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#21

Honduras

<0.05 Million Has.
Maize

#25
Costa Rica
<0.05 Million Has.

Cotton, Soybean

#18
Colombia*
0.1 Million Has.

Cotton, Maize

Biotech Crop Countries and Mega-Countries*, 2013

#5 #22 #16 #24 #27 #26 #9
(,anadp_’ Portugal Spain* Czech Republic Slovakia Romania Pakistan*
10 <0.05 Million Has. 0.1 Million Has. <0.05 Million Has. <0.05 Million Has. <0.05 Million Has. 2.8 Million Has.
Cano Maize Maize Maize Maize Maize Cotton
Soybe:
" o
USA* (hll'ld‘
70.1 Million Has.
M
Co F 3
& Sweet Pepper
Papaya, Squash
#4
#23 India*
Cuba P 11.0 Million Has.
<0.05 Million Has. 2 Cotton
Maize
#15
#17 Myanmar*
Mexico* 0.3 Million Has.
0.1 Million Has. @
Cotton, Soybean

#12
Philippines*
0.8 Million Has.
Maize

#13
Australia*
0.6 Million Has.

Cotton, Canola

#19
Sudan*
0.1 Million Has.

Cotton

#14
Burkina Faso*
0.5 Million Has.

Cotton

#11
Bolivia*
1.0 Million Has.
Soybean
#20 #7 #3
Chile* Paraguay* Argentina*

3.6 Million Has.

Soybean, Maize, Cotton

24.4 Million Has.

Soybean, Maize, Cotton

<0.05 Million Has.

Maize, Soybean, Canola

#10 #2 #8

South Africa*
2.9 Million Has.

Maize, Soybean, Cotton

Brazil*
40.3 Million Has.

Soybean, Maize, Cotton

Uruguay*
1.5 Million Has.

Soybean, Maize

Source:Clive James,2013

[1%19 biotech mega-countries growing 50 000 hectares, or more, biotech crops.

ke i A 50 U7 hm? A9 B K B 7R 8 “mega-countries” b A B 5., FHE K B T2 % k[ 3] Countries that have more than

500 000 hectares are shown as “mega-countries” with an asterisk. From [3].

B 1
Fig. 1
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World map showing the countries that grow GE crops
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Table 1 Types of GE crops grown in the different countries and areas under cultivation in 2013

EES§: S M AL/ (X 101) hm?

Continent or country Area

YE¥) Crops

Jb=F0F ZE M North and Central America

PR R R S B0/ PR R0 /T — B BR R0 K B/ BB R/ BT

£ E USA 7010 U —HURRF VAR AL BT B BRI 3 PO B U M HUR AR L PURR HE 5
A BB R R
H12 % Canada 1 030 i}?iﬁ?ﬁ%‘]‘iﬂﬁﬁJﬁﬂl/ﬁl‘%ﬁﬁﬂ/ﬁﬂi*}ﬁl‘/’%ﬁﬁﬂiﬂﬁJﬁl‘é‘?ﬁ%ﬂjﬁﬁ&fil%‘?
TR IR
PG EF Mexico 1. 14 HL AR AL BB R R
LRI Honduras 2 LR — HUBRHLH £ oK
W Cuba 0.3 o E oK
H K EIN Costa Rica 0.024 P HURRAE BRI R B LR D
B %M South America
78 Brazil 4030 HUR BRI R & BTl F oK bR AR AR
FHR4E Argentina 2 440 BUBR R R G Pt /HUBR ) /e i — HUBR R oK Pl /SRR AR AL
7 E Paraguay 360 BBk F R K T
544 Uruguay 150 PUBR K G ol F ok
A 4T, Bolivia 100 bz PN
T L TE Colombia 10.9 PUHRARAE . PR EK
HF Chile 2.4 b S S R NI ANE N S R P S C R L T A R )
M Asia
EJ¥ India 1 100 PR AR
1 [E China 420 BUHARAL . O RE TR A PUEAS  BU R AR B B R
[ 5730 Pakistan 280 T A AL
JEfE 5 Philippines 80 B/ HUBR B /B0 — PURR R E K
4 fa] Myanmar 30 Pt B AR AL
JEI Africa
44E South Africa - ﬁﬂ/ﬁﬁﬁ%%%ﬂ/ﬁﬂ*ﬁ@ﬁ?ﬂl FR BIRFR KR E . HrR/HrbrE /BT
Hy—HUBR AR AR
Ai F£ 4% % Burkina Faso 69 PR AR AL
J7FF Sudan 6.2 L B ARAE
M Australia
MR FIF Australia 64 BU AL/ PUBR R /BT — PR R AR AL BB R SR R R T
EX i Europe
PiPE 2 Spain 14. 8 Ll E K
#j %3 F Portugal 0.8 B oK
FEFEILFIE Czech Republic 0.25 LRSS
% O, J& . Romania 0.022 Prl E Kk
Wik K70 Slovakia 0.01 ol F ok
it Total 17 500

D#IER A 2% k3], HT= KR35 %2 ;

Bt=4t . ; HT-Bt= PR 57} 52 Fhi d gy fe &3 N ; VR=H16%; FC=4E{0 Data from

[3]. HT=Herbicide tolerance; Bt=Insect resistance; HT-Bt=Stacked genes for both HT and Bt; VR= Virus resistance; FC=

Flower color.
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Fig.2 Global are of GE crops for both developed countries and developing countries
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There are no figures on human consumption of GE crops and foods containing GE ingredients. By far the largest
proportion (possibly 90%) of the major GE crops is undoubtedly used for animal feed. Minor GE crops such as papaya,
squash and sweet maize are consumed directly. Ingredients such as oil, starch, high fructose sweetener, sucrose and
lecithin that are made from GE crops are used extensively in the food industry. In US supermarkets up to 70% of the
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The activities of NGOs, often using misinformation about GE foods, continue to slow the acceptance of GE foods by
the public and the commercial production of GE crops in many countries. Decisions by policy makers are understandably,
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but unfortunately often based on political considerations rather than on scientific criteria.
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1 Introduction

Genetically engineered crops have been produced and
consumed for 20 years, starting with the introduction
of Calgene’s FLAVR SAVR tomatoes in 1994.
The technology was a natural outgrowth of our
understanding of molecular biology in general and
more specifically of the mode of action of the pathogen
Agrobacterium tumefaciens in causing crown galls.
Starting in the 1950s, plant breeders were collaborating
with laboratory scientists to generate improved crop
varieties. Chemical or radiation induced mutagenesis,
embryo rescue in tissue culture, the exploitation of
somaclonal variation via the generation of entire
plants from single cells had all found uses in crop
improvement'. The ability to mimic and control the
natural gene transfer mechanism of A. tumefaciens
led to an entirely new way of creating new genotypes
by introducing entirely new genes or attenuating
the expression of existing genes. In combination
with earlier developments in plant tissue culture that
permitted the growth of an entire plant from a single
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cell, transformation protocols allowed the insertion of
a novel gene into the plant genome and its expression
throughout the plant. The science of crop genetic
engineering (GE) was born".

Scientists in public institutions and in companies
immediately started thinking of ways that this
technology could be used to improve crops to
better serve the needs of agriculture. In the early
1980s, when the technology was developed, human
population growth was still seen as being out of
control. Furthermore, some 20 percent of the human
population of 6 billion was malnourished. There were
high expectations-which later proved to be misplaced-
that this innovation in crop improvement could rapidly
help to abolish world hunger. The adoption of GE crops
by farmers was astonishingly quick and in 2013 GE
varieties of cotton, maize, rapeseed (canola), soybean,
and sugarbeet, were being grown on 174 million
hectares around the world. Fourteen countries grew
more than 500 000 hectares each: the USA and Canada
in North America, Argentina, Brazil, Uruguay, Bolivia
and Paraguay in South America, China, India, Pakistan
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and the Philippines in Asia, South Africa and Burkina
Faso in Africa, and Australia (Figure 1). Thirteen other
countries cultivated them on smaller areas. This list
includes five member states in the European Union,
where Spain and Portugal are the biggest producers”".
We have now arrived at a situation where the
cultivation of those GE crops that have been approved
has reached near saturation in the bigger countries
that approved the planting of GE varieties. Adoption
rates of GE crops in those countries are often 90% or
more. GE canola had an adoption rate of 96% in 2013
in Canada and the US. Bt cotton had an adoption rate
of 95% in India and 90% in China in 2013. Soybeans
had adoption rates above 95% in Brazil and the USA
in 2013. Because these two countries are the main
soybean exporters, it is becoming increasingly difficult
to buy non-GE soybeans on the international market.
The other side of the coin of this rapid success is
that the entire GE industry will plateau unless more
countries are willing to adopt cultivation of GE crops
and/or more crops and new genes are produced and
approved. Many more gene/crop combinations have

been approved'”, but these have usually not reached
the market place. Consumer resistance is a major factor
as has been documented for Monsanto’s failure to get
wide acceptance for its GE potato that was resistant
to Colorado potato beetles. Introduced in 1995 it was
withdrawn in 2001 when major fast food chains in the
USA announced that they would not be purchasing the
GE potatoes from farmers".

The introduction of GE crops and the foods
derived from them has not been without problems or
controversy as shown by the existence of numerous
organizations and websites opposed to genetic
manipulation. The regulatory process for the release
of GE crops to farmers in all countries where the
process functions (many less developed countries do
not have regulatory agencies or have not yet passed
the appropriate laws) is generally deemed rigorous as
far as safeguarding human health and the environment
are concerned. Unfortunately, the scare tactics of
“green” organizations like Friends of the Earth and
Greenpeace and lobbying by the organic food industry,
have resulted in decisions made by governments about
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whether or not to plant GE crops based on political
considerations rather than scientific ones. The same
governments have been more liberal in their attitude
towards approving specific transformation events
so that foods with GE ingredients can be imported
and sold. However, lobbying by the same green
organizations have resulted in these foods requiring to
be labeled as “containing GE ingredients”. Labeling
combined with misinformation concerning the safety
of GE foods for human health has resulted in these
labels being perceived as warnings, rather than as
neutral information about the method of plant breeding.
Two recent examples of this phenomenon are the
insect resistant eggplant (Bt-brinjal) in India' and
insect resistant rice (Bt-rice) in China'”. In spite of
being approved by the science-based agencies in the
respective countries, they have not been released for
commercial production by their governments.

A second source of problems, less serious perhaps
because they are more easily dealt with, concerns the
emergence of herbicide tolerant weeds and Bt-toxin
resistant insects. These are typical problems of modern
agriculture and they arose several decades before GE
technology was introduced. Herbicide tolerance and
insect resistance are the two phenotypes that account
for the vast majority of GE crops planted worldwide.
With respect to weeds, there are alternate weed
control strategies when herbicide tolerant weeds arise,
including GE crops that are resistant to two different
herbicides (glyphosate and glufosinate for example,
see [4]). The appearance of insects that are resistant
to Bt may require a novel GE approach, for example
the expression of double stranded RNA encoded by

specific essential insect genes'®.

2 Twenty years of global production

2.1 In the beginning there was the GE-tomato!

The first GM crop to be marketed anywhere in the
world was the FLAVR SAVR tomato (Solanum
lycopersicum) produced by the California
biotechnology company Calgene, Inc. It was introduced
on May 21, 1994 The genetic engineering concerned
the down regulation of expression by the introduction
of antisense construct of the gene encoding the cell
wall softening enzyme polygalacturonase. The boxes of
tomatoes were clearly labeled as genetically engineered
and the tomatoes were well received by the public.
However, production and distribution costs were high
and the sale of these fresh tomatoes was discontinued.
Paste made from these tomatoes was sold in Britain and

in the USA. Between 1996 and 1999, 1. 8 million cans
were sold, all of them clearly labeled as derived from
genetically engineered tomatoes. This product was a
commercial success because of reduced processing
costs. However, sales declined dramatically after Dr.
Arpad Pusztai, a British food scientist, appeared on
British television and asserted that rats fed potatoes
genetically engineered with a snowdrop lectin gene
had several health problems including immune
system defects and stunted growth after a time period
corresponding to 10 years of human life. He alleged
that the problem was the method of production-genetic
engineering-rather than the transgene or the fact that
he was feeding raw potatoes to his experimental rats.
Subsequently, independent analysis of the data found
that they did not warrant the conclusions that Pusztai
wished to draw from them. (For a complete discussion
of the Pusztai affair see [10]). Unfortunately, the
damage was done not only in Britain but also in the US.
The tomato paste had to be removed from the shelves
and no attempt was made to reintroduce it later.

2.2 Then came two minor crops, summer squash,
and papaya a bit later

The second crop to be approved for planting was
summer squash (yellow crookneck or zucchini,
Cucurbita pepo). It reached the market in 1995 but
was not labeled as genetically engineered. It was
resistant to two viruses—Watermelon Mosaic Virus 2

" Viral resistance

and Zucchini Yellow Mosaic Virus
was transferred to zucchini by breeding and, because
squash is usually infected with a third virus, Cucumber
Mosaic Virus (CMV), a GE squash resistant to all three
viruses was developed. The technology used is known
as viral coat protein protection, in which the gene for
the coat protein of the virus is transferred to the plant
gene. The presence of the coat protein in the plant cells
suppresses the multiplication and spread of the virus.
These GE squash varieties are grown in the US only on
about 2 000 hectares. The usefulness of the technology
is limited because in many areas squash and zucchini
are subject to infection by several other viruses.
Developed somewhat later than the crops discussed
below was papaya (Carica papaya) resistant to papaya
ring spot virus, a serious papaya disease in certain
parts of the world"”. The project was a collaborative
effort between the University of Hawaii and Cornell
University and the GE papayas were first released in
1998. This development saved the Hawaiian papaya
industry from certain decline, but the papayas are only
grown on about 2 000 hectares. The technology used
here was also viral coat protein protection. Chinese
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scientists repeated this effort and GE papayas are now
grown in China on about 6 000 hectares.

2.3 Bacterial genes introduced into major crops
make them tolerant of herbicides and resistant to
insects

It is estimated that in 2013, 175 million hectares of
GE crops were cultivated worldwide by 18 million
Bl More than 90% of them were resource poor
farmers in developing countries. Although GE events
have been approved in 19 different crops in the US, by
far the lion’s share of worldwide GE activity concerns
two types of genes: herbicide tolerance and insect

farmers

resistance conferring in four crops (maize, canola,
soybean and cotton). The importance of herbicide
tolerance and insect resistance in commercially planted
GE crops is clearly shown in Table 1. These traits are

referred to as “input traits” because they reduce the
inputs required for management of the crops. Herbicide
tolerance genes allow for easier weed control and the
use of less toxic herbicides. They also encourage no-
till or low-till farming. Insect resistance genes allow
for more precise targeting of insect pests as opposed
to indiscriminate killing of all insects with chemical
insecticides. They also reduce the number of insect
sprays that are necessary thereby reducing the amount
of insecticide that is used. Given that in many parts
of the world spraying of insecticides is done without
protection for the workers, reducing insecticide sprays
has the substantial beneficial side-effect of reducing
exposure of workers to insecticides and reducing
accidental poisonings.

Herbicide tolerance was developed first by Monsanto

Table 1 Types of GE crops grown in the different countries and areas under cultivation in 2013"

Continent country Hectares/hm’ Crops
North and Central America
USA 70.1 million HT soybean, HT/Bt/HT-Bt maize, Bt/HT/Bt-HT cotton, HT canola, VR squash,
VR papaya, HT alfalfa, HT sugar beet
Canada 10. 8 million HT canola, Bt/HT/Bt-HT maize, HT soybean, HT sugar beet
Mexico 114 000 Bt cotton, HT soybean
Honduras 20 000 Bt-HT maize
Cuba 3000 Bt maize
Costa Rica 240 Bt cotton, HT soybean Only for seed export
South America
Brazil 40.3 million HT soybean, Bt maize, Bt cotton
Argentina 24.4 million HT soybean, Bt/HT/Bt-HT maize, Bt/HT cotton
Paraguay 3.6 million HT soybean
Uruguay 1.5 million HT soybean, Bt maize
Bolivia 1.0 million HT soybean
Colombia 109 000 Bt cotton, Bt maize
Chile 24000 Bt maize, HT soybean, HT canola Only for seed export
Asia
India 11.0 million Bt cotton
China 4.2 million Bt cotton, VR tomato, Bt poplar, VR papaya, VR sweet pepper
Pakistan 2.8 million Bt cotton
Philippines 800 000 Bt/HT/Bt-HT maize
Myanmar 300 000 Bt cotton
Africa
South Africa 2.9 million Bt/HT/Bt-HT maize, HT soybean, Bt/HT/Bt-HT cotton
Burkina Faso 690 000 Bt cotton
Sudan 62 000 Bt cottonAustralia
Australia
Australia 640 000 Bt/HT/Bt-HT cotton, HT canola, FC carnation
Europe
Spain 148 000 Bt maize
Portugal 8000 Bt maize
Czech Republic 2 500 Bt maize
Romania 220 Bt maize
Slovakia 100 Bt maize
TOTAL 175 million

1) Data from [3]. HT=herbicide tolerance; Bt=insect resistance; HT-Bt= stacked genes for both HT and Bt; VR=virus resistance;

FC=flower color.
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to make weed management in soybean and other crops
easier. In 1988 Monsanto scientists demonstrated that
soybean could be transformed using the Agrobacterium
system!"”. For several years Monsanto had successfully
marketed the herbicide glyphosate under the trade
name Roundup™. This herbicide prevents aromatic
amino acid biosynthesis in plants by inhibiting the
chloroplast enzyme 5-enolpyruvylshikimate-3-
phosphate (EPSP) synthase. As humans get their
aromatic amino acids from their diet this herbicide
does not affect humans or other animals. They searched
for an EPSP enzyme that was much less sensitive to
glyphosate and found it in a strain of Agrobacterium
tumefaciens. The gene was appropriately modified
for expression in plants and the resulting GE plants
were found to be tolerant to glyphosate. The herbicide
could now safely be used as a post-emergence spray
after crop and weeds had reached a sufficient size for
the herbicide to be absorbed by the weeds. Since that
time all major biotechnology companies (Bayer Crop
Sciences, Dow Agrosciences, Dupont/Pioneer, BASF
and Syngenta have made herbicide tolerant crops
focusing on other herbicides including glufosinate, 2,4-
D and sulfonylurea”’. In some cases they developed
crops tolerant of two herbicides.

Insect resistance is based on the expression of the
Bacillus thuringiensis CrylAb gene that encodes a
protein that is toxic to Lepidoptera. The goal was to
kill the European stem borer (Ostrinia nubilalis) that
attacks maize, and the cotton bollworm (Helicoverpa
armigera), a major pest of cotton. In 2003 Monsanto
introduced maize expressing the Cry3Bb gene that
encodes an endotoxin protein specific for coleoptera
and aimed at controlling the corn rootworm. As with
the EPSP gene, considerable gene modification was
needed to get high enough levels of expression in
plants so that the endotoxin protein would be present
at high enough levels to kill the target insect. Again,
other major biotechnology companies followed suit
and produced Bt-crops resistant to various lepidopteran
pests.

1) Herbicide tolerance in the big four: soybean,
maize, canola and cotton. Herbicide-tolerant soybeans
became available to farmers for the first time in limited
quantities in 1996 and adoption was extremely rapid.
Use expanded to 17 percent of the soybean acreage
in 1997, to 56 percent in 1999, and to 68 percent in
2001. By 2013 it occupied 93% of total acreage in the
US. It was also introduced in Canada and Argentina in
1997 and somewhat later in Brazil. Herbicide tolerant
soybeans (glyphosate, glufosinate and bromoxynil

tolerant) now cover 84.5 million hectares worldwide
and account for 79% of all soybeans produced. In the
major soybean exporting countries-the USA and Brazil-
herbicide resistant soybeans cover more than 90% of
the soybean acreage, causing a shortage of non-GE

soybeans on the international market"”’

. This has major
implications for the animal feeding industries. In some
countries meat and other animal products are labeled
as “not fed with GE feed”, but the supply of non-GE
soybeans is not abundant enough to guarantee this
label, causing two grocery chains in the UK to abandon
the label. In April 2013, Tesco, the Co-Op and Marks
and Spencer announced they will no longer require
poultry to be fed on GE-free feed.

Herbicide tolerant cotton became available in 1997
and rapidly expanded from 10% that year to 68% in
2001 and to 82% by 2013. Cotton has also been made
tolerant of the herbicide bromoxynil. The adoption
of herbicide tolerant maize, which became available
in 1997 was much slower, reaching a plateau of 10%
until 2002 and then steadily rising to 60% by 2010.
In 2013 it occupied 85% of total acreage in the US.
Herbicide tolerant canola was first approved in Canada
in 1995 where it is a major crop and its adoption
has also been very rapid there as well as in the US,
where it is a minor crop. Three types are available:
glyphosate tolerant canola, glufosinate tolerant canola
and a mutant canola that is not GE and is tolerant to
certain imidozolinine herbicides. The latter was made
by microspore mutagenesis and selection'"*. Herbicide
tolerant alfalfa and sugar beets now account for most of
the acreage of those two crops in the USA.

2) Insect resistance in the big three: maize, cotton
and canola. Insect-resistant Bt cotton was introduced
in 1996, reaching 30% by 1998 and 75% in 2013. It
protects against three Lepidopteron pests:the tobacco
budworm (Heliothis virescens), the bollworm (H.
armigera) and the pink bollworm (Pectinophora
gossypiella). Bt maize was first planted in 1997 and
within 2 years increased to 25% of acreage. After a
2-year lag it started increasing again and now occupies
76% of maize acreage in the USA. Worldwide GE
maize covers 57.4 million hectares in 2013 and 32%
of the maize area. However, 90% of the maize grown
in the US is GE maize and the US is the biggest maize
exporter. As with soybeans, this means that not enough
non-GE maize is available on the international market
for animal feed to produce non-GMO animal products.
Bt maize is also grown in Argentina, Brazil, Uruguay,
Honduras and South Africa. In the E U, Spain is
growing significant quantities of Bt maize (100 000
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hectares) because maize growing in southern Spain
experiences considerable insect pressure. This is the
first significant inroad of GE crops in the EU. A second
GE maize resistant to insects and tolerant of glufosinate
may be approved but at least 19 of the 27 EU countries
objected to the approval.

3) Yield increases from herbicide tolerance and
insect resistance. The presence of the gene that
produces the glyphosate insensitive enzyme or the
endotoxin protein does not necessarily result in higher
yields. Nevertheless, canola yields have been shown
to be consistently higher in herbicide tolerant canola
because of better weed management compared to other
weed management schemes. As plant breeders continue
to improve crop varieties they always incorporate the
herbicide tolerance and insect resistance characteristics
into the new genotypes. Similar lines without these
transgenes are not always available to the farmers
who may have to plant older hybrids. This means that
farmers who wish to get the best seeds must also accept
the genetically engineered features.

2.4 Production in the European Union

Only two GE crops have ever been approved for
commercial cultivation in the EU. The European
Food Safety Authority (EFSA) has recommended
the approval of many more events/varieties, but the
European Commission has not authorized commercial
production. One of the approved varieties is a pest-
resistant maize (Bt maize) produced by Monsanto
(known as MONZ&10). This is grown mainly in Spain
and Portugal and is only approved for animal feed.
Cultivation of MONS810 is banned in France, Germany,
Greece, Austria, Luxemburg and Hungary. The second
GE crop approved for cultivation in the EU is a
potato known as the Amflora potato, which has been
genetically modified by BASF to produce starch for
use in making paper. It was grown in Germany and
Sweden in 2011. BASF then withdrew from planting
GE crops in Europe in January 2012 and in late 2013
the European Court annulled the authorization, arguing
it had not been granted lawfully"”. In 2014, following
another court case, the EU considered approving the
commercial cultivation of another insect-resistant
maize produced by DuPont that is resistant to insects
and tolerant of the herbicide glufosinate. Even if
approved, individual countries may be able to opt out
of the approval if they oppose growing the GE crop.
Britain does not grow any GE crops at the moment but
the opposition to GE crops has softened. For example,
a recent study carried out by the University of Reading
concludes that farmers are losing somewhere between

0.6 billion and 1.2 billion US § by not being allowed to
grow GE crops'®.

In deciding whether to approve GE crops, the
authorities in the EU do not follow the advice of the
science-based EFSA. After examining the relevant
data, this organization has repeatedly stated its support
for GE crops approved in other countries. It carries
out its own assessments and has not found health
or environment-related reasons to disapprove the
planting or consumption of GE crops. This leads to
the inevitable conclusion that the opposition to GMOs
is politically motivated. In addition, the European
Academies Science Advisory Council (EASAC)
released a report in September 2013 that stated “The
scientific literature shows no compelling evidence to
associate such crops, now cultivated worldwide for
more than 15 years, with risks to the environment or
with safety hazards for food™"”.

2.5 When will we get output genes?

To convince the public to buy into GE technology it
will be necessary to produce GE crops with “output”
traits that present a demonstrable advantage for the
consumer. It is curious in this respect that diminished
use of pesticides is not seen as a benefit by the public,
probably because the public is unaware how often
crops are sprayed. In Europe potatoes are sprayed 10
to 15 times against late blight fungus, for example.
The poster child for the output trait approach is Golden
Rice, rice that contains sufficient levels of pro-vitamin
A so that a daily helping of rice will avoid vitamin A
deficiency disease. This is particularly important for
those populations that depend on rice as their main
source of food.

1) Golden Rice. The brainchild of Dr. Ingo Potrykus
is slowly moving forward. This GE rice expresses
introduced genes that increase its pro-vitamin A content
and will therefore address vitamin A deficiency (VAD)
diseases commonly found among the poor in rice
eating countries. Tests showing that the pro-vitamin A
is readily available when the rice is fed to humans have
been done. A recent study'® showed that 100-150 g
of cooked Golden Rice provided 60% of the Chinese
recommended intake of vitamin A. Estimates suggest
that supplementing Golden Rice for 20% of the diet
of children and 10% for pregnant women and mothers
will be enough to combat the effects of vitamin A
deficiency. The Allow Golden Rice Now! Society is
mounting an international campaign to promote the
commercialization of golden rice. Dr Patrick Moore, an
influential 15-year leader of Greenpeace has changed
his mind about GE crops and is currently conducting a
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number of protests and forums with the aim to end the
active blocking of Golden Rice by NGOs opposed to
applications of biotechnology to crop improvement. He
wants to debunk their claim that Golden Rice is either
of no value or that it is a detriment to human health and
the environment. The first adopter of Golden Rice may
be The Philippines, an overwhelmingly (80%) Roman
Catholic country. It is important in this respect that
Pope Francis gave his personal blessing to Golden Rice.
Acceptance may come in two phases: first consumption
of rice grown elsewhere and then cultivation of rice in
The Philippines.

2) High oleic acid soybean oil. In 2011, DuPont/
Pioneer started marketing a new GE soybean under
the trade name Plenish. One year later Monsanto was
ready with a similar product marketed under the trade
name Vistive Gold. These oils have a high (75%) oleic
acid content and are lower in saturated, but especially
in poly-unsaturated fatty acids. These oils are more
heat stable than oils that are rich in polyunsaturated
fatty acids and therefore much better for frying and
baking. The oils are not available in grocery stores but
are being marketed to restaurants and to companies
making processed foods!"”. The technology involves
the down regulation of one fatty acid desaturase gene
(fad2) using sense suppression in a background in
which the second desaturase gene (fad3) is inactive.
The Monsanto GE soybeans have an additional
suppression of the fatB gene, encoding a thioesterase
in the chloroplast that releases 16:0 and 18:0 fatty
acids from acyl carrier protein. The GE soybeans were
approved as a genetically modified product in the USA
and more than 200 000 hectares were planted in 2014.
3) Non-browning apples. Okanagan Specialty Fruits,
a company in British Columbia, Canada, has down-
regulated the polyphenol oxidase genes present in
Golden Delicious and Granny Smith apple varieties.
They will be marketed as “Arctic Apples”, presumably
because they stay white after cutting or biting into them
(and letting them sit around)””. The technology involved
is gene silencing or RNA interference. The goal is to
cut the cost of apples that are sold in packages of apple
slices. To prevent browning the companies now add
antioxidants to the cut surfaces at considerable cost.
(This barely qualifies as an output gene as the benefit to
the public is not evident. )

4) Phytase maize. Another GE crop that may enter
production is maize that expresses phytase in its seeds.
Scientists from the Chinese Academy of Agricultural
Sciences in Beijing, China, have expressed a fungal
phytase in maize seeds"”'. The goal is to reduce

phosphate pollution caused by the waste of monogastric
animals, especially pigs, by reducing the amount of
phosphate that needs to be added to the feed. Seeds of
maize and other crops store phosphate as phytate (hexa-
inositol phosphate), but animals have little phytase
and therefore cannot digest the stored seed phytate to
release phosphate. The GE crop has been approved by
the biosafety committee, but has not yet been planted.
2.6 Which types of institutions develop GE crops?
The science that underlies crop genetic engineering was
pursued simultaneously on both sides of the Atlantic,
but Monsanto, based in St. Louis, Missouri, was the
first to broadly market substantial quantities of seeds
for GE crops. However, since then at least 5 other
multinationals have entered the picture”’. Monsanto
has made GE cotton, maize, potato, soybean, sugar
beet, tomato and wheat. Bayer Crop Science, with its
headquarters in Monheim, Germany, has made GE
cotton, maize, rice, soybean, sugar beet, Argentine
canola (B. napus) and Polish canola (B. rapa). DuPont,
headquartered in Wilmington, Delaware, has made
GE cotton, maize, soybean and Argentine canola.
BASF, headquartered in Ludwigshafen Germany, has
made GE potato, soybean, and Argentine canola. Dow
Agrosciences, headquartered in Indianapolis, Indiana
has made GE maize, soybean and Argentine canola,
and Syngenta, headquartered in Basel, Switzerland has
made GE cotton and maize. All these companies have
affiliates in other countries that may be more involved
in making the GE crops, than the scientists who work
in the country where the company is headquartered. In
addition, many of these multinationals have partnered
with smaller companies”’ to develop some of the crops
listed above. Partnering has also involved companies
in developing countries such as India where Monsanto
made a joint venture with Mahyco to develop the
Bt-eggplant. Not all the GE crops listed above are
presently on the market. The main traits are tolerance
to several widely used herbicides and insect resistance
using Cry genes from Bacillus thuringiensis.

In addition to companies, many public institutions
have been involved in creating GE crops. For example,
in China six different public institutions have been
involved in developing GE cotton, rice, poplar, papaya,
tomato, pepper and petunia®’. In Brazil, EMBRAPA
the government research organization has received
approval to commercialize the GE common bean
(Phaseolus vulgaris) that is resistant to Bean Golden
Mosaic Virus (BGMV)?”. The technology used relies
on the down regulation of a viral gene necessary for
virus replication after the virus infects the bean plant.
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Commercialization is expected to start in 2015. As
beans are a very important part of the Latin American
diet, this is a major breakthrough, especially as the
unique biotechnology approach was developed in
Brazil.

In India, Myanmar, and Iran, public institutions
have also been active in GE crop development. In the
USA, Cornell University and the University of Hawaii
were involved in developing the first virus resistant
papaya. Ralph Scorza of the United States Department
of Agriculture (USDA) developed a GE plum (Prunus
domestica) resistant to the plum pox virus™'. The
plum, known as HobeySweet has been approved by
the three regulatory agencies of the US (the USDA,
the Environmental Protection Agency and the Federal
Drug Administration) but is not being planted because
plum pox virus is not a problem in the US at this time.
Public institutions often do not have the necessary
funds or expertise to carry out all the regulatory work
that is required to bring a crop to market. For this
reason public institutions often license their technology
to companies who then develop the invention further.
2.7 How many GE crops have been developed?
According to the ISAAA website", 27 different crops
have approved events:19 food crops, five fiber or feed
crops and three commercial flower crops. Not all of
them are commercially available however. The food
crops are:Argentine canola, common bean, chicory,
eggplant, maize, melon, papaya, plum, polish canola,
potato, rice, soybean, squash (zucchini), sugar beet,
sugarcane, sweet pepper, tobacco, tomato and wheat.
The non-food crops are alfalfa, cotton, creeping
bentgrass, flax and poplar, and the flower crops are
carnation, petunia and rose.

Chile is unique in that it permits the growing of
many GE crops but only if the seeds are exported.
Because of its position in the Southern Hemisphere
with a reversal of seasons compared to the Northern
Hemisphere, and its phytosanitary isolation, Chile
is the site of choice by many seed companies to
produce seeds. Chile has a substantial seed industry
and GE seeds represent a significant component. The
area has fluctuated but was 20 000 hectares in 2010.
Chile cultivates or has cultivated GE rapeseed, maize,
soybean, rice, safflower, alfalfa, B. juncea, barley,
eucalyptus, flax, pumpkin, sunflower, melon, potato,
pine, sugar beet, tobacco, tomato, wheat and grapes”*.
Although herbicide tolerance and insect resistance are
the two most important traits, other traits have also
been tested, including maize alpha amylase expression,
soybean oil content, soybean oleic acid content,

safflower expression of proinsulin2, safflower gamma
linoleic acid content, rice expressing human albumin,
canola phytase production, safflower bovine enzyme
production, rice lactoferrin production, safflower
insulin production, and maize monoclonal antibody
production.

3 Consumption of foods contai-
ning GE ingredients

3.1 How many people eat GE crops and the
foods derived from them?

This question is extremely difficult to answer,
except for those countries that do not have labeling
requirements and where ingredients from GE crops
are present in many processed foods. On a worldwide
scale, probably only 5% of what is produced finds its
way into the human food chain, the rest being used as
feed for animals. Indeed, in a number of countries the
cultivation or import of GE crops is strictly limited to
animal feed. Given the lack of traceability of many
products, the international trade in commodities and
processed foods, and the desire of farmers to get their
hands on GE seeds and their willingness to plant them
illegally in some countries, it may never be possible to
answer this question. However, as there is no evidence
that GE foods are in any way detrimental to anyone’s
health, it may not be necessary. It is not unreasonable
to suppose that 750 million people eat some foods with
GE ingredients every day, if not for their main meal,
then as a snack. Over a year that would be 250 billion
meals. If they have been doing it for 10 years that
would make it 2.5 trillion meals. There are no known
food poisonings or other untoward effects from these 2.5
trillion meals. Although opponents of GE foods claim
that the absence of labeling prevents us from knowing
if low levels of toxins in GE foods have long-term
effects, toxicologists generally agree that long-term
feeding studies do not provide valuable data about food
safety™. Nevertheless, many long-term feeding studies
with GE foods have been done"*.

3.2 Countries that do not require labeling
Sixty-nine countries require labeling of GE foods, but
the majority of countries do not have this requirement.
Mandatory labeling is a contentious issue that is
rejected by the biotech industry and supported by
the organic industry and various NGOs. Mandatory
labeling is seen as a deterrent to the spread of GE crops
and the sale of foods with GE ingredients because such
labels are seen as warnings by the public””. Those
opposed to mandatory labeling contend that warnings
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are not warranted as no ill health effects have ever
been documented for foods containing GE ingredients.
People in favor of mandatory labeling believe we
should be following the Precautionary Principle and
warn people that there is not enough evidence that
these foods are safe. In some countries the issue has
come up and has been rejected, in others it has not
yet come up. For example in South America only
four countries require labeling:Venezuela and Brazil
(introduced in 2004), Peru (2010) and Colombia
(2012). Argentina, a big producer of GE soybean,
Paraguay, Uruguay and Bolivia, three other GE crop-
producing countries do not have labeling laws, neither
does Chile.

United States of America. Yes, Americans (and
hundreds of millions of others) do eat GE foods
every day! A widespread urban myth originating in
China and making the rounds in Asia goes like this:
American farmers grow GE crops strictly for export to
developing countries. Americans themselves don’t eat
the foods derived from these crops. The implication
is that GE foods are good enough for the people
of developing countries but not for Americans. As
detailed above, Americans started eating GE tomatoes
as early as 1994, 20 years ago. Estimates suggest that
as much as 70% of U. S. processed food may contain
an ingredient from a GE crop, such as maize starch,
high fructose maize syrup, maize oil, canola oil,
soybean oil, soy flour, soy lecithin, or cottonseed 0il™.
The total amount of GE ingredients in the processed
food may be below 5%, but it is there. Despite this
high percentage of processed foods that contain GE
ingredients, the only commercially available GE
produce in grocery stores may be Hawaiian papayas,
summer squash/zucchinis and sweet corn (maize). In
many stores you may not find any GE fresh produce
items. However, most Americans are only vaguely
aware that they are consuming GE foods because
foods containing GE ingredients are not so labeled.
The situation is similar in Canada and a number of
other countries where foods are also not labeled, but
the percentage of processed foods containing GE
ingredients may be somewhat lower depending on the
eating habits of the people.

Argentina, Uruguay, Paraguay and Colombia
are four important GE food crop (cotton, maize and
soybeans) producers that do not require labeling.
The situation there is pretty much as it is in the USA
and Canada. These four countries have a combined
population of nearly 100 million. Soybean oil and
soy protein, modified maize starch and high fructose

sweetener derived from maize are used by the food
processing industry. Argentina exports traceable
identity-preserved flint and popcorn maize to Europe
and these are GE-free (at the 0. 1% detection level).
However, a much higher price is paid for these types
of maize used to make “polenta” (maize flour),
corn flakes and other specialty products for human
consumption. As a consequence, these products are
relatively GE-free in Argentina also, because these
special hybrids are non-GMO. Argentina has not
approved GE canola because of the fear that it would
outcross with Brassica campestris and transfer its
herbicide resistance to this important weed of wheat.
Colombia grows many transgenic flowers (blue
carnations) in addition to cotton and maize.

Countries like the USA, Canada, and the four South
American countries named above do of course have a
labeling requirement when there is a material change
in the composition of the plant (e. g. Golden Rice or
high oleic acid soybean oil), if an unexpected possible
health problem could occur (e. g. a protein allergenic
to some persons) or a change in the organoleptic
properties (caused by volatiles, for example).

Chile also has no mandatory labeling and no
traceability requirement, and is a relatively small
producer of GE crops. Imported foods or foods made
with imported GE ingredients are readily available in
the grocery stores, but are unlabeled. Although GE
foods are available, the legislature has not been able
to agree on a list of approved events. With respect to
production, many different crops are grown on about
20 000 hectares and all of the seeds must be exported.

Mexico. Dr. Luis Herrera Estrella who was involved
in the development of the GE technology at the
University of Ghent (Belgium) reported that Mexico
does not (yet) have mandatory GM labeling, therefore,
nothing is labeled either as being with GE or without
GE ingredients. There are some proposals to introduce
regulations that, if approved, will follow closely the
European regulations. Cultivation of GE crops is still
very limited (200 000 hectares of maize and soybean).
Mexico imports nearly all of the soybeans that are
consumed and imports about 10 million tons of
yellow maize, which is used for animal feed. Human
consumption (tortillas, tamales, ...etc. ) uses white
maize. Many processed foods probably contain either
starch or oil from transgenic maize or soybean oil.
Some white maize is also imported but it is likely to
be identity preserved and non-GE. Producers of white
maize need to avoid cross-contamination by pollen
from yellow maize, most of which is GE in the US,
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and therefore the maize growers take the necessary
precautions.

In South Africa, the labeling debate still has not
run its course. A labeling law was introduced early on,
but was found to be widely ignored or circumvented
because food companies found loopholes. A new
law was proposed in 2012, but it has not as yet been
adopted. Both proponents and opponents continue
their heavy lobbying of government officials. In South
Africa, foods made from maize (e. g. breakfast cereals)
contain GE maize and all bread made by the big food
companies in South Africa contains GE soybean
products™ (see the reports published by the African
Centre for Biosafety).

3.3 Consumption of foods with GE ingredients in
countries that require labeling

Sixty-nine countries out of a total of 196 now require
labeling of whole and processed foods that have GE
ingredients. Unfortunately, there is no uniformity in
these regulations. First of all, the minimum percentage
above which processed foods have to be labeled
differs. The European Union requires labeling above
0. 9%, including additives and flavorings, but exempt
products like cheese and wine made with GE strains of
yeast. Australia, New Zealand, Saudi Arabia, Brazil,
Venezuela and Russia use a 1% threshold. South Korea
sets the limit at 3%, and a number of other countries
use 5% (Japan, Thailand, South Africa, Indonesia,
Taiwan). China has no legal minimum limit and India
has not yet been able to resolve the issue. Of the 69
countries that have labeling requirements, it is not clear
how many have the institutional capacity and political
will to enforce that labeling requirement.

The labeling issue is confounded by the problem that
the transgenes themselves (DNA) or the proteins they
encode may not be detectable in the oils, refined sugar,
starch or other products derived from the GE crop
plants. So, in response, some countries do not require
that oil from GE soybeans be labeled, whereas other
countries do. Most countries do not have a logo, and
of course the wording differs as does the placement of
the wording on the package. If, in the USA, people are
asked if “the federal government should require labels
on food saying whether it has been genetically modified
or bioengineered”, an overwhelming majority agree™”,
but in unprompted polls, when people are asked what
additional labeling they would like to see on food more
than 99% do not mention genetic engineering”'".

There are to the best of my knowledge no estimates
of how much GE food is consumed in each country.
Any estimate would be confounded by the importation

of GE crops or processed foods that are not labeled and
by the illegal use of GE ingredients in processing in
the country itself. There remains the issue of assaying
foods for the presence of GE ingredients and ensuring
that these assays are reliable.

Does anyone eat GE foods in the European Union?
Certainly! In spite of the restrictions on growing
GE crops (see above) many transgenic events have
been approved for human consumption in cotton,
soybean, maize, canola and sugar beet. It is estimated
that 60% of processed foods contain some maize
or soybean ingredients. Products have to be labeled
if they contain more than 0. 9% GE ingredients,
but products without genes or proteins (oil, starch,
glucose, fructose, dextrose, lecithin...etc) appear
to escape this requirement. OIVO (Research and
Information Center of Consumer Organizations), an
organization in Belgium estimates that only 30% of
the foods that contain GE ingredients will have to be
labeled””. Greenpeace maintains “Red” and “Green”
lists of processed foods. Nearly all the foods on the
green list are also labeled “organic”. Not all labeling
is straightforward:the label may say “Contains GE
ingredients” but it may also say: “Made according
to modern processes of biotechnology”, apparently.
Cooking oils and mayonnaise appear to be available
in many stores. Cookies, crackers, various sweet
confections that appeal to children, energy and protein
bars are also available. In spite of the very vociferous
opposition of NGOs in the EU, foods with GE
ingredients are obviously consumed by many people.

Brazil instituted its labeling law in 2004 and is one
of the few countries (the only one?) that uses a logo:
a yellow triangle with the letter T for “transgenic”.
Some distributors add an additional statement that says
“Approved by the Biosafety Committee” Consumers,
especially those unfamiliar with the meaning, may
see this endorsement as a positive statement and give
preference to this product. In the supermarkets one
finds products based on GE soybean (such as cooking
oil) and based on GE maize including popcorn, corn
flakes, and canned maize. Biscuits and other products
that contain maize starch are also available and labeled.
A number of products are labeled, but many which
surely must contain GMO soybeans or products derived
from them are not labeled and enforcement is lax
according to Dr. Alexandre Lima Nepomucene.

In Japan the labeling and consumption situation
is more complex. Japan does not permit its farmers to
grow GE crops, but it does import them and requires
labeling of food products that contain GE ingredients



Maarten J. Chrispeels: Global production and consumption of genetically engineered crops 133

if the level is above 5%. Oils, sugar, starch, sweetener
and other products that do not contain either transgene
DNA or protein do not need to be labeled. Most
countries permit certain transformation events to be
used in any food, but Japan specifies the foods in which
GE ingredients can be used.

Japan has two different required designations:
(1)GM, meaning that it has been identity preserved,
(2)No Segregation, meaning that it contains both GE
and non-GE ingredients although in practice these
products are mostly GE, and (3) an optional label of
Non-GM. In the store one sees no GM labels, although
No Segregation is a common label. Labels of GM or
No Segregation are required for 33 products most of
which are processed foods containing ingredients from
soybeans, maize, potatoes, alfalfa or sugar beets. The
No Segregation label is supposed to inform the public
but it is not clear that its meaning is understood by
the customers. When asked if they eat GM products,
consumers say they do not, even though they buy
products with the No Segregation label. For a short
period of time GE Rainbow papayas from Hawaii were
being sold by Costco and each papaya carried a GM
sticker.

India has very strict labeling requirements. The
minimum percentage is presently set at 0.1%. The
involvement of multinationals and rumors that indebted
farmers could not repay their loans have fed fierce
opposition. Nevertheless there is sufficient evidence
that smallholders have substantially benefitted from GE
cotton cultivation but this evidence is not accepted by

groups opposed to GE technology. India developed its
own Bt eggplant (brinjal) and all the requisite safety
tests have been done'®. However, commercialization
is held up in the courts because of conflicting reports
from various ministries. Whether the new government
of Narendra Modi will take a different stance remains
to be seen. The issue may be forced by the impending
commercialization of Bt eggplant in Bangladesh.

Bangladesh does not grow any GE crops yet but
has approved Bt brinjal for commercial development.
Given the porous nature of the border between the two
countries it is likely that Bt brinjal will reach Indian
farmers whether the government ultimately approves
it or not. According to Dr. Ananda Kumar, the Director
of the Institute of Biotechnology in Hyderabad, A.
P. no foods labeled as containing GE ingredients are
presently in the marketplace in India.

Malaysia has no commercial growing of GMOs
although experimental plots are present. Foods have
to be labeled as containing GE ingredients since 2007,
but the act is not enforced according to Dr. Jennifer
Harikrishna. People are very price conscious and fear
that identity preservation will raise food prices. The
genes or the products of the genes should be detectable
for the labeling law to be applied. The threshold has not
yet been set, but it may be as high as 5%.

Thailand also has a labeling law with a 5%
minimum, but the wording is muddled and it is not
clear that much would have to be labeled. Commercial
production of GE crops is not allowed as yet but it
is widely known/rumored that many farmers grow
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GE cotton, soybeans, maize and papayas. Officially,
GE maize and soybean can be imported, but these
cannot be planted. This may be rather typical: the
farmers want GE crops and they obtain seeds through
illegal channels, often from neighboring countries; the
government saves face by officially forbidding planting
of GE crops; there is no capacity to check whether
food that is not labeled contains GE ingredients and the
NGOs continue their campaign telling people they are
being poisoned! Welcome to the real world.

China grows millions of hectares of GE Bt-cotton
as well as virus-resistant papayas, but no maize or
soybeans as yet. Foods containing GE ingredients have
to be labeled, but a minimum threshold level has not
been established. So, theoretically, foods with even
the tiniest amount of contamination would have to be
labeled, even oils or sweeteners unlikely to contain
either DNA or protein from transgenes. Soybean oil
appears to be the main product that is labeled. Some
oil is labeled as not derived from GE soybeans, but it
is quite a bit more expensive and it does not appear to
be very popular. Commercial production of Bt-resistant
GE rice made at Huazhong Agricultural University
has still not been approved. All the safety tests have
been done, but the government has not released the
new varieties for commercial production. According to
reports in the Chinese media (CCTV, Shanghai Daily
and others) in spring and summer of 2014, farmers
around Wuhan where the university is located were
found to be growing GE rice (identified as BT63) and
GE rice was for sale in the supermarkets. How the
farmers obtained the rice seeds for planting is far from
clear, but on July 30" government agents destroyed
16 hectares of the rice. The farmers were apparently

compensated $ 100 per hectare™.

4 Are outdated regulations the
bottleneck to moving forward?

Genetic engineering has been an amazingly successful
technology, rapidly adopted by farmers all over the
world where they were permitted to do so. There is
more than sufficient evidence that the foods derived
from them are not harmful to human health any more
so than conventional foods, and that cultivating these
crops is not more harmful to the environment than
conventional agriculture. To the contrary, the foods
can have nutritional benefits (Golden Rice; high oleic
acid oil) and GE crop cultivation can have secondary
health benefits for farmers (less spraying of pesticides),
benefits for the environment, and financial benefits for

large and small farmers"™,

In spite of the urban myths about GE food
consumption, Americans have been eating “GMOs” for
20 years””. Foods with GE ingredients have probably
been eaten nearly every day by 1 billion people for
the past 10 years. Still, some 20% of people in many
countries oppose this technological innovation. They
reject the scientific findings and do so for existential
reasons. Their view of the world and their life
philosophy differ from those of scientists. These two
groups talk at cross purposes and cannot convince each
other. Opponents are not interested in the outcome of
scientific studies and they will work hard to convince
government officials to ban GE crops and GE foods.
Their world view emphasizes freedom, diversity,
ecological balance. They accept technology when it
is convenient and reject it when it conflicts with their
world view. They will fight for the truth as they see
it. And will work hard to convince their respective
governments to ban genetic modification of food.

The poor people of this earth have a right to expect
that the benefits of crop biotechnology will reach them
too, and we have an ethical obligation to make sure
that this happens”. If the technology is to achieve
the lofty goal of helping to feed the 10 billion people
who are likely to inhabit the earth by the end of this
century, much may have to change in the government
regulations that govern the commercial planting of
GE crops. Understandably, biotechnology companies
are limiting themselves to the big staple crops with
input genes that are useful all over the world. The
costs associated with government approval have been
estimated to be 50 million dollars””. This may be the
cost for a biotech company, but the incremental costs
for public institutions where the state supports the
infrastructure are much lower. In developing countries,
public institutions are at the forefront of creating new
GE crops”. It is interesting in this respect that since
2012, GE crops have been planted on larger total area
in developing countries than in economically advanced
countries (Figure 2). When GE common bean and GE
sugarcane come online the share of the developing
countries will rapidly expand.

So we need to ask, “Who will endow the minor crops
with the genes they need to be more nutritious and fight
off pests and pathogens?” Staples are important, but
good nutrition will continue to depend on a diversified
and affordable diet. Several billion people will continue
to live on small family farms eating the staples and
vegetables they grow themselves. People living in large
cities will continue to rely on truck farmers who bring
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their vegetables to local markets. Only by providing
these farmers access to the best crop varieties will
we be able to come close to eradicate hunger and
malnutrition. Molecular geneticists have shown that
nothing out of the ordinary-compared to traditional
plant breeding is happening with the genomes of GE

%1 Neither the omics studies, nor the long-term

plants
animal feeding studies have raised any concerns about
this method of genetic improvement compared to
other methods'*”). It is time for governments and their
regulators to accept this scientific evidence and greatly
reduce the documentation and thus the cost associated
with approval of GE crops. The poor people of the

earth deserve nothing less.
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