soberania alimentaria de los pueblos”

Los impactos adversos del
cultivo de variedades
transgenicas en la soberania y
la seguridad alimentaria

Rubens Onofre Nodari
Professor Titular da Universidade Federal de Santa Catarina,
Florianopolis, Brasil
Programa de Pos grado en Recursos Genéticos Vegetais

rubens.nodari@ufsc.br
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¢, Cuales son lamayores
Innovaciones de la
humanidad?
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Espiga do milho domesticado
atual com muitas fileiras de
cariopses maiores e sem
protecao

Espigueta de teosinto
selvagem com uma fileira
de cariopses revestidas
por uma rigida capsula







Velada por el maiz

ab2 KIFé& LI Na
haya presentado tanta
resistencia a la siembra de

maiz transgénico como
aSEAO2 de

Wall Street Journaf) dic 2010
http://online.wsj.com/articld

Z6calo de la Cd de Méxicopmmssasg===es

Campana nacional
Sin maiz no hay pais
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La diversidad en los centros de diversidad
genetica es resultado de factores de naturaleza

historica , ecologica , genética y cultural .

>






“ONE OF THE NOSI mmmm THE I.AST 30 YEARS."

wed sl Prom the Yoten

Altered
Genes,

Twisted
Truth

FER Y

How the Venturc ta
Genetically Engineer Our Food Has
Subverted Science, Corrupted Govermment,
and Systematically Deceived the Public

STEVEN M. DRUKER

Genes alterados,

Verdad Destorcida:
Como la Venture de
manipular
geneticamente
Nuestra Comida
subvirtio la Ciencia,
Corrompio Gobiernos
y sistematicamente,
engano el publico.



AMERICAN
ASSOCIATION FOR THE
ADVANCEMENT OF
SCIENCE

CIENCE _
e oo 1994C primera

planta
transgénica
comercial




#. ;Cuanto tiempo el Tomato Flavr Savr
se quedo en mercado? afios

¢, 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 distinctos ambientes, cultivo mas
COSt0sO0.

3. Otras



Global Adoption Rates (%) for Principal 7/

Biotech Crops (Million Hectares, Million Acres), 2015 ;...

Source: Clive James, 2015
Heactarage based on FAQ Data for 2013.

http:// www.isaaa.orgresourcespresentationslide&default.asp



¢Que pasa con el arroz dorado o arroz de tolo~

http://www.goldenrice.org/index.php

In Golden Rice two genes have been inserted into the rice genome by genetic
engineering, to restart the carotenoid biosynthetic pathway leading to the
producti on and -aacotenenmuhe grains.dath gerfes abe naturally
involved in carotene biosynthesis. The difference here is that the reconstructed
pathway is not subject to downregulation, as usually happens in the grain.



Eating Genetically Modified Foods
% of each group saying it is generally safe or unsafefo

eat genefically modified foods
B Generally unsafe Generally safe
U5 adult=s BT - 37
AAAS scientists 11 I oo
Survey of U ._._:‘IJL Aug. 15-25 2014 (33, ASAS scientists survey
Sept. 11 - Oct. 13, 2014.028 Those saying don't know or £ving no
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e
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RIESGOS.....

Riesgos no estan relacionados a lo que los
cientificos saben, mas a lo que ellos no saben.

Riesgos estan asociados a  incertidumbres

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

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

Lieber, RR. & Romano -Lieber NS. Risco, incerteza e as
possibilidades de acao na saude ambiental. Rev. Bras.
Epidemiol., 6 (2):121 -34, 2003.



http://www.goldenrice.org/index.php

In Golden Rice two genes have been inserted into the rice genome by

genetic engineering, to restart the carotenoid biosynthetic pathway

| eading to the pr oduc tcaraiene irmtmedrai@sc c u n
Both genes are naturally involved in carotene biosynthesis. The difference
here is that the reconstructed pathway is not subject to downregulation,

as usually happens in the grain.
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¢, Cules son los
Impactos del mayz
transgenico ?
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1- Perdida de las
semillas de identidad o
criollas

Caminando para la
privatizacion de las
semillas...
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STARLINK: scandal
harms the farmers

Cry19Q; solamentecomo
pienso

www.greenpeace.org.uk/files/images
/gm_crops/gm_maize.jpg&imgrefurl

http://www.foei.org/en/what-we-do/photo-galleries/gallery/foodaid3.jpg/image_preview



Milno Bt StarLink : el otro gran Fiasco!

A Liberado para consumo animal;

A Detectado en productos; alimenticios para seres
humanos en los EUA,;

A Detectado en productos alimenticios y bebidas en otros
paises;

A Detectado en semillas de otras variedades (en 10.688
das 118.622 muestras evaluadas I 9%);

A Sospechoso de causar alergias por lo menos en 7

personas.

Fonte: The Royal Society of Canada. Elements of precaution:
recommendations for the regulation of food biotechnology in Canada.
224p. 2201




Environ. Biosafety Res. Available online at:
© ISBR, EDP Sciences, 2011 www.ebr-journal.org
DOI: 10.1051/ebr/2011100

Case study

Cross-fertilization between genetically modified
and non-genetically modified maize crops in Uruguay

Pablo GALEANO''2*, Claudio MARTINEZ DEBAT®, Fabiana RUIBAL®, Laura FRANCO FRAGUAS? and Guillermo A. GALVAN'

! Departamento de Produccién Vegetal, Centro Regional Sur (CRS), Facultad de Agronomia, Universidad de la Repiiblica, Camino Folle

km 36, Progreso, Canelones, Uruguay
% Citedra de Bioquimica, Departamento de Biociencias. Facultad de Quimica, Universidad de la Reptiblica. General Flores 2124,
Montevideo, Uruguay
Seccion Bioquimica, Instituto de Biologia, Facultad de Ciencias, Universidad de la Republica, Igua 4225, Montevideo, Uruguay

The cultivation of genetically modified (GM) Bt maize (Zea mays L.) events MON810 and Bt11 is permitted in
Uruguay. Local regulations specify that 10% of the crop should be a non-GM cultivar as refuge area for biodi-
versity, 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-fertilization between maize crops in Uruguay is unknown. The level of


http://www.criare.net/clientes/rgv/default.asp

Table 2. Analysis of the progeny of non-GM plants sampled from commercial maize crops studied in Uruguay.

. DAS-ELISA , PCR! Nearest GM crop
Case Site® P (%) — -
Nr of Observed 35S  MONS10 Btl1 Distance Event
positives®  frequency (m)

I 1.1 1/180 0.56% 1.7 + - + 40 MONSI10 + Btl1
1.2 0/120 0 <25 - 190 MONZS8I0 + Btl1
2.1 0/120 0 <25 + + - 380 MONSI10

2 2.2 0/120 0 < 2.5 — 180 MONSI10
2.3 1/120 0.83% 2.5 - 100 MONSI10

3 3.1 0/180 0 < 1.7 — 20 MONSI10

4 4.1 1/764 0.13% 0.39 + + - 330 Btl1

5 5.1 0/180 0 < 1.7 — 30 unknown

* For Case 1, two sites within the same non-GM field were sampled at different distances from the neighbor GM field. For Case 2,

three sites were sampled.

® Number of positive plants on the total number of tested plants.

¢ Estimated frequency in the population with 95% confidence for probability of detection, P4, based on DAS-ELISA observed
frequencies and sample sizes (see Materials and methods).

4 Specific primers for 35S were used as a marker for transgenicity. primers VW01/VWO03 for MONS10, and PatB/IVS2-2 primers

for Btl1. (+) indicates detection of the transgene.
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THE IMPOSSIBLE COEXISTENCE
I CASE STUDY IN SPAIN

Rosa Binimelis



THE IMPOSSIBLE COEXISTENCE
¢ CASE STUDY IN SRAIN

Reducting of the cultivated area Organic Corn

by 75% in Aragon (2004  -2007)
by 95% in Catalonia (2002 -2008)
Binimelis, 2008. Coexistence of plants, coexistence of farmers: |

Individual choice possible? Journal of Agricultural and
Environmental Ethics, 21: 48457



B ra.S” | Resolucao Normativa n° 04

O objetivo da coexisténcia

é estabelecer as distGncias
minimas de isolamento a
serem observadas entre
cultivos comerciais de milho
genetficamente modificados

e cultivos de milho
convencional, permitindo a
coexisténcia enfre os diferentes
sistemas de produg¢éo no campo. Mitho . ncl

sem Milho Bt
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Compilacion de la percentage de polinizacion
(11 estudios mejores documentados)
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Brasil nao tem controle
sobre rm]ho transgemco

P\Ww L rNM’w }Mﬂ
J\MM “" A‘ }'p')r'

O agricultor Ademir Ferronato em sua plantacao de mllho convencional,

no Parand; ele teme contaminacao por lavoura transgénica
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@ PLOS |one
RESEARCH ARTICLE

Detection of Transgenes in Local Maize
Varieties of Small-Scale Farmers in Eastern
Cape, South Africa

Marianne Iversen*, Idun M. Grgnsberg®, Johnnie van den Berg?, Klara Fischer?,
Denis Worlanyo Aheto®, Thomas Bghn'®

1. Gendk —Centre for Biosafety, Tromsg, Norway, 2. Unit for Environmental Sciences and Development,
North-West University, Potchefstroom, South Africa, 3. Department of Urban and Rural Development,
Swedish University of Agricultural Sciences, Uppsala, Sweden, 4. College of Agriculture and Natural
Sciences, School of Biological Sciences, University of Cape Coast, Cape Coast, Ghana, 5. Faculty of Health
Sciences, UIT The Arctic University of Norway, Tromsg, Norway

*marianne.iversen@genok.org

ive 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 MONB810). In both cases the farmers were unaware of
the transgenes present. In conclusion, we demonstrate that
transgenes are mixed into seed storages of sisdle farming

communities where recycling



@PLOS ‘ ONE

Transgenes in Small-Scale Farming

a) ORIGIN OF SEED PLANTED 2011-2012 IN FIELD

Recycled seed

= Seed bought in store

= Ntinga project seed

= Bought and from
Ntinga
22%

b) ORIGIN OF SEED PLANTED 2011-2012 IN
GARDEN

46%

Recycled seed
= Seed bought in store
= Shared seeds
35% = Recycled and bought seed

= Recycled and shared seed

¢) RECYCLING OF SEEDS
19%

81%

Practices recycling

= Does not practice
recyling

d) SHARING OF SEEDS
8%

92%

Participates in seed
sharing

= Does not participate
in seed sharing

Fig. 2. Survey Data. Survey data on seed origin showing what kind of seed was planted in a) fields and b) gardens during the 2011-2012 season; and on
seed management in general showing the proportions of farmers c) recycling seed and d) participating in sharing (d). N=26.

doi:10.1371/journal.pone.0116147.9002



Quick Test to detect
Transgene presence
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Manejo y conservacion de la agrobiodiversidad

del sistema formal e informal

Qutros sistemas informais

4
i Agricultores com
3] areas de alto
W potencial
LI
AN
\\\‘ Distribuicao
\\\ e
Banco de Germoplasma  “\\ “”
exsity *—~_ Y sl TTTeeell
‘\ Semente e ®
PIantlo —\ Controle de Qualidade
Sistema Informal de x das sementes
/ Intercambio \
Cultivo Manejo e Conservagao ) "o Mercado :
g da Agrobiodiversidade .
Consumo ‘é o}leita (Todas as espécies cultivadas) Or ganizaqdes
Consumo Locais
Armazenamento
S o Produgao de Sementes
Melhoramento de Plantas T TmmmmmmtTT
\ Sistema Formal de Manejo
e Conservagao da

Agrobiodiversidade

(Espécies de importancia econbmica)

Fonte: Almekinders & de Boef (2000); Canci, I. (2006)



Documentos

ISSH 1678-1953
Dezembvo, 2012

Pesquisa e Politica de
Sementes no Semiarido

Paraibano

®_ Por uma poltica de sementes que vaorize 0 patrimonio
Tiﬂ;;,!‘ genetlco selecmadoepreservadopdasfamiiasagmltnras

SEMENTES
DA FRIXAD

Courtesy: Gabriel Fernandes,

ANCINDNTAN\



2- Efectos adversos en
organismos benéficos

Hace a la destruicion de
biodiversidad...
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Cuanto de la toxina produc
un cultivo Bt comparado
con los niveles naturales de.

suelo?

Microorganisms

0.25 g 4007 1000 g/ha  2,8007 4,200 g/ha

Bt cotton produces up to4,000 timesmore Bt than soil
microorganisms, whileBt corn produces up to16,800 times

more.

"1 AAExI T Ah #8"8h *838 "OUAOh
Associated withBtand NonBt# 1 Ol ET 4X OA
Environmental QualityVol. 33, pages 83236



Bees danCing The Sun Sweet Targ_et

* |Indicates direction...

 and distance to food
CourtesyTerje Traavik e Dialects!



CrylAb pollen slows down feeding
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Control CrylAD Tyl Ab Imidaclopnd
3 ppb 5000 ppb 13 pph

Time for syrup consumption
time 1o consume th

Fig. 1. Mean time (1 SE) to completely consume syrup (10pl bee ') for
honey bees exposed to two ( rv | Ab protemn concentrations (3 ppb [part per
billion]; 5000 ppb). imdacloprid (48 ppb) and the control group. *P<0.035;
**P<0.01; NS: not significant from the control group (Wilcoxon signed
rank test)

From Ramirez-Romero et al. 2008

CourtesyTerjeTraavik



Comportamiento higienico

(LeonBizzzochi

Decrecid con polen
transgénico

UFSC

G.
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3- Aumento de la
frecuencia de plagas
resistentes al toxinas de
Bt?

La estrategia perfecta
para producir
superplagas
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OPEN 8 ACCESS Freely available online @PLOS | ONE

Dominant Inheritance of Field-Evolved Resistance to Bt
Corn in Busseola fusca

Pascal Campagne'24%, Marlene Kruger?, Rémy Pasquet'?4, Bruno Le Ru'?#, Johnnie Van den Berg?

1 Unité de Recherche IRD 072, CNRS UPR9034, Laboratoire Evolution, Génome et Spéciation, Gif-sur-yvette, France, 2 Université Paris-Sud 11, Orsay,
France, 3 Unit of Environmental Sciences and Management, North-West University, Potchefstroom, South Africa, 4 Noctuid Stem Borers Biodiversity in Africa
Project, Environmental Health Division, icipe (International Centre of Insect Physiology and Ecology, Nairobi, Kenya, 5 Department of Ecology, Evolution and
Natural Resources, Rutgers University, New Brunswick, New Jersey, United States of America

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 F, progeny from resistant x susceptible parents. Hence,
resistance management strategies of B. fusca to Bt corn must address non-recessive resistance.
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Field-Evolved Resistance to Bt Maize by Western Corn

Rootworm

Aaron J. Gassmann®, Jennifer L. Petzold-Maxwell, Ryan 5. Keweshan, Mike W. Dunbar

Department of Entomology, lowa State University, Ames, lowa, United States of America

Abstract

Background: Crops engineered to produce insecticidal toxins derived from the bacterium Badllus thuringiensis (Bt) are
planted on millions of hectares annually, reducing the use of conventional insecticides and suppressing pests. However, the
evolution of resistance could cut short these benefits. A primary pest targeted by Bt maize in the United States is the
western corn rootworm Diabrotica virgifera virgifera (Coleoptera: Chrysomelidae).

Methodology/Principal Findings:We report that fields identified by farmers as having severe rootworm feeding injury to Bt
maize contained populations of western corn rootworm that displayed significantly higher survival on Cry3Bb1 maize in
laboratory bicassays than did western corn rootworm from fields not associated with such feeding injury. In all cases, fields
experiencing severe rootworm feeding contained Cry3Bb1 maize. Interviews with farmers indicated that Cry3Bb1 maize had
been grown in those fields for at least three consecutive years. There was a significant positive correlation between the
number of years Cry3Bb1 maize had been grown in a field and the survival of rootworm populations on Cry3Bb1 maize in
bioassays. However, there was no significant correlation among populations for survival on Cry34/35Ab1 maize and
Cry3Bb1 maize, suggesting a lack of cross resistance between these Bt toxins.

Conclusions/Significance: This is the first report of field-eveolved resistance to a Bt toxin by the western com rootworm and
by any species of Coleoptera. Insufficient planting of refuges and non-recessive inheritance of resistance may have
contributed to resistance. These results suggest that improvements in resistance management and a more integrated
approach to the use of Bt crops may be necessary.




Gusano de la raiz del maiz

§
Diabrotica v'irgifera , the Western Corn Rootworm
www.ent.iastate.eddrootworm.
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