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Cul$vos	transgénicos:	
promesas,	incer$dumbres	y	

certezas	

“Seminario	20	años	de	Cul$vos	Transgénicos	
en	Uruguay"	



¿ Cuales	son	las	mayores	
innovaciones	de	la	

humanidad?	





La planta del teocintle.  A. Vista general de la planta. B. Inflorescencia femenina 
“mazorca” inmadura descubierta.  C. Inflorescencia femenina “mazorca” madura. D. 
Cápsulas de fruto “granos” dispersos. (Proyecto Global de Maíces Nativos) 
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C 

D 



Espiga femenina de teocintle con “frutos” en arreglo dístico (A-B) (Zea mays 
subsp. mexicana raza Mesa Central) e híbridos de teocintle y maíz (C-F)
(Material colectado por el Dr. Ariel Álvarez, en Erongarícuaro, Michoacán; 
Foto: J. M. Hernández). 





“No	hay	país	en	el	mundo	
que	haya	presentado	tanta	
resistencia	a	la	siembra	de	
maíz	transgénico	como	
México.”		
	
Wall	Street	Journal,	9	dic	2010	

hOp://online.wsj.com/ar$cle/	

Velada	por	el	maíz			
Zócalo	de	la	Cd	de	México		

	
	

Campaña	nacional		
Sin	maíz	no	hay	país		

	









Cul$vos	
predominantes	



DIVERSIDAD	CULTURAL	



Agrobiodiversidad 

La diversidad en los centros de diversidad 
genética es resultado de factores de naturaleza 
histórica, ecológica, genética y cultural. 





Promesa: la tecnología 
es precisa!	



La transgenia puede ser llamada 
de una.... 

1. ”..precisa, modificación genética que 
racionalmente fue diseñada para alcanzar 
un objetivo específico de  ingeniería. 

2.  .” (Roger Beachy et al. Nat. Biotechnol. 
20,1195, 2002) 

3. Mutagénenesis Insercional  
4. Transferencia genética horizontal forzada. 
 
 
 



Abstract 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 inte-
gration of the insert DNA several rearrangements oc-
curred at the 3′ NOS junction and that the genomic plant
DNA at the pre-integration site may have been rear-
ranged. These findings highlight the utility of characte-
rising junction regions to fulfil the request for informa-
tion regarding which DNA sequences have been incor-
porated in commercialised transgenic lines. Furthermore,
the characterisation of junction regions is, in our opin-
ion, the method of choice to support method develop-
ment for detection and identification of plant biotechnol-
ogy-derived products.

Keywords Roundup Ready soybean · Junction fragment ·
Rearrangements · GMO · Identification

Introduction

Since labelling of foods containing genetically modified
ingredients is mandatory in all European member states
[1], the demand for reliable and easy to perform detec-
tion and identification methods for genetically modified

organisms (GMOs) is high. As a governmental research
institute involved in the development of strategies to de-
tect and identify GMOs we analyse DNA sequences
which flank the insert DNA in order to develop GMO
event specific identification methods. Up to now most
qualitative as well as quantitative GMO analysis meth-
ods make use of the polymerase chain reaction (PCR) to
amplify and detect regulatory sequences that are fre-
quently used in transgenic constructs, for example pro-
moters, terminators and so on [2–6]. As a consequence,
methods that amplify a unique sequence within the in-
serted DNA only allow detection of the presence of
GMOs. Other methods are required for the identification
of GMOs in food. It is clear that a primer pair that covers
the junction between the insert DNA and the plant DNA
will enable us to discriminate between different GMOs
containing the same insert and to identify different
GMOs containing different copy numbers of the same
insert. As such, event specific primer pairs are the prim-
ers of choice in quantitative GMO analysis [7].

In Europe as well as in the United States a technical
dossier containing all the information available and of
importance to allow experts to judge the safety of a
GMO has to be submitted in order to obtain authorisat-
ion to market a GMO[1, 8, 9]. Any new and relevant in-
formation that becomes available with regard to the tech-
nical dossier or to the risk assessment study has to be
brought to the attention of the competent authorities.
Here we show that the information obtained by characte-
rising the junction region between plant DNA and insert
DNA can be used to check the accuracy of the technical
dossier or to complete already existing information.
Padgette et al. [10] described earlier that the Roundup
Ready (RR) single genetic insert, that was introduced in-
to soybeans by the particle acceleration method, contains
a portion of the cauliflower mosaic virus (CaMV) 35S
promoter, the Petunia hybrida 5-enolpyruvylshikimate-3-
phosphate synthase (EPSPS) chloroplast transit peptide
(CTP), the CP4 EPSPS coding sequence and a portion of
the 3′ non-translated region of the nopaline synthase
gene terminator. However, up to now no information has
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the sequence of the intermediate DNA segment was
compared to the sequence of the insert DNA we found
that a portion of 254 bp of the intermediate DNA seg-
ment was similar to a part of the CP4 EPSPS coding se-
quence (Fig. 2). This 254 bp DNA segment is situated
immediately adjacent to the 3′NOS end point. Up to now
no sequence homology could be found for the remaining
534 bp present between the plant DNA and the rear-
ranged CP4 EPSPS segment.

To determine the exact starting point of the plant
DNA at the 3′NOS junction we performed an anchored
PCR reaction using a plant specific primer, the nos plt1
primer, as anchor primer. When using RR soybean DNA
as a template this reaction should give a junction frag-
ment, while a plant DNA fragment should be amplified
when untransformed soybean DNA is used. Comparing
both fragments should allow location of the exact start-
ing point of the plant DNA. Indeed the two fragments
were amplified and the exact starting point of the plant
DNA could be fixed at position 829 of the 3′NOS junc-
tion fragment. In addition we analysed the sequence of
the amplified plant DNA segment. First of all we com-
pared the sequence of the amplified plant DNA fragment
with the sequence of the plant DNA that is present adja-
cent to the 35S promotor end point. If no major rear-
rangements or deletions of the plant DNA have occurred
during integration of the insert DNA, we can expect that
both sequences should have some degree of similarity.
However we could not detect any similarity between
both sequences. To verify these results we performed a
PCR reaction using a primer pair that consists of the 35S
plt2 primer that is situated in the plant DNA adjacent to
the 35S region and the nos plt1 primer that is situated in
the plant DNA adjacent to the 3′NOS region. This prim-
er pair should enable us to amplify the pre-integration
site when using untransformed soybean DNA as tem-
plate DNA, while the full insert should be amplified
when using RR soybean DNA. Since no fragment was
amplified when using untransformed soybean DNA,
while for the RR soybean DNA the full insert DNA

could be amplified, the above described findings are
confirmed. An explanation for these findings could be
that during integration of the insert DNA a large target
site deletion occurred. Since a PCR setup suitable for
amplification of DNA templates up to 12 kb was used,
we expect a target site deletion of at least 12 kb. Howev-
er, it is also possible that rearrangements of the plant
DNA occurred due to the insertion of the insert DNA.

Taken together the results presented in this paper es-
tablish that at the 35S border no major rearrangements
occurred during integration of the insert DNA and that
plant DNA is present immediately adjacent to the 35S
promotor end-point. This in contrast to the junction
structure as detected at the 3′NOS junction. Adjacent to
the 3′NOS region a 254 bp portion of truncated CP4
EPSPS coding sequence is present. This 254 bp DNA
segment is followed by a DNA segment of 534 bp for
which no sequence homology could be detected. Finally,
adjacent to this unknown DNA segment we detected
plant DNA. Furthermore, we can conclude that the target
site was not simply disrupted by the insert but that dur-
ing integration of the insert DNA rearrangements or a
large deletion may have occurred.

In our opinion these results indicate that characterisa-
tion of junction fragments can offer important informa-
tion for the accurate description of the insert structure of
a transgenic line. Characterisation of junction fragments
can be used to check the accuracy of technical dossiers
on the one hand and on the other hand this method can
be used to complete already existing information. A
comparison between the results as reported by Padgette
et al. [10] and our findings with regard to the structure of
the RR insert is shown in Fig. 3. In the future, problems
concerning the inaccurate description of transgene events
can be avoided through a detailed characterisation of the
transgene plant DNA junctions. Therefore, we welcome
the idea that a detailed characterisation of the transgene
plant DNA junction and of the plant target locus should
be included in the technical dossier that is submitted to
the competent authorities. These characterisations of the
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Fig. 3 A comparison between
the insert structure as reported
by a Padgette et al. [10] and
b the structure of the insert de-
duced from the results described
in this article
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Transgene esperado vs observado 
Colonier et al., 2003 

DNA transgênico esperado

DNA transgênico observado

Milho transgênico (T-
25)

DNA transgênico esperado

DNA transgênico observado

Milho Bt transgênico
(Mon810)

DNA transgênico esperado

DNA transgênico observado

Soja transgênica
(Soja RR)



Como ficaram os transgenes dentro do 
genoma do feijão? 



Promesa: los OGMs 
son los organismos 

mas estudiados!	



RESEARCH ARTICLE

Laboratory Rodent Diets Contain Toxic Levels
of Environmental Contaminants: Implications
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Abstract
The quality of diets in rodent feeding trials is crucial. We describe the contamination with
environmental pollutants of 13 laboratory rodent diets from 5 continents. Measurements
were performed using accredited methodologies. All diets were contaminated with pesti-
cides (1-6 out of 262 measured), heavy metals (2-3 out of 4, mostly lead and cadmium),
PCDD/Fs (1-13 out of 17) and PCBs (5-15 out of 18). Out of 22 GMOs tested for, Roundup-
tolerant GMOs were the most frequently detected, constituting up to 48% of the diet. The
main pesticide detected was Roundup, with residues of glyphosate and AMPA in 9 of the 13
diets, up to 370 ppb. The levels correlated with the amount of Roundup-tolerant GMOs.
Toxic effects of these pollutants on liver, neurodevelopment, and reproduction are docu-
mented. The sum of the hazard quotients of the pollutants in the diets (an estimator of risk
with a threshold of 1) varied from 15.8 to 40.5. Thus the chronic consumption of these diets
can be considered at risk. Efforts toward safer diets will improve the reliability of toxicity
tests in biomedical research and regulatory toxicology.

Introduction
Rodent feeding trials are the most widely used experiments in biomedical research and are par-
ticularly used to study the potential side effects of commercial products in mammals. They do
not only constitute a test for human health but also for the environment. The rat may also be
considered as a toxicological model for small mammals, either wild or kept as farm animals or
pets. The quality of the rodent diet is thus crucial. Rodent diets are mostly formulated with
agricultural products and by-products, and are susceptible to contamination with toxic envi-
ronmental contaminants [1]. However, the extent and worldwide variability of this
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and 0.130 ± 0.039 (7913 NIH 31, USA). In these diets, the sum of PCDD/Fs and DL-PCBs are
0.102 ± 0.029 and 0.280 ± 0.084 respectively, representing the minimum and maximum for all
diets. The sum of the 6 indicators NDL-PCBs (PCB-118 excluded) shows even more variable
contents in diets: from 530 ± 310 ng/kg wet weight (PuroLab 22P, Brazil) up to 1,950 ± 640
(again in the diet 7913 NIH 31, USA). The chronic consumption by rats of all of the diets
exceeds the ADI for PCDD/Fs, and for the sum PCDD/Fs + DL-PCBs, and also for NDL-PCBs
(Table 2). Only for these contaminants, the SHQ vary from 5.4 to 16.8 (Table 3).

ΣHQ for all contaminants
All diets consumed chronically reach very high SHQ (15.8–40.5; the risk has to be carefully
considered above 0.2 or 1).

Discussion
This is the first report of the global precisely measured contamination of laboratory rodent
diets throughout the world by pesticides, GMOs, heavy metals, dioxins and PCBs. Health
effects of most of these products including at the levels we found are documented, even if usu-
ally the mixtures effects under the official thresholds [27,28] are not assessed. This is why we
calculated here HQ and their sums. The results of this work are in agreement with the CON-
TAM panel of EFSA [29], which concludes that animal health risk assessment is still accompa-
nied by a high degree of uncertainty and needs further development.

The contaminants and their levels found in this work are consistent with various other stud-
ies. For instance, Zeljenková et al. [30] measured in lab rodent diet for a 90 day GMO study
530–1600 ppb of pirimiphos-methyl, 94–300 ppb of piperonyl butoxide, 118–173 ppb of arse-
nic, 0.16 ng TEQ dioxins /kg, like in Schecter et al. [31] and in this work.

The diet 4RF21 (Italy), which is the most contaminated by pesticides, contains 1500 ppb of
pirimiphos-methyl; this corresponds to a chronic daily intake by rats of 75 ppb/bw/d, accord-
ing to default calculated values [24]. This pesticide is known to inhibit plasma cholinesterase in

Fig 3. Roundup residues (glyphosate + AMPA, ppb or μg/kg) as a function of Roundup-tolerant GMOs
quantities (%) in 13 rodent diets used worldwide. The linear regression was calculated in Stata (y = 5.34x
+ 69.97), the Pearson’s r indicates a significant correlation (r = 0.64, p = 0.019). The y-axis is labelled as such
because while other glyphosate-based herbicides do exist, legally only Roundup should be used on
glyphosate-tolerant plants due to commercial agreements. However, other glyphosate-based herbicides may
be used in some countries.

doi:10.1371/journal.pone.0128429.g003

Rodent Diets Contain Toxic Levels of Environmental Contaminants

PLOS ONE | DOI:10.1371/journal.pone.0128429 July 2, 2015 10 / 17



Promesa: resolver 
problemas da 
agricultura!	



1994	–	primera	
planta	

transgénica	
comercial	



¿	Cuales	son	las	razones	del	fracaso?	
	
1.	Problemas	no	previstos:	rechazo	de	los	
consumidores	y	maior	costo	industrial.	
	
2.	Efectos	no	intencionales:	peor	gusto,	menor	
resiliencia	a	dis$nctos	ambientes,	cul$vo	más	
costoso.	
	
3.		Otras	

¿Cuanto	$empo	el	Tomato	Flavr	Savr	
se	quedo	en	mercado?		2		años	



Eficiência del evento Embrapa 5.1 



http://www.grupocultivar.com.br/artigos/soja-n-
biotecnologia-e-protecao-contra-lagartas 



General overview of the main groups of genes/proteins regulated in the 
midgut of Spodoptera after ingestion of B. thuringiensis or Cry toxins. Doi: 
10.1016/j.cois.2016.04.006 



Promesa: 
coexistencia sin 
causar daños! 
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and 0.130 ± 0.039 (7913 NIH 31, USA). In these diets, the sum of PCDD/Fs and DL-PCBs are
0.102 ± 0.029 and 0.280 ± 0.084 respectively, representing the minimum and maximum for all
diets. The sum of the 6 indicators NDL-PCBs (PCB-118 excluded) shows even more variable
contents in diets: from 530 ± 310 ng/kg wet weight (PuroLab 22P, Brazil) up to 1,950 ± 640
(again in the diet 7913 NIH 31, USA). The chronic consumption by rats of all of the diets
exceeds the ADI for PCDD/Fs, and for the sum PCDD/Fs + DL-PCBs, and also for NDL-PCBs
(Table 2). Only for these contaminants, the SHQ vary from 5.4 to 16.8 (Table 3).

ΣHQ for all contaminants
All diets consumed chronically reach very high SHQ (15.8–40.5; the risk has to be carefully
considered above 0.2 or 1).

Discussion
This is the first report of the global precisely measured contamination of laboratory rodent
diets throughout the world by pesticides, GMOs, heavy metals, dioxins and PCBs. Health
effects of most of these products including at the levels we found are documented, even if usu-
ally the mixtures effects under the official thresholds [27,28] are not assessed. This is why we
calculated here HQ and their sums. The results of this work are in agreement with the CON-
TAM panel of EFSA [29], which concludes that animal health risk assessment is still accompa-
nied by a high degree of uncertainty and needs further development.

The contaminants and their levels found in this work are consistent with various other stud-
ies. For instance, Zeljenková et al. [30] measured in lab rodent diet for a 90 day GMO study
530–1600 ppb of pirimiphos-methyl, 94–300 ppb of piperonyl butoxide, 118–173 ppb of arse-
nic, 0.16 ng TEQ dioxins /kg, like in Schecter et al. [31] and in this work.

The diet 4RF21 (Italy), which is the most contaminated by pesticides, contains 1500 ppb of
pirimiphos-methyl; this corresponds to a chronic daily intake by rats of 75 ppb/bw/d, accord-
ing to default calculated values [24]. This pesticide is known to inhibit plasma cholinesterase in

Fig 3. Roundup residues (glyphosate + AMPA, ppb or μg/kg) as a function of Roundup-tolerant GMOs
quantities (%) in 13 rodent diets used worldwide. The linear regression was calculated in Stata (y = 5.34x
+ 69.97), the Pearson’s r indicates a significant correlation (r = 0.64, p = 0.019). The y-axis is labelled as such
because while other glyphosate-based herbicides do exist, legally only Roundup should be used on
glyphosate-tolerant plants due to commercial agreements. However, other glyphosate-based herbicides may
be used in some countries.

doi:10.1371/journal.pone.0128429.g003

Rodent Diets Contain Toxic Levels of Environmental Contaminants
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Reduc$ng	of	the	cul$vated	area	Organic	Corn	
 
 
   by 75% in Aragon (2004-2007) 
 
   by 95% in Catalonia (2002-2008) 
 
 

Binimelis,	2008.	Coexistence	of	plants,	coexistence	of	farmers:	Is	an	
individual	choice	possible?	Journal	of	Agricultural	and	
Environmental	Ethics,	21:	437–457	

THE	IMPOSSIBLE	COEXISTENCE		
–	CASE	STUDY	IN	SPAIN	-	





O agricultor Ademir Ferronato em sua plantação de milho convencional, 
no Paraná; ele teme contaminação por lavoura transgênica.  

FSP, 10/05/2009 



Courtesy: Gabriel Fernandes, ASPTA 





Promesa: no causa 
daños a organismos 
blanco o benéficos! 





	Cuanto	de	la	toxina	produce	
un	cultivo	Bt	comparado	
con	los	niveles	naturales	del	
suelo?	

														?
Natural	Bt	Soil	
Microorganisms	 Bt	Cotton	 Bt	Corn	

0.25	g	 400	–	1000	g/ha	 2,800	–	4,200	g/ha	

Bt	cotton	produces	up	to	4,000	times	more	Bt	than	soil	
microorganisms,	while	Bt	corn	produces	up	to	16,800	times	
more.	

Blackwood,	C.B.,	J.S.	Buyer,	2004.	“Soil	Microbial	Communities	
Associated	with	Bt	and	Non-Bt	Corn	in	Three	soils,”	J.	

Environmental	Quality,	Vol.	33,	pages	832-836	



Areas of Uncertainty and Ignorance 

Courtesy	Terje	Traavik	



Areas of Uncertainty and Ignorance 

Courtesy	Terje	Traavik	



Comportamiento	higiénico	
(Leon	Bizzzochi)	

Decreció con polen 
transgénico 



Promesa: disminuir 
la incidencia de 
plagas! 
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Abstract

Transgenic crops expressing Bacillus thuringiensis (Bt) 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 of recessive inheritance. Survival on Bt corn was not lower
than on non-Bt corn for both resistant larvae and the F1 progeny from resistant × susceptible parents. Hence,
resistance management strategies of B. fusca to Bt corn must address non-recessive resistance.
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Introduction

The role agricultural biotechnologies could play in reducing
yield gaps of important crops in the developing world [1]
depends on the sustainability of genetically modified crops [2].
Genetically engineered crops such as maize and cotton,
expressing insecticidal toxins of Bacillus thuringiensis (Bt),
have been adopted at high rates in both developed and
developing countries [3]. In this regard, the questions of ‘how’
and ‘how rapidly’ target pests evolve resistance to crops
expressing Bt toxins have received fair amount of scientific
attention [4]. Field-evolved resistance is defined as a
genetically based decrease in susceptibility of a population to a
toxin due to exposure to it [5] while field resistance refers to a
control failure under field conditions caused by field-evolved
resistance. Genetically engineered Bt-crops were first
commercialized in 1995. By 2011, Bt crops were planted on ca
66 Mha in 25 countries worldwide [3]. The Bt crop strategy
appeared successful in China and the USA where it had been
deployed for control of lepidopteran pests of cotton and corn.
Studies reported significant reduction in insecticide use against

pests [6–8] and improved biocontrol services [8] associated
with Bt crops. Bt crops suppressed populations of Helicoverpa
armigera in China, and Pectinophora gossypiella and Ostrinia
nubilalis in the USA [7,9–11]. Populations of four target pests
remain susceptible after more than a decade of intensive Bt
crop use in the USA, including Heliothis virescens, Diatraea
grandiosella and the two pests mentioned above [12].

However, despite the success of Bt crops, sustainable
control of pest populations is threatened by the evolution of
resistance [13]. The challenge of deploying efficient
management strategies to reduce the risk of rapid evolution of
resistance to toxins arises as a major component of the
worldwide use of Bt crops. In North America, the current
success in sustaining susceptibility of some of the major pests
is ascribed to the implementation of the “high dose/refuge”
insect resistance management (IRM) strategy [12]. This
strategy is aimed at delaying the evolution of resistance to Bt
crops [14] by promoting survival of susceptible insects in
refuges of non-Bt plants. Among others, a crucial requirement
for this strategy is that the toxin is expressed by the plant at
such a level that it results in a functional recessiveness of
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Gusano de la raíz del maíz 

Diabrotica virgifera, the Western Corn Rootworm 
www.ent.iastate.edu/rootworm. 



Agro DBO, March, 2013 



Agro DBO, junho 2014, p. 8-9 



http://g1.globo.com/economia/agronegocios/noticia/2014/07/milho-que-
deveria-resistir-pragas-traz-problemas-para-produtores-de-ms.html 





Bruce E Tabashnik, Thierry Brévault  & Yves Carrière. Insect 
resistance to Bt crops: lessons from the first billion acres. 
Nature Biotechnology 31, 510–521 (2013) doi:10.1038/nbt.
2597 
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Summary
The intensification of agriculture and the development of synthetic insecticides enabled
worldwide grain production to more than double in the last third of the 20th century. However,
the heavy dependence and, in some cases, overuse of insecticides has been responsible for
negative environmental and ecological impacts across the globe, such as a reduction in
biodiversity, insect resistance to insecticides, negative effects on nontarget species (e.g. natural
enemies) and the development of secondary pests. The use of recombinant DNA technology to
develop genetically engineered insect-resistant crops could mitigate many of the negative side
effects of insecticides. One such genetic alteration enables crops to express toxic crystalline (Cry)
proteins from the soil bacteria Bacillus thuringiensis (Bt). Despite the widespread adoption of Bt
crops, there are still a range of unanswered questions concerning longer term agro-ecosystem
interactions. For instance, insect species that are not susceptible to the expressed toxin can
develop into secondary pests and cause significant damage to the crop. Here, we review the
main causes surrounding secondary pest dynamics in Bt crops and the impact of such outbreaks.
Regardless of the causes, if nonsusceptible secondary pest populations exceed economic
thresholds, insecticide spraying could become the immediate solution at farmers’ disposal, and
the sustainable use of this genetic modification technology may be in jeopardy. Based on the
literature, recommendations for future research are outlined that will help to improve the
knowledge of the possible long-term ecological trophic interactions of employing this
technology.

Introduction

With the intensification of agriculture and development of
synthetic insecticides in the mid-20th century, scientists and
farmers regarded technological development as the solution to
reduce pest losses and enhance food production (Oerke, 2006).
Insecticide use has enabled worldwide grain production to more
than double in the last third of the 20th century (Krebs et al.,
1999). Conversely, the heavy dependence and overuse of
insecticides has had many unintended consequences. Insecticides
have been responsible for poisoning millions of people including
numerous fatalities across the globe (Ecobichon, 2001; Jeyarat-
nam, 1990). Negative environmental impacts, such as a reduc-
tion in biodiversity, insect resistance to insecticides, negative
effects on nontarget species (e.g. natural enemies) and the
development of secondary pests, have also been attributed to
the use of insecticides (Hardin et al., 1995; Matson et al., 1997;
Vitousek et al., 1997). Even so in 2011, about 1.3 thousand tons
of insecticidal active ingredients were used in the world
(FAOSTAT, data 2011). The use of recombinant DNA technology
to develop genetically engineered (GE) insect-resistant crops
could mitigate many of pesticide’s negative side effects. The
expression of toxic crystalline (Cry) proteins from the soil bacteria
Bacillus thuringiensis (Bt) by Bt crops is one such genetic
alteration. This comes with the hope of supporting an agricul-
tural revolution that is more productive (Conway and Toennies-
sen, 1999) while maintaining healthy and functional ecosystems

for future generations (Poppy and Sutherland, 2004; Tilman
et al., 2001).

Overall, commercialized Bt crops have performed well against
their target pests (Carri!ere et al., 2010; Tabashnik et al., 2008).
Additionally, due to the high specificity and efficiency of Bt Cry
toxins, it is generally accepted that any eventual detrimental
impact on nontarget organisms (NTO) is lower than that caused
by broad-spectrum insecticides (Areal and Riesgo, 2015; Catta-
neo et al., 2006; Marvier et al., 2007). The reduced use of
insecticides may then allow for a higher diversity and density of
beneficial arthropods (Lu et al., 2012; Naranjo, 2005). Also, in
theory, the reduced reliance on insecticides enabled by Bt crops
can lead to a reduction in farm operations with associated
economic, environmental and social benefits (Areal et al., 2013;
Wolfenbarger and Phifer, 2000). Still, regardless of worldwide
adoption of Bt crops, it remains a controversial technology which
is surrounded by uncertainty, dividing the scientific community
(e.g. the following debate: Andow et al., 2009; L€ovei et al.,
2009; Shelton et al., 2009). These uncertainties are mainly based
on alleged methodological research faults concerning the
potential long-term impacts of Bt crops, such as the development
of insect resistance and the impact on NTOs (Garcia and Altieri,
2005; L€ovei et al., 2009; Smale et al., 2006). Two arguments are
often mentioned in connection with possible long-term impacts:
(i) ecological shifts can take several years to manifest (Ho et al.,
2009) and (ii) impacts of Bt crops vary temporally and spatially,
which may not reflect the results obtained in laboratory studies
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•  En	el	espacio	de	aproximadamente	10	años,	la	ventaja	
inicial	de	los	cul$vos	Bt	se	había	ido;		

•  Hoy	en	día	esos	insectos	que	antes	se	consideraban	de	
menor	relevancia	son	en	realidad	la	principal	
preocupación	de	los	agricultores;	

•  La	caída	en	el	uso	de	insec$cidas	y	la	ineficacia	de	algodón	
Bt	contra	estas	plagas	secundarias	ha	dado	lugar	a	una	
inversión	de	la	función	ecológica	de	algodón.	



Nueva plaga en soya RR y algodon 
GM: Helicoverpa armigera 



Promesa: sin 
problemas con la 
malezas! 



Pag 56 

Dossie	de	la	Monsanto	para	la	aprobacion	de	la	
soya	RR	presentado	para	USDA		en	1994	



Herbicide	resistant	weeds	
cosDng	farmers	millions	in	
lost	yield,	increased	expense		
Delta	Farm	Press,	25	Feb	2011	
hPp://deltafarmpress.com/soybeans/herbicide-resistant-
weeds-cosDng-farmers-millions-lost-yield-increased-expense	

Argentina 



El cultivo sucesivo de Soya RR acelera el  aparecimiento 
de plantas resistentes a herbicidas  

Foto::  
Robinson Osipe 

Ejemplos de impactos ya detectados 



	Foto:	Fernando	Adegas	

XXX	Congresso	Brasileiro	da	Ciência	das	Plantas	Daninhas		
22	a	26	de	agosto	de	2016,Curi$ba	–	PR	

Tema:	Conhecimento	e	Tecnologia	a	Serviço	do	Agricultor	



A University of California 
extension agent stands 
behind a patch of 
herbicide-resistant 
marestail (also 
known as horseweed) and 
talks about its effect on 
farmers. This aggressive 
weed, which can grow to 
be six 
feet tall, has emerged in 
many parts of the country 
but is particularly 
problematic in the Midwest 
and eastern United States. 
 
Union of Concerned 
Scientists. The Rise of 
Superweeds— 
and What to Do About It. 
2014, 8p. 



hOp://www.weedscience.org/images/weedid/81.jpg	

Eleusine	indica	–	A	mais	recente	
prova	de	resistência	

	
Common	Name:	Goosegrass	
Species:	Eleusine	indica	
Group:	EPSP	synthase	inhibitors	(G/9)	
Herbicides 	glyphosate	
Loca$on:	razil,	Paraná	(PR)	
Year 	2016	
Situa$on(s):	Corn	(maize),	Soybean,	and	
Wheat	
Contributors:	Jamil	Constan$n,	Rubem	
Oliveira,	and	Hudson	Takano		





Foto: Joel Donazzolo, UTFPr, fev/2014 

Cultivo de frijol despues de maiz 
transgénico  – Dois Vizinhos, PR 



http://www.valor.com.br/agro/3630820/embrapa-alerta-que-milho-rr-pode-
virar-planta-daninha-na-soja# 29/07/2014 - 15:54 

Embrapa alerta al posibilidad de que el 
maíz RR convertirse en una maleza! 



Promesa: disminuir 
la incidencia de 
plagas! 



Consuno de plaguicidas (venenos ?) 
aumentó ! 

Benbrook, C.  2004.  Genetically engineered crops and pesticide use in the 
United States:  The first nine years.  At:  http://www.biotech-info.net/Full_version_first_nine.pdf 



Human exposures to Roundup residues in steadily increasing 



Consumo	de	plaguicidas	en	Brasil.		(kg	por	ha	de	ingredientes	
ac$vos)	
Source:	hOp://www.sidra.ibge.gov.br/bda/tabela/protabl2.asp?c=771	

k/ha	

é	 é	 é	
Soya	 Algodon	Maíz	



Promesa: no causa daños 
a salud humana o animal 



1. Por primera vez se evalua, por dois años, el 
efecto del maíz NK 603, en 54 parametros de 34 
organos (caracteristicas bioquimicas y fisiológicas) 
de 200 ratas; 

2. Las alteraciones bioquímicas y las fallas 
fisiológicas son más graves en ratas 
alimentadas com maíz transgénico NK603 con o sin 
fumagacion de Roundup y con Roundup que cuando 
alimentadas con maíz convencional; 

3. Se comprovó al efecto non-linear de 
desrelugador endocrino del Roundup; 

El primer estudio de larga duración 
– efectos crónicos - 



Séralini, G.-E., et al. Long term toxicity of a Roundup herbicide 
and a Roundup-tolerant genetically modified maize. Food 

Chem. Toxicol. (2012), http://dx.doi.org/10.1016/j.fct.
2012.08.005 



4. Las alteraciones bioquímicas y las fallas 
fisiológicas elevarón la probabilidad de desarrollo de 
tumores en las ratas.   

 

5. Los tumores cancerígenos aparecen a los 4 
meses en ratas macho y a los 7 meses en ratas 
hembras. 
Todavía las agencias exígen estudios de apenas 3 

meses !!! Porque??? 

(i)    

El primer estudio de larga duración 
– efectos crónicos - 



Glyphosate induces human breast cancer cells growth via estrogen
receptors
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a b s t r a c t

Glyphosate is an active ingredient of the most widely used herbicide and it is believed to be less toxic
than other pesticides. However, several recent studies showed its potential adverse health effects to
humans as it may be an endocrine disruptor. This study focuses on the effects of pure glyphosate on
estrogen receptors (ERs) mediated transcriptional activity and their expressions. Glyphosate exerted pro-
liferative effects only in human hormone-dependent breast cancer, T47D cells, but not in hormone-inde-
pendent breast cancer, MDA-MB231 cells, at 10!12 to 10!6 M in estrogen withdrawal condition. The
proliferative concentrations of glyphosate that induced the activation of estrogen response element
(ERE) transcription activity were 5-13 fold of control in T47D-KBluc cells and this activation was inhib-
ited by an estrogen antagonist, ICI 182780, indicating that the estrogenic activity of glyphosate was med-
iated via ERs. Furthermore, glyphosate also altered both ERa and b expression. These results indicated
that low and environmentally relevant concentrations of glyphosate possessed estrogenic activity. Gly-
phosate-based herbicides are widely used for soybean cultivation, and our results also found that there
was an additive estrogenic effect between glyphosate and genistein, a phytoestrogen in soybeans. How-
ever, these additive effects of glyphosate contamination in soybeans need further animal study.

! 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Glyphosate, N-(phosphonomethyl) glycine, is widely used as an
active ingredient of herbicide products to control weeds in cropped
and non-cropped fields around the world. In addition, glyphosate
formulations have been used extensively in genetically modified
glyphosate-resistant plants (Acquavella et al., 2004). The herbicidal
activity of glyphosate is rather specific on the targets with the inhi-
bition of the shikimate pathway which only presents in plants and
micro-organisms (Solomon et al., 2007). Glyphosate is considered
as a non toxic herbicide because of its low LD50 (the concentration
that caused 50% deaths); >4 g/kg (WHO, 1994). However, the
reproductive toxicities of glyphosate have been extensively studied
in both animals and human. Up to now, the endocrine disrupting
effects of glyphosate were not observed in the in vivo but the
in vitro studies and the epidemiological studies have still conflicted

in those findings due to their differences in the experimental de-
signs, methodology and confounding factors (Brake and Evenson,
2004; Dallegrave et al., 2007; Daruich et al., 2001; Mandel et al.,
2005; Marc et al., 2004; McDuffie et al., 2001). The synergistic ef-
fects of glyphosate and surfactants in its herbicide formulations
have been concerned especially the endocrine disrupting activity
(Richard et al., 2005). Most studies found that the adjuvants or sur-
factants in most formulations were more toxic and could enhance
the toxic effects of glyphosate (Gasnier et al., 2009; Marc et al.,
2004; Walsh et al., 2000). Glyphosate at concentrations used in
agriculture (21–42 mM) was found to be toxic to human embry-
onic and placental cells (Benachour et al., 2007; Richard et al.,
2005). Roundup", a popular formulation could disrupt the synthe-
sis of hormones in the mouse MA-10 Leydig tumor cell line (Benac-
hour et al., 2007; Walsh et al., 2000). Glyphosate has been shown
to disrupt the animal cell cycle in urchin eggs based on its surfac-
tant carrying in commercial formulation (Marc et al., 2004). Re-
cently, it was reported that at lower non-toxic concentrations of
Roundup" and glyphosate (<1 lg/L), the main endocrine disruption
is a testosterone decrease by 35%. Most potential adverse health ef-
fects were reported on the commercial glyphosate formulations.
The expression of estrogen-regulated genes relating to tumor for-

0278-6915/$ - see front matter ! 2013 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.fct.2013.05.057
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a b s t r a c t

Glyphosate is the primary active constituent of the commercial pesticide Roundup. The present results
show that acute Roundup exposure at low doses (36 ppm, 0.036 g/L) for 30 min induces oxidative stress
and activates multiple stress-response pathways leading to Sertoli cell death in prepubertal rat testis.
The pesticide increased intracellular Ca2+ concentration by opening L-type voltage-dependent Ca2+

channels as well as endoplasmic reticulum IP3 and ryanodine receptors, leading to Ca2+ overload within
the cells, which set off oxidative stress and necrotic cell death. Similarly, 30 min incubation of testis with
glyphosate alone (36 ppm) also increased 45Ca2+ uptake. These events were prevented by the anti-
oxidants Trolox and ascorbic acid. Activated protein kinase C, phosphatidylinositol 3-kinase, and the
mitogen-activated protein kinases such as ERK1/2 and p38MAPK play a role in eliciting Ca2+ influx and
cell death. Roundup decreased the levels of reduced glutathione (GSH) and increased the amounts
of thiobarbituric acid-reactive species (TBARS) and protein carbonyls. Also, exposure to glyphosate–
Roundup stimulated the activity of glutathione peroxidase, glutathione reductase, glutathione
S-transferase, γ-glutamyltransferase, catalase, superoxide dismutase, and glucose-6-phosphate dehydro-
genase, supporting downregulated GSH levels. Glyphosate has been described as an endocrine disruptor
affecting the male reproductive system; however, the molecular basis of its toxicity remains to be
clarified. We propose that Roundup toxicity, implicated in Ca2+ overload, cell signaling misregulation,
stress response of the endoplasmic reticulum, and/or depleted antioxidant defenses, could contribute to
Sertoli cell disruption in spermatogenesis that could have an impact on male fertility.

& 2013 Elsevier Inc. All rights reserved.

Brazil is the world largest consumer of pesticides. This leadership
might lead to a large number of health problems for occupationally
exposed workers, their families, and the environment [1]. Glyphosate
[N-(phosphonomethyl)glycine] formulations are widely used herbi-
cides in agriculture worldwide. Although glyphosate is described as
the primary active ingredient present in Roundup (Monsanto Co., St.
Louis, MO, USA), this commercial formulation has greater side effects
than glyphosate alone [2,3]. Moreover, it has been demonstrated that
toxic events triggered by Roundup might be due to synergistic effects
between glyphosate and other formulation products [4–6]. The
adjuvants are considered inert; however, the polyethoxylated tallow
amine (POEA) is toxic and could facilitate glyphosate penetration

through plasmatic membranes and consequently potentiate its action
and toxicity [3,7–10]. In this context, Mesnage et al. [11] demon-
strated POEA as one of the active ingredients of Roundup formula-
tions inducing human toxicity, triggering necrosis by disrupting cell
membranes around its critical micellar concentration, rather than
glyphosate, that leads to apoptosis. Moreover, previous studies have
supported the possibility that mixtures of glyphosate and surfactant
can aggravate cellular damage, inducing cell death [4–6,8,9,12–17].
Also, the surfactant nonylphenol, an important environmental con-
taminant, alters Ca2+ homeostasis and leads to Sertoli cell apoptosis
[18]. Glyphosate alone or Roundup was found to induce significant
changes in cellular antioxidant status leading to glutathione
depletion, enzymatic disorders, and increased lipid peroxidation in
keratinocytes [14,19].

The cytotoxicity provoked by several toxic agents is associated
with the loss of intracellular Ca2+ homeostasis. The imbalance in
Ca2+ physiology is believed to be associated with misregulation of
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Abstract
A significant number of genetically modified (GM) crops have been approved to enter 
human food and animal feed since 1996, including crops containing several GM genes 
'stacked' into the one plant. We randomised and fed isowean pigs (N=168) either a mixed 
GM soy and GM corn (maize) diet (N=84) or an equivalent non-GM diet (N=84) in a long-
term toxicology study of 22.7 weeks (the normal  lifespan of a commercial pig from 
weaning to slaughter). Equal numbers of male and female pigs were present in each 
group. The GM corn contained double and triple-stacked varieties. Feed intake, weight 
gain, mortality and blood biochemistry were measured. Organ weights and pathology 
were determined post-mortem. There were no differences between pigs fed the GM and 
non-GM diets for feed intake, weight gain, mortality, and routine blood biochemistry 
measurements. The GM diet was associated with gastric  and uterine differences in pigs. 
GM-fed pigs had uteri that were 25% heavier than non-GM fed pigs (p=0.025). GM-fed 
pigs had a higher rate of severe stomach inflammation with a rate of 32% of GM-fed pigs 
compared to 12% of non-GM-fed pigs (p=0.004). The severe stomach inflammation was 
worse in GM-fed males compared to non-GM fed males by a factor of 4.0 (p=0.041), and 
GM-fed females compared to non-GM fed females by a factor of 2.2 (p=0.034).

Key words: GMO, GM corn, GM soy, GM animal  feed, toxicology, stomach inflammation, 
uterus weight.

Introduction

Genetically modified (GM) crops have entered human food and animal feed in increasing 
amounts since they were commercially released into fields in the USA in 1996 (USDA, 
2011). The main traits in GM crops to date have been to express proteins for herbicide 
tolerance (Ht) and insect resistance (Carman, 2004; USDA, 2011). Herbicide tolerant 
crops are engineered to produce one or more proteins that allow the crop to survive being 
sprayed with a given herbicide. Insect resistant crops are usually engineered to produce 
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Carman et al. 2013. A long-term toxicology study on pigs fed a combined 
genetically modified (GM) soy and GM maize diet. Journal of Organic Systems, 
8(1), 2013.  p.38-54. 



Residuos  metabólicos del glifosato y también de 
la toxina Cry1Ac fueron encontrados en sangre de 
mujeres embarazadas ó no y en fetos. 



Unico estudio epidemiológico: 
La proteína Cry é transmitida para el feto 

en mamiferos (incluso humanos) 
•  Análisis de sangre de 30 mujeres embarazadas 

(MG) e 39 mujeres no embarazadas (MNG) 
(Canadá)  

•  Toxina Cry1Ab: 
-  93% MG 
-  e 80% en los fetos.  
-  69% MNG 
 

 No hay otros estudios para comparar los 
resultados oitidos 





Pesticidas: aplicase en un 
lugar, pero se va para otro… 

Glifosato e 
Toxinas de Bt,  
 otras 
moléculas 

Exposición de los non o recien 
nascidos a plaguicidas por agua, 
leche materno y comida ! 



Promesa: alimentar 
la creciente 
población mundial! 





PROMISE 
 
 
FEED THE WORLD through 
increased productivity 

Cortesia de Angelika Hilbeck 



2011 

‚The hunger curve‘ 

Beginning of gene 
tech revolution!! 
 
NO key technology to 
solve world hunger 

Cortesia de Angelika Hilbeck 





Que hacer ? 

Muchas cosas, pero de forma coletiva; 
Aumentar los proyectos de investigación 

participativa; 
Restablecer la asociación  entre campesinos 

y consumidores; 
Resolver el descompaso entre políticas 

publicas y la realidad de los campesinos. 



Pesquisa participativa 
com sementes crioulas 
permite o resgate da 

dignidade dos 
agricultores 



¿ Que hicieran otros 
países?	









Arte:	Laura	Or$z	



¿ Que piensan los 
cientificos y el pueblo ?	





Genes	alterados,	
Verdad	Destorcida:	
Como	la	Venture	de	
manipular	
gené$camente	
Nuestra	Comida	
subvir$ó	la	Ciencia,	
Corrompió	Gobiernos		
y	sistemá$camente,	
engañó	el	público.	



Riesgos no están relacionados a lo que los 
científicos saben, más a lo que ellos no saben.  
 
Riesgos están asociados a incertidumbres.  
 

   Caruso, D. Intervention. San Francisco, Hybrid 
Vigor Press, 2006, 252p. 

RIESGOS..... 

En el contexto de la incertidumbre que progresa la 
esperanza, el juicio y la valoración de la 
subjetividad, capaz de concretizar lo inesperado. 
 

Lieber, RR. & Romano-Lieber NS. Risco, incerteza e as 
possibilidades de ação na saúde ambiental. Rev. Bras. 

Epidemiol., 6(2):121-34, 2003. 



BENZEDEIRASBENZEDEIRAS

Diversidade genética, 
ambiental e cultural 

Oligopólio e dominação 

X 



Son	muchos	los	efectos	adversos	ya	ocurridos,	tan	pocos	
los	estudios	cienyficos	en	los	trópicos	y	ningún	
seguimiento	establecido,	condiciones	claras	de	gran	
incerDdumbre	económica,	social	y	de	seguridad	
alimentaria,	o	que	requiere	el	uso	del	principio	
precautorio.		

Conclusiones	
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