.

Background: Characterizing the spatial patterns of gene flow from transgenic crops is challenging,
making it difficult to design containment strategies for markets that regulate the adventitious
presence of transgenes. Insecticidal Bacillus thuringiensis (Bt) cotton is planted on millions of
hectares annually and is a potential source of transgene flow.

Methodology/Principal Findings: Here we monitored 15 non-Bt cotton (Gossypium hirsutum, L.)
seed production fields (some transgenic for herbicide resistance, some not) for gene flow of the Bt
cotton crylAc transgene. We investigated seed-mediated gene flow, which yields adventitious Bt
cotton plants, and pollen-mediated gene flow, which generates outcrossed seeds. A spatially-explicit
statistical analysis was used to quantify the effects of nearby Bt and non-Bt cotton fields at various
spatial scales, along with the effects of pollinator abundance and adventitious Bt plants in fields, on
pollen-mediated gene flow. Adventitious Bt cotton plants, resulting from seed bags and planting
error, comprised over 15% of plants sampled from the edges of three seed production fields. In
contrast, pollen-mediated gene flow affected less than 1% of the seed sampled from field edges.
Variation in outcrossing was better explained by the area of Bt cotton fields within 750 m of the
seed production fields than by the area of Bt cotton within larger or smaller spatial scales. Variation
in outcrossing was also positively associated with the abundance of honey bees.
Conclusions/Significance: A comparison of statistical methods showed that our spatially-explicit
analysis was more powerful for understanding the effects of surrounding fields than customary
models based on distance. Given the low rates of pollen-mediated gene flow observed in this study,
we conclude that careful planting and screening of seeds could be more important than field spacing
for limiting gene flow.

Full article available at hteps://goo.gl/311cTH
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Park, K; Lee, B.; Kim, C.; Kim, D.; Park, ].; Ko, E.; Jeong, S.; Choi, K.; Yoon, W.; Kim, H.
2010. Monitoring the occurrence of genetically modified maize at a grain receiving port and
along transportation routes in the Republic of Korea. Food Control, 21(4): 456-461.

'The cultivation area of genetically modified (GM) crops is increasing all over the world. Though no
land in the Republic of Korea is currently used for the cultivation of GM crops, GM crop imports
for food and foraging purposes are continuously increasing. This may promote the unintentional
escape of GM crops. This study was conducted to investigate whether imported GM maize is
released into our environment during the transportation of grain in the Republic of Korea. Based
on PCR analysis, most of the maize grains in the forage products were GM, and about 50% of
the grains were germinated. Monitoring was conducted in two major grain receiving ports, 15
feed manufacturing plants, and 14 livestock barns in five provinces of the Republic of Korea from
July to September 2007. We found many spilled maize grains around open storage areas of ports
and along truck transportation routes near feed manufacturing plants. Established maize plants
were not found at or around Incheon port. However, we found 18 established maize plants at
the Gunsan port, 15 of which were GM. We also found eight GM maize plants around four feed
manufacturing plants and in two livestock barns. Based on the event-specific PCR analysis, three
maize events (NK603, Mon810, and TC1507) were identified. Though several GM maize plants
were found around the port and feed manufacturing plants, most of these facilities were located
inside the industrial park and were far from cultivated fields, likely rendering the impact of these
GM maize on the natural environments negligible. However, most of the livestock barns were close
to cultivated areas. Moreover, maize plants were cultivated for food or feed near some livestock
barns. This practice may facilitate gene flow from GM maize to non-GM maize plants. Therefore,
continuous monitoring is necessary to detect the occurrence of GM maize, and appropriate action
should be taken to prevent genetic admixture in our environment.

hteps://goo.gl/9QCKYj

Schafer, M.; Ross, A.; Londo, J.; Burdick, C.; Lee, E.; et /. 2011. The Establishment of
Genetically Engineered Canola Populations in the U.S. PLOS ONE, 6(10): e25736.
doi:10.1371/journal.pone.0025736.

Concerns regarding the commercial release of genetically engineered (GE) crops include
naturalization, introgression to sexually compatible relatives and the transfer of beneficial traits to
native and weedy species through hybridization. To date there have been few documented reports
of escape leading some researchers to question the environmental risks of biotech products. In this
study we conducted a systematic roadside survey of canola (Brassica napus) populations growing
outside of cultivation in North Dakota, USA, the dominant canola growing region in the U.S. We
document the presence of two escaped, transgenic genotypes, as well as non-GE canola, and provide
evidence of novel combinations of transgenic forms in the wild. Our results demonstrate that feral
populations are large and widespread. Moreover, flowering times of escaped populations, as well as
the fertile condition of the majority of collections suggest that these populations are established and
persistent outside of cultivation.

Full article available at https://goo.gl/I.xGeR7

Schoenenberger, N.; D’Andrea, L. 2012. Surveying the occurrence of subspontancous
glyphosate tolerant genetically engineered Brassica napus L. (Brassicaceae) along Swiss
railways. Environmental Sciences Europe, 24:23.

Background: Railway tracks represent a highly interlinked habitat with numerous possibilities for
accidental entry of oilseed rape due to seed spill during transportation. Moreover, glyphosate is
regularly employed to control the vegetation, increasing the possibility of establishment for plants
resistant to it. We surveyed the presence of genetically engineered glyphosate tolerant oilseed rape
(Brassica napus) with a focus on the most important Swiss railway stations. Our objective was
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to detect accidental establishment of transgenic plants, since Switzerland does not import nor
cultivate transgenic oilseed rape.

Results: Seventy-nine railway areas were sampled in Switzerland and the Principality of
Liechtenstein, and the feral presence of oilseed rape was detected in 58 of them. A total of 2403
individuals were tested for genetic modification using commercially available immunologic test
kits. In four localities, one located in Lugano and three in the area of Basel, a total of 50 plants
expressing the CP4 EPSPS protein were detected. In two of the localities, survival of herbicide
applications was observed. The populations were probably introduced through contaminated seed
spills from freight trains, or during the transfer of goods from cargo ships to trains.

Conclusions: Railways represent an ideal system for herbicide resistant transgenic plants to establish
and spread as a result of high selective pressure in favour of herbicide resistance with consequent
increased difficulties to keep the infrastructure free of weeds. Crop-to-wild gene flow can occur
as several sexually compatible species which are congeneric or in allied genera to oilseed rape
were found growing sympatrically. Moreover, the capillary presence of railways in the agricultural
landscape provides a putative source of contamination of GE-free agriculture. Our results suggests
that carefully adapted monitoring designs may be set in order to detect introduction events that can
lead to rapid establishment and growing populations as the accepted contamination thresholds are
likely to be biologically insufficient to prevent further environmental contamination.

Full article available at http://www.enveurope.com/content/24/1/23

Waminal, N. ; Ryu, K. ; Choi, S.; Kim, H. 2013. Randomly detected genetically modified
(GM) maize (Zea mays L.) near a transport route revealed a fragile 455 rDNA phenotype.
PLOS ONE, 8(9):¢74060. doi: 10.1371/journal.pone.0074060. eCollection 2013.

Monitoring of genetically modified (GM) crops has been emphasized to prevent their potential
effects on the environment and human health. Monitoring of the inadvertent dispersal of
transgenic maize in several fields and transport routes in Korea was carried out by qualitative
multiplex PCR, and molecular analyses were conducted to identify the events of the collected
GM maize. Cytogenetic investigations through fluorescence in situ hybridization (FISH) of
the GM maize were performed to check for possible changes in the 45S rDNA cluster because
this cluster was reported to be sensitive to replication and transcription stress. Three GM maize
kernels were collected from a transport route near Incheon port, Korea, and each was found
to contain NK603, stacked MON863 x NK603, and stacked NK603 x MONS810 inserts,
respectively. Cytogenetic analysis of the GM maize containing the stacked NK603 x MON810
insert revealed two normal compact 55 rDNA signals, but the 455 rDNA showed a fragile
phenotype, demonstrating a “beads-on-a-string” fragmentation pattern, which seems to be a
consequence of genetic modification. Implications of the 455 rDNA cluster fragility in GM
maize are also discussed.

Full article available at http://www.ncbi.nlm.nih.gov/pmc/articles/ PMC3767626/

Schulze, J.; Frauenknecht, T; Brodmann, P; Bagutti, C. 2014. Unexpected diversity of
feral genetically modified oilseed rape (Brassica napus L.) despite a cultivation and import
ban in Switzerland. PLOS ONE, 9(12): e114477.

Despite cultivation and seed import bans of genetically modified (GM) oilseed rape (Brassica
napus L.), feral GM plants were found growing along railway lines and in port areas at four sites
in Switzerland in 2011 and 2012. All GM plants were identified as glyphosate-resistant GM event
GT73 (Roundup Ready, Monsanto). The most affected sites were the Rhine port of Basel and the
St. Johann freight railway station in Basel. To assess the distribution and intra- and interspecific
outcrossing of GM oilseed rape in more detail, we monitored these two sites in 2013. Leaves and
seed pods of feral oilseed rape plants, their possible hybridization partners and putative hybrid
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plants were sampled in monthly intervals and analysed for the presence of transgenes by real-time
PCR. Using flow cytometry, we measured DNA contents of cell nuclei to confirm putative hybrids.
In total, 2787 plants were sampled. The presence of GT73 oilseed rape could be confirmed at
all previously documented sampling locations and was additionally detected at one new sampling
location within the Rhine port. Furthermore, we found the glufosinate-resistant GM events
MS8xRF3, MS8 and RF3 (all traded as InVigor, Bayer) at five sampling locations in the Rhine port.
To our knowledge, this is the first time that feral MS8xRF3, MS8 or RF3 plants were detected in
Europe. Real-time PCR analyses of seeds showed outcrossing of GT73 into two non-GM oilseed
rape plants, but no outcrossing of transgenes into related wild species was observed. We found no
hybrids between oilseed rape and related species. GM plants most frequently occurred at unloading
sites for ships, indicating that ship cargo traffic is the main entry pathway for GM oilseed rape. In
the future, it will be of major interest to determine the source of GM oilseed rape seeds.

Full article available at http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4252112/

4.3 Contamination of conventional crops
subsequent to the planting of transgenic varieties

Operating aspects resulting from the emergence of seeds which
remain in the soil — and grow in the subsequent crop are another
potential source of contamination. Transgenic seeds which fall
in the area during the harvest of a certain crop germinate in the
following crop and persist along with the subsequent crop because
they tolerate the herbicide which would supposedly guarantee the
area was cleaned®. This difficulty the management and decreases
the profitability of the crops, in addition to affecting the final value
of the crop (higher impurity indexes will be detected by the time
the seeds are classified).

D’Hertefeldt, T.; Jorgensen, R.; Pettersson, L. 2008. Long term persistence of GM oilseed
rape in the seed bank. Biology Letters, 4 (3): 314-7.

Coexistence between genetically modified (GM) and non-GM plants is a field of rapid development
and considerable controversy. In crops, it is increasingly important to understand and predict the
GM volunteer emergence in subsequent non-GM crops. Theoretical models suggest recruitment
from the seedbank over extended periods, but empirical evidence matching these predictions
has been scarce. Here, we provide evidence of long-term GM seed persistence in conventional
agriculture. Ten years after a trial of GM herbicide-tolerant oilseed rape, emergent seedlings were
collected and tested for herbicide tolerance. Seedlings that survived the glufosinate herbicide (15
out of 38 volunteers) tested positive for at least one GM insert. The resulting density was equivalent

40  This agronomic problem is very present in Brazil, where corn-soybean rotation is the dominant production
system in the main growing areas (Midwest). In the USA, where the practice is limited by climate winter conditions,
unfavorable successive plantings, the problem is less relevant. See news story developed by Embrapa at <https://
www.embrapa.br/busca-de-noticias/-/noticia/1920015/milho-voluntario-rr-pode-se-tornar-planta-daninha-para-
soja>.
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t0 0.01 plantsm™, despite complying with volunteer reduction recommendations. These results are
important in relation to debating and regulating coexistence of GM and non-GM crops, particularly
for planting non-GM crops after GM crops in the same field.

Full article available at http://rsbl.royalsocietypublishing.org/content/4/3/314.full

Munier, D. ; Brittan, K. ; Lanini, W. 2012. Seed bank persistence of genetically modified
canola in California. Environ Sci Pollut Res Int., 19(6):2281-4.

Introduction: Canola, which is genetically modified (GM) for tolerance to glyphosate, has the
potential to become established as a new glyphosate resistant weed, thus reducing the effectiveness
of glyphosate.

Methods: Volunteer from dormant canola seeds produced thousands of plants per hectare in the
fourth year (2011) following a 2007 crop harvest. This occurred with no additional canola seed
production since the 2007 harvest.

Results: Volunteer plants following harvests of annual crops are typically only a problem for the first
year after harvest. In California, glyphosate is the core herbicide on over a million hectares of high value
row, tree, and vine crops and new glyphosate resistant weeds reduce the effectiveness of glyphosate.
Conclusions: The combination of dormant seed and herbicide resistance makes GM glyphosate-
resistant canola a new and difficult California weed which was first observed in the winter of 2009.

Full article available at https://goo.gl/igTbF4

4.4 Contamination over the agrifood chain

In addition to the biological aspects, the issues related to the
coexistence between transgenic and non-transgenic products
require consideration to socioeconomic aspects. With this respect,
studies indicate cases of contamination identified over the agrifood
chain which have generated disputes between the several actors and
causing damages difficult to be measured, affections particularly to
those who are not willing to plant/trade/consume GM products
are presented.

Friesen, L.; Nelson, A.; Van Acker, R. 2003. Evidence of contamination of pedigreed canola
(Brassica napus) seed lots in western Canada with genetically engineered herbicide resistance

traits. Agronomy Journal, 95 (5), 1342-1347.

'The objective of this study was to survey pedigreed canola L.) seedlots for contaminating herbicide
resistance traits because of complaints from farmers regarding glyphosate [/V-(phosphonomethyl)
glycine]-resistant canola volunteers occurring unexpectedly in their fields at densities and in patterns
that suggested that pollen-mediated gene flow from neighboring fields in previous was not the
source of contamination. Twenty-seven unique, commercial certified canola seedlot samples were
collected. Glyphosate-resistant seedlot samples were not collected. Canola samples were planted
in the field, and when the canola had two to four true leaves, glypho- sate, glufosinate [2-amino-
4-(hydroxymethylphosphinyl) butanoic acid], and thifensulfuron {methyl 3-[[[[(4-methoxy-6-
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methyl-1,3,5-triazin-2yl)  amino]carbonyl]amino]sulfonyl]-2-thiophenecarboxylate}  herbicides
were applied. Surviving canola plantswere counted.Of the 27 seedlots, 14 had contamination
levels above 0.25% and therefore failed 99.75% cultivar purity guideline for certified canola seed.
Three seed lots had glyphosate resistance contamination levels in excess of 2.0%. Unexpected
contamination (even at 0.25%) can cause problems for producers that practice direct seeding
and depend on glyphosate for nonselective, broad-spectrum weed control. To avoid unexpected
problems and costs, it is important that farmers are cognizant of the high probability that pedigreed
canola seedlots are cross-contaminated with the various herbicide resistance traits.

Full article available at http://kurt-schweizer.ch/home/gentech/RapsKanadaVanAcker.pdf

COM - Macilwain, C. 2005. US launches probe into sales of unapproved transgenic corn.
Nature, Vol 434, p.423.

Without summary.

http://www.ncbi.nlm.nih.gov/pubmed/15791213

Binimelis, R. 2008. Coexistence of plants and coexistence of farmers: is an individual choice

possible? Journal of Agricultural and Environmental Ethics, DOI10.1007/s10806-008-9099-4.

'The introduction of genetically modified organisms (GMOs) in Europe has been characterized by
controversy. In 2002, the European Union introduced the concept of “coexistence” as a compromise
solution that, through the establishment of science-based technical measures, should allow the
market to operate freely while reducing policy conflicts on GMOs. However, the concept remains
highly contested and the technical measures difficult to apply. This paper presents qualitative
research on the conceptualization and implementation of the coexistence framework in two regions
of Spain (Catalonia and Aragon), where 42% and 55% of maize was GM in 2006, respectively.
In this context, the concept of coexistence and its proposed implementation both fail to resolve
previous conflicts and actually work to generate new ones through the individualization of choice
and impacts. Considerations of the social conditions in which the technology and the management
measures are implemented were not taken into account. This resulted in the promotion of
biotechnological agriculture over other alternatives.

Full article available at http://stopogm.net/sites/stopogm.net/files/choicebinimelis.pdf

The seed exchange practices between family farmers and traditional
communities over the world — base of significant part of the existing
agrobiodiversity — are also threatened by the free circulation of
transgenic varieties. In addition, such practices represent a risk
factor for the involuntary dissemination of transgenes over local
varieties, such as reported in Mexico and in several other sites of
the planet.

Dyer, G.; Serratos-Herndndez, J.; Perales, H.; Gepts, P; Pifieyro-Nelson, A.; ez al. 2009.

178



Part 2 - Agronomic issues related to the transgenic plants growth

Dispersal of Transgenes through Maize Seed Systems in Mexico. PLOS ONE, 4(5): ¢5734.
doi:10.1371/journal.pone.0005734.

Objectives: Current models of transgene dispersal focus on gene flow via pollen while neglecting
seed, a vital vehicle for gene flow in centers of crop origin and diversity. We analyze the dispersal of
maize transgenes via seeds in Mexico, the crop’s cradle.

Methods: We use immunoassays (ELISA) to screen for the activity of recombinant proteins in
a nationwide sample of farmer seed stocks. We estimate critical parameters of seed population
dynamics using household survey data and combine these estimates with analytical results to
examine presumed sources and mechanisms of dispersal.

Results: Recombinant proteins CrylAb/Ac and CP4/EPSPS were found in 3.1% and 1.8% of
samples, respectively. They are most abundant in southeast Mexico but also present in the west-
central region. Diffusion of seed and grain imported from the United States might explain the
frequency and distribution of transgenes in west-central Mexico but not in the southeast.
Conclusions: Understanding the potential for transgene survival and dispersal should help design
methods to regulate the diffusion of germplasm into local seed stocks. Further research is needed
on the interactions between formal and informal seed systems and grain markets in centers of crop
origin and diversification.

Full article available at https://goo.gl/mhqlmd

Iversen, M.; Grensberg, 1; Van Den Berg, J.; Fischer, K.; Aheto, D.; Behn, T. 2014.
Detection of transgenes in local maize varieties of small-scale farmers in eastern cape, South

Africa. PLOS ONE, 9(12):¢116147. doi: 10.1371/journal.pone.0116147.

Small-scale subsistence farmers in South Africa have been introduced to genetically modified (GM)
crops for more than a decade. Little is known about i) the extent of transgene introgression into
locally recycled seed, ii) what short and long-term ecological and socioeconomic impacts such
mixing of seeds might have, iii) how the farmers perceive GM crops, and iv) to what degree approval
conditions are followed and controlled. This study conducted in the Eastern Cape, South Africa,
aims primarily at addressing the first of these issues. We analysed for transgenes in 796 individual
maize plants (leaves) and 20 seed batches collected in a village where GM insect resistant maize
was previously promoted and grown as part of an governmental agricultural development program
over a seven year period (2001-2008). Additionally, we surveyed the varieties of maize grown and
the farmers’ practices of recycling and sharing of seed in the same community (26 farmers were
interviewed). Recycling and sharing of seeds were common in the community and may contribute
to spread and persistence of transgenes in maize on a local or regional level. By analysing DNA we
found that the commonly used transgene promoter p35s occurred in one of the 796 leaf samples
(0.0013%) and in five of the 20 seed samples (25%). Three of the 20 seed samples (15%) included
herbicide tolerant maize (NK603) intentionally grown by the farmers from seed bought from local
seed retailers or acquired through a currently running agricultural development program. The two
remaining positive seed samples (10%) included genes for insect resistance (from MONS810). In
both cases the farmers were unaware of the transgenes present. In conclusion, we demonstrate that
transgenes are mixed into seed storages of small-scale farming communities where recycling and
sharing of seeds are common, i.e. spread beyond the control of the formal seed system.

Full article available at http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0116147
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Part 3
Risks to the environment associated
to the growth and/or use of
transgenic plants
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The synthesis of Bt toxins and the tolerance to herbicides are the
characteristics incorporated through genetic modification to the
vast majority of transgenic plants, in study and commercially
released in the planet.

Such characteristics, which in the real world also involve
combinations in pyramided events, will be separately addressed in
this chapter.



Transgenic Crops - hazards and uncertainties

The selected articles show that, in all of the cases, the available
studies do not allow to support the hypothesis of absence of
environmental risks. The analyses are fragile, the samples are
insufficient, the methods are questionable, but, basically, the
complexity of the involved ecological relationships is not covered
by the research design.

Issues related to environmental impacts must be addressed based
on appropriate references and covering the range of alternatives
which extends from the absence of technologies to the examination
of the impacts caused by products and technological packages
associated to them. Thus, when some scientists or political actors
prefer to compare environmental impacts resulting from the
use of transgenic plants with (and only with) those generated in
agricultural systems managed with the intensive contribution of
pesticides, leaving aside environment-friendly managements, of
agroecological basis, they are evidently deciding for not taking into
consideration the entire set of real possibilities.

In the spirit of this book, it is assumed that the evaluation of
environmental impacts must also consider alternative references,
involving agricultural-ecological systems of agroecological or
organic basis. In addition to being scientifically justified, such
references are better adjusted to the sustainability subject and,
therefore, of the compared evaluation of socioenvironmental
impacts resulting from the concerned technologies.

Wolfenbarger, L.; Phifer, P. 2000. The ecological risks and benefits of genetically engineered
plants. Science, Vol 290.

Discussions of the environmental risks and benefits of adopting genetically engineered organisms
are highly polarized between pro- and anti-biotechnology groups, but the current state of our
knowledge is frequently overlooked in this debate. A review of existing scientific literature reveals
that key experiments on both the environmental risks and benefits are lacking. The complexity of
ecological systems presents considerable challenges for experiments to assess the risks and benefits
and inevitable uncertainties of genetically engineered plants. Collectively, existing studies emphasize
that these can vary spatially, temporally, and according to the trait and cultivar modified.
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http://www.sciencemag.org/content/290/5499/2088

1 Environmental risks associated to the
use of Bt plants

1.1 The molecular specificity and the mode of
action of Bt proteins are not fully understood yet

The companies which develop and trade transgenic plants state
that the main advantage of the Bt technology would be associated
to the specificity of action of the Cry proteins. By attaching to
specific sites and receptors of the digestive systems of certain insects,
the Cryl would have lethal effect only over some insects of the
Lepidoptera order, while the Cry3 would be specific to Coleoptera.
Thus, side effects and damages to non-target organisms would be
prevented and Bt technologies would affect only the populations
of organisms listed as crop pests.

The scientific revision reveals failure of this premise. A wide set
of studies and diverging information certify that the exceptions
overcome the supposed specificity rule.

The general assumption promoted by the companies and other
supporters of the technology not only does not exist, but there is
an accumulation of registers of impacts on organisms supposedly
insensitive to certain Cry proteins.

The available knowledge show that the mode of action of such
proteins is not fully understood yet. Biological structures present
in the organism of the insects seem not to constitute passive and
specific receptors, contributing, in contrast, on a relevant way for
the effectiveness of such toxins.
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Deml, R;; Meise, T.; Dettner, K. 1999. Effects of Bacillus thuringiensis§8-endotoxins on
food utilization, growth, and survival of selected phytophagous insects. Journal of Applied
Entomology, 123, pp. 55-64.

Feeding experiments using the Bacillus thuringiensis§-endotoxins, CrylA(c) and CryllIA, were
conducted with herbivorous insects from various orders (Lepidoptera, Coleoptera, Homoptera) in
the laboratory. The mortality data obtained indicate a species-specific susceptibility of the insects
to the toxins whereby the feeding habits of the given animal seem to play a negligible part. An
unexpected, severely damaging effect of CrylIIA on caterpillars was established, for the first time. By
computing various development and nutritional indices it could be shown that retarded growth of
the insects tested may not only be traced back to reduced feeding but also to a decreased utilization
of food containing an endotoxin. The insect gut seems to be the site of operation and of storage
or complete degradation of the endotoxins because neither in the faeces nor in the haemolymph
and fat body, could the toxins and their degradation products, respectively, be detected hitherto
by means of gel electrophoreses. An altering effect of the toxins on the gut-microflora pattern is
indicated from the first examinations but has to be further confirmed. Finally the applicability of
these trials in corresponding examinations of transgenic plants producing B. thuringiensis toxin is
dicussed.

https://goo.gl/jc7Nni

Lundgren, J.; Wiedenmann, R. 2002. Coleopteran-specific Cry3Bb toxin from transgenic
corn pollen does not affect the fitness of a nontarget species, Coleomegilla maculata DeGeer
(Coleoptera: Coccinellidae). Environmental Entomology, 31, pp. 1213-1218.

Coleomegilla maculata DeGeer is a polyphagous predator that is important for suppressing pest
populations in corn. We evaluated the impact of Cry3Bb-expressing transgenic corn pollen (event
MONS863) on C. maculata fitness parameters in the laboratory. C. maculata larvae were fed mixtures
of pollen containing 0, 25, 50, 75, or 100% transgenic pollen, aphids, or were not fed; and the
duration of each instar and pupal weight were compared among treatments. In a second trial, other
C. maculata larvae were reared on one of the pollen mixtures or artificial diet; and the duration of
larval and pupal stages, pupal weight, adult mobility, adult survivorship, and female fecundity were
compared among treatments. There were no differences in any of the fitness parameters among C.
maculata in the treatments fed different mixtures of pollen. Beetles in the pollen mixture treatments
had faster larval development times, greater larval survivorship, and greater pupal weight than the
beetles fed only aphids or an artificial diet. We conclude that we did not detect any effects on the
fitness of C. maculata that ingested pollen from event MONB863. However, these results do not
necessarily apply to other transgenic crops expressing toxins specific to Coleoptera.

http://www.bioone.org/doi/abs/10.1603/0046-225X-31.6.1213?journalCode=enve

Tsuda, Y.; Nakatani, F; Hashimoto, K.; Ikawa, S.; Matsuura, C.; Fukada, T.; Sugimoto, K.;
Himeno, M. 2003. Cytotoxic activity of Bacillus thuringiensis Cry proteins on mammalian
cells transfected with cadherin-like Cry receptor gene of Bombyx mori (silkworm). Biochemical
Journal, 369, 697-703.

Bacillus thuringiensis is widely used as a biological pesticide to control insects that either cause
damage to crops or transmit disease. That it can also target the model organism Caenorhabditis
elegans has not only provided exciting new insights into how the toxins produced by the bacterium
target their victims but also how target insects counter the attack. Modern approaches such as
reverse genetics and microarray technology have revealed novel receptors for the toxins and possible
signal transduction pathways induced within the host following intoxication. This article will
discuss how these findings fit in with current models and how they might influence future studies.

184



Part 3 - Risks to the environment associated to the growth andfor use of transgenic plants

Full article available at http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1223121/

Hussein, H.; Habustovd, O.; Sehnal, F 2005. Beetle—specific Bacillus thuringiensis Cry3Aa
toxin reduces larval growth and curbs reproduction in Spodoptera littoralis (Boisd.). Pest
Management Science, 61, 1186-1192.

Application of Bacillus thuringiensis tenebrionis (Bt) and expression of the Bt protein Cry3Aa in
genetically modified crops are used for targeted control of the Colorado potato beetle Leptinotarsa
decemlineata (Say). The Cry3A proteins are selectively toxic for the beetles but the present study
describes effects of Cry3Aa on the Egyptian armyworm, Spodoptera littoralis (Boisduval). Cry3Aa
expressed in potatoes or added to an agar-base wheat-germ diet reduced the growth of S. littoralis
caterpillars and the fertility of adults. The effect of 1.4 mg kg(-1) Cry3Aa in potato leaves was
comparable with that of 3.3 mg kg(-1) in the diet. This difference in activity was correlated
with better digestibility and higher conversion efficiency of the diet that also supported higher
reproduction rate: S. littoralis grown on the potatoes reached a similar size to those on the diet
but laid only 702 instead of 1077 eggs per female. Cry3Aa consumption reduced body growth
as a consequence of lower food intake without significantly affecting food digestibility and the
conversion efficiency of nutrients. The 11% and 5% body weight reductions caused by 1.4 mg kg(-
1) Cry3Aa in potatoes and 3.3 mg kg(-1) in the diet, respectively, were associated with 74% and
65% reduction in the number of progeny; S littoralis grown on a diet with 9.1 mg kg(-1) Cry3Aa
were 10% smaller and produced no viable progeny. These data suggest that the curtailment of
reproduction was not caused by a general shortage of nutrient reserves but by a more direct Cry3Aa
effect on the reproduction process.

http://www.ncbi.nlm.nih.gov/pubmed/16152673

REV - Crickmore, N. 2005. Using worms to better understand how Bacillus thuringiensis
kills insects. Trends in Microbiology, Vol.13 No.8.

Bacillus thuringiensis is widely used as a biological pesticide to control insects that either cause
damage to crops or transmit disease. That it can also target the model organism Caenorhabditis
elegans has not only provided exciting new insights into how the toxins produced by the bacterium
target their victims but also how target insects counter the attack. Modern approaches such as
reverse genetics and microarray technology have revealed novel receptors for the toxins and possible
signal transduction pathways induced within the host following intoxication. This article will
discuss how these findings fit in with current models and how they might influence future studies.

htep://www.cell.com/trends/microbiology/abstract/S0966-842X%2805%2900156-3

Hussein, H.; Habustovd, O.; Turanli, E; Sehnal, E 2006. Potato expressing beetle—specific
Bacillus thuringienis Cry3Aa toxin reduces performance of a moth. journal of Chemical
Ecology, 32, 1-13.

Expression of the Bacillus thuringiensis beetle-specific toxin Cry3Aa, which renders a genetically
modified potato cultivar resistant to the Colorado potato beetle Leptinotarsa decemlineata, exerts
a deleterious effect on the polyphagous moth Spodoptera littoralis. The caterpillars of S. littoralis
feed less and produce smaller pupae on the genetically modified cultivar (NewLeaf Superior) than
on the parental nontransgenic cultivar (Superior). The conversion efficiencies of total dry matter,
combustion heat, carbon, and nitrogen from leaves to insect biomass are similar on both cultivars.
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In spite of similar food utilization and a relatively small difference in the body mass at pupation,
female adults that developed from caterpillars fed on NewLeaf Superior lay a mean of 309 eggs
compared to a mean of 713 eggs deposited by females that developed from caterpillars fed on
Superior. Because of this difference and a simultancous reduction in fertility (egg hatchability) from
78 to 48%, a pair of adults that fed as larvae on NewLeaf Superior produces only 148 larvae,
whereas a pair of adults that fed as larvae on Superior produces 556 larvae. We suggest that small
amounts of Cry3Aa that accumulate in insect tissue and persist until the adult stage are responsible
for the decline in reproduction.

http://www.ncbi.nlm.nih.gov/pubmed/16525866

REV — Hilbeck, A.; Schmidt J. 2006. Another view on Bt proteins - How specific are they
and what else might they do? Bigpesticides International, 2: 1-50.

The entomopathogenic bacterium Bacillus thuringiensis (Bt) and its toxins are extensively used for
pest control purposes in agriculture, forestry and public health programmes since the 1930. In
addition to spray formulations, transgenic plants containing Bt genes for the expression of the
toxins (Bt plants) are commercially available since the mid 1990s and are grown on an increasing
percentage of the global agricultural area. A main reason for the importance of Bt as a pesticide
is the assumed environmental safety concluded from the high specificity of its endotoxins (Cry
proteins) towards a limited number of target organisms, mostly distinct groups of pest insects.
While the mode of action of the Cry toxins in these susceptible target insects is well studied, Bt
experts claim that several details are still not understood well enough. Although there is considerable
experience with the application and the environmental safety of Bt sprays, a number of research
papers were published in the past that did report adverse effects on non-target organisms. These and
the widespread use of transgenic Bt plants stimulated us to review the published laboratory feeding
studies on effects of Bt toxins and transgenic Bt plants on non-target invertebrates. We describe
those reports that documented adverse effects in non-target organisms in more detail and focus
on one prominent example, the green lacewing, Chrysoperla carnea. Discussing our findings in the
context of current molecular studies, we argue firstly that the evidence for adverse effects in non-
target organisms is compelling enough that it would merit more research. We further conclude from
our in-depth analysis that the published reports studying the effects of Bt toxins from Bt pesticides
and transgenic Bt plants on green lacewing larvae provide complementary and not contradictory
data. And, finally, we find that the key experiments explaining the mode of action not only in this
particular affected non-target species but also in most other affected non-target species are still
missing. Considering the steadily increasing global production area of Bt crops, it seems prudent to
thoroughly understand how Bt toxins might affect non-target organisms.

https://goo.gl/{I3QON

REV - Bravo, A.; Gill, S.; Soberén, M. 2007. Mode of action of Bacillus thuringiensis Cry
and Cyt toxins and their potential for insect control. Toxicon, 49, 423-435.

Bacillus thuringiensis Cry and Cyt protein families are a diverse group of proteins with activity against
insects of different orders - Lepidoptera, Coleoptera, Diptera and also against other invertebrates
such as nematodes. Their primary action is to lyse midgut epithelial cells by inserting into the target
membrane and forming pores. Among this group of proteins, members of the 3-Domain Cry family
are used worldwide for insect control, and their mode of action has been characterized in some
detail. Phylogenetic analyses established that the diversity of the 3-Domain Cry family evolved by
the independent evolution of the three domains and by swapping of domain III among toxins. Like
other pore-forming toxins (PFT) that affect mammals, Cry toxins interact with specific receptors
located on the host cell surface and are activated by host proteases following receptor binding
resulting in the formation of a pre-pore oligomeric structure that is insertion competent. In contrast,
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Cyt toxins directly interact with membrane lipids and insert into the membrane. Recent evidence
suggests that Cyt synergize or overcome resistance to mosquitocidal-Cry proteins by functioning
as a Cry-membrane bound receptor. In this review we summarize recent findings on the mode of
action of Cry and Cyt toxins, and compare them to the mode of action of other bacterial PFT. Also,
we discuss their use in the control of agricultural insect pests and insect vectors of human diseases.

htep://www.ncbi.nlm.nih.gov/pmc/articles/PMC1857359/

Jimenez-Juarrez, N.; Munoz-Garay, C.; Gémez, I.; Saab-Rincon, G.; Damina-Almazo,
J.; Gill, S.; Soberén, M.; Bravo, A. 2007. Bacillus thuringiensis CrylAb mutants affecting
oligomer formation are non-toxic to Manduca sextalarvae. The Journal of Biological Chemistry,
282, pp. 21222-21229.

Pore-forming toxins are biological weapons produced by a variety of living organisms, particularly
bacteria but also by insects, reptiles, and invertebrates. These proteins affect the cell membrane of
their target, disrupting permeability and leading eventually to cell death. The pore-forming toxins
typically transform from soluble, monomeric proteins to oligomers that form transmembrane
channels. The Cry toxins produced by Bacillus thuringiensis are widely used as insecticides. These
proteins have been recognized as pore-forming toxins, and their primary action is to lyse midgut
epithelial cells in their target insect. To exert their toxic effect, a prepore oligomeric intermediate
is formed leading finally to membrane-inserted oligomeric pores. To understand the role of Cry
oligomeric pre-pore formation in the insecticidal activity we isolated point mutations that affected
toxin oligomerization but not their binding with the cadherin-like, Bt-R(1) receptor. We show
the helix alpha-3 in domain I contains sequences that could form coiled-coil structures important
for oligomerization. Some single point mutants in this helix bound Bt-R(1) receptors with similar
affinity as the wild-type toxin, but were affected in oligomerization and were severally impaired in
pore formation and toxicity against Manduca sexta larvae. These data indicate the pre-pore oligomer
and the toxin pore formation play a major role in the intoxication process of CrylAb toxin in insect
larvae.

Full article available at http://www.jbc.org/content/282/29/21222 long

REV - Pigott, C.; Ellar, D. 2007. Role of receptors in Bacillus thuringiensis crystal toxin
activity. Microbiology and Molecular Biology Reviews, 71 (2): 255-281.

Bacillus thuringiensis produces crystalline protein inclusions with insecticidal or nematocidal
properties. These crystal (Cry) proteins determine a particular strain’s toxicity profile. Transgenic crops
expressing one or more recombinant Cry toxins have become agriculturally important. Individual
Cry toxins are usually toxic to only a few species within an order, and receptors on midgut epithelial
cells have been shown to be critical determinants of Cry specificity. The best characterized of these
receptors have been identified for lepidopterans, and two major receptor classes have emerged: the
aminopeptidase N (APN) receptors and the cadherin-like receptors. Currently, 38 different APNs
have been reported for 12 different lepidopterans. Each APN belongs to one of five groups that have
unique structural features and Cry-binding properties. While 17 different APNs have been reported to
bind to Cry toxins, only 2 have been shown to mediate toxin susceptibly in vivo. In contrast, several
cadherin-like proteins bind to Cry toxins and confer toxin susceptibility in vitro, and disruption of
the cadherin gene has been associated with toxin resistance. Nonetheless, only a small subset of the
lepidopteran-specific Cry toxins has been shown to interact with cadherin-like proteins. This review
analyzes the interactions between Cry toxins and their receptors, focusing on the identification and
validation of receptors, the molecular basis for receptor recognition, the role of the receptor in resistant
insects, and proposed models to explain the sequence of events at the cell surface by which receptor
binding leads to cell death.

http://www.ncbi.nlm.nih.gov/pubmed/17554045
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Schmidyt, J.; Braun, C.; Whitehouse, L.; Hilbeck, A. 2009. Effects of activated Bt transgene
products (CrylAb, Cry3Bb) on immature stages of the ladybird Adalia bipuncrata in
Laboratory Ecotoxicity Testing. Arch Environ Contam loxicol, 56:221-228.

Insect-active Bacillus thuringiensis (Bt) proteins are expressed by several transgenic crop plants to
control certain pests, but nontarget organisms such as ladybirds also can be exposed to these proteins
in the field. We developed an improved ecotoxicity testing protocol and conducted feeding trials
in a laboratory setting to test for possible adverse effects of different concentrations of microbially
produced trypsin-activated CrylAb and Cry3Bb toxins on the coccinellid Adalia bipunctata.
Larval/pupal mortality, development time, and overall body mass accumulation were recorded.
Even at the lowest concentration (5 microg/ml), A. bipunctata larvae fed with the lepidopteran-
active CrylAb toxin exhibited significantly higher mortality than the control group. In experiments
with the coleopteran-active Cry3Bb, only a concentration of 25 microg/ml resulted in a marginally
significantly higher mortality compared to the control. Both experiments revealed a slight decline
in mortality at the highest concentration of 50 microg/ml, though this was statistically significant
only in the CrylAb treatment. No differences were detected for development time and body
mass of newly emerged adults. Dilutions of the expression vector pBD10--used as a control to
exclude effects of the toxin production method--at concentrations between 10 and 100 microg/ml
revealed no significant effects on either of the studied parameters. This suggests that the increased
mortality of larvae in the toxin feeding trials was caused directly by the activated Bt toxins and
raises questions regarding their commonly postulated specificity and their mode of action in A.
bipunctata. Implications of the reported results for ladybird populations and their biological pest
control functions in transgenic crop ecosystems are discussed.

Full article available at http://stopogm.net/sites/stopogm.net/files/cry3Bbschmidt.pdf

REV - Soberén, M.; Gill, S.; Bravo, A. 2009. Signaling versus punching hole: How do
Bacillus thuringiensis toxins kill insect midgut cells? Cellular and Molecular Life Science, 66:
1337-1349.

Cry proteins, produced by Bacillus thuringiensis (Bt), are widely used for the control of insect pests
in agriculture as spray products or expressed in transgenic crops, such as maize and cotton. Little was
known regarding the mechanism of action of these toxins when the first commercial Bt product was
introduced fifty years ago. However, research on the mechanism of action over the last two decades
has enhanced our knowledge of toxin interaction with membrane receptors and their effects in insect
midgut cells. All this information allowed for the rational design of improved toxins with higher
toxicity or toxins that overcome insect resistance, which could compromise Bt use and effectiveness
in the field. In this review we discuss and evaluate the different models of the mode of action of Cry
toxins, including a discussion about the role of various receptors in toxin action.

http://www.ncbi.nlm.nih.gov/pubmed/19132293

The bibliography also points out synergies and interactions between
the several Cry proteins, as well as of these with other toxins naturally
synthesized by Bacillus thuringiensis.

Pérez, C.; Fernandez, L.; Sun, J.; Folch, J.; Gill, S.; Soberén, M.; Bravo, A. 2005. Bacillus
thuringiensis subsp. israclensis CytlAa synergizes CryllAa toxin by functioning as a
membrane-bound receptor. PNAS, 102(51):18303-18308.

Bacillus thuringiensis subsp. israclensis produces crystal proteins, Cry (4Aa, 4Ba, 10Aa, and 11Aa)

188



Part 3 - Risks to the environment associated to the growth andfor use of transgenic plants

and Cyt (1Aa and 2Ba) proteins, toxic to mosquito vectors of human diseases. CytlAa overcomes
insect resistance to Cryl1Aa and Cry4 toxins and synergizes the toxicity of these toxins. However,
the molecular mechanism of synergism remains unsolved. Here, we provide evidence that CytlAa
functions as a receptor of Cryl1Aa. Sequential-binding analysis of CytlAa and Cryl1Aa revealed
that CytlAa binding to Aedes aegypti brush border membrane vesicles enhanced the binding of
biotinylated-Cry11Aa. The CytlAa- and CryllAa-binding epitopes were mapped by means of
the yeast two-hybrid system, peptide arrays, and heterologous competition assays with synthetic
peptides. Two exposed regions in CytlAa, loop beta6-alphaFE and part of beta7, bind Cryl1Aa. On
the other side, Cryl1Aa binds CytlAa proteins by means of domain II-loop alpha8 and beta-4,
which are also involved in midgut receptor interaction. Characterization of single-point mutations
in Cryl1Aa and CytlAa revealed key Cryl1Aa (5259 and E266) and CytlAa (K198, E204 and
K225) residues involved in the interaction of both proteins and in synergism. Additionally, a
CytlAa loop beta6-alphaE mutant (K198A) with enhanced synergism to Cryl1Aa was isolated.
Data provided here strongly indicates that CytlAa synergizes or suppresses resistance to Cryl1Aa
toxin by functioning as a membrane-bound receptor. Bacillus thuringiensis subsp. israelensis is a
highly effective pathogenic bacterium because it produces a toxin and also its functional receptor,
promoting toxin binding to the target membrane and causing toxicity.

Full article available at http://www.ncbi.nlm.nih.gov/pmc/articless/PMC1317914/

REV - Then, C. 2010. Risk assessment of toxins derived from Bacillus thuringiensis -
synergism, efficacy, and selectivity. Environ Sci Pollut Res Int, 17:791-797.

Background, aim, and scope: This review deals with publications concerning the mode of action of
Bt proteins and their potential synergism with extrinsic factors. The aim was to assess the impact
of those factors especially regarding selectivity and efficacy of Bt toxins and to discuss possible gaps
in current risk assessment of genetically engineered plants expressing Bt toxins.Main features: The
review shows that several extrinsic factors are able to influence the selectivity and efficacy of Bt
toxins. The findings are seen as being relevant for risk assessment in Bt plants. This conclusion is
derived by discussing current state of knowledge about the mode of action of Bt proteins, unexpected
effects on non-target organism, and the way how modified Bt toxins are expressed in genetically
engineered plants.Results: Several publications have been identified that show that certain factors
and synergism can impact efficacy and selectivity of Bt toxins. These extrinsic factors are various and
include other Bt toxins or parts from the spore of Bacillus thuringiensis as well as certain enzymes,
environmental stress, non-pathogenic microorganisms, and infectious diseases. Discussion: Research
on the underlying mechanism of observed synergism might help to explain some of the effects
found in non-target organisms. In general, possible synergism of Bt toxins with extrinsic factors can
be relevant for risk assessment of genetically engineered Bt plants since they expose a modified Bt
toxin to the environment under various conditions and over a long period of time.Conclusions: Risk
assessment of genetically engineered plants should put into question the general assumption of a
high selectivity and a linear dose—response relationship in the toxicity of Bt proteins. Both selectivity
and efficacy can be influenced by synergism, which can provoke unexpected and undesired effects
in non-target organisms.Perspectives: It is suggested that systematic research be promoted on
synergism between Bt toxins and potential extrinsic factors that could impact the spectrum of
susceptible organisms. This research should become a prerequisite for risk assessment of Bt plants.

Full article available at https://goo.gl/dTf5Cl

REV - Soberén, M.; Pardo, L.; Mufiéz-Garay, C.; Sénchez, ].; Gémez, L.; Porta, H.; Bravo,
A. 2010. Pore formation by Cry toxins. Advances in Experimental Medicine and Biology,
677:127-42.

Bacillus thuringiensis (Bt) bacteria produce insecticidal Cry and Cyt proteins used in the biological
control of different insect pests. In this review, we will focus on the 3d-Cry toxins that represent
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the biggest group of Cry proteins and also on Cyt toxins. The 3d-Cry toxins are pore-forming
toxins that induce cell death by forming ionic pores into the membrane of the midgut epithelial
cells in their target insect. The initial steps in the mode of action include ingestion of the protoxin,
activation by midgut proteases to produce the toxin fragment and the interaction with the primary
cadherin receptor. The interaction of the monomeric CrylA toxin with the cadherin receptor
promotes an extra proteolytic cleavage, where helix alpha-1 of domain I is eliminated and the toxin
oligomerization is induced, forming a structure of 250 kDa. The oligomeric structure binds to a
secondary receptor, aminopeptidase N or alkaline phosphatase. The secondary receptor drives the
toxin into detergent resistant membrane microdomains formingpores that cause osmotic shock,
burst of the midgut cells and insect death. Regarding to Cyt toxins, these proteins have a synergistic
effect on the toxicity of some Cry toxins. Cyt proteins are also proteolytic activated in the midgut
lumen of their target, they bind to some phospholipids present in the mosquito midgut cells.
The proposed mechanism of synergism between Cry and Cyt toxins is that CytlAa function as a
receptor for Cry toxins. The CytlA inserts into midgut epithelium membrane and exposes protein
regions that are recognized by CryllAa. It was demonstrated that this interaction facilitates the
oligomerization of Cryl1Aa and also its pore formation activity.

http://www.ncbi.nlm.nih.gov/pubmed/20687486

1.2 Negative impacts of the Bt technology on Non-Target
Organisms (NTOs)

Uncertainties related to the mode of action of Cry toxins recommend
a careful evaluation of the impacts on the so-called “non-target
organisms” (NTOs). Representing a wide range of beings potentially
submitted to negative impacts of the technology (not included among
the crop pests), the NTOs require evaluation protocols adjusted to
their singularities, comprising the different environments where they
establish themselves.

Acute toxicity, subchronic toxicity, metabolic changes which influence
the fitness of certain species, their population dynamics and the
negative effects on the involved set, resulting from population
fluctuations and including changes to the nutritional quality of the
transformed plants”, are included among the items to be considered
in the environmental risk evaluations.

The set of studies referred to in this chapter include a number of cases*
of negative impacts on NTOs resulting from the use of Bt plants.

41 In section 2.3 of Part 1, articles that exemplify nutritional and compositional differences between Bt and
conventional plants are included.

42 Current knowledge about potential impacts of Cry toxins on ONAs suggest that the studies listed here
represent only “the tip of the iceberg” and are illustrative of something that happens to hundreds of species of
arthropods in the various countries that adopt the Bt technology.
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Some situations incorporate divergences of scientific interpretation
about the relationship between causes and consequences. In fact,
some controversies related to the real environmental impact of the
technology over some insect speciesare maintained since the previous
decade. Attention should be given to the significant examples of
the Monarch butterfly®® (Danaus plexippus), the neuroptera larva
(Chrysoperla carnea) and ladybug Adalia bipunctata.

REV - Hilbeck, A. 2001. Implications of transgenic, insecticidal plants for insect and plant
biodiversity. Perspectives in Plant Ecology, Evolution and Systematics, 4(1), 43-61.

Genetically modified plants are widely grown predominantly in North America and to a lesser
extent in Australia, Argentina and China but their regions of production are expected to spread
soon beyond these limited areas also reaching Europe where great controversy over the application
of gene technology in agriculture persists. Currently, several cultivars of eight major crop plants are
commercially available including canola, corn, cotton, potato, soybean, sugar beet, tobacco and
tomato, but many more plants with new and combined multiple traits are close to registration.
While currently agronomic traits (herbicide resistance, insect resistance) dominate, traits conferring
“quality” traits (altered oil compositions, protein and starch contents) will begin to dominate
within the next years. However, economically the most promising future lies in the development
and marketing of crop plants expressing pharmaceutical or “nutraceuticals” (functional foods), and
plants that express a number of different genes. From this it is clear that future agricultural and,
ultimately, also natural ecosystems will be challenged by the large-scale introduction of entirely
novel genes and gene products in new combinations at high frequencies all of which will have
unknown impacts on their associated complex of non-target organisms, i.e. all organisms that are
not targeted by the insecticidal protein. In times of severe global decline of biodiversity, pro-active
precaution is necessary and careful consideration of the likely expected effects of transgenic plants
on biodiversity of plants and insects is mandatory.

In this paper possible implications of non-target effects for insect and plant biodiversity are
discussed and a case example of such non-target effects is presented. In a multiple year research
project, tritrophic and bitrophic effects of transgenic corn, expressing the gene from Bacillus
thuringiensis (Bt-corn) that codes for the high expression of an insecticidal toxin (Cryl1Ab), on the
natural enemy species, Chrysoperla carnea (the green lacewing), was investigated. In these laboratory
trials, we found prey-mediated effects of transgenic Bt-corn causing significantly higher mortality of
C. carnea larvae. In further laboratory trials, we confirmed that the route of exposure (fed directly
or via a herbivorous prey) and the origin of the Bt (from transgenic plants or incorporated into
artificial diet) strongly influenced the degree of mortality. In choice feeding trials where C. carnea
could choose between Spodoptera littoralis fed transgenic Bt-corn and S. littoralis fed non-transgenic
corn, larger instars showed a significant preference for S. /ittoralis fed non-transgenic corn while this
was not the case when the choice was between Bt- and isogenic corn fed aphids. Field implications
of these findings could be multifold but will be difficult to assess because they interfere in very
intricate ways with complex ecosystem processes that we still know only very little about. The future
challenge in pest management will be to explore how transgenic plants can be incorporated as safe
and effective components of IPM systems and what gene technology can contribute to the needs
of a modern sustainable agriculture that avoids or reduces adverse impacts on biodiversity? For
mainly economically motivated resistance management purposes, constitutive high expression of
Bt-toxins in transgenic plants is promoted secking to kill almost 100% of all susceptible (and if
possible heterozygote resistant) target pest insects. However, for pest management this is usually

43 Insection 4.2.1 of Part 5, relevant articles on this scientific controversy are included.
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not necessary. Control at or below an established economic injury level is sufficient for most
pests and cropping systems. It is proposed that partially or moderately resistant plants expressing
quantitative rather than single gene traits and affecting the target pest sub-lethally may provide
a more meaningful contribution of agricultural biotechnology to modern sustainable agriculture.
Some examples of such plants produced through conventional breeding are presented. Non-target
effects may be less severe allowing for better incorporation of these plants into IPM or biological
control programs using multiple control strategies, thereby, also reducing selection pressure for pest
resistance development.

http://www.sciencedirect.com/science/article/pii/S1433831904700396

REV — Marvier, M.; McCreedy, C.; Regetz, J.; Kareiva, P. 2007. A meta-analysis of effects of
Bt cotton and maize on nontarget invertebrates. Science, 316(5830): 1475-1477.

Although scores of experiments have examined the ecological consequences of transgenic Bacillus
thuringiensis (Bt) crops, debates continue regarding the nontarget impacts of this technology.
Quantitative reviews of existing studies are crucial for better gauging risks and improving future
risk assessments. To encourage evidence-based risk analyses, we constructed a searchable database
for nontarget effects of Bt crops. A meta-analysis of 42 field experiments indicates that nontarget
invertebrates are generally more abundant in Bt cotton and Bt maize fields than in nontransgenic
fields managed with insecticides. However, in comparison with insecticide-free control fields,
certain nontarget taxa are less abundant in Bt fields.

Full article available at http://stopogm.net/sites/stopogm.net/files/metamarvier.pdf

1.2.1 Negative effects on NTOs which directly feed
themselves from Bt plant material

One of the greatest changes posed to the impacts assessment of
the Bt technologies over organisms established in the agricultural-
ecological systems affected by them lies in the elaboration of research
methodologies properly comprising the set of potential effects related
to the massive dispersion of the toxins.

If on the one side there are signs of acute toxicity, easily detectable, on
the other hand, and more detrimental at long term, are the chronic
effects of the underdosages.

The articles below indicate — based on bioassays and field experiments
— negative impacts observed on NTOs (insects, aquatic arthropods,
soil organisms) fed with vegetal material of Bt transgenic origin
(including pollen).
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COM - Losey, J.; Rayor, L.; Carter, M. 1999. Transgenic pollen harms monarch larvae.
Nature, 399 (6733): 214.

Without summary.

Full article available at http://www.nature.com/scitable/content/transgenic-pollen-harms-monarch-
larvae-97961

Jesse, L.; Obrycki, J. 2000. Field deposition of Bt transgenic corn pollen: lethal effects on the
monarch butterfly. Oecologia, 125:241-248. doi: 10.1007/5004420000502.

We present the first evidence that transgenic Bacillus thuringiensis (Bt) corn pollen naturally
deposited on Asclepias syriaca; common milkweed, in a corn field causes significant mortality of
Danaus plexippus L. (Lepidoptera: Danaidae) larvae. Larvae feeding for 48 h on A. syriaca plants
naturally dusted with pollen from Bt corn plants suffered significantly higher rates of mortality at
48 h (20+3%) compared to larvae feeding on leaves with no pollen (3+3%), or feeding on leaves
with non-Bt pollen (0%). Mortality at 120 h of D. plexippus larvae exposed to 135 pollen grains/
cm(2) of transgenic pollen for 48 h ranged from 37 to 70%. We found no sub-lethal effects on
D. plexippus adults reared from larvae that survived a 48-h exposure to three concentrations of
Bt pollen. Based on our quantification of the wind dispersal of this pollen beyond the edges of
agricultural fields, we predict that the effects of transgenic pollen on D. plexippus may be observed
at least 10 m from transgenic field borders. However, the highest larval mortality will likely occur
on A. syriaca plants in corn fields or within 3 m of the edge of a transgenic corn field. We conclude
that the ecological effects of transgenic insecticidal crops need to be evaluated more fully before they
are planted over extensive areas.

htep://www.ncbi.nlm.nih.gov/pubmed/24595835

Hellmich, R.; Siegfried, B.; Sears, M.; Stanley-Horn, D.; Daniels, M.; Mattila, H.; Spencer,
T.; Bidne, K.; Lewis, L. 2001. Monarch larvae sensitivity to Bacillus thuringiensis- purified
proteins and pollen. PNAS, 98 (21) 11925-11930.

Laboratory tests were conducted to establish the relative toxicity of Bacillus thuringiensis (Bt) toxins
and pollen from Bt corn to monarch larvae. Toxins tested included CrylAb, CrylAc, Cry9C,
and CrylE Three methods were used: (i) purified toxins incorporated into artificial diet, (i)
pollen collected from Bz corn hybrids applied directly to milkweed leaf discs, and (7i7) Bt pollen
contaminated with corn tassel material applied directly to milkweed leaf discs. Bioassays of
purified Bt toxins indicate that Cry9C and CrylF proteins are relatively nontoxic to monarch first
instars, whereas first instars are sensitive to CrylAb and CrylAc proteins. Older instars were 12 to
23 times less susceptible to CrylAb toxin compared with first instars. Pollen bioassays suggest that
pollen contaminants, an artifact of pollen processing, can dramatically influence larval survival and
weight gains and produce spurious results. The only transgenic corn pollen that consistently affected
monarch larvae was from CrylAb event 176 hybrids, currently <2% corn planted and for which
re-registration has not been applied. Results from the other types of B# corn suggest that pollen from
the CrylAb (events Bt11 and Mon810) and CrylE, and experimental Cry9C hybrids, will have no
acute effects on monarch butterfly larvae in field settings.

Full article available at http://www.pnas.org/content/98/21/11925.full.pdf+html

Zangerl, A.; McKenna, D.; Wraight, C.; Carroll, M.; Ficarello, P; Warner, R.; Berenbaum,
M. 2001. Effects of exposure to event 176 Bacillus thuringiensis corn pollen on monarch and
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black swallowtail caterpillars under field conditions. PNAS, 98: 11908-11912.

‘The widespread planting of corn genetically modified to produce Bacillus thuringiensis endotoxin has
led to speculation that pollen from these fields might adversely affect nearby nontarget lepidopterans.
A previous study of Bt corn engineered with Monsanto event 810 failed to detect an effect of pollen
exposure on the black swallowtail, Papilio polyxenes, in cither the field or the laboratory. Here, we
report results of a field study investigating the impact of exposure to pollen from a B corn hybrid
containing Novartis event 176 on two species of Lepidoptera, black swallowtails and monarch
butterflies, Danaus plexippus. Nearly half of the 600 monarch larvae died within the first 24 h; this
and subsequent mortality was not associated with proximity to Bf corn and may have been due in
part to predation. Survivorship of black swallowtails was much higher than that of the monarchs
and was also independent of proximity to the transgenic corn. However, despite five rainfall events
that removed much of the pollen from the leaves of their host plants during the experiment, we
observed a significant reduction in growth rates of black swallowtail larvae that was likely caused
by pollen exposure. These results suggest that Bf corn incorporating event 176 can have adverse
sublethal effects on black swallowtails in the field and underscore the importance of event selection
in reducing environmental impacts of transgenic plants.

Full article available at https://naldc.nal.usda.gov/download/39648/

Zwabhlen, C.; Hilbeck, A.; Howald, R.; Nentwig, W. 2003. Effects of transgenic Bt corn litter
on the carthworm Lumbricus terrestris. Molecular Ecology, 12 (8):1077 1086.

A 200-day study was carried out to investigate the impact of transgenic Bacillus thuringiensis (Bt)
corn on immature and adult Lumbricus terrestris in the field and in the laboratory. Another objective
of this study was to develop test methods that could be used for standard testing of the impact of
transgenic plants on different earthworm species in the field and in the laboratory. For this purpose
two different experiments were involved, a laboratory experiment with adult L. terrestris and a field
experiment with immature L. terrestris. No lethal effects of transgenic Bt corn on immature and adult
earthworms were observed. Immature L. terrestris in the field had a very similar growth pattern when
fed either (Bt+) or (Bt-) corn litter. No significant differences in relative weights of (Bt+) and (Bt-)
corn-fed adult L. terrestris were observed during the first 160 days of the laboratory trial, but after
200 days adult L. terrestris had a significant weight loss of 18% of their initial weight when fed (Bt+)
corn litter compared to a weight gain of 4% of the initial weight of (Bt-) corn-fed earthworms. Further
studies are necessary to see whether or not this difference in relative weight was due to the Bt toxin or
other factors discussed in the study. Degradation of CrylAb toxin in corn residues was significantly
slower in the field than at 10 degrees C in the laboratory. Enzyme-linked immunosorbent assay results
indicated that earthworms in both experiments were exposed to the Bt toxin throughout the whole
experimental time.

http://www.ncbi.nlm.nih.gov/pubmed/12753225

Dively, G.; Rose, R.; Sears, M.; Hellmich, R.; Stanley-Horn, D.; Calvin, D.; Russo, J.;
Anderson, P. 2004. Effects on monarch butterfly larvae (Lepidoptera: Danaidae) after
continuous exposure to Cryl1Ab expressing corn during anthesis. Environmental Entomology,

33:1116-1125.

Effects on monarch butterfly, Danaus plexippus L., after continuous exposure of larvae to natural
deposits of Bacillus thuringiensis (Bt) and non-Bt pollen on milkweed, were measured in five studies.
First instars were exposed at 3D4 and 6D7 d after initial anthesis, cither directly on milkweed
plants in commercial corn-fields or in the laboratory on leaves collected from milkweeds in corn
plots. Pollen exposure levels ranging from 122 to 188 grains/cm2/d were similar to within-field
levels that monarch butterfly populations might experience in the general population of cornPelds.
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Results indicate that 23.7% fewer larvae exposed to these levels of Bt pollen during anthesis reached
the adult stage.A risk assessment procedure used previously was updated with a simulation model
estimating the proportion of second-generation monarch butterflies affected. When considered over
the entire range of the Corn Belt, which represents only 50% of the breeding population, the risk
to monarch butterfly larvae associated with long-term exposure to Bt corn pollen is 0.6% additional
mortality. Exposure also prolonged the developmental time of larvae by 1.8 d and reduced the
weights of both pupae and adults by 5.5%. The sex ratio and wing length of adults were unaffected.
The ecological significance of these sublethal effects is discussed relative to generation mortality and
adult performance.

Full article available at http://www.bioone.org/doi/abs/10.1603/0046-225X-
33.4.11162journalCode=enve&

Yoichi, S.; Mami, T. 2005. Effects of transgenic Bt corn pollen on a non-target lycaenid
butterfly, Pseudozizeeria maha. Applied Entomology and Zoology, 40 (1): 151-159.

To evaluate the effect of pollen released from transgenic insecticidal corn on non-target lepidopteran
insects, corn pollen deposition density on the leaves of sunflower and black nightshade was measured
near a cornfield. At 12 d from the start of anthesis, the highest cumulative pollen density on leaves
was approximately 160 grains per cm”2 at 1m from the edge of the cornfield, falling to 20 grains at
5 m and less than 10 grains at 10m. The pollen density calculated using a mathematical model in
a previous study evidently had overestimated values. To evaluate precisely the effect of corn pollen
expressing Bacillus thuringiensis (Bt) endotoxin (CrylAb) on the survival of lepidopteran larvae,
we improved the bioassay methods using the pale grass blue, Pseudozizeeria maha, the leaf disc
of the wood sorrel, Oxalis corniculata, and transgenic Bt corn (Event-176). When the surface of
the leaf was pretreated with a small amount of 80% acetone solution, the preselected pollen dose
was successfully applied onto the leaf disc. Larval survival of P maha was significantly affected at
pollen density of more than 20 grains per cm”2 on the leaf disc. It is unlikely that pollens from Bt
corn expressing CrylAb have wide-scaled deleterious effects on non-target P maha near cornfields,
because of low pollen deposition dose on the leaves.

http://ci.nii.ac.jp/naid/10014474578/en

Lang, A.; Vojtech, E. 2006. The effects of pollen consumption of transgenic Bt maize on
the common swallowtail, Papilio machaon L. (Lepidoptera, Papilionidae). Basic and Applied
Ecology, 7: 296-306.

Effects of exposure to maize pollen of event Bt176 (cultivar “Navares”) on the larvae of the European
common swallowtail (Papilio machaon L.) were studied in the laboratory. First instar larvae were
exposed to different pollen densities applied to leaf disks of Pastinaca sativa L. for 48 h. Pollen
densities applied in this study were in the range recorded from the field. Larvae which were exposed
to higher Bt maize pollen densities consumed more pollen and had a lower survival rate. The LD,
with regard to larvae surviving to adulthood was 13.72 pollen grains consumed by first-instar larva.
Uptake of Bt maize pollen led to a reduced plant consumption, to a lower body weight, and to a
longer development time of larvae. Effects on pupal weight and duration of the pupal period were
present but less pronounced and smaller than effects on larvae. Larvae having consumed Bt-maize
pollen as first instars had a lower body weight as adult females and smaller forewings as adult males.
We conclude that possible effects of Bt maize on European butterflies and moths must be evaluated
more rigorously before Bt maize should be cultivated over large areas.

http://www.sciencedirect.com/science/article/pii/S1439179105001246
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Rosi-Marshall, E.; Tank, J.; Royer, T.; Whiles, M.; Evans-White, M.; Chambers, C.;
Griffiths, N.; Pokelsek, J.; Stephen, M. 2007. Toxins in transgenic crop byproducts may
affect headwater stream ecosystems. PNAS, 104(41): 16204-16208.

Corn (Zea mays L.) that has been genetically engineered to produce the CrylAb protein (Bt corn)
is resistant to lepidopteran pests. Bt corn is widely planted in the midwestern United States, often
adjacent to headwater streams. We show that corn byproducts, such as pollen and detritus, enter
headwater streams and are subject to storage, consumption, and transport to downstream water
bodies. Laboratory feeding trials showed that consumption of Bt corn byproducts reduced growth
and increased mortality of nontarget stream insects. Stream insects are important prey for aquatic
and riparian predators, and widespread planting of Bt crops has unexpected ecosystem-scale
consequences.

Full article available at http://www.pnas.org/content/104/41/16204.full

Behn, T.; Primicerio, R.; Hessen, D.; Traavik, T. 2008. Reduced fitness of Daphnia magna
fed a Bt-transgenic maize variety. Archives of Environmental Contamination and Toxicology,
DOI 10.1007/s00244-008-9150-5.

Genetically modified (GM) maize expressing the Be-toxin CrylAb (Bt-maize) was tested for effects
on survival, growth, and reproduction of the water flea Daphnia magna, a crustacean arthropod
commonly used as a model organism in ecotoxicological studies. In three repeated experiments, D.
magna were fed 100% ground maize in suspension, using either GM or isogenic unmodified (UM)
maize. D. magna fed GM-maize showed a significantly reduced fitness performance: The mortality
was higher, a lower proportion of females reached sexual maturation, and the overall egg production
was lower compared to D. magna fed UM isogenic maize. We conclude that the tested variety of
Bt-maize and its UM counterpart do not have the same quality as food sources for this widely used
model organism. The combination of a reduced fitness performance combined with earlier onset of
reproduction of D. magna fed Bt-maize indicates a toxic effect rather than a lower nutritional value
of the GM-maize.

htep://www.ncbi.nlm.nih.gov/pubmed/18347840

Mason, C.; Sheldon, J.; Pesek, J.; Bacon, H.; Gallusser, R.; Radke, G.; Slabaugh, B. 2008.
Assessment of Chrysoperla plorabunda longevity, fecundity, and egg viability when adults are
fed transgenic Bt corn pollen. Journal of Agricultural and Urban Entomology, 25(4): 265-278.

‘The widespread planting of transgenic corn containing Bacillus thuringiensis (Bt) Cry endotoxin
in its tissues for insect pest control raises the potential for influence on many non-target species
including pollenfeeding species of Chrysopidae. This study was conducted to assess fitness
parameters associated with longevity, fecundity, and egg viability of adult Chrysoperla plorabunda
(Fitch) (Neuroptera: Chrysopidae) when fed Bt corn pollen. Bt products tested with their respective
non-Bt near-isolines were Event 176 (CrylAb), MON810 (CrylAb), and TC1507 (CrylF).
Females fed pollen from Event 176 lived significantly longer than those fed pollen from its non-
Bt near-isoline. Males fed pollen from TC1507 showed a trend for living longer than males fed
its non-Bt near-isoline pollen, but there was no difference for females regarding this event. The
mean number of eggs produced per female per day was significantly less for those fed MON810
pollen compared with females fed pollen from the non-Bt near-isoline. Total egg production was
significantly less for females fed MONB810 pollen vs. females fed pollen from its non-Bt near-isoline.

http://www.bioone.org/doi/abs/10.3954/1523-5475-25.4.265
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Héss, S.; Arndt, M.; Baumgarte, S.; Tebbe, C.; Nguyen, H.; Jehle, J. 2008. Effects of
transgenic corn and CrylAb protein on the nematode, Caenorhabditis elegans. Ecoroxicology
and Environmental Safety, 70 (2): 334-340.

The effects of the insecticidal CrylAb protein from Bacillus thuringiensis (Bt) on the nematode,
Caenorhabditis elegans, were studied with soil from experimental fields cultivated with transgenic
Bt corn (MONS810) and with trypsinized CrylAb protein expressed in Escherichia coli. The content
of CrylAb protein was above the detection limit of an ELISA test in only half of the soil samples
obtained from transgenic plots, ranging from 0.19 to 1.31 ng g 1 dry weight. In a laboratory
bioassay, C. elegans was exposed to rhizosphere and bulk soil from fields with isogenic or transgenic
corn or to solutions of CrylAb protein (0, 24, 41, 63, 118, and 200 mgl_1) over a period of 96 h,
with growth and reproduction serving as the test parameters. Nematode reproduction and growth
were significantly reduced in rhizosphere and bulk soil of Bt corn compared with soil from isogenic
corn and were significantly correlated with concentrations of the Cry1Ab protein in the soil samples.
Moreover, the toxicity of pure CrylAb protein to the reproduction and growth of C. elegans was
concentration-dependent. As significant inhibition occurred at relatively high concentrations of
the CrylAb protein (41 mgl_1), the effects of the soil samples from Bt corn could not be assigned
directly to the toxicity of the CrylAb protein. The results demonstrate that bioassays with the
nematode, C. elegans, provide a promising tool for monitoring the potential effects of Bt toxins in
aqueous médium and soils.

Full article available at http://stopogm.net/sites/stopogm.net/files/caenorhabditishoess. pdf

Schmidyt, J.; Braun, C.; Whitehouse, L.; Hilbeck, A. 2009. Effects of activated Bt transgene
products (CrylAb, Cry3Bb) on immature stages of the ladybird Adalia bipunctata in
Laboratory Ecotoxicity Testing. Arch Environ Contam loxicol, 56:221-228.

Insect-active Bacillus thuringiensis (Bt) proteins are expressed by several transgenic crop plants to
control certain pests, but nontarget organisms such as ladybirds also can be exposed to these proteins
in the field. We developed an improved ecotoxicity testing protocol and conducted feeding trials
in a laboratory setting to test for possible adverse effects of different concentrations of microbially
produced trypsin-activated CrylAb and Cry3Bb toxins on the coccinellid Adalia bipunctata.
Larval/pupal mortality, development time, and overall body mass accumulation were recorded.
Even at the lowest concentration (5 microg/ml), A. bipunctata larvae fed with the lepidopteran-
active CrylADb toxin exhibited significantly higher mortality than the control group. In experiments
with the coleopteran-active Cry3Bb, only a concentration of 25 microg/ml resulted in a marginally
significantly higher mortality compared to the control. Both experiments revealed a slight decline
in mortality at the highest concentration of 50 microg/ml, though this was statistically significant
only in the CrylAb treatment. No differences were detected for development time and body
mass of newly emerged adults. Dilutions of the expression vector pBD10--used as a control to
exclude effects of the toxin production method--at concentrations between 10 and 100 microg/ml
revealed no significant effects on either of the studied parameters. This suggests that the increased
mortality of larvae in the toxin feeding trials was caused directly by the activated Bt toxins and
raises questions regarding their commonly postulated specificity and their mode of action in A.
bipunctata. Implications of the reported results for ladybird populations and their biological pest
control functions in transgenic crop ecosystems are discussed.

Full article available at http://stopogm.net/sites/stopogm.net/files/cry3Bbschmidt.pdf

REV - Lang, A; Otto, M. 2010. A synthesis of laboratory and field studies on the effects
of transgenic Bacillus thuringiensis (Bt) maize on non-target Lepidoptera. Entomologia
Experimentalis et Applicata, 135: 121-134, 2010.
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One of the major applications of transgenic crops in agriculture are the so-called Bacillus
thuringiensis Berliner (Bt) plants, in particular Bt maizes, which produce insecticidal Cry proteins
that target specific orders, such as the Lepidoptera or Coleoptera. We reviewed publications that
reported on the direct toxic effects of Bt-maize and/or Cry proteins of current Bt-maize events on
larvae of non-target butterflies and moths (Lepidoptera). In total, 20 peer-reviewed publications
were identified, of which 16 papers contributed laboratory-based data and seven field-based data.
An adverse effect on caterpillars was recorded in 52% of all laboratory-based and in 21% of all
field-based observations. The variables most often studied and having the highest occurrence of
effects were larval survival, body mass, and developmental time. Parameters of the adult stage
were under-represented in the studies. Overall, 11 lepidopteran species were tested. The majority
of the studies originated from the USA, with the Monarch butterfly being the most studied,
whereas other species and other parts of the world were widely neglected. Laboratory experiments
were often run under unrealistic conditions from an ecological point of view. Although the
papers we reviewed indicated a potential hazard for Lepidoptera that are exposed to and feed on
lepidopteran-specific Bt-maize pollen, a general conclusion on the level of risk for butterflies and
moths cannot as yet be drawn. A comprehensive risk characterization would require thorough
hazard identification, exposure assessment, and impact assessment. However, our review showed
that even the basic level of hazard characterization is as yet incomplete. Reasons for this are
the still-limited numbers of publications and concurrent lack of knowledge, the restriction of
data to only a few species, the over-representation of North American species, and the identified
limitations of both laboratory and field experiments. The findings of this review suggest that more
realistic, ecologically meaningful, and detailed experiments and analyses are crucial to improve
the present assessment of Bt-maize cultivation effects on Lepidoptera.

Full article available at http://onlinelibrary.wiley.com/doi/10.1111/j.1570-7458.2010.00981.x/pdf

Jensen, P; Dively, G.; Swan, C.; Lamp, W. 2010. Exposure and nontarget effects of transgenic
Bt corn debris in streams. Environmental Entomology, 39 (2) 707-714.

Corn (Zea mays L.) transformed with a gene from the bacterium Bacillus thuringiensis (Bt)
comprises 49% of all corn in the United States. The input of senesced corn tissue expressing the Bt
gene may impact stream-inhabiting invertebrates that process plant debris, especially trichopteran
species related to the target group of lepidopteran pests. Our goal was to assess risk associated with
transgenic corn debris entering streams. First, we show the input of corn tissue after harvest was
extended over months in a stream. Second, using laboratory bioassays based on European corn borer
[Ostrinia nubilalis (Hiibner)], we found no bioactivity of CrylAb protein in senesced corn tissue
after 2 wk of exposure to terrestrial or aquatic environments. Third, we show that Bt near-isolines
modify growth and survivorship of some species of invertebrates. Of the four nontarget invertebrate
species fed Bt near-isolines, growth of two closely related trichopterans was not negatively affected,
whereas a tipulid crane fly exhibited reduced growth rates, and an isopod exhibited reduced growth
and survivorship on the CrylAb near-isoline but not on the stacked CrylAb + Cry3Bbl near-
isoline. Because of lack of evidence of bioactivity of Bt after 2 wk and because of lack of nontarget
effects on the stacked near-isoline, we suggest that tissue-mediated differences, and not the presence
of the Cry1Ab protein, caused the different responses among the species. Overall, our results provide
evidence that adverse effects to aquatic nontarget shredders involve complex interactions arising
from plant genetics and environment that cannot be ascribed to the presence of CrylAb proteins.

Full article available at http://ec.oxfordjournals.org/content/ee/39/2/707 full.pdf

Bohn, T.; Traavik, T.; Primicerio, R. 2010. Demographic responses of Daphnia magna fed
transgenic Bt-maize. Ecotoxicology, 19(2): 419-430.
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The food/feed quality of a variety of genetically modified (GM) maize expressing Cry1Ab Bt-toxin
was tested over the life-cycle of Daphnia magna, an arthropod commonly used as model organism
in ecotoxicological studies. Demographic responses were compared between animals fed GM or
unmodified (UM) near isogenic maize, with and without the addition of predator smell. Age-specific
data on survival and birth rates were integrated and analysed using life tables and Leslie matrices.
Survival, fecundity and population growth rate (PGR) data generally disfavoured transgenic Bt-maize
as feed for D. magna compared to animals fed the unmodified (UM) near isogenic line of maize.
Decomposition of age-specific effects revealed that the most important contributions to a reduced
PGR in the GM-fed group came from both fecundity and survival differences early in life. We
conclude that juvenile and young adult stages are the most sensitive experimental units and should be
prioritized in future research. These stages are often omitted in toxicological/ecotoxicological studies
and in feeding trials.

Full article available at http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2811247/

Hilbeck, A.; McMillan, J.; Meier, M.; Humbel, A.; Schlaepfer-Miller, J.; Trtikova, M. 2012.
A controversy re-visited: Is the coccinellid Adalia bipunctata adversely affected by Bt toxins?
Environmental Sciences Europe, 24(10).

Background: In 2008/2009, Schmidt and colleagues published a study reporting lethal effects of
the microbial Bt toxins CrylAb and Cry3Bb on the coccinellid biological control organisms Adalia
bipuncrara. Based on this study, in concert with over 30 other publications, Mon810 cultivation
was banned in Germany in 2009. This triggered two commentaries and one experimental study all
published in the journal ‘Transgenic Research’ that question the scientific basis of the German ban
or claim to disprove the adverse effects of the Bt toxins on A. bipunctata reported by Schmidt and
colleagues, respectively. This study was undertaken to investigate the underlying reasons for the
different outcomes and rebuts the criticism voiced by the two other commentaries.

Results: It could be demonstrated that the failure to detect an adverse effect by Alvarez-Alfageme
and colleagues is based on the use of a significantly different testing protocol. While Schmidt and
colleagues exposed and fed larvae of A. bipunctata continuously, Alvarez-Alfageme and colleagues
applied an exposure/recovery protocol. When this exposure/recovery protocol was applied to a
highly sensitive target insect, Ostrinia nubilalis, the lethal effect was either significantly reduced or
disappeared altogether. When repeating the feeding experiments with the Bt toxin CrylAb using
a combined protocol of both previous studies, again, a lethal effect on A. bipunctara larvae was
observed. ELISA tests with Bt-toxin fed larvae and pupae confirmed ingestion of the toxin.
Conclusions: The new data corroborates earlier findings that CrylAb toxin increases mortality in
A. bipunctata larvae. It was also shown that the different applied testing protocols explained the
contrasting results.

Full article available at http://www.enveurope.com/content/24/1/10

MOD —Holst, N.; Lang, A.; Lovei, G.; Otto, M. 2013. Increased mortality is predicted of Inachis
7o larvae caused by Bt-maize pollen in European farmland. Ecological Modelling, 250: 126133.

A potential environmental risk of the field cultivation of insect-resistant (Bt-toxin expressing)
transgenic maize (Zea mays) is the consumption of Bt-containing pollen by herbivorous larvae of
butterflies (Lepidoptera). Maize is wind-pollinated, and at flowering time large amounts of pollen
can be deposited on various plants growing in the landscape, leading to inadvertent ingestion of
toxic pollen with plant biomass consumed by these butterfly larvae. To examine the possible effect
of this coincidence, we focused our study on the protected butterfly /nachis io and two regions of
Europe. Using climatic records, maize and butterfly phenology data, we built a simulation model
of the butterfly’s annual life cycle, overlaid with the phenology of maize pollen deposition on the
leaves of the food plant Urtica dioica, and linked these with the dose—response curve of /. io larvae
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to Be-maize pollen (event MONB810). The simulations indicated that in Northern Europe, where
1. io is univoltine, Bt-maize pollen would not be present on the food plant at the same time as the
1. io larvae. However, in Central and Southern Europe, where /. io is bivoltine, Bt-maize pollen
and the second generation /. io larvae would coincide, and an increased mortality of the larvae was
predicted. This prediction differs from earlier studies which predicted negligible effect of field-grown
Bt-maize on I io larvae. Our model is an improvement over previous efforts since it is based on
more detailed, empirical data, includes more biological detail, and provides explicit estimation of all
model parameters. The model is open-source software and is available for re-use and for modelling
the effects on other species or regions.

http://www.sciencedirect.com/science/article/pii/S0304380012005315

Linn, M.; Moore, P. 2014. The effects of Bt corn on rusty crayfish (Orconectes rusticus) growth
and survival. Arch Environ Contam Toxicol, 67(3):436-43. doi: 10.1007/s00244-014-0061-3.

Bt crops are one of the most commonly used genetically modified crops worldwide. Bt crops contain
a gene that is derived from the bacteria Bacillus thuringiensis, which produces the Cry1Ab toxin. Bt
corn that contains the CrylAb toxin is used throughout the Midwest United States to control crop
pests such as the European corn borer (Ostrinia nubilalis). Headwater streams in regions known
for intensive agriculture receive Bt corn detritus after the fall harvest, which is then consumed by a
diverse community of stream invertebrates. The rusty crayfish (Orconectes rusticus) is a common
invertebrate detritivore in these headwater streams. Both isogenic and Bt corn were grown under
the controlled environmental conditions of a greenhouse and, after senescence, were tested for
nutritional equality. Rusty crayfish were exposed to one of several detrital treatments composed of
Bt corn, Bt corn plus American sycamore (Platanus occidentalis), isogenic corn alone, isogenic corn
plus . occidentalis, or P occidentalis alone for 8 weeks. Both strains of corn were grown under the
controlled environmental conditions in a greenhouse and were tested for nutritional equality after
senescence. Crayfish were housed in live streams with a water temperature of 12.8 °C and a 12:12 h
light-to-dark photoperiod. Survival and growth of animals within each experimental treatment were
monitored each week. After 8 weeks of exposure, there was no statistically significant difference in
growth between crayfish in Bt and isogenic treatments. However, survivorship was 31 % lower in
the Bt treatment compared with the isogenic treatment. These results suggest that the Bt corn and
isogenic corn were of equivalent nutritional value but that Bt corn does have a toxic effect on rusty
crayfish during long-term exposure.

http://www.ncbi.nlm.nih.gov/pubmed/25001246

Difficult to be noted in laboratories, subchronic impacts can be
consolidated by means of environmental changes involving the affected
organisms and their relationship with the environment.

In this context, among the few studies conducted in the sociobiology
and etiology fields, are damage evaluations on populations of domestic
bees. The results indicate environmental changes which result in
damages and imbalances of population order.

Prasifka, P; Hellmich, R.; Prasifka, J.; Lewis, L. 2007. Effects of Cry1Ab-expressing corn anthers
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on the movement of monarch butterfly larvae. Environmental Entomology, 36 (1): 228-33.

Decreased larval feeding and weight of the monarch butterfly, Danaus plexippus L., have been
detected after 4 d of exposure in the laboratory to a high density of Bacillus thuringiensis (Bt)-
expressing anthers. One hypothesis is that larvae exposed to Bt anthers exhibit increased wandering,
resulting in less feeding and lower weight gain. To test this hypothesis, 2-d-old monarch butterfly
larvae exposed to milkweed leaf disks with no anthers, anthers that express Bt (CrylAb, event
MONS810), or other non-Bt anthers were observed using a video-tracking system. As had been
shown in previous studies, larvae exposed to Bt anthers fed less and gained less weight than larvae
exposed to non-Bt or no anthers, yet there was no evidence of feeding on anthers. Total distance
moved, maximum displacement from release point, percentage of time spent moving or near
anthers, or mean turn angle did not differ across treatments. However, larvae exposed to Bt anthers
spent more time off milkweed leaf disks than those exposed to no anthers and were more likely to
move off the leaf than larvae exposed to non-Bt anthers. Results suggest that larvae exposed to Bt
anthers behave differently and that ingestion may not be the only way Bt can affect nontarget insects
like the monarch butterfly.

Full article available at http://ee.oxfordjournals.org/content/ee/36/1/228.full.pdf

Ramirez-Romero, R.; Desneux, N.; Decourtye, A.; Chaffiol, A.; Pham-Delégue, M. 2008.
Does CrylAb protein affect learning performances of the honey bee Apis mellifera L.
(Hymenoptera, Apidae)? Ecotoxicology and Environmental Safety, 70 (3): 327 333.

Genetically modified Bt crops are increasingly used worldwide but side effects and especially
sublethal effects on beneficial insects remain poorly studied. Honey bees are beneficial insects for
natural and cultivated ecosystems through pollination. The goal of the present study was to assess
potential effects of two concentrations of CrylAb protein (3 and 5000 ppb) on young adult honey
bees. Following a complementary bioassay, our experiments evaluated effects of the Cry1Ab on three
major life traits of young adult honey bees: (a) survival of honey bees during sub-chronic exposure
to CrylAb, (b) feeding behaviour, and (c) learning performance at the time that honey bees become
foragers. The latter effect was tested using the proboscis extension reflex (PER) procedure. The same
effects were also tested using a chemical pesticide, imidacloprid, as positive reference. The tested
concentrations of CrylAb protein did not cause lethal effects on honey bees. However, honey bee
feeding behaviour was affected when exposed to the highest concentration of Cry1Ab protein, with
honey bees taking longer to imbibe the contaminated syrup. Moreover, honey bees exposed to
5000 ppb of CrylAb had disturbed learning performances. Honey bees continued to respond to
a conditioned odour even in the absence of a food reward. Our results show that transgenic crops
expressing CrylAb protein at 5000 ppb may affect food consumption or learning processes and
thereby may impact honey bee foraging efficiency. The implications of these results are discussed in
terms of risks of transgenic Bt crops for honey bees.

Full article available at http://stopogm.net/sites/stopogm.net/files/hymenopteraramirez.pdf

Han, P; Niu, C-Y; Lei, C-L.; Cui, J-J.; Desneux, N. 2010. Quantification of toxins in a
CrylAc + CpTI cotton cultivar and its potential effects on the honey bee Apis mellifera L.
Ecoroxicology, 19(8):1452-9.

Transgenic CrylAc + CpTI cotton (CCRI41) is increasingly planted throughout China. However,
negative effects of this cultivar on the honey bee Apis mellifera L., the most important pollinator
for cultivated ecosystem, remained poorly investigated. The objective of our study was to evaluate
the potential side effects of transgenic CrylAc + CpTI pollen from cotton on young adult honey
bees A. mellifera L. Two points emphasized the significance of our study: (1) A higher expression
level of insecticidal protein CrylAc in pollen tissues was detected (when compared with previous
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reports). In particular, CrylAc protein was detected at 300 + 4.52 ng g(-1) [part per billion (ppb)]
in pollen collected in July, (2) Effects on chronic mortality and feeding behaviour in honey bees
were evaluated using a no-choice dietary feeding protocol with treated pollen, which guarantee the
highest exposure level to bees potentially occurring in natural conditions (worst case scenario). Tests
were also conducted using imidacloprid-treated pollen at a concentration of 48 ppb as positive
control for sublethal effect on feeding behaviour. Our results suggested that CrylAc + CpTI pollen
carried no lethal risk for honey bees. However, during a 7-day oral exposure to the various treatments
(transgenic, imidacloprid-treated and control), honey bee feeding behaviour was disturbed and bees
consumed significantly less CCRI41 cotton pollen than in the control group in which bees were
exposed to conventional cotton pollen. It may indicate an antifeedant effect of CCRI41 pollen on
honey bees and thus bees may be at risk because of large areas are planted with transgenic Bt cotton
in China. This is the first report suggesting a potential sublethal effect of CCRI41 cotton pollen on
honey bees. The implications of the results are discussed in terms of risk assessment for bees as well
as for directions of future work involving risk assessment of CCRI41 cotton.

Full article available at http://www.ncbi.nlm.nih.gov/pmc/articless/PMC2995320/

1.2.2 Negative effects on NTOs which indirectly consume
Bt plant material (through trophic chains)

In addition to potential impacts related to the direct consumption
of Bt vegetal material, studies show that there are damages related
to the indirect consumption, involving the accumulation of the
toxins over the trophic chains. This is due to the fact that the
Bt toxins remain biologically active (they are, then, accessed by
non-phytophagous predators). It is also noted that changes to the
nutritional quality of the preys and hosts of parasitoids (resulting
from these organisms feeding on Bt material) may generate
negative impacts on species located in upper scales of the trophic
and ecological webs.

Hilbeck, A.; Baumgartner, M.; Fried, P; Bigler, E 1998. Effects of transgenic Bacillus
thuringiensis corn-fed prey on mortality and development time of immature Chrysoperla

cornea (Neuroptera: Chrysopidae). Environmental Entomology, 276: 480-487.

Laboratory feeding experiments using transgenic Bacillus thuringiensis variety kurstaki (Berliner)
corn plants have been carried out to study the effects of B. thuringiensis-fed herbivores (i.e., prey), on
the predator Chrysoperla carnea Stephens. Host plants were a transgenic B. thuringiensis-expressing
(CrylAb) corn hybrid and the corresponding untransformed, B. thuringiensis-free corn hybrid. Two
different prey species were used in the experiments, the European corn borer, Ostrinia nubilalis
(Hiibner) (lepidopterous target pest), and Spodoptera littoralis (Boisduval) (lepidopterous nontarget
pest for B. thuringiensis). The objectives were to quantify the effects of B. thuringiensis-fed prey on
chrysopid immature development and to determine whether observed effects were caused by sick,
suboptimal prey (indirect effects) or associated with B. thuringiensis-related causes (direct effects).
Mean total immature mortality for chrysopid larvae raised on B. thuringiensis-fed prey was 62%
compared with 37% when raised on B. thuringiensis-free prey. There was no significant difference in
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mortality between chrysopid larvae reared on B. thuringiensis-fed O. nubilalis or B. thuringiensis-fed
S. littoralis. Similarly, no significant difference in mortality was detected when chrysopid larvae were
raised on B. thuringiensis-free O. nubilalis or B. thuringiensis-free S. littoralis. Development time of
chrysopid larvae was prolonged when B. thuringiensis-fed O. nubilalis was given to the predators but
not for B. thuringiensis-fed S. littoralis. Although some unnoticed adverse effects in S. /ittoralis may
have occurred because of the B. thuringiensis corn, our results suggest that the reduced fitness of
chrysopid larvae was associated with B. thuringiensis. The prolonged development time of chrysopid
larvae raised on B. thuringiensis-fed O. nubilalis was probably because of a combined effect of B.
thuringiensis exposure and nutritional deficiency caused by sick prey.

hteps://goo.gl/8vnWh8

Hilbeck, A.; Moar, W.; Pusztai-Carey, M.; Filippini, A.; Bigler, E. 1999. Prey-mediated
effects of CrylAb toxin and protoxin and Cry2A protoxin on the predator Chrysoperla
carnea. Entomologia Experimentalis et Applicata, 91: 305-316.

Laboratory feeding experiments were carried out to study prey-mediated effects of artificial diet
containing Bacillus thuringiensis proteins on immature Chrysoperla carnea. Activated Cry1Ab toxin
and the protoxins of CrylAb and Cry2A were mixed into standard meridic diet for Spodoptera
littoralis (Boisduval) larvae at the following concentrations; for CrylAb toxin, 25, 50, 100gg—1
diet were used; for CrylAb protoxin, the concentration was doubled (50gg—1 diet, 100gg—1 diet
and 200gg-1 diet) to give relative comparable levels of toxin concentration. Cry2A protoxin was
incorporated into the meridic diet at one concentration only (100gg-1 diet). For the untreated
control, the equivalent amount of double distilled water was added to the meridic diet. Individual
C.carnea larvae were raised on S.littoralis larvae fed with one of the respective treated meridic diets
described above. The objectives were to quantify and compare the resulting effects on mortality
and development time of C.carnea with those observed in two previous studies investigating prey-
mediated effects of transgenic Cryl1Ab toxin-producing corn plants and the other studying effects of
CrylAb toxin fed directly to C.carnea larvae. Mean total immature mortality for chrysopid larvae
reared on B.thuringiensis-fed prey was always significantly higher than in the control (26%). Total
immature mortality of C.carnea reared on Cryl1Ab toxin 100gg—1 diet-fed prey was highest (78%)
and declined with decreasing toxin concentration. CrylAb protoxin-exposed C.carnea larvae did
not exhibit a dose response. Prey-mediated total mortality of CrylAb protoxin-exposed chrysopid
larvae was intermediate (46-62%) to CrylAb toxin exposed (55-78%) and Cry2A protoxin (47%)
exposed C.carnea. In agreement with the previous studies, total development time of C.carnea was
not consistently, significantly affected by the Bt-treatments except at the highest CrylAb toxin
concentration. However, both highest mortality and delayed development of immature C.carnea
raised on CrylAb toxin 100gg—1 diet — fed prey may have been confounded with an increased
intoxication of S.littoralis larvae that was observed at that concentration. At all other B.thuringiensis
protein concentrations S.littoralis was not lethally affected. Comparative analysis of the results of
this study with those of the two previous studies revealed that in addition to prey/herbivore by
B.thuringiensis interactions, also prey/herbivore by plant interactions exist that contribute to the
observed toxicity of B.thuringiensis — fed S.littoralis larvae for C.carnea. These findings demonstrate
that tritrophic level studies are necessary to assess the long-term compatibility of insecticidal plants
with important natural enemies.

https://goo.gl/qSHpvu

Dutton, A.; Klein, H.; Romeis, J.; Bigler, E 2002. Uptake of Bt-toxin by herbivores feeding
on transgenic maize and consequences for the predator Chrysoperia carnea. Ecological

Entomology, 27: 441-7.

1. Chrysoperla carnea is an important predatory insect in maize. To assess the ecological effects of
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Bt-maize, expressing the CrylAb protein, on larvae of this predator, the following factors were
examined: (1) the performance of three prey herbivores (Rhopalosiphum padi, Tetranychus urticae,
and Spodoptera littoralis) on transgenic Bt and non-transgenic maize plants; (2) the intake of the
CrylAb toxin by the three herbivores; and (3) the effects on C. carnea when fed each of the prey
species.

2. The intrinsic rate of natural increase (r,) was used as a measure of performance for R. padi and
1. urticae. No difference in this parameter was observed between herbivores reared on Bt or non-
transgenic plants. In contrast, a higher mortality rate and a delay in development were observed in
S. litroralis larvae when fed Bt-maize compared with those fed the control maize plants.

3. The ingestion of CrylAb toxin by the different herbivores was measured using an immunological
assay (ELISA). Highest amounts of Cry1Ab toxin were detected in 7. urticae, followed by S. litroralis,
and only trace amounts detected in R. padi.

4. Feeding C. carnea with T urticae, which were shown to contain the CrylAb toxin, or with
R. padi, which do not ingest the toxin, did not affect survival, development, or weight of C. carnea.
In contrast, a significant increase in mortality and a delay in development were observed when
predators were fed S. littoralis larvae reared on Bt-maize.

5. A combined interaction of poor prey quality and CrylAb toxin may account for the negative
effects observed on C. carnea when fed S. littoralis. The relevance of these findings to the ecological
risks of Bt-maize on C. carnea is discussed.

Full article available at http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2311.2002.00436.x/pdf

Ponsard, S.; Gutierrez, A.; Mills, N. 2002. Effect of Bt-toxin (CrylAc) in transgenic cotton on
the adult longevity of four heteropteran predators. Environmental Entomology, 31: 1197-1205.

The management of agroecosystems affects intricately linked assemblages of organisms, and
nontarget species are not necessarily unimpacted. We examined the effect of Bt-cotton and of
lepidopteran prey (Spodoptera exigua Hiibner) that had ingested it on the adult survivorship of
four important heteropteran predators of cotton pests. Longevity significantly decreased for Orius
tristicolor White and Geocoris punctipes Say (by 28 and 27% of the control value, respectively),
whereas no effect was found for Nabis sp. and Zelus renardii Kolenati. This finding contrasts with the
results of previous studies in which Orius spp. and G. punctipes were cither fed only plant material
or nonlepidopteran prey. S. exigua is a lepidopteran with low susceptibility to the Bt toxin expressed
in cotton and therefore exemplifies the possible effect on predators of lepidopteran pests that would
become resistant to Bz The importance of Bt toxin type, the difference between plants and prey and
between different prey species as routes of ingestion of Bt toxins, and the need for studies assessing
the population and ecosystem-level effects of Bz cotton are discussed.

http://www.bioone.org/doi/abs/10.1603/0046-225X-31.6.1197?journalCode=enve

Baur, M.; Boethel, D. 2003. Effect of Bt-cotton expressing CrylA(c) on the survival
and fecundity of two hymenopteran parasitoids (Braconidae, Encyrtidae) in the laboratory.
Biological Control, 26, 325-332.

We examined the effect of Bt-cotton (Event 531) plants expressing the Bacillus thuringiensis
§-endotoxin CryIA(c) on two hymenopteran endoparasitoids, Cotesia marginiventrisand Copidosoma
Sfloridanum. In the laboratory, parasitized and unparasitized Pseudoplusia includens larvae were reared
on foliage from a conventional soybean cultivar (Pioneer 97B61), a conventional cotton cultivar
(DPL 5415), or a Bt-cotton cultivar (NuCotn 33B). C. marginiventris developed significantly faster
within 2 includens larvae feeding on Pioneer 97B61 and DPL 5415 compared to those feeding on
NuCotn 33B. C. marginiventris that developed inside P includens larvae feeding on NuCotn 33B
suffered reduced longevity, and females had fewer ova. NuCotn 33B also affected the growth and
development of P includens parasitized with C. floridanum and life history parameters of adult C.
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Sfloridanum. Parasitized and unparasitized P includens developed more slowly when they were fed
NuCotn 33B and the prepupae weighed less. Survival of parasitized and unparasitized 2 includens
was lower when larvae were fed NuCotn 33B and some evidence points to higher susceptibility
of parasitized caterpillars to intoxication by NuCotn 33B. Fewer C. floridanum adults emerged
from hosts fed NuCotn 33B, but pupal weight and adult longevity were unaffected. Analysis
comparing the two experiments conducted with C. floridanum suggests that older NuCotn 33B
plants (90-120 days after planting) may affect parasitoid development and adult survival less than
younger NuCotn 33B plants (60-90 days after planting). Feeding on NuCotn 33B by P includens
affected the survival and development of the two hymenopteran endoparasitoids studied here, and
the degree of the effect was similar to that observed with natural resistance found in soybean plants.
It remains to be determined if the effects demonstrated here are less than, equal to, or greater than
the impact of conventional insecticide applications used in conventional, non-transgenic, cotton.

htep://www.sciencedirect.com/science/article/pii/S1049964402001603

REV — Lévei, G.; Arpaia, S. 2005. The impact of transgenic plants on natural enemies: a
critical review of laboratory studies. Entomologia Experimentalis et Applicara, 114 (1):114.

We reviewed laboratory tests which studied the impact of genetically modified plants on arthropod
natural enemies. A total of 18 species of predators and 14 species of parasitoids have been tested,
most in only a few experiments. Certain groups (braconid wasps) or species (the green lacewing,
Chrysoperla carnea) have attracted much effort, while representatives of others, including whole
orders (e.g., Diptera), have never had a species tested. We conclude that laboratory tests are not the
‘worst case’ scenarios intended by the experimental designs, and are not often ecologically realistic:
they typically provided ad libitum feeding, no prey choice, single prey type, no combination of
stress factors and usually uniform temperatures. None of these are representative of field conditions,
yet most could be easily mimicked in more complex laboratory tests. In most cases (94.6%), the
studies were unable to indicate the level of power required to detect any impact. Small sample
size and large variability are factors that mask all but very large differences in potential effects. For
predators, 126 parameters were quantified, most commonly including survival/mortality (37 cases),
development time (22), and body mass/size (20). For parasitoids, 128 parameters were quantified,
the majority involving lectins or proteinase inhibitors. Most frequent measurements were: fecundity
(23 experiments), adult longevity, extent of parasitism (17 each), body size, mortality, and larval
development time. An aggregative scoring (summarising all quantified parameters) indicated
that the laboratory tests quantified a remarkable number of cases (30% for predators, 39.8% for
parasitoids), where the impacts of the genetically modified plant were significantly negative. These
involve various parameters, organisms, test methods, and significance levels, but collectively they
indicate that the use of genetically modified crops may result in negative effects on the natural
enemies of crop pests.

Pilcher, C.; Rice, M.; Obrycki, J. 2005. Impact of transgenic Bacillus thuringiensis corn and
crop phenology on five nontarget arthropods. Environmental Entomology, 34(5): 1302-1316.

Large-scale field studies were conducted to determine if temporal plantings of Bacillus thuringiensis
(Berliner) (Bz) corn (event 176 and Brl1) would affect the seasonal abundance of the following
generalist predators: Coleomegilla maculata DeGeer and  Cycloneda munda (Say) (Coleoptera:
Coccinellidae), Orius insidiosus (Say) (Heteroptera: Anthocoridae), Chrysoperla carnea Stephens
(Neuroptera: Chrysopidae), and one specialist parasitoid, Macrocentrus cingulum Brischke
(Hymenoptera: Braconidae). Adult populations were monitored using Pherocon AM yellow sticky
traps at three locations in Iowa (1996-1998). At each location, a split-plot design was used with
Bt and non-Bt corn as main plots and three planting dates as the split plots. Few differences in
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abundance were observed between Bt and non-Bt corn for the generalist predators studied.
However, M. cingulum, a specialist parasitoid of European corn borer, was significantly affected by
the presence of Bt corn. Densities of adult M. cingulum were 29-60% lower in Bt corn compared
with non-Br corn. Regression analyses indicated M. cingulum adults were preferentially recruited to
and subsequently increased over time in the non-Bf corn treatments at each location within each
year. Significant differences were observed among planting dates for all five species. Abundance
effects from Bt corn on these natural enemies were not unexpected given the foraging and searching
behaviors of different species and their varying levels of dependence on the presence of European
corn borer.

Full article available at htep://ee.oxfordjournals.org/content/ee/34/5/1302.full.pdf

Liu, X-X.; Sun, C-G.; Zhang, Q-W. 2005. Effects of transgenic CrylA+CpTT cotton and
CrylAc toxin on the parasitoid, Campoketis chlorideae (Hymenoptera: Ichneumonidae). Insect
Science, 12: 101-107.

The effect of transgenic double genes, CrylA+CpTI cotton and CrylAc toxin on the parasitoid,
Campoketis chlorideae Uchida of cotton bollworm, Helicoverpa armigera (Hiibner), was investigated
in the laboratory. Helicoverpa armigera larvac when in the first, second and third instar could not
survive if fed on transgenic cotton leaves. Consequently, C. chlorideae larvae could not complete
their development if parasitizing on such hosts. After H. armigera larvae were reared on transgenic or
traditional cotton leaves for 12J48 hours, they were parasitized by C. chlorideae females. Parasitized
larvae continued to feed on transgenic or traditional cotton for 1248 h. The present results showed
that the body weight of larvae of the parasitoids were significantly reduced when parasitized hosts
fed on transgenic cotton leaves compared to those fed on traditional cotton. Duration of egg and
larvae stage were significantly prolonged, pupal and adult weight of C. chloridae was decreased when
the host larvae fed on transgenic cotton leaves longer than 48 h. The development duration of C.
chlorideae pupae on the hosts fed on transgenic cotton leaves in each treatment was not significantly
different from those of controls. The longevity of parasitoid females and males fed with a solution
containing CrylAc toxin was not significantly different with that of the control.

htep://onlinelibrary.wiley.com/doi/10.1111/j.1744-7917.2005.00012 x/abstract

Liu, X;; Zhang, Q.; Zhao, J-Z.; Cai, Q.; Xu, H.; Li, J. 2005. Effects of the CrylAc toxin of
Bacillus thuringiensis on Microplitis mediator, a parasitoid of the cotton bollworm, Helicoverpa
armigera. Entomologia Experimentalist et Applicata, 114: 205-213.

Interactions between the cotton bollworm, Helicoverpa armigera (Hiibner) (Lepidoptera: Noctuidae),
its larval parasitoid Microplitis mediator (Haliday) (Hymenoptera: Braconidae), and the CrylAc
toxin of Bacillus thuringiensis Berliner were evaluated under laboratory conditions. The growth of
H. armigera larvae was delayed and its pupal rate and pupal weight decreased when they were fed on
a diet containing CrylAc toxin. Due to the lowered growth rate of the host larvae, the time available
for parasitization of H. armigera by M. mediator increased when the host larvae were reared on a diet
containing CrylAc toxin at concentrations of 0.5, 1, 2, and 4 pg g™'. The longevity of female and
male parasitoids was not significantly affected when newly emerging wasps fed on honey solutions
containing three different concentrations of CrylAc toxin (125, 250, and 500 pg ml™). When
female parasitoids were fed on honey solutions containing CrylAc, their offsprings’ egg and larval
development period, pupal weight, length of pupation, adult weight, and adult longevity did not
change significantly in most of the treatments compared with controls. When the female parasitoids
parasitized host larvae that had been fed on a diet containing 0.5, 1, 2, 4, and 8 pg g™ CrylAc toxin,
their offsprings” eggs and larvae were significantly delayed. Their pupal weight, adult weight, and
adult longevity were also significantly less than controls.
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http://onlinelibrary.wiley.com/doi/10.1111/j.1570-7458.2005.00248.x/abstract

Zhang, G-E; Wan, F-H.; Lévei, G.; Liu, W-X.; Guo, J-Y. 2006. Transmission of Bt toxin to
the predator Propylaea japonica (Coleoptera: Coccinellidae) through its aphid prey feeding on
transgenic Bt cotton. Environmental Entomology, 35(1): 143-150.

Laboratory feeding experiments using transgenic Bacillus thuringiensis (Bf) cotton plants were
carried out to evaluate the transmission of Br toxin among trophic levels and the effects of Br-
fed herbivorous prey on the coccinellid predator Propylaea japonica (Thunberg). The experimental
host plants were transgenic Br-expressing cotton cultivars, NuCOTN 33B and GK-12 and one
corresponding untransformed isogenic (non-By) cultivar. The herbivorous prey, cotton aphid Aphis
gossypii Glover, was not sensitive to Bt toxin. Trace amounts of Bt toxins (6.0 ng/g fresh mass [FM]
in GK-12, 4.0 ng/g FM in NuCOTN 33B) were detected in A. gossypii feeding on Bt cotton
cultivars. Bt toxin was detected in ladybirds preying on Br-fed aphids, and its quantity increased
as the predatory period extended (5-20 d). Small amounts of Bt toxin was also found in newly
hatched, unfed coccinellid larvae when their parents fed on NuCOTN 33B-reared aphids (15.0
ng/g FM), but not when the parents were fed on GK-12—reared prey. In experiments assessing life
history consequences, mortality was low (mean = 7.9%), confirming that the rearing methods were
appropriate. There were no distinct differences in preimaginal mortality between predators reared on
Bt-fed or Bt-free aphids. The preimaginal stages of the ladybird beetles developed faster when reared
on prey fed on either Br-cotton cultivar than those fed control prey. There was a trend of more adult
malformations when the predator was fed with prey from one (GK-12) but not the other of the
Bt cotton cultivars than on control prey. There were no significant differences in the preovipositing
period or in fecundity. Ladybird beetles preying on Bt-reared aphids matured faster and mated
more frequently than those fed on Br-free aphids. These results indicate that Bt toxin expressed in
transgenic cotton cultivars can be transmitted to a higher trophic level through a nontarget pest
insect and may alter the biology and behavior of a predatory ladybird. Further work should evaluate
the possible long-term, sublethal impacts on the agroenvironment under field conditions.

http://www.bioone.org/doi/abs/10.1603/0046-225X-35.1.143?journal Code=enve

REV — Lévei, G.; Andow, D.; Arpaia, S. 2009. Transgenic insecticidal crops and natural
enemies: a detailed review of laboratory studies. Environmental Entomology, 38(2): 293-306.

This review uses a data-driven, quantitative method to summarize the published, peer-reviewed
literature about the impact of genetically modiPed (GM) plants on arthropod natural enemies in
laboratory experiments. The method is similar to meta-analysis, and, in contrast to a simple author-
vote counting method used by several earlier reviews, gives an objective, data-driven summary of
existing knowledge about these effects. SigniPcantly more non-neutral responses were observed than
expected at random in 75% of the comparisons of natural enemy groups and response classes. These
observations indicate that Cry toxins and proteinase inhibitors often have non-neutral effects on
natural enemies. This synthesis identiPes a continued bias toward studies on a few predator species,
especially the green lacewing, Chrysoperla carnea Stephens, which may be more sensitive to GM
insecticidal plants (16.8% of the quantiPed parameter responses were signiPcantly negative) than
predators in general (10.9% signiPcantly negative effects without C. carnea). Parasitoids were more
susceptible than predators to the effects of both Cry toxins and proteinase inhibitors, with fewer
positive effects (18.0%, signiPcant and nonsigniPcant positive effects combined) than negative ones
(66.1%, signiPcant and nonsigniPcant negative effects combined).GMplants can have a positive
effect on natural enemies (4.8% of responses were signiPcantly positive), although signiPcant
negative (21.2%) effects were more common. Although there are data on 48 natural enemy species,
the database is still far from adequate to predict the effect of a Bt toxin or proteinase inhibitor on
natural enemies.
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Full article available at http://stopogm.net/sites/stopogm.net/files/ReviewLoeveietal.pdf

Zhou, J.; Xiao, K.; Wei, B.; Wang, Z.; Tian, Y.; Tian, Y.; Song, Q. 2014. Bioaccumulation
of CrylAb protein from an herbivore reduces anti-oxidant enzyme activities in two spider

species. PLOS ONE, 9(1): e84724. doi:10.1371/journal.pone.0084724.

Cry proteins are expressed in rice lines for lepidopteran pest control. These proteins can be
transferred from transgenic rice plants to non-target arthropods, including planthoppers and then to
a predatory spider. Movement of Cry proteins through food webs may reduce fitness of non-target
arthropods, although recent publications indicated no serious changes in non-target populations.
Nonetheless, Cry protein intoxication influences gene expression in Cry—sensitive insects. We posed
the hypothesis that Cry protein intoxication influences enzyme activities in spiders acting in tri-trophic
food webs. Here we report on the outcomes of experiments designed to test our hypothesis with
two spider species. We demonstrated that the movement of CryAb protein from Drosophila culture
medium into fruit flies maintained on the CryAb containing medium and from the flies to the
spiders Ummeliata insecticeps and Pardosa pseudoannulata. e also show that the activities of three key
metabolic enzymes, acetylcholine esterase (AchE), glutathione peroxidase (GSH-Px), and superoxide
dismutase (SOD) were significantly influenced in the spiders after feeding on Cry1Ab-containing fruit
flies. We infer from these data that Cry proteins originating in transgenic crops impacts non-target
arthropods at the physiological and biochemical levels, which may be one mechanism of Cry protein-
related reductions in fitness of non-target beneficial predators.

Full article available at https://goo.gl/4tAj0O

1.3 Dispersion and persistence of Bt proteins in
the environment and imbalances caused in the
soil microbiota communities

As exemplified in the articles referred above, the Cry proteins
disperse themselves and remain for significant periods in different
environments: food chains, soil, water bodies interconnected
to the crops, natural and semi-natural ecosystems of the crop
surroundings etc.

Exsudations of Cry proteins, by the Bt plants’ roots, pollen
dissemination and biotransposition of the toxins over the food webs
(including the decomposers sphere) are included among the main
dispersion means of such insecticide proteins in the environment.
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1.3.1 Spread and persistence of BT toxins in trophic
chains

Dutton, A.; Klein, H.; Romeis, J.; Bigler, E 2002. Uptake of Bt-toxin by herbivores feeding
on transgenic maize and consequences for the predator Chrysoperia carnea. Ecological

Entomology, 27: 441-7.

1. Chrysoperla carnea is an important predatory insect in maize. To assess the ecological effects of Bt-
maize, expressing the Cryl1Ab protein, on larvae of this predator, the following factors were examined:
(1) the performance of three prey herbivores (Rhopalosiphum padi, Tetranychus urticae, and Spodoptera
littoralis) on transgenic Bt and non-transgenic maize plants; (2) the intake of the Cry1Ab toxin by the
three herbivores; and (3) the effects on C. carnea when fed each of the prey species.

2. The intrinsic rate of natural increase (r, ) was used as a measure of performance for R. padi and
1. urticae. No difference in this parameter was observed between herbivores reared on Bt or non-
transgenic plants. In contrast, a higher mortality rate and a delay in development were observed in
S. littoralis larvae when fed Bt-maize compared with those fed the control maize plants.

3. The ingestion of Cry1Ab toxin by the different herbivores was measured using an immunological
assay (ELISA). Highest amounts of Cry1Ab toxin were detected in 7. urticae, followed by S. littoralis,
and only trace amounts detected in R. padi.

4. Feeding C. carnea with T urticae, which were shown to contain the CrylAb toxin, or with
R. padi, which do not ingest the toxin, did not affect survival, development, or weight of C. carnea.
In contrast, a significant increase in mortality and a delay in development were observed when
predators were fed S. /ittoralis larvae reared on Bt-maize.

5. A combined interaction of poor prey quality and CrylAb toxin may account for the negative
effects observed on C. carnea when fed S. littoralis. The relevance of these findings to the ecological
risks of Bt-maize on C. carnea is discussed.

http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2311.2002.00436.x/abstract

Harwood, J.; Wallin, W.; Obrycki, J. 2005. Uptake of Bt endotoxins by nontarget
herbivores and higher order arthropod predators: molecular evidence from a transgenic corn
agroecosystem. Molecular Ecology, 14, 2815-2823.

The planting of transgenic crops expressing Bacillus thuringiensis endotoxins is widespread
throughout the world; the prolific increase in their application exposes nontarget organisms to
toxins designed to control pests. To date, studies have focused upon the effects of Bt endotoxins
on specific herbivores and detritivores, without consideration of their persistence within arthropod
food webs. Here, we report the first quantitative field evaluation of levels of Bt endotoxin within
nontarget herbivores and the uptake by higher order arthropods. Antibody-based assays indicated
significant quantities of detectable CrylAb endotoxin within nontarget herbivores which feed on
transgenic corn (including the corn flea beetle, Chaetocnema pulicaria, Japanese beetle, Popillia
japonica and southern corn rootworm, Diabrotica undecimpunctata howardi). Furthermore,
arthropod predators (Coccinellidae, Arancae, and Nabidae) collected from these agroecosystems
also contained significant quantities of CrylAb endotoxin indicating its movement into higher
trophic levels. This uptake by predators is likely to have occurred by direct feeding on plant material
(in predators which are facultatively phytophagous) or the consumption of arthropod prey which
contained these proteins. These data indicate that long-term exposure to insecticidal toxins occurs
in the field. These levels of exposure should therefore be considered during future risk assessments
of transgenic crops to nontarget herbivores and arthropod predators.

http://www.ncbi.nlm.nih.gov/pubmed/16029480

209



Transgenic Crops - hazards and uncertainties

Obrist, L.; Dutton, A.; Albajes, R.; Bigler, E 2006. Exposure of arthropod predators to
CrylADb toxin in Bt maize fields. Ecological Entomology, 31, 143—-154.

1. To assess the risks of an insect-resistant transgenic plant for non-target arthropods, it is important
to investigate the exposure of non-target species to the transgene product. Exposure of predators in
the field depends on the toxin levels in food sources, their feeding ecology and that of their prey.

2. To verify the transmission of CrylAb toxin through the food chain, and thus exposure of
predators in the field, samples from different plant tissues, herbivores, and predators in Bt maize
fields in Spain (Event 176) were collected at different periods over the season and the toxin
content was measured using ELISA. Complementary laboratory studies were performed with the
omnivorous predator Orius majusculus to assess the toxin uptake and persistence after feeding on
variable Bt-containing food sources.

3. Field results revealed that toxin content in some herbivores was negligible (aphids, thrips,
leathoppers) compared with those in spider mites. The latter herbivore only occurred after pollen
shed and contained three times greater toxin levels than Bt maize leaves.

4. Data confirmed that the Bt toxin can be transferred to predators, that is to say to Orius spp.,
Chrysoperla spp., and Stethorus sp. This only applied when Bt maize pollen or spider mites were
available. The passage of Bt toxin to O. majusculus via these two food sources was also confirmed in
the laboratory. Contrastingly, some predators in the field (hemerobiids, Nabis sp., Hippodamia sp.,
Demetrias sp.) contained no or negligible toxin levels even when pollen or spider mites were present.
5. Besides essential information for exposure assessment of numerous arthropod predators, this
study provides an insight into the feeding ecology of different arthropods in the maize system.

http://onlinelibrary.wiley.com/doi/10.1111/j.0307-6946.2006.00762.x/abstract

Obrist, L.; Dutton, A.; Romeis, J.; Bigler, E 2006. Biological activity of CrylAb toxin
expressed by Bt maize following ingestion by herbivorous arthropods and exposure of the
predator Chrysoperla carnea. BioControl, 51: 31-48.

A major concern regarding the deployment of insect resistant transgenic plants is their potential
impact on non-target organisms, in particular on beneficial arthropods such as predators. To assess
the risks that transgenic plants pose to predators, various experimental testing systems can be used.
When using tritrophic studies, it is important to verify the actual exposure of the predator, i.e., the
presence of biologically active toxin in the herbivorous arthropod (prey). We therefore investigated
the uptake of CrylAb toxin by larvae of the green lacewing (Chrysoperla carnea (Stephens);
Neuroptera: Chrysopidae) after consuming two Bt maize-fed herbivores (Tetranychus urticae Koch;
Acarina: Tetranychidae and Spodoptera littoralis (Boisduval); Lepidoptera: Noctuidae) by means
of an immunological test (ELISA) and the activity of the CrylAb toxin following ingestion by the
herbivores. Moreover, we compared the activity of CrylAb toxin produced by Bt maize to that of
purified toxin obtained from transformed Escherichia coli, which is recommended to be used in
toxicity studies. The activity of the toxin was assessed by performing feeding bioassays with larvae
of the European corn borer (Ostrinia nubilalis (Hiibner); Lepidoptera: Crambidae), the target pest
of CrylAb expressing maize. ELISA confirmed the ingestion of Bt toxin by C. carnea larvae when
fed with either of the two prey species and feeding bioassays using the target pest showed that the
biological activity of the CrylAb toxin is maintained after ingestion by both herbivore species.
These findings are discussed in the context of previous risk assessment studies with C. carnea. The
purified CrylAb protein was more toxic to O. nubilalis compared to the plant-derived CrylAb
toxin when applied at equal concentrations according to ELISA measurements. Possible reasons for
these findings are discussed.

htep://link.springer.com/article/10.1007%2Fs10526-005-2936-8
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Harwood, J.; Samson, R.; Obrycki, J. 2007. Temporal detection of CrylAb-endotoxins in
coccinellid predators from fields of Bacillus thuringiensis corn. Bull Entomol Res, 97(6):643-8.

The area planted to genetically engineered crops has increased dramatically in the last ten years.
'This has generated many studies examining non-target effects of bioengineered plants expressing
Bacillus thuringiensis endotoxins. To date, most have focused on population-level effects in the
field or laboratory evaluation of specific plant-herbivore or plant-herbivore-predator trophic
pathways. Using a post-mortem enzyme-linked immunosorbent assay, we examined the uptake
of CrylAb-endotoxins by predatory coccinellids and the importance of anthesis to this trophic
pathway. Adult Coleomegilla maculata, Harmonia axyridis, Cycloneda munda and Coccinella
septempunctata contained low, but detectable, quantities of Bt-endotoxin when screened by
ELISA. This was most evident in C. maculata, with 12.8% of 775 individuals testing positive for
CrylAb-endotoxins. Interestingly, the presence of endotoxins in gut samples was not confined
to periods around anthesis, but coccinellid adults tested positive two weeks before and up to
ten weeks after pollen was shed, suggesting tri-trophic linkages in their food chain facilitates
the transfer of endotoxins into higher-order predators. This contrasts with adult Coleomegilla
maculata entering overwintering sites where Bt-endotoxins were not detected in gut samples,
indicating low levels of persistence of CrylAb-endotoxins within coccinellid predators. This study
enhances our understanding of complex interactions between transgenic crops and non-target
food webs, but further research is required to quantify the significance of specific trophic linkages

in the field.

http://www.ncbi.nlm.nih.gov/pubmed/17997879

Douville, M.; Gagné, E; André, C; Blaise, C. 2009. Occurrence of the transgenic corn
crylAb gene in freshwater mussels (Elliptio complanata) near corn fields: evidence of exposure
by bacterial ingestion. Ecotoxicology and Environmental Safety, 72: 17-25.

The purpose of this study was to examine the contamination of cryl and crylAb genes from
Bacillus thuringiensis and transgenic corn in feral freshwater mussels collected from sites located in
proximity of corn fields. In addition, mussels were transplanted for 2 months to a site in the Huron
River, upstream to the Richelieu River, which is subject to intensive corn farming. Mussels were
significantly contaminated by both genes in their gills, digestive glands, and gonads, as determined
by qPCR methodology. Gene sequence analysis confirmed the presence of transgenic corn crylAb
gene in mussel tissues. In an attempt to explain the presence of the transgene in mussel tissues,
heterotrophic bacteria were grown from surface water and sediment samples on agar plates in the
Richelieu River in May and August. The transgene was found at two out of six surface water samples
and in one sediment sample. The study revealed that exposure to transgenic corn crylAb gene in
mussels seems to proceed by ingestion of microorganisms during feeding.

Full article available at https://goo.gl/PYgfYF

Zurbriigg, C.; Nentwig, W. 2009. Ingestion and excretion of two transgenic Bt corn
varieties by slugs. Transgenic Res, 18(2):215-25. doi: 10.1007/s11248-008-9208-1.

The release of transgenic Bacillus thuringiensis (Bt) corn expressing various Cry endotoxins has
raised concern that these endotoxins are disseminated in the food web and may adversely affect
non-target beneficial organisms, such as predators and organisms of the decomposer food web.
We therefore investigated in a laboratory study, whether the Cryl1Ab and Cry3Bb1 protein from
Bt corn could potentially be transferred to such organisms by measuring the Cry protein content
in the two common agricultural slug pests Arion lusitanicus and Deroceras reticulatum and their
feces. We measured CrylAb and Cry3Bbl protein concentration in leaves, intestines, and feces of
corn leaf-fed slugs using ELISA and determined how much of the ingested protein is excreted by the
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slugs. Cry3Bb1 concentration in leaves of DKC5143Bt corn was significantly higher than Cryl1Ab
concentration in leaves of N4640Bt corn. While slugs were feeding on corn leaves, the Cry3Bb1 and
CrylAb proteins were found in intestines and feces of both slug species. Bt protein concentrations
in intestines of Cry3Bb1 corn-fed slugs were in both slug species higher than in CrylAb corn fed
slugs, whereas no differences between Cry3Bb1 and CrylAb protein in feces were found. After slugs
had ceased feeding on Bt corn, Cryl1Ab was detectable in fresh slug feces for a significantly longer
time and often in higher amounts than the Cry3Bb1. Our results indicate that both Cry proteins
are likely to be transferred to higher trophic levels and to the decomposer food web. Since different
Bt proteins seem to vary in their degradation, they have different transfer probabilities. This should
be considered in risk assessments for non-target arthropods.

http://www.ncbi.nlm.nih.gov/pubmed/18763046

Yu, H.; Romeis, J.; Li, Y;; Li, X.; Wu, K. 2014. Acquisition of CrylAc protein by non-
target arthropods in Bt soybean fields. PZLOS ONE, 9(8): ¢103973. Doi:10.1371/journal.
pone.0103973.

Soybean tissue and arthropods were collected in Bt soybean fields in China at different times
during the growing season to investigate the exposure of arthropods to the plant-produced CrylAc
toxin and the transmission of the toxin within the food web. Samples from 52 arthropod species/
taxa belonging to 42 families in 10 orders were analysed for their CrylAc content using enzyme-
linked immunosorbent assay (ELISA). Among the 22 species/taxa for which three samples were
analysed, toxin concentration was highest in the grasshopper Atractomorpha sinensis and represented
about 50% of the concentration in soybean leaves. Other species/taxa did not contain detectable
toxin or contained a concentration that was between 1 and 10% of that detected in leaves. These
CrylAc-positive arthropods included a number of mesophyll-feeding Hemiptera, a cicadellid, a
curculionid beetle and, among the predators, a thomisid spider and an unidentified predatory bug
belonging to the Anthocoridae. Within an arthropod species/taxon, the CrylAc content sometimes
varied between life stages (nymphs/larvae vs. adults) and sampling dates (before, during, and after
flowering). Our study is the first to provide information on CrylAc-expression levels in soybean
plants and CrylAc concentrations in non-target arthropods in Chinese soybean fields. The data will
be useful for assessing the risk of non-target arthropod exposure to CrylAc in soybean.

Full article available at https://goo.gl/1sO41w

1.3.2 Dissemination and persistence of Bt toxins in the
environment (soil and water)

Studies show that the Bt toxins remain active in the soil for variable
periods, expanded in clayey soil and in the presence of agrochemicals
related to transgenic plants carrying tolerance to glyphosate and to
other herbicides.

Koskella, J.; Stotzky, G. 1997. Microbial utilization of free and clay-bound insecticidal
toxins from Bacillus thuringiensis and their retention of insecticidal activity after incubation

with microbes. Applied and Environmental Microbiology, 1997, p. 3561-3568.

The insecticidal toxins produced by Bacillus thuringiensis subspp. kurstaki and tenebrionis were
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resistant when bound on clays, but not when free, to utilization by pure and mixed cultures
of microbes as sources of carbon and carbon plus nitrogen, and their availability as a nitrogen
source was reduced. The bound toxins retained insecticidal activity both before and after exposure
to microbes or pronase. The insecticidal activity of the toxins persisted for 40 days (the longest
time evaluated) in nonsterile soil continuously maintained at the -33-kPa water tension and room
temperature, alternately air dried and rewetted to the -33-kPa water tension, or alternately frozen
and thawed, although alternate drying and wetting reduced the activity.

Full article available at http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1389248/pdf/hw3561.pdf

Tapp, H.; Stozsky, G. 1998. Persistence of the insecticidal toxin from Bacillus thuringiensis
subsp. kurstaki in soil. Soil Biology Biochemistry, 30 (4): 471-476.

The accumulation and persistence of the insecticidal toxins from Bacillus thuringiensis may result
in environmental hazards, such as toxicity to nontarget species and the selection of toxin-resistant
target species. Toxins from B. thuringiensis subsp. kurstaki were added to three soils [Kitchawan soil
(which contains kaolinite but not montmorillonite) unamended or amended with montmorillonite
or kaolinite (as an internal control); Mopala soil, which contains montmorillonite and kaolinite; and
San Alejo soil, which does not contain montmorillonite but contains kaolinite], and the persistence
of the toxins was determined by insect bioassays using the larvae of the tobacco hornworm (Manduca
sexta). Toxicity varied with the type of soil: the Kitchawan soil, either unamended or amended with
kaolinite, remained toxic to the larvae for more than 6 months, maintaining a lethal concentration
at which 50% of the larvae were killed (LC,)) of 61 to 111 ng 100 pl" of soil suspension throughout
195 d of incubation. The Kitchawan soil amended with montmorillonite and the Mopala and San
Alejo soils showed reduced insecticidal activity after only 35 d (LC_ from 104 to 192 ng 100 pl™).
‘The pH of soils in which insecticidal activity was reduced was higher (5.8 to 7.3) than that of soils
in which insecticidal activity was retained (4.9 to 5.1). As microbial activity is greater at higher pH
values, more of the toxins may have been degraded by microbes in soils with the higher pH values.
'This hypothesis was confirmed by the greater loss in insecticidal activity during 234 d when the pH of
the Kitchawan soil, unamended or amended to 6% (vol vol™!) with kaolinite, was increased from 4.9
to ¢ca. 7.0 by the addition of CaCO,.

htep://www.sciencedirect.com/science/article/pii/S003807179700148X

COM - Saxena, D.; Flores, S.; Stozskyk, G. 1999. Transgenic plants: Insecticidal toxin in
root exudates from Bt corn. Nature, 402: 480.

Bt corn is corn (Zea mays) that has been genetically modified to express insecticidal toxins derived
from the bacterium Bacillus thuringiensis to kill lepidopteran pests feeding on these plants. Here we
show that Bt toxin is released into the rhizosphere soil in root exudates from B corn.

http://www.nature.com/nature/journal/v402/n6761/abs/402480a0.html#close

Saxena, D.; Stotzky, G. 2000. Insecticidal toxin from Bacillus thuringiensis is released from
roots of transgenic Bt corn in vitro and in situ. FEMS Microbiology Ecology, 33(1):35-39.

'The insecticidal toxin encoded by the crylAb gene from Bacillus thuringiensis was released in root
exudates from transgenic Bt corn during 40 days of growth in soil amended to0 0, 3, 6, 9, or 12%
(v/v) with montmorillonite or kaolinite in a plant growth room and from plants grown to maturity
in the field. The presence of the toxin in rhizosphere soil was determined by immunological and
larvicidal assays. No toxin was detected in any soils from isogenic non-Bt corn or without plants.
Persistence of the toxin was apparently the result of its binding on surface-active particles in the
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soils, which reduced the biodegradation of the toxin. The release of the toxin could enhance the
control of insect pests or constitute a hazard to nontarget organisms, including the microbiota of
soil, and increase the selection of toxin-resistant target insects.

Full article available at http://femsec.oxfordjournals.org/content/33/1/35.long

Saxena, D.; Flores, S.; Stotzky, G. 2002. Bt toxin is released in root exudates from
12 transgenic corn hybrids representing three transformation events. Soil Biology and
Biochemistry, Volume 34, Issue 1, Pages 133—137.

The anti-lepidopteran toxin (CrylAb protein) encoded by truncated genes from Bacillus
thuringiensis was released in the root exudates from all hybrids of Bt corn studied and which
represented three transformation events (Btl11, MONS810, and 176). In vitro and in situ studies
indicated that the toxin released in root exudates accumulates in soil, as it adsorbs and binds rapidly
on surface-active particles (e.g. clays and humic substances), and retains insecticidal activity for at
least 180 d, the longest time studied. The results indicated that the release of the CrylAb protein
by roots is a common phenomenon with transgenic Bt corn and is not restricted to only the one Bt
corn hybrid (NK4640Bt) and tranformation event (Bt11) studied initially.

Full article available at http://stopogm.net/sites/stopogm.net/files/ SAXENAsoil.pdf

Zwahlen, C.; Hilbeck, A; Gugerli, P; Nentwig, W. 2003. Degradation of the CrylAb
protein within transgenic Bacillus thuringiensis corn tissue in the field. Molecular Ecology,

12 (3): 765-775.

Large quantities of Bacillus thuringiensis (Bt) corn plant residue are left in the field after harvest,
which may have implications for the soil ecosystem. Potential impacts on soil organisms will also
depend on the persistence of the Bt toxin in plant residues. Therefore, it is important to know how
long the toxin persists in plant residues. In two field studies in the temperate corn-growing region
of Switzerland we investigated degradation of the CrylAb toxin in transgenic Bt corn leaves during
autumn, winter and spring using an enzyme-linked immunosorbent assay (ELISA). In the first field
trial, representing a tillage system, no degradation of the Cry1Ab toxin was observed during the first
month. During the second month, Cryl1Ab toxin concentrations decreased to approximately 20%
of their initial values. During winter, there was no further degradation. When temperatures again
increased in spring, the toxin continued to degrade slowly, but could still be detected in June. In the
second field trial, representing a no-tillage system, Cry1Ab toxin concentrations decreased without
initial delay as for soil-incorporated Bt plants, to 38% of the initial concentration during the first 40
days. They then continued to decrease until the end of the trial after 200 days in June, when 0.3%
of the initial amount of CrylAb toxin was detected. Our results suggest that extended pre- and
post-commercial monitoring are necessary to assess the long-term impact of Bt toxin in transgenic
plant residues on soil organisms.

http://www.ncbi.nlm.nih.gov/pubmed/12675831

Lee, L.; Saxena, D.; Stotzky, G. 2003. Activity of free and clay-bound insecticidal proteins
from Bacillus thuringiensis subsp. israelensis against the Mosquito Culex pipiens. Applied and
Environmental Microbiology, vol. 69 no. 7 4111-4115.

Bacillus thuringiensis subsp. israelensis produces parasporal insecticidal crystal proteins (ICPs)
that have larvicidal activity against some members of the order Diptera, such as blackflies
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and mosquitoes. Hydrolysis of the ICPs in the larval gut results in four major proteins with
a molecular mass of 27, 65, 128, and 135 kDa. Toxicity is caused by synergistic interaction
between the 25-kDa protein (proteolytic product of the 27-kDa protein) and one or more of
the higher-molecular-mass proteins. Equilibrium adsorption of the proteins on the clay minerals
montmorillonite and kaolinite, which are homoionic to various cations, was rapid (<30 min for
maximal adsorption), increased with protein concentration and then reached a plateau (68 to
96% of the proteins was adsorbed), was significantly lower on kaolinite than on montmorillonite,
and was not significantly affected by the valence of the cation to which the clays were homoionic.
Binding of the toxins decreased as the pH was increased from 6 to 11, and there was 35 to
66% more binding in phosphate buffer at pH 6 than in distilled water at pH 6 or 7.2. Only 2
to 12% of the adsorbed proteins was desorbed by two washes with water; additional washings
desorbed no more toxins, indicating that they were tightly bound. Formation of clay-toxin
complexes did not alter the structure of the proteins, as indicated by sodium dodecy! sulfate-
polyacrylamide gel electrophoresis of the equilibrium supernatants and desorption washes and
by dot blot enzyme-linked immunosorbent assay of the complexes, which was confirmed by
enhanced chemiluminescence Western blot analysis. Free and clay-bound toxins resulted in 85 to
100% mortality of the mosquito Culex pipiens. Persistence of the bound toxins in nonsterile water
after 45 days was significantly greater (mortality of 63% + 12.7%) than that of the free toxins
(mortality of 25% + 12.5%).

Full article available at http://aem.asm.org/content/69/7/4111.full

Saxena, D.; Stewart, C.; Altosaar, I.; Shu, Q.; Stotzky, G. 2004. Larvicidal cry proteins
from Bacillus thuringiensis are released in root exudates of transgenic B. thuringiensis corn,
potato, and rice but not of B. thuringiensis canola, cotton, and tobacco. Plant Physiology &
Biochemistry, 42 (5): 383-387.

Larvicidal proteins encoded by cry genes from Bacillus thuringiensis were released in root exudates
from transgenic B. thuringiensis corn, rice, and potato but not from B. thuringiensis canola, cotton,
and tobacco. Nonsterile soil and sterile hydroponic solution in which B. thuringiensis corn, rice, or
potato had been grown were immunologically positive for the presence of the Cry proteins; from B.
thuringiensis corn and rice, the soil and solution were toxic to the larva of the tobacco hornworm
(Manduca sexta), and from potato, to the larva of the Colorado potato beetle (Leptinotarsa
decemlineata), representative lepidoptera and coleoptera, respectively. No toxin was detected
immunologically or by larvicidal assay in soil or hydroponic solution in which B. thuringiensis
canola, cotton, or tobacco, as well as all near-isogenic non-B. thuringiensis plant counterparts or no
plants, had been grown. All plant species had the cauliflower mosaic virus (CaMV) 35S promoter,
except rice, which had the ubiquitin promoter from maize. The reasons for the differences between
species in the exudation from roots of the toxins are not known. The released toxins persisted in soil
as the result of their binding on surface-active particles (e.g. clay minerals, humic substances), which
reduced their biodegradation. The release of the toxins in root exudates could enhance the control
of target insect pests, constitute a hazard to nontarget organisms, and/or increase the selection of
toxin-resistant target insects.

http://www.ncbi.nlm.nih.gov/pubmed/15191740

Stotzky, G. 2004. Persistence and biological activity in soil of the insecticidal proteins
from Bacillus thuringiensis, especially from transgenic plants. Plant and Soil, 266: 77- 89.

Insecticidal proteins produced by various subspecies (kurstaki, tencbrionis, and israelensis) of
Bacillus thuringiensis (Bt) bound rapidly and tightly on clays, both pure mined clay minerals and
soil clays, on humic acids extracted from soil, and on complexes of clay and humic acids. Binding
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reduced susceptibility of the proteins to microbial degradation. However, bound proteins retained
biological activity. Purified CrylAb protein and protein released from biomass of transgenic Bt
corn and in root exudates of growing Bt corn (13 hybrids representing three transformation
events) exhibited binding and persistence in soil. Insecticidal protein was also released in root
exudates of Bt potato (Cry3A protein) and rice (CrylAb protein) but not in root exudates of
Bt canola, cotton, and tobacco (CrylAc protein). Vertical movement of CrylAb protein, either
purified or in root exudates or biomass of Bt corn, decreased as the concentration of the clay
minerals, kaolinite or montmorillonite, in soil increased.

Biomass of transgenic Bf corn decomposed less in soil than biomass of near-isogenic non-Bz corn,
possibly because biomass of Bz corn had a significantly higher content of lignin than biomass of
non-Bt corn. Biomass of Br canola, cotton, potato, rice, and tobacco also decomposed less than
biomass of the respective near-isogenic non-Br plants. However, the lignin content of these Bt
plants, whichwas significantly less than that of Bz corn, was not significantly different from that of
their near-isogenic non-Br counterparts, although it was consistently higher. The Cryl1Ab protein
had no consistent effects on organisms (earthworms, nematodes, protozoa, bacteria, fungi) in
soil or in vitro. The CrylAb protein was not taken up from soil by non-Br corn, carrot, radish,
or turnip grown in soil in which Bz corn had been grown or into which biomass of Bz corn had
been incorporated.

Full article available at https://goo.gl/buiyx6

Baumgarte, S.; Tebbe, C. 2005. Field studies on the environmental fate of the CrylAb Bt-
toxin produced by transgenic maize (MON810) and its effect on bacterial communities in
the maize rhizosphere. Molecular Ecology, 14 (8): 2539 2551.

Field studies were done to assess how much of the transgenic, insecticidal protein, CrylAb,
encoded by a truncated cryl Ab gene from Bacillus thuringiensis (Bt), was released from Bt-maize
MONB810 into soil and whether bacterial communities inhabiting the rhizosphere of MON810
maize were different from those of the rhizosphere of nontransgenic maize cultivars. Bacterial
community structure was investigated by SSCP (single-strand conformation polymorphism)
of PCR-amplified 16S rRNA genes from community DNA. Using an improved extraction and
detection protocol based on a commercially available ELISA, it was possible to detect CrylAb
protein extracted from soils to a threshold concentration of 0.07 ng/g soil. From 100 ng of
purified Cryl1Ab protein added per gram of soil, only an average of 37% was extractable. At both
field sites investigated, the amount of CrylAb protein in bulk soil of MONB810 field plots was
always lower than in the rhizosphere, the latter ranging from 0.1 to 10 ng/g soil. Immunoreactive
CrylAb protein was also detected at 0.21 ng/g bulk soil 7 months after harvesting, i.e. in April
of the following year. At this time, however, higher values were found in residues of leaves (21
ng/g) and of roots (183 ng/g), the latter corresponding to 12% of the CrylAb protein present
in intact roots. A sampling 2 months later indicated further degradation of the protein. Despite
the detection of CrylAb protein in the rhizosphere of MON810 maize, the bacterial community
structure was less affected by the CrylAb protein than by other environmental factors, i.e. the
age of the plants or field heterogenecities. The persistence of CrylAb protein emphasizes the
importance of considering post-harvest effects on nontarget organisms.

heep://www.ncbi.nlm.nih.gov/pubmed/15969733

Rosi-Marshall, E.; Tank, J.; Royer, T.; Whiles, M.; Evans-White, M.; Chambers, C,;
Grifliths, N.; Pokelsek, J.; Stephen, M. 2007. Toxins in transgenic crop byproducts may
affect headwater stream ecosystems. PNAS, 104(41): 16204-16208.

Corn (Zea mays L.) that has been genetically engineered to produce the Cryl1Ab protein (Bt corn)
is resistant to lepidopteran pests. Bt corn is widely planted in the midwestern United States,
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often adjacent to headwater streams. We show that corn byproducts, such as pollen and detritus,
enter headwater streams and are subject to storage, consumption, and transport to downstream
water bodies. Laborator