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Summary

Ten years ago, the discovery of transgenes in Mexican maize sparked an international discussion on the
use of GM crops in centers of origin and genetic diversity. Since then, the pertinent question is no longer
if transgenes will contaminate Mexico´s maize landraces, but more importantly, what we might lose if this
continues. Answering this requires addressing the right questions within Mexico’s context--not only the
scientific concerns of environmental, health and biodiversity-level effects--but also their inter-related social
and economic impacts. Domestic society should therefore play a role in the assessment of whether genetically modified (GM) maize is appropriate for Mexico as the center of origin and genetic diversity. Today, a
more integrative decision-making process on the appropriateness of GM maize for Mexican agriculture is
needed, including consideration of whether alternative approaches to meeting maize production challenges
may provide greater benefits with fewer risks.

GenØk – Centre for Biosafety (www.genok.no), is an independent research institution founded in 1998 and situated
in Tromsø, Norway. GenØk is engaged in the ﬁeld of biosafety and gene ecology research on modern biotechnology,
nanotechnology, synthetic biology and emerging technologies. The institution also works with capacity building and
advisory activities related to biosafety. GenØk focuses on a precautionary, holistic and interdisciplinary approach to
biosafety.
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Background

Ten years ago, the scientific journal Nature published the discovery of transgenic DNA in landraces
of maize in Mexican state of Oaxaca from the year 20001. The findings drew considerable attention
as an early warning of undesirable and uncontrollable spread of genetically modified organisms
(GMOs) once introduced into the environment. A number of scientific teams have since verified
transgene spread in the country, detecting transgene contamination of landraces of maize within
the Federal District in 20032, Guanajuato, Vera Cruz and Yucatan in 20023 and once again in
Oaxaca in 2001 and 20044. All these events occurred despite a moratorium up to 2005 on the
environmental release of GM maize in Mexico.
Thus, the pertinent question is no longer if transgenes will contaminate Mexico’s maize diversity,
but importantly, what might we lose if this continues.
Mexico is the center of origin and genetic diversity of maize. This national patrimony is an essential
global resource for future improvement of maize varieties, e.g. for improved crop production, pest
resistance or environmental challenges posed by climate change. Moreover, maize is the staple
of the Mexican diet and has important social, economic and cultural significance throughout the
country. For all these reasons, conserving Mexican agro-biodiversity is of utmost priority.

What happens when genetically modified (GM) varieties cross with
landraces?

Genetic diversity of landraces may decrease. Research on the effects of gene flow from cultivated
varieties to wild and weedy relatives indicate that native diversity may be adversely affected5.
This has led scientists to hypothesize whether a similar outcome may result from transgene flow
to maize landraces6. This is particularly important as transgenes can accumulate in landraces from
recurrent gene flow. However, the actual experimental work necessary to address this issue has yet
to be carried out.
Hybridization with GM maize can lead to landrace “transgenization”. That is, landraces
may inherit not only genes from transgenic plants, but along with them, the still unresolved
environmental and health concerns currently surrounding GM maize. That is, as maize landraces
become cross-pollinated with transgenic varieties and accumulate transgenes, they can take up
new characteristics – for instance expression of pesticidal toxins in the plant– some of which have
shown indications of adverse environmental7 and health effects8. The reported health impacts are
still under debate, largely because the long-term feeding experiments that would help address this
and other concerns have not yet been carried out, making it premature to conclude on the safety
of the different varieties of GM maize (and thus also “transgenized” landraces) in the human diet.

1 Quist and Chapela, 29 November 2001. Nature 414: 541-543
2 Serratos-Hernández et al. 2007. Front Ecol Environ 2007; 5(5): 247252
3 Dyer et al. 2009. PLoS ONE 4(5): e5734
4 Pinyero-Nelson et al., 2009. Molecular Ecology v. 18: 750-761
5 Slatkin, M, 1987. Science, 236, 787–792; Haygood et al., 2003. Proc Biol Sci. 270(1527): 18791886
6 Gepts and Papa, 2003, Environ. Biosafety Res. 2: 89–103; Ellstrand, N. C. 2001.Pl. Physiol. 125, 1543–1545;
Cleveland, D.A et al., 2005. Environ. Biosafety Res. 4: 197–208
7 Bøhn, T. Et.al 2010. Ecotoxicology, 19:419-430
8 For an overview with scientific references, see http://www.gmwatch.org/latest-listing/1-news-items/13467environmental-and-health-impacts-of-gm-crops-, accessed November 21, 2011.
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What is the likelihood that GM varieties will actually cross with landraces
and create such risks?

This depends on the proximity of GM and landrace varieties (and timing of flowering between
them), brought together either due to pollen or seed flow9. Since 2005, the establishment of the
Mexican Biosafety Law on Genetically Modified Organisms (LBGMO) has allowed the approval
of the environmental release of GM maize in its territory --118 such approvals for environmental
releases have been given within the last three years alone10. The overlap of these releases to
areas of known landrace cultivation is significant: Based on a 2009 report11 commissioned by the
Mexican National Commission for Knowledge and Use of Biodiversity (CONABIO), the area of
maize landrace distribution encompasses virtually all areas of the country, including areas where
GM maize has been approved for environmental release. This greatly raises the likelihood of even
greater rates of transgene flow from GM maize to Mexican landraces if these plantings continue
or expand in the future.
The widespread occurrence of landraces across Mexico reported by CONABIO has prompted
some scientists to question whether only parts of--or the entire country--should be considered
as a center of origin of maize12 and receive protected status. This protected status is important as
it legally prohibits the planting of GM maize near areas of landrace cultivation. Therefore, the
determination of these boundaries of the “center of origin and genetic diversity” in for maize will
have wide-ranging impacts on the future environmental releases of GM maize in Mexico, and
therefore the rates of transgene flow to landraces likely to occur13.

Taking transgenes in context, underlying issues emerge

Given the close links between biodiversity and local knowledge, potential erosion of landrace
agrobiodiversity may also lead to the erosion of the agricultural knowledge needed for its
cultivation. Those whose livelihoods depend on maize landraces in order to feed themselves
are particularly vulnerable to such changes14. Further, this knowledge is essential for farmers
creating in-field innovation within local seed systems, thereby augmenting in-situ conservation
of important maize agrobiodiversity. This example on local knowledge illustrates how changes in
local agrobiodiversity interlink to complex social and economic impacts. Accordingly, a broader
impact assessment on the appropriateness of GM maize within the context of introduction is
needed.

Future considerations on decision-making requires an integrative approach

How can the interlinked issues --the ecological, social, economic and cultural aspects related to
transgene contamination of landraces--be properly addressed? This requires fundamental changes
to how risk assessments are conducted and decisions are made. That is, the impacts to be addressed
should not be limited only to the scientific and technical assessment of environmental and health
issues (as is generally the case), but should also include social and economic dimensions as
well. This restricts what questions get asked in assessment and who may legitimately ask them,
or participate in the appraisal itself (often only scientific “experts”). For instance, the public
consultation form on the environmental introduction of GMOs in Mexico specifically states that
expressed opinions from the public must be scientific and technical in nature15. Such narrow
framing limits the consideration of equally legitimate societal concerns, and excludes participation
of the broader public in order to inform decision-makers on issues they care about16.
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9 Dyer et al. 2009; PLoS ONE 4(5): e5734; Heinemann, J.A. 2007 ftp://ftp.fao.org/ag/cgrfa/bsp/bsp35r1e.pdf, accessed
November 28, 2011.
10 See http://www.cibiogem.gob.mx/Sistema-Nacional/Paginas/default.aspx, accessed November 19, 2011.
11 Kato et al., 2009. Origen y diversiﬁcación del maíz: una revisión analítica. Universidad Nacional Autónoma de México,
Comisión Nacional para el Conocimiento y Uso de la Biodiversidad. 116 pp. México, D.F. http://www.biodiversidad.gob.
mx/genes/pdf/Origen%20del%20MaizUv.pdf, accessed December 3, 2011
12 http://www.uccs.mx/images/library/file/campanas/AcuerdoCOyD(UCCS)final.pdf
13 See http://www.biodiversidad.gob.mx/genes/pdf/Doc_CdeOCdeDG.pdf, accessed November 28, 2011.
14 IAASTD (International Assessment of Agricultural Knowledge Science and Technology for Development), ed. 2009.
Agriculture at a Crossroads. Global Report http://www.agassessment.org/ accessed November 29, 2011
15 “Formato de opinion pública” National Service of Sanitary, Safety and Agricultural food Quality, SAGARPA http://www.
senasica.gob.mx/includes/asp/download.asp?IdDocumento=14667&idurl=20755, accessed November 29 2011.
16 Melo-Martin, I. and Z. Meghani (2008). EMBO Reports 9:302-308
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Some countries have started integrating a broader spectrum of aspects within the impact
assessments for GMOs. For instance, the Norwegian Gene Technology Act lays out assessment
criteria for evaluating sustainability, societal benefit and ethical aspects, not only in relation to
Norway as the importing country, but also in relation to the country where the GMO originates
from17.

Conclusion

Despite these many unresolved issues on the impacts to maize landraces, the large number of approved GM maize releases signals that efforts to adopt GM maize into Mexican
agriculture is swiftly advancing. The pace of introduction seems to be running ahead of
the development of appropriate mechanisms to address and evaluate all the relevant potential effects beforehand. In this situation it is recommended to proceed from the basis of
precaution, given potential irreversible environmental and social impacts that may arise
from GM maize in its center of origin and diversification.
At the time of the first report of transgenes in Mexican maize ten years ago, society had
not yet begun to conceptualize the scope of impacts that may result from uncontrolled
spread of transgenes in the center of maize origin and diversification. Today, a more
integrative and precautionary decision-making process on the appropriateness of GM
maize for Mexican agriculture and society is needed 18. This would also include an assessment
of alternative approaches that have the capacity to meeting challenges in sustainable
production with greater benefits and fewer risks19.

17 http://www.regjeringen.no/en/doc/laws/Acts/gene-technology-act.html?id=173031, accessed November 27, 2011.
18 Pavone et al. 2011. Environmental Science in Europe 23:3
19 Nelson, K. and Banker M. 2007. Problem Formulation and Option Assessment Handbook
http://www.gmoera.umn.edu/public/publications/index.html, accessed November 29 2011; UNCTAD / UNEP 2008.
Organic Agriculture and Food Security in Africa www.unctad.org/en/docs/ditcted200715_en.pdf accessed November
27, 2011
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