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Abstract

The concept of centres of crop diversity and/or origin of agriculture is briefly reviewed. The conservation
status of crop genetic resources, either ex situ or in situ, cultivated or wild, has been assessed for species of
the Central American and Mexican centre, demonstrating that that region is indeed one of the important
centres of crop diversity for human kind. Furthermore, biotechnological developments with regard to the
creation and spread of genetically modified crops have been analyzed. The likelihood of unintentional
introgression of genetically modified traits into conventional seed lots, crops as well as into germplasm
collections have been assessed. Related biosafety measures as well as the possible implications of intellectual
property rights on transgenic crops and/or genes are being discussed vis-a-vis the possible implications they
might have for germplasm management. The Central American crop genetic resources situation has been
used as a “‘case study” to illustrate the potential impact of the spreading of GM varieties on the genetic
diversity in genebanks and farmers’ fields and the need for effective and efficient conservation efforts.
Conservation management strategies and practices are being proposed of mitigate the potential negative
impact of GM crops on the conservation efforts.

Introduction

The concept of centres of origin of our domesti-
cated species was for the first time suggested by de
Candolle in the 19th century (de Candolle 1883).
Later, after the publication of Vavilov’s ‘On the
Origin of Cultivated Plants’ (1926), this concept
became eventually and generally accepted for the
conservation of plant genetic resources as it
established a clear link between genetic diversity,
its geographic distribution pattern and the origin
of the crop in question. Vavilov defined eight

centres of origin for most of our cultivated plants,
each of them harboring significant genetic diver-
sity within and between species. Most of these
Vavilovian centres are situated in tropical and
subtropical regions of the world, and their loca-
tions fall largely within the territories of develop-
ing countries. Central America is one of such
centres of crop diversity and origin, and its
significance is described below.

During the early 1960s, plant breeding activities
with a global focus were initiated to produce high
yielding varieties of the major food crops such as
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wheat, maize and rice. The successes of these
breeding efforts resulted, among others, in signifi-
cant replacement of traditional by high yielding
varieties, and, subsequently, to a considerable loss
of genetic diversity of these crops. This lost genetic
diversity consisted predominantly of landraces in
the case of cereals, leguminous crops and other
staples, and, this development eventually led to the
establishment of the International Board for Plant
Genetic Resources (IBPGR) in 1974 as well as of
global genebanks for the major food crops and
their wild relatives in the international centres of
the Consultative Group on International Agricul-
tural Research (CGIAR). Later, many countries
also established genebanks and germplasm collec-
tions to conserve the threatened genetic resources
of the major cultivated crops, resulting in more
than 1300 genebanks and collections in 1995 (FAO
1998).

Towards the end of the last century it became
generally accepted that people, in particular
farmers, play an important role in managing
genetic diversity and contribute to their conser-
vation. The recognition that it will never be pos-
sible to conserve all plant genetic diversity in
genebanks, that readily access to genetic diversity
by its users (i.e. farmers, plant breeders as well as
researchers) is a key factor in crop development,
that conservation activities should be dynamic and
allow adaptation processes to take place, led in the
early 1990s to a strong focus on in situ conserva-
tion activities, i.e. keeping the material in its
natural habitat or in farmers’ fields.

In addition to the above, biotechnological
developments took place, especially in molecular
genetics. The discovery of the DNA molecule in
1953 provided the foundation for the advances in
marker technologies that allowed the identification
of variants in the hereditary material. The premise
to describe genetic diversity was greatly enhanced,
both at the phenotypic level through biochemical
markers, and, at the genotypic level through
molecular markers. These advances were accom-
panied by major breakthroughs in information
technologies enabling the management and anal-
ysis of increasing amounts of data, which alto-
gether meant a significant advance in the area of
conservation and use of plant genetic resources.

Developments in tissue culture and from the
1980s in genetic engineering enabled the genera-
tion of genetically transformed plants, i.e. plants

modified by the artificial insertion of foreign genes
from the same or different gene pools — and, as a
result, the commercial production of transgenic
varieties. Transgenic varieties are now grown
widely and offer new potential for higher yields,
better quality traits, reduction in the use of inputs
and higher tolerance to biotic and abiotic stresses
(Persley 2000).

Despite these significant advances, there are
conservation and environmental concerns related
to the cultivation of genetically modified (GM)
crops as they may result in the transfer of transg-
enes through gene flow and introgression into wild
species or weedy relatives. Such gene transfers
might happen through hybridization and back-
crossing, potentially resulting in plants with en-
hanced invasiveness or weediness (Mikkelsen et al.
1996; Halfhill et al. 2002). The possible impact of
GM varieties and the legal consequences on con-
servation efforts in centres of diversity are assessed
in this paper and management procedures are
being proposed that can help the long-term con-
servation and sustainable utilization of plant
genetic resources.

Centres of origin and crop diversity

Vavilov was able to postulate the existence of eight
centres of origin and diversity of our crops. He
demonstrated that these centres had important
factors in common (e.g. ancient agriculture and an
old civilization; distributed in the tropical and sub-
tropical regions; very diverse eco-topographic
conditions) and that the distribution of the genetic
diversity followed certain patterns (Vavilov 1926).
These centres are of critical importance for current
and future crop improvement efforts as they har-
bor major parts of the genetic diversity of a given
gene pool. including the domesticated species as
well as their wild and weedy relatives. Adaptation
and selection processes in the crop gene pools are
ongoing in these centres, especially in traditional
agricultural production systems, where farmers
continue to play an important role in the man-
agement and maintenance of this genetic diversity.
In many parts of such centres commercial agri-
culture has not yet been adopted and usually very
diverse cultivation practices are followed, fre-
quently based on traditional knowledge that has
evolved over centuries and is passed on from one



generation to the next. Most or all of the produced
crops are consumed locally and traditional seed
systems are an important component of these
agricultural practices. However, these traditional
systems are vulnerable and specific care is needed
to avoid that their built-in strength is undermined
through outside interventions.

The traditional agriculture schemes together
with the existing genetic and cultural diversity
are threatened by many factors and forces. These
include, among others, modern agricultural
technologies making use of high performance
cultivars and genetically very uniform crops.
According to Ortega-Paczka (1999) the native
diversity of maize is in serious danger of
extinction in Mexico due to adoption of
improved seed, substitution of maize by other
more profitable crops and emigration of peasants
to earn their living in other activities and other
regions of the country. Only 20% of the local
maize varieties reported in 1930 in Mexico are
still known (GRAIN 1996). Similar develop-
ments have been reported for other crops in
other centres of diversity, e.g. of the 10,000
varieties of wheat, that were in use in China in
1949 only approximately 1000 remained in 1970.
In the United States, 95% of cabbage, 91% of
field maize, 94% of pea, 86% of apple and 81%
of tomato varieties of the 19th century have been
lost (Arunachalam 1999).

In this paper, the Central American and Mexi-
can centre is being used as a ‘case study’ to illus-
trate the potential impact of the spreading of GM
varieties on the genetic diversity in genebanks and
farmers’ fields and the need for effective and effi-
cient conservation efforts. Conservation manage-
ment strategies are being proposed to mitigate the
potential negative impact of GM crops on the
conservation efforts.

The Central American centre

According to Zeven and de Wet (1982), 225
domesticated plant species find their origin in the
Central American centre of diversity, which rep-
resents approximately 9% of the total number of
approximately 2500 domesticated species reported
worldwide. Ledn (2000) lists a large number of
economically important crops domesticated in this
region. These include cereals (Zea mays L.); grains
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(Amaranthus spp.), grain legumes (Phaseolus spp.);
spices and condiments (Capsicum spp.; Vanilla
planifolia Andrews); fibres (Gossypium hirsutum L.;
Agave spp.); vegetables (Cucurbita spp.; Lycop-
ersicon esculentum Mill.; Opuntia streptacantha
Lem.; Physalis philadelphica Lam.), stimulants
(Theobroma cacao L.; Agave tequilana F.A.C.
Weber), root and tubers (Pachyrhizus erosus (L.)
Urb.), and, fruit trees (Annona spp., Carica papaya
L., Manilkara zapota (L.) P. Royen, Opuntia ficus-
indica (L.) Mill., Persea spp., Pouteria spp.).

From an economic perspective, Zea mays L. and
its wild relatives Z. mays ssp. parviglumis H. H.
Iltis et Doebley, Z. mexicana (Schrad.) Kuntze, Z.
perennis (Hitchc.) Reeves et Mangelsd., Z. diplo-
perennis H.H. Iltis et al., Z. luxurians (Durieu et
Asch.) R. M. Bird, and Tripsacum spp. possibly
form the most important contribution of the
Central American centre of diversity to the world
(Hernandez 1973; Leon 2000).

The second economically most important crop
genepool from the region is the genus Phaseolus,
consisting of the following cultivated species:
P. vulgaris L., coccineus L., acutifolius A. Gray,
polyanthus Greenm. and [lunatus L., which were
domesticated in Central America and the Central
Andes (Leon 2000). The Mesoamerican Centre is
the richest of possibly three centres of genectic
diversity of Phaseolus and is home to about 45
wild Phaseolus species and the ancestors of the
mentioned five cultivated species (Debouck 1986).
The theory of multiple origins is predominant
(Gepts et al. 1986). At least two regions of
domestication are proposed. According to the
theory, small seeded varieties were domesticated
from small seeded wild form (P. vulgaris var. ab-
origineus (Burkart) Baudet) in Central America,
while large seeded varieties were domesticated
from large seeded wild form (P. vulgaris var. ab-
origineus (Burkart) Baudet) in the Andean region
of South America.

Other important genera with significant genetic
diversity in Central America include Capsicum,
Cucurbita, and Lycopersicon. Cultivated Capsicum
species include C. annuum L., baccatum L., chinense
Jacq., frutescens L. and pubescens Ruiz et Pav.
(Leon 2000). Capsicum annuum L., the best known
Capsicum species, which spread to every part of
the globe, has its centre of diversity in Mexico and
northern Central America with a local and more
recent distribution in parts of South America



1678

(Eshbaugh 1993). Crossing studies indicate that
the wild bird pepper Capsicum annuum var. avic-
ulare (Dierb.) D’Arcy et Eshbaugh is genetically
the most closely related taxon to domesticated
C. annuum L. (Pickersgill 1971). Capsicum frutes-
cens L. was domesticated in Central America, but
wild populations can be found from Mexico down
to Brazil (Le6n 2000). Cultivated populations of
C. chinense Jacq. are found in Central America,
while wild populations are mainly distributed in
the Amazon area. C. pubescens Ruiz et Pav. orig-
inated from Bolivia and Peru and is cultivated at
higher elevations from Mexico to Argentina (Ledn
2000). C. baccatum L. has its origin in Southern
America and is cultivated from Colombia to
Argentina.

The domestication of cucurbits has taken place
thousands of years ago in the Americas. Culti-
vated Cucurbita species originating from the
Central American region and C. moschata
Duchesne, C. pepo L., C. ficifolia Bouché, and C.
argyrosperma C. Huber. The domestication of the
latter started more than 7000 years ago in
Southern Mexico. There are two subspecies of C.
argyrosperma C. Huber: (1) argyrosperma, com-
prising four varieties, which include all cultivated
types, and (2) sororia (L.H. Bailey) L. Merrick et
D.M. Bates, the wild ancestor of this species
growing from northeastern Mexico up to
Nicaragua (Saade and Montes Hernandez 1994;
Leon 2000). C. moschata Duchesne is the most
important species for the tropics and is closely
related with C. argyrosperma C. Huber. Archae-
ological and linguistic evidence indicate two
centres of crop diversification of C. moschata
Duchesne located in Central America and South
America (Saade and Montes Hernandez 1994).
C. pepo L. was domesticated in Mexico and the
eastern United States. C. fraterna L.H. Bailey is
the wild progenitor of C. pepo L. in northeastern
Mexico, from which the Mexican varieties have
been derived, which are cultivated in Central
America (Leon 2000). The other wild progenitor,
C. texana (Scheele) A. Gray is widely distributed
in central and northeastern United States. The
cultivation of C. ficifolia Bouché ranges from
northern Mexico to Argentina and Chile. The
wild ancestor of this species has still not been
discovered and the centre of origin and domesti-
cation is still unknown (Saade and Montes
Hernandez 1994).

Tomatoes are one of the crops from tropical
America, which has gained major importance and
development outside the tropics. There is historic
evidence that tomatoes were cultivated in Mexico
before the discovery of the New World (Le6n
2000). Lycopersicon pimpinellifolium (L.) Mill. and
L. esculentum var. cerasiforme (Dunal) A. Gray
are ancestral forms of tomato. The former has its
natural distribution along the dry coastal areas of
the Pacific in South America, from Ecuador to
Chile, while the latter is found spontaneously in all
original tomato growing areas of tropical America
(Leon 2000). The current range of wild tomato
relatives extends from the northern tip of Chile on
the south, to Ecuador on the north, and reaching
inland from the Pacific 100-200 miles, also includ-
ing the Galapagos Islands http://www.jic.bbsrc.a-
c.uk/chelsea/crop_origins.htm, accessed March
2005.

For most of the aforementioned crop gene pools
significant genetic diversity also exists in South
America. An example of a crop that originated in
South America and of which significant diversity
occurs in Central America is potato. Approxi-
mately 55 wild potato species, including Solanum
demissum Lindl., S. trifidum Correll and S. ver-
rucosum Schltdl. that have contributed important
genes to the domesticated Irish potato S. tuberosum
L. are found in Central America (Engels 1974).

Two major approaches are being employed to
conserve plant genetic resources, i.e. 1. in situ
conservation, i.e. the maintenance of genetic re-
sources in their natural habitat or on-farm, i.e. in
areas where the germplasm obtained its distinctive
features; and 2. ex situ conservation, i.e. main-
taining the collected genetic resources in especially
constructed institutions or genebanks. The latter
consists of a number of different methods,
including seed storage, in vitro and cryopreserva-
tion, the maintenance of plants in field genebanks
and pollen storage. A comprehensive description
of the various conservation approaches, with a
particular emphasis on management practices
leading to effective and efficient results, is given in
Engels and Visser (2003). In general, it is impor-
tant to consider complementary conservation ap-
proaches, i.e. to combine the dynamic in situ
approach with the static but possibly safer ex situ
conservation approach. A summarized inventory
of reported ex situ and in situ conserved genetic
resources and of conservation activities in Central



America are presented (Tables 1, 2 and 3) with the
aim of providing a general overview of where
currently what kind of germplasm 1is being
conserved.

According to IPGRI’s germplasm holdings’
database, there are 274.225 (4,7%) accessions
conserved ex situ in the Central American region
out of the globally reported 5,740,000 accessions.
The material is being stored in national and insti-
tutional genebanks in the countries and in the
genebanks of the Centro Internacional de Mej-
oramiento de Maiz y Trigo (CIMMYT) and the
Centro Agronomico Tropical de Investigacion y
Ensefianza (CATIE); see Table 1 for details.

Genetic resources native to the region are also
conserved in the 105 botanic gardens registered for
the Central American countries in the botanic
gardens database held by BGCI (Botanic Gardens
Conservation International; http://www.bgci.-
org.uk/, accessed March 2005). Collections reach
sizes of many thousand taxa. Most of the Central
American gardens (ca. 84%) are located in Mex-
ico.

As shown above, the Central American centre of
diversity harbors a significant wealth of economi-
cally important species, most of which still exists in
nature and only a relatively small portion has been
collected and is maintained in genebanks. The
conservation of the genetic diversity of wild species
and wild relatives of cultivated crops in situ in
natural protected ecosystems is possibly the only
efficient strategy to ensure their survival for the
future. On the other hand, landraces can easily be
maintained on-farm. Changes in their genetic set-
up due to adaptation processes induced by changes
in the production environment are totally accept-
able and even desirable. Consequently, a comple-
mentary conservation approach in which in situ,
on-farm and ex situ methods are being combined
will give the best conservation result as has been
experienced in the maize—teosinte complex
(Garrison Wilkes, personal communication).

Table 3 provides information on nature con-
servation, and on the management and mainte-
nance of crop genetic resources on-farm in the
Central American region. Eight-hundred and three
protected areas, including national parks, nature
reserves, species management areas and protected
landscapes have been established in Central
America, covering approximately 8.7% of the
total Central American territory.

Table 1. Central American genetic resources stored in local genebanks and the reported existence of genetically modified varieties.

No. of genebanks

No. of accessions of
species for which

No. of species
for which

Total

Total

Total no. of

Country

holding species for which

GM varieties exist

no. of

no. of
species

accessions

GM varieties exist

GM varieties exist

genebanks

conserved

56

35
622

201
20,538

Belize

2381 (1002 L. esculentum Mill.,

754 Z. mays L., 241

15

Costa Rica

S. tuberosum L., 201 C. pepo)

220

1316
5984
8656

233,952

El Salvador
Guatemala
Honduras

Mexico

601 (524 C. pepo L.)

89
720
567

926 (910 Z. mays L.)

17
27

53429 (49048 Z. mays L.,

2638 Glycine max

11

(L.) Merr.,

608 Gossypium hirsutum L.)
177 (150 Z. mays L.)

38
94

1559
2019

Nicaragua
Panama

1064 (750 O. sativa L., 250 L. esculentum Mill.)

Note: Holdings reported under Mexico and Costa Rica include the germplasm of Central American origin maintained by CIMMYT and CATIE, respectively.
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Table 3. Protected areas in Central American countries.
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Countries Total area (ha) protected % of No. of protected No. of
(IUCN categories 1-VI national areas (JUCN areas
and unclassified areas) territory categories I-VI) >100,000 ha

Belize 1,052,000 47.5 59 1

Costa Rica 1,206,000 234 158 1

El Salvador 40,000 2.0 62 0

Guatemala 2,775,000 25.3 172 8

Honduras 2,345,000 20.8 73 5

Mexico 9,902,000 5.0 150 20

Nicaragua 2,810,000 21.8 88 6

Panama 1,454,000 19.5 41

Total 21,584,000 8.7 803 47

Source: http://earthtrends.wri.org/country_profiles/index.cfm?theme =7, accessed: March 2005. Data reported refer to 2003.

The status of in situ conservation of crop wild
relatives has recently been reviewed by Meilleur
and Hodgkin (2004). Conservation activities are
reported for Costa Rica, Guatemala, Mexico and
Nicaragua, focusing on teosinte, along with other
crops such as beans, chili pepper, squash and
coffee. The Sierra de Manantlan reserve in Jali-
sco, Mexico was established to protect Zea dip-
loperennis H.H. Iltis et al. Populations of the wild
annual relative Z. mays spp. parviglumis H. H.
Iltis et Doebley, and the traditional races Tabl-
oncilo and Reventador of this area are other
specific targets for in situ conservation. An in situ
monitoring programme of Mexican teosinte
populations is operated in collaboration between
CIMMYT, the Instituto Nacional de Investigac-
iones Forestales, Agricolas y Pecuarias (INIFAP)
and the Colegio de Postgraduados in Mexico. In
the Balsas River Basin in Mexico, activities of
farmers have contributed to an increased con-
servation of Balsas type teosinte. Opening up
land using the slash-and-burn system, planting
maize and establishing rotational or alternating
pasturing areas have facilitated the establishment
of many teosinte populations (Serratos et al.
1997). Other teosinte conservation activities are
being carried out in Guatemala and Nicaragua.
Studies on the in situ conservation of Phaseolus
lunatus L. have been carried out in Costa Rica
(Meurrens et al. 2001). In Guatemala, work is
being undertaken on the enhancement of agro-
biodiversity in home gardens and the improve-
ment of family nutrition and income (IPGRI
2001).

Biotechnological developments

In 1983 the first reports of genetic transformation
were published. They dealt with the construction
of tobacco plants resistant to kanamycin and to
methotrexate, a drug used to treat cancer and
rheumatoid arthritis (Herrera-Estrella et al. 1983),
cells of a Nicotiana species and Petunia plants
made resistant to kanamycin (Bevan et al. 1983;
Fraley et al. 1983) and a bean gene incorporated
into a sunflower plant (Murai et al. 1983). These
achievements were just the beginning and repre-
sent the first successes of genetic engineering,
which enabled the further development of GM
varieties. Debates over the transformation tech-
nology have been, and still are, in many parts of
the world very controversial and address ethical,
human and animal health related concerns, food
safety and the possible impact on the environment.
Therefore, before a new GM variety is introduced
for commercial production, a series of tests are
performed in order to balance risks against bene-
fits and to determine the contribution the new
variety may make to the sustainability of the
cropping system in which it will be used (Cook
2000). In the context of this paper we will focus on
the possible consequences of releasing and growing
GM varieties for germplasm conservation efforts.

In 1995 commercial GM varieties of maize and
cotton were released on a larger scale, either based
on the Bt (Bacillus thuringiensis) insect resistance
genes, or possessing tolerance to (specific) herbi-
cides. Since then there has been a dramatic in-
crease both in the acreage and the number of crop
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GM varieties. According to James (2003) the
estimated global area of commercialized GM
crops in 2003 was 67.7 million ha. This was due to
as much as 55% of soybean, followed by cotton
(21% of global area), canola (16%) and maize
(11%). Of this acreage, approximately 30% was in
developing countries, especially Argentina, Brazil,
China, South Africa and India. Less than
100,000 ha each of GM soybean (25,000 acres)
and cotton varieties (62,000 ha) were reported in
Mexico (James 2003). Approximately 5000 acres
of GM maize in Honduras and a non-specified
acreage of GM maize for Mexico were reported.
Details on crops stored in Central American
genebanks for which GM varieties have been re-
leased worldwide are included in Table 2, i.e.
papaya, squash, cotton, potato and maize.

The likelihood of introgression of transgenic
elements into other varieties and germplasm de-
pends on the reproductive biology, hybrid fertility,
seed dispersal and selection pressure. For gene
introgression to occur, sexual compatible crops or
wild relatives need to be present near the source
crop, outcrossing must be possible, the resulting
hybrids need to be fertile and the backcrossing
between hybrids and target germplasm must ren-
der fertile plants. Introgression of genes is highest
for out-crossing species, such as maize, lower in
self-pollinated crop species like soybean and rice,
and minimal in vegetatively propagated crops,
such as potato, because their conservation is not
based on the botanical seeds. However, even in
these cases, transgenes may be unintentionally
introduced into accessions through mechanical
mixtures with tubers produced from spontaneous
seedlings grown out of GM botanical seeds. In
experiments with transgenic aspen trees, Fladung
et al. (2003) concluded that in risk assessment
studies both generative propagation and vegetative
dispersal should be taken into consideration. The
assessment of 234 root suckers revealed that more
than 50% showed the presence of the rbcS- rolC
gene construct. For more details on transgenic
crops see also the following website: http://
www.agbios.com/main.php

The potential problems that the use of GM
varieties in agriculture could cause for conserva-
tion activities include:

e Gene flow between GM and traditional varieties
of the same crop;

e Gene flow between GM varieties and crop wild
relatives and weedy forms of the target crop species;
e Spread of GM seed through commercial and
local traditional seed systems, as well as interna-
tional exchange.

Pollen-mediated gene flow within and between
cultivated and wild species, respectively, is an
important factor of evolution that significantly
contributes to the richness of species as well as
within-species diversity. Vertical gene transfer
(i.e. the passing of genetic material from mother
to daughter cells) is not environmentally damag-
ing, but a rather fundamental mechanism of the
development and maintenance of crop evolution
(APEC 2003). No negative ecological effect can
be expected from transgenic plants, except if a
trait associated with one or more genes enters
into the genome of a compatible species, is ex-
pressed and changes characteristics such as the
ecological fitness of the recipient plants (Braun
and Ammann 2002). If this introgression results
in the increased fitness of the recipients, they
could establish a population that out-competes
wild relatives and other species in the same
community. 4 priori this process seems to be
quite unlikely as most ‘foreign’ genes introduced
into crop/native hybrids would in fact decrease
their fitness in the wild, leading to a rapid selec-
tion of these genes out of the population (John-
son 2000). This is particularly true of genes
designed to prevent germination of seed — the so-
called terminator gene. But if incoming genes
provide resistance to insects, fungi and viruses,
then they could increase fitness of resulting hy-
brids. Thus, potential effects need to be studied
experimentally in a case-by-case, trait-dependent
approach, both in the laboratory and in the field.
These studies, together with aspects related to
human consumption, cultural practices or socio-
economic features, call for an evaluation of the
integrity of landraces and crop wild relatives.

The rapid adoption and cultivation of GM crop
varieties world-wide may lead to the unintentional
introgression of GM traits into conventional seed
lots, which will then spread through commercial
and traditional seed systems. Friesen et al. (2003)
reported evidence of contamination of pedigreed
canola seed lots in western Canada with herbicide
resistance traits. Accidental international exchange



of seeds containing GM traits also poses a threat,
which has to be taken seriously by germplasm
curators. An example of this is the recent detection
of GM tomato seeds shipped accidentally to
researchers around the world over the last seven
years by the University of California, Davis (Lee
and Lau 2003). University personnel in charge of
the shipments were unaware of the fact that the
seeds, received from Petoseed in 1996, contained
GM traits. The seed mix-up went undetected for
years as the GM tomatoes looked just like the
other tomatoes.

Smallholders in many developing countries plant
landraces of different crops, which are, in general,
well adapted to the local environmental conditions
and used to produce food for different cultural
purposes. This applies, for example, to the potato
and maize varieties grown in the Andean region
and Mexico, respectively. The introduction of GM
varieties in these circumstances may have similar
effects to the introduction of high-yielding crop
plants, which caused the replacement of existing
landraces. This is a logical consequence of the
willingness of farmers to follow market trends if
they want to sell their products and also of the
consolidation of a global seed market. However,
the situation poses indeed a problem for the
maintenance of traditional agricultural biodiversity.

The potential risks of GM varieties for conserva-
tion purposes call for the existence of testing meth-
ods for the presence of transgenic elements in
germplasm. In general, these tests are quite
straightforward as most of the released GM varieties
possess known sequences (e.g. 35S promoter of the
Cauliflower Mosaic Virus or of the nopaline syn-
thase terminator), for which Kkits to test the occur-
rence of transgenes are commercially available.
However, they have to be used with caution as biases
(false positives) may exist. It is hoped that further
research will develop simpler and more reliable
methods. Details on which type of sequences have
been used/engineered into the commercial GM
variety can be found on the Agbios website (i.e.
http://www.essentialbiosafety.info/dbase.php).

Germplasm ownership, IPRs and transgene
introgression

With the establishment of the International
Undertaking in 1983, the concept of ‘common
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heritage’ of plant genetic resources got widely ac-
cepted. During the negotiation of the Convention
on Biological Diversity (CBD) — culminating in
1992 — a shift in emphasis towards ‘national sov-
ereignty’ of states over the genetic resources within
their borders was observed, leading to more
restrictive conditions to obtain genetic material
from countries and, as a consequence, to increased
use of material transfer agreements. In 1994,
twelve CGIAR Centres placed large parts of the
germplasm collections under the auspices of FAO
as part of the International Network of Ex Situ
Germplasm Collections, thus keeping these col-
lections in the public domain (SGRP 2003). The
International Treaty on Plant Genetic Resources
for Food and Agriculture (IT) entered into force in
June 2004. The IT establishes a multilateral system
of access and benefit sharing for a list of 35 spec-
ified major food crops as well as forages of largely
temperate areas.

A close relationship between the aforemen-
tioned biotechnological developments and the in-
creased use of Intellectual Property Rights (IPR)
protection of research and breeding efforts is ob-
served. According to the Agreement on Trade
Related Aspects of Intellectual Property Rights
(TRIPS), specifically Article 27.3 (b), members of
the World Trade Organization (WTO) are re-
quired to provide patent protection for any
inventions, whether products or processes, pro-
vided they are new, involve an inventive step and
are capable of industrial application (Richer 2000).
Members may exclude from patentability inter alia
plants and animals and essentially biological pro-
cesses for the production of plants and animals
(Leskien and Flitner 1997). They are, however,
required to provide for the protection of plant
varieties, either by patents or by an ‘effective sui
generis system, or a combination thereof’.

Contractual agreements are now standard prac-
tice between seed companies and farmers in the US
and Canada regulating the use of GM crop varie-
ties. These agreements prevent farmers from using
saved seeds or supplying seed to other farmers
(Yamin 2003). An example of the determination of
seed companies to enforce IPRs is the Monsanto
lawsuit against a Canadian farmer for infringement
of its patent on Roundup Ready® Canola, an
herbicide-tolerant canola. In March 2001, the
Federal Court Justice ruled that Mr Schmeiser
‘knew or ought to have known’ that he had saved
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and planted seed that was Roundup tolerant and
had therefore infringed Monsanto’s patented tech-
nology (AGNET 2002). Since independent tests
showed that 416 ha (1030 acres) of Mr Schmeiser’s
canola were 95-98% tolerant to the Roundup
herbicide (AGNET 2002), it is extremely unlikely
that the level of contamination might have been
caused by pollen or seed blown in from neighbours
land as claimed by Mr Schmeiser (Yamin 2003).

Transgene introgression from GM crops into
wild relatives is a major concern for historically
important crops in their centre of origin. Maize
has been the most tested GM crop in Mexico,
followed by tomato and cotton (Alvarez-Morales
2000), all three crops having their centre of origin
and/or diversity in this country. Around 1997/98 a
fierce campaign against GMOs started in Mexico,
as a result of transgenic maize being tested in a
country, where this crop is deeply immersed in the
traditions and culture of the people. In late 2001,
Nature published a paper entitled ‘Transgenic
DNA introgressed into traditional maize landraces
in Oaxaca, Mexico’. This paper was later retracted
by the editor of Nature, because introgression per
se was not shown. According to Stewart et al.
(2003), F, hybridisation between the GM crops
and the landraces could have occurred, but not
introgression of the transgene, as this requires re-
peated backcrosses and the stabilization of the
transgene in the new host genome.

Having assessed the molecular evidence of crop-
to-wild introgression, Stewart et al. (2003) divided
the crops into four risk categories for the intro-
gression of transgenes: very low risk, low risk,
moderate risk and high risk. The very low risk
category comprises soybean (Glycine max (L.)
Merr.), barley (Hordeum vulgare L.), finger millet
(Eleusine coracana (L.) Gaertn.), pearl millet
(Pennisetum glaucum (L.) R. Br.), common bean
(Phaseolus vulgaris L.), peanut (Arachis hypogaea
L.) and potato (Solanum tuberosum L.). While in
soybean and peanut introgression from wild to
crop species is possible, crop-to-wild introgression
has not yet been reported. The low risk category
comprises maize (Zea mays L.), rice (Oryza sativa L.)
and cotton (Gossypium hirsutum L.). Maize can hy-
bridise with wild relatives, known as teosinte (Zea
mexicana (Schrad.) Kuntze), but gene flow seems to
be mainly uni-directional from teosinte to maize, with
insignificant introgression from maize to teosinte.
Therefore, as a precautionary measure the release of

transgenic lines of these crops should be restricted to
areas in which the wild relatives do not occur.

Alfalfa (Medicago sativa L.), sugar beet (Beta
vulgaris L.), wheat (Triticum aestivum L.), oilseed
rape (Brassica napus L.) and sunflower (Helianthus
annuus L.) are classified as moderate risk crops
(Stewart et al. 2003) with ample evidence of
introgression between crops and wild species. The
introduction of herbicide tolerance could compli-
cate weed management, while transgenes confer-
ring stress tolerance or resistance to insects and
diseases could increase the fitness of the recipients
and potentially cause agronomic or ecological
problems. Sorghum (Sorghum bicolor (L.)
Moench) is a high risk crop, as it hybridises easily
with the weed Johnson grass (Sorghum halepense
(L.) Pers.) and other wild populations. GM vari-
eties of sorghum enhancing the fitness of the spe-
cies through herbicide tolerance or similar traits
would have to be handled with great caution.

From the above it can be concluded that the
increased production of GM crops poses potential
problems to genebanks through gene flow and
subsequent introgression of the transgenes into the
germplasm and that precautionary measures have
to be taken to mitigate the risks.

Biosafety considerations and germplasm conserva-
tion

Many countries have already implemented or are in
the process of implementing the Cartagena Biosafety
Protocol (CBP) ! of the CBD. At least 50 countries
plus the European Union have biosafety rules and/

'The CBP is an international agreement setting minimum
standards that state parties exporting and importing LMOs
should follow when those LMOs may have an adverse effect on
biodiversity, also taking into account risks to human health. The
CBP makes explicit reference to the precautionary approach, i.e.
it establishes an Advanced Informed Agreement (AIA) proce-
dure for imports of LMOs intended for introduction into the
environment and an alternative procedure for mass movements
of LMOs intended for food, feed and for processing (any com-
modities produced through a GM crop not intended for plant-
ing). A permit for trans-boundary movement of plant material
will only be issued on the basis of a risk assessment procedure by
the national competent authority. In practice, the CBP sets the
most onerous standards to be followed by importers of LMOs
for the environmental testing process, using the baseline infor-
mation of the non-modified recipient crop as a reference. All
information related to the AIA process will be publicly available
through its posting in the Protocol’s Clearing House Mechanism
under the CBD’s website (http://bch.biodiv.org/).



or legislation in force that are partially or fully
compliant with the CBP. In Central America and
Mexico four countries have biosafety rules in place
(Mexico, Guatemala, Honduras, Costa Rica), while
the others are in the process of their formulation
(Belize, El Salvador, Nicaragua, Panama). An In-
teragency Group composed of IICA (Interamerican
Institute for Cooperation on Agriculture), OIRSA
(Organismo Internacional Regional de Sanidad
Agropecuaria), and CATIE is currently in the pro-
cess of elaborating a standardized Regulatory
Framework for the handling of living modified
organisms (LMOs) in Central America (IICA 2003).
Also other countries that are not signatories to the
CBD and/or the Biosafety Protocol, such as the
USA, have adapted their safety regulative frame-
work to accommodate the evaluation, approval,
deregulation and release of transgenic crops into the
environment. In all these countries, the importation
of LMOs in general and their environmental release
in particular shall be regulated under a national
biosafety or generic environment and food safety
framework. Following the risk analysis procedure,
according to the CPB countries are allowed to reject
GM germplasm of a given crop, especially those
countries that are rich in biodiversity and diversity
(including wild relatives) of that specific crop, based
on a widely accepted interpretation of the precau-
tionary approach.

As the introgression of materials that are the
product of biotechnological manipulation trans-
forms the recipient plants into LMOs, the CBP
would, in principle, apply to the recipient plants
(when they are transferred over international
borders between state parties to the Protocol).
Consequently, it will be necessary for genebanks
that are situated within countries that are parties
to the Protocol to comply with the notification
procedures set out in the CBP when exporting to
countries that are also parties to the Protocol. In
this context, yet unanswered legal questions con-
cern (a) the requisite state of knowledge (on the
part of genebank curators), and (b) the necessary
levels of risk of contamination, for obligations to
‘kick-in’ pursuant to the Protocol.

Environmental risk mitigation through adequate
germplasm management

It is established that centres of diversity and of
origin of crop genetic resources are of critical
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importance for current and future crop improve-
ment activities due to the (unique) genetic diversity
they harbour. As a consequence, these resources
need to be adequately conserved. However, the
biotechnological developments and their related
intellectual property issues cause new potential
threats and problems for the conservation of
germplasm as well as its use. While collecting
germplasm material in nature, in farmers’ fields or
in markets, the collector should verify if such
germplasm could have been exposed to pollen
from GM varieties cultivated in neighbouring
farmers’ fields; subjected to unintentional
mechanical mixtures of traditional and GM seed
and planting material (in market places or in
farmers’ fields); or in contact with volunteer
populations evolved from fields where GM varie-
ties were previously grown forming unwanted
‘weedy’ plants in the crops of subsequent years
(Stewart et al. 2003). During the preparation of the
germplasm material in the genebank for sub-
sequent storage only mechanical mixing could lead
to contamination with transgenic material if it was
present during manipulation in the genebank
facilities.

If germplasm is being obtained directly from a
conservation site (i.e. from a regeneration site or
from a field genebank), it will be indispensable
to gather the information about the presence of
current and past neighbouring farmers’ fields
with GM crops in order to allow an assessment
of the likelihood of accessions to contain unin-
tentionally transgenes from GM crops. When a
genebank receives germplasm material from
another genebank or from any other source for
inclusion in its collection, it will be important to
get the information relevant to the presence of
GM clements in order to allow well-informed
decisions to be made with regard to the received
material.

The regeneration of samples in the field or green
house is another vulnerable step in germplasm
management as material may be directly exposed
to introgression of GM elements through gene
flow, if the known requirements are met. The ac-
tual introgression of GM elements will depend on
the frequency of regeneration of the respective
accessions combined with the likelihood of back-
crosses with individuals of the same accession, a
process that is far from simple and that occurs in
many steps (Stewart et al. 2003).
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Several steps should be taken by conservation
programmes to mitigate risks caused by GM
varieties and/or to comply with existing legislation
and policies of a country when exporting germ-
plasm. The following activities may be considered
as precautionary measures to minimize legal vio-
lations and/or introducing environmental risks
along with the germplasm material:

1. Collate and/or obtain comprehensive informa-
tion if and where in the country GM crops are
cultivated;

2. Obtain good information of the reproductive
biology of target species, including details on the
degree of gene flow under prevailing conditions.
Where necessary, targeted research should be
undertaken prior to the actual regeneration activ-
ities;

3. In case GM varieties of a given crop are being
grown in the area where the genebank intends to
regenerate germplasm of the same or related
species, due consideration should be given to
proper isolation methods, including the isolation
of individual accessions for a (partially) out-
breeding species;

4. Avoid re-growth of volunteer (hybrid and back
cross) plants of the same crop from previous years
in and around the regeneration plots;

5. Collate baseline information on the areas where
landraces and crop wild relatives are being con-
served, the material itself as well as on the con-
servation strategies and methodologies that are
being applied;

6. Ensure the use of species specific testing meth-
ods for determining the presence of transgenes,
giving due attention to genetically non-uniform
accessions (i.e. landraces!);

7. Monitor incoming germplasm material on
presence of transgenes (important to check coun-
try/region of origin) as well as accessions that have
been potentially exposed to gene flow/introgres-
sion (i.e. after regeneration or when collected from
an in situ site);

8. Record adequate information on the measures
taken to prevent contamination. Consider pro-
viding a certificate of testing details undertaken on
the germplasm;

9. The complexity of these biosafety consider-
ations warrant a regional or international ex-
change of information and collaboration between

genebanks to ensure that effective and affordable
mitigation measures are put in place.

The Genetic Resources Policy Committee of the
CGIAR recently developed guiding principles to
address the unintentional presence of transgenes in
germplasm collections (GRPC 2004; http://
www.ipgri.cgiar.org/Policy/ GMOWorkshop/
draft_guidelines.htm). To guarantee certain stan-
dards on the acceptable levels of transgenes in
commercial seed lots, the International Seed
Testing Association (ISTA) will establish a new
chapter for the detection, identification and
quantification of GMO in conventional seed lots
in the ISTA Rules and is currently conducting
proficiency tests on GMO testing in conventional
seed. Each laboratory participating in the tests
received a set of 10 maize samples: three negative
samples (no GM seeds added) and 7 positive
samples. From the seven samples three were spiked
with 0.7% GM seeds (MONS810) and four with
1.4% GM seeds. Out of 470 samples analysed, 17
samples (3.6%) were not tested correctly (Anony-
mous 2004). Thus, further efforts are necessary to
produce reliable test results.

Conclusions

e Germplasm conservation of crops in their cen-
tres of origin or diversity requires special precau-
tionary measures related with the introduction and
cultivation of GM crops.

e Awareness needs to be created on the potential
risks involved with the release of transgenes into
centres of crop origin or diversity among profes-
sionals concerned with biosafety regulations for
LMOs, as well as those in charge of the conser-
vation and exchange of germplasm material.

e Genebanks should consider routine procedures
and affordable methods to test germplasm on the
presence of transgenes.

e Concerted efforts at national and international
levels are mandatory with regard to legal issues
related to the impact of GM plant materials on
conservation of germplasm, e.g.

o

regulations about monitoring protocols and
tolerance levels of the presence of transgenes in
germplasm;



o]

responsibilities and liabilities for monitoring
and eradication;

° type of certification.
e Methods and procedures for safe germplasm
operations, including the exchange of conserved
germplasm, should be standardized and agreed
upon at a regional or international level to mini-
mize the risks of introgression of transgenes into
landraces and wild relatives of crops.
e The authors suggest involving an international
body, such as the ISTA, to oversee seed testing and
to guarantee the definition and adoption of stan-
dards on the acceptable level of transgenes present
in conventional seed, such as those set forth by the
EU (0.9%).

Acknowledgements

The authors acknowledge with thanks the provi-
sion of data on the germplasm holdings from
Central American origin at AVRDC by Bingbing
Engle. The critical revision of the legal and bio-
safety paragraphs by Michael Halewood is duly
acknowledged as well as the information given by
Bert Visser on the molecular genetics aspects. The
Genetic Resources Policy Committee of the
CGIAR is acknowledged for its permission to in-
clude the draft guiding principles to address the
unintentional presence of transgenes in germplasm
collections.

References

AGNET 2002. Federal Court judges unanimously dismiss ap-
peal in Schmeiser vs. Monsanto Canada Inc. patent
infringement case. http://archives.foodsafetynetwork.ca/
agnet/2002/9-2002/agnet_september_5-2.htm.

Alvarez-Morales A. 2000. México: ensuring environmental
safety while benefiting from biotechnology. In: Persley G.J.
and Lantin M.M. (eds), Agricultural Biotechnology and the
Poor: Proceedings of an International Conference, Wash-
ington, D.C., 21-22 October 1999. Consultative Group on
International Agricultural Research, Washington, D.C.,
pp. 90-96.

Anonymous 2004. ISTA Proficiency Tests on GMO Testing.
Official Newsletter of the WANA Seed Network. No. 26,
January 2004, pp. 5-6.

APEC 2003. General Statement and Draft Conclusions of an
APEC Conference on Agricultural Biotechnology Crops in
Centres of Origin. Sub-Group on Research, Development

1687

and Extension of Agricultural Biotechnology, November 5-7,
2003, pp. 9.

Arunachalam V. 1999. Conservation, genetic erosion and early
warning system: key issues. In: Serwinski J. and Faberova I.
(eds), Proceedings of the Technical Meeting on the Meth-
odology of the FAO World Information and Early Warning
System on Plant Genetic Resources. 21-23 June 1999. Food
and Agriculture Organizaition of the United Nations, Pra-
gue, Czech Republic.

Bevan M.W., Flavell R.B. and Chilton M.D. 1983. A chimaeric
antibiotic resistance gene as a selectable marker for plant cell
transformation. Nature 304: 184-187.

BGCI Online 2005. Botanic Gardens Conservation Interna-
tional — The Gateway to the World’s Botanic Gardens. http://
www.bgci.org.uk/, accessed March 2005.

Braun R. and Ammann K. 2002. Biodiversity: the impact of
biotechnology. Gene Conserv. Issue No. 6, Nov./Dec. 2002
80-105. (electronic journal: http://www.geneconserve.pro.br/
artigo_13.htm.).

de Candolle A. 1883. Lorigine des plantes cultivées. Bailliere,
Paris.

Cook R.J. 2000. Science-based risk assessment for the approval
and use of plants in agricultural and other environments. In:
Persley G.J. and Lantin M.M. (eds), Agricultural Biotech-
nology and the Poor: Proceedings of an International Con-
ference, Washington, D.C., 21-22 October 1999.
Consultative Group on International Agricultural Research,
Washington, D.C., pp. 123-130.

Debouck D.G. 1986. Primary diversification of Phaseolus in the
Americas: three centres? FAO/IBPGR Plant Genet. Res.
Newslett. 67: 2-8.

EarthTrends 2003. Country Profiles — Biodiversity and Pro-
tected Areas.: http://earthtrends.wri.org/country_profiles/in-
dex.cfm?theme =7, accessed March 2005.

Engels J.M.M. 1974. Genetic Resources, Their Conservation
and Use in Potato Breeding [In Dutch]. Literature survey.
Wageningen Agricultural University, The Netherlands
pp. 83.

Engels J.M.M. and Visser L. (eds) 2003. A Guide to Effective
Management of Germplasm Collections. IPGRI Handbooks
for Genebanks No. 6. IPGRI, Rome, Italy, pp. 165.

Eshbaugh 1993. Peppers: history and exploitation of a seren-
dipitous new crop discovery. In: Janick J. and Simon J.E.
(eds), New crops. Wiley, New York, pp. 132-139.

FAO 1998. The Status of the World’s Plant Genetic Resources
for Food and Agriculture. FAO, Rome.

Fladung M., Nowitzki O., Ziegenhagen B. and Sandeep K.
2003. Vegetative and generative dispersal capacity of field
released transgenic aspen trees. Trees: Struct. Funct. 17(5):
412-416.

Fraley R.T., Rogers S.G., Horsch R.B., Sanders P.R., Flick
J.S., Adams S.P., Bittner M.L., Brand L.A., Fink C.L., Fry
J.S., Galluppi G.R., Goldberg S.B., Hoffmann N.L. and
Woo S.C. 1983. Expression of bacterial genes in plant cells.
Proc. Natl. Acad. Sci. 80: 4803-4807.

Friesen L.F., Nelson A.G. and van Acker R.C. 2003. Evidence
of contamination of pedigreed canola (Brassica napus) seed-
lots in western Canada with genetically engineered herbicide
resistance traits. Agron. J. 95(5): 1342-1347.

Gepts P., Osborn T.C., Rashka K and Bliss F.A. 1986.
Phaseolin-protein variability in wild forms and landraces of



1688

the common bean (Phaseolus vulgaris L.): evidence for mul-
tiple centres of domestication. Econ. Bot. 40: 451-468.

GRAIN 1996. The biotech battle over the golden crop. Seedling
(newsletter of Genetic Resources Action International),
October 1996.

GRPC 2004. Report of the Workshop on ‘Technical issues
associated with the development of CGIAR policies to ad-
dress the possibility of adventitious presence of transgenes in
CGIAR ex situ collections’ available at the URL: http://
www.ipgri.cgiar.org/Policy/ GMOWorkshop/.

Halfhill M.D., Millwood R.J., Raymer P.L. and Stewart
C.N.Jr. 2002. Bt-transgenic oilseed rape hybridization with
its weedy relative, Brassica rapa. Environ. Biosafety Res.
1(1): 19-28.

Hernandez E. 1973. Genetic resources of primitive varieties of
Mesoamerica Zea spp., Phaseolus spp, Capsicum spp. and
Cucurbita spp. In: Frankel O.H. (ed.), 1973. Survey of crop
genetic resources in their centres of diversity. FAO, Rome,
pp. 76-86.

Herrera-Estrella L., Depicker A., van Montagu M. and Schell
J. 1983. Expression of chimaeric genes transfered into plant
cells using a Ti-plasmid-derived vector. Nature 303: 209-213.

IICA 2003. Informe-Resumen de un taller del Grupo Inter-
agencial IICA, OIRSA, CATIE para la revision de: Propu-
esta de Marco Regulatorio tipo (MRT) sobre OVMs para
uso agropecuario en Centroamérica; Hacia una Estrategia
Regional en Agrobiotecnologia, Iniciativa de Fortalecimiento
de Capacidades Institucionales en bioseguridad en Cent-
roamérica. San José, Costa Rica, 8-9, Julio 2003, 25 pp.

IPGRI 2001. On farm management of crop genetic diversity
and the Convention on Biological Diversity’s programme of
work on agricultural biodiversity. Report UNEP/CBD/
SBSTTA/7/INF7 of the 5th of November 2001 of the 7th
Meeting of SBSTTA. CBD, Montreal, Canada, pp. 49.

James C. 2003. Preview: Global Status of Commercialized
Transgenic Crops: 2003. ISAAA Briefs No. 30. ISAAA,
Ithaca, NY.

Johnson B. 2000. Genetically modified crops and other organ-
isms: implications for agricultural sustainability and biodi-
versity. In: Persley G.J. and Lantin M.M. (eds), 2000
Agricultural Biotechnology and the Poor: Proceedings of an
International Conference, Washington, D.C., 21-22 October
1999. Consultative Group on International Agricultural Re-
search, Washington, D.C., pp. 131-138.

Lee M. and Lau E. 2003. Biotech seeds shipped in error. The
Sacramento Bee, Friday, December 19, 2003.

Leon J. 2000. Botanica de los cultivos tropicales. 3a. ed. Rev. y
aum. — San José, Costa Rica, IICA, 2000, pp. 522.

Leskien D. and Flitner M. 1997. Intellectual Property Rights
and Plant Genetic Resources: Options for a Sui Generis
System. Issues in Genetic Resources No. 6, June 1997.
International Plant Genetic Resources Institute, Rome, Italy.

Meilleur B.A. and Hodgkin T. 2004. In situ conservation of
crop wild relatives: status and trends. Biodiv. Conserv.
13: 663-684.

Meurrens F., Degreef J., Rocha O.J. and Baudoin J.P. 2001.
Demography study in micro-conservation sites with a view to

maintain in situ wild Lima beans (Phaseolus lunatus L.) in the
Central Valley of Costa Rica. FAO/IPGRI Plant Genetic
Resources Newsletter 128: 45-50.

Mikkelsen T.R., Andersen B. and Jergensen R.B. 1996. The
risk of crop transgene spread. Nature 380: 31.

Murai N., Sutton D.W., Murray M.G., Slightom J.L., Merlo
D.J., Reichert N.A., Sengupta-Gopalan C., Stock C.A.,
Barker R.F., Kemp J.D. and Hall T.C. 1983. Phaseolin gene
from bean is expressed after transfer to sunflower via tumor-
inducing plasmid vectors. Science 222: 476-482.

Ortega-Paczka R. 1999. Genetic erosion in Mexico. In: Ser-
winski J. and Faberova 1. (eds), Proceedings of the Technical
Meeting on the Methodology of the FAO World Information
and Early Warning System on Plant Genetic Resources, 21—
23 June 1999. Food and Agriculture Organizaition of the
United Nations, Prague, Czech Republic.

Persley G.J. 2000. Agricultural Biotechnology and the Poor:
Proethean Science. In: Persley G.J. and Lantin M.M. (eds),
2000. Agricultural Biotechnology and the Poor: Proceedings
of an International Conference, Washington, D.C., 21-22
October 1999. Consultative Group on International Agri-
cultural Research, Washington, D.C., pp. 3-21.

Pickersgill B. 1971. Relationships between weedy and cultivated
forms in some species of chili peppers (genus Capsicum).
Evolution 25: 683-691.

Richer D.L. 2000. Intellectual Property Protection: Who Needs
It?. In: Persley G.J. and Lantin M.M. (eds), 2000 Agricultural
Biotechnology and the Poor: Proceedings of an International
Conference, Washington, D.C., 21-22 October 1999. Con-
sultative Group on International Agricultural Research,
Washington, D.C., pp. 203-208.

Saade R.L. and Montes Hernandez S. 1994. Cucurbits (Cu-
curbita spp.). In: Hernando Bermejo J.E. and Ledn J. (eds),
Neglected Crops: 1492 from a Different Perspective. Plant
Production and Protection Series No. 26. FAO, Rome, Italy,
pp. 63-77.

Serratos J.A., Willcox M.C. and Castillo-Gonzalez F. (eds),
1997. Gene flow among maize landraces, improved maize
varieties, and teosinte: implications for transgenic maize.
CIMMYT, Mexico.

SGRP 2003. Booklet of CGIAR centre policy instruments,
guidelines and statements on genetic resources, biotechnol-
ogy and intellectual property rights. Version II. System-wide
Genetic Resources Programme SGRP.

Stewart C.N.Jr., Halfhill M.D. and Warwick S.I. 2003. Trans-
gene introgression from genetically modified crops to their
wild relatives. Nat. Rev. 4: 806-817. http://plantscienc-
es.utk.edu/pdf/stewartnrgintrogression.pdf.

Vavilov N.I. 1926. Studies on the origin of cultivated plants.
Inst. Appl. Bot. Plant Breed. Leningrad.

Yamin F. 2003. Intellectual property rights, biotechnology and
food security. Institute of Development Studies, Brighton,
Sussex BN1 9RE, England, 61 pp.

Zeven A.C. and de Wet J.M.J. 1982. Dictionary of Cultivated
Plants and their Regions of Diversity; Excluding Ornamen-
tals, Forest Trees and Lower Plants. CAPD, Wageningen,
Netherlands.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


