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One of the most important current issues in plant pathology 

regards genetically engineered (GE) crops. In light of this, the 
Council of the American Phytopathological Society (APS) re-
cently issued a statement that the society “supports biotechnology 
as a means for improving plant health and increasing plant 
productivity” (19). Agricultural biotechnology has broadly defined 
goals of increasing the yield and quality of important crop plants 
as well as reducing some of the negative environmental impacts 
associated with many of our current agricultural practices. We 
have made significant inroads toward harnessing this technology, 
but recent media coverage of this subject has made clear that these 
advances and their socioeconomic benefits need to be fully dis-
cussed in the context of the public’s interest in the potential risks 
of using this technology. As educators of college students and of 
the public at large, it is important that we develop reasoned argu-
ments concerning risks and benefits of this technology. This letter 
aims to provide a framework, with examples, that may be useful 
to those who wish to enter the discussion. 

It appears that the point of the APS statement is to ensure that 
we maintain our research focus of improving the quality and yield 
of food, forage, and fiber. This should have a positive effect on 
improving the health and comfort of humans and domestic animals. 
Two important points specifically dovetail with the APS state-
ment. First, the statement implies that as plant pathologists we 
should determine the best use of our scientific and technical skills. 
As agricultural scientists we have the onerous task of finding new 
and innovative methodologies in order to feed 7.15 billion people 
in 2015, of which ≈600 million persons will be considered 
chronically undernourished (2). Approximately 80% of the human 
population earn only a few dollars a day and are dependent upon 
small shareholder or community farming for their dietary needs. 
Food and forage crops can be improved via traditional plant 
breeding programs or, when appropriate, integrating basic research 
developments derived from model systems such as Arabidopsis to 
produce GE crops. Technological choices such as site-specific 
gene targeting to modify or remove existing genes, the identifica-
tion of specific resistance genes for introduction into related crop 
species, and improving the application of pathogen-derived resis-
tance offer promising avenues for crop improvement (8,9,17,29, 
31,35). Subsistence crops such as cereals, potatoes, sugarcane, oil 
crops, and cassava (2,7,30) should be the primary applied targets 
of this research. 

The second point resulting from the APS statement suggests 
that many GE improvements related to plant health are intimately 
associated with public health, which is the focal point of this 
letter, particularly in regards to allergens. GE food-associated 

allergies are a major concern of scientific societies, regulatory 
agencies, and nongovernmental agencies (3,4,6,7), and a few ex-
amples deserve attention. Currently, labels indicating ingredients 
and nutritional information are required on foods purchased in the 
United States, and the Food and Drug Administration (FDA) pro-
vides extensive details related to food labeling (5). It is up to the 
consumer to decide the personal value of this information. For 
example, a label from a packet of cookies may also indicate that 
the wheat flour was “organically grown and processed in accor-
dance with the California Organic Foods Act of 1990” or that the 
product “may contain traces of peanuts or other nuts.” This type of 
labeling has two purposes. It allows consumers willing to pay a 
premium price to choose an “organic” food and, more importantly, 
someone with a food allergy to peanuts or tree nuts can avoid a 
product altogether. An allergic reaction can be triggered by minor 
amounts of a protein in a sensitized individual (22). Allergenic 
cross-reactivity has been described between certain food proteins 
and nonfood proteins that are botanically unrelated or only dis-
tantly related (22). Seemingly distinct proteins may trigger an 
allergic reaction because they share blocks of amino acids, structure, 
or function (18,22). Because food labeling is already an accepted 
(and expected) form of information and governmental regulation, 
it follows that labeling GE foods could also increase the public 
trust of this technology and benefit the health of consumers. 

The relationship between agricultural biotechnology and public 
health was made clear when it was determined that patients with 
an allergy to a 17-kDa-birch tree pollen protein are intolerant to a 
variety of fruits and vegetables (12). A major allergen found in 
celery is a 16.5-kDa protein that shares 64% similarity and 42% 
identity with the birch pollen protein (11,12). More important to 
plant pathology was the finding that the two proteins had more 
than 55% identity to parsley pathogenesis-related (PR) proteins 
and more than 30% identity to PR proteins from soybean, potato, 
and bean (11). These data suggested that allergy to the plant 
proteins may be due to primary sensitization by inhaling pollen 
allergens, and it has been found that respiratory allergen sensi-
tivity can lead to food hypersensitivity (11,22). These findings are 
of importance to plant pathology-related biotechnology applica-
tions, because it was determined that the 17-kDa birch pollen 
protein also shared 55% identity with the pea I49 PR protein (12). 
In peas, I49 PR protein expression is induced by the fungus 
Fusarium solani and the bacterium Pseudomonas syringae (12). If 
this PR protein were overexpressed in crop plants to protect 
against plant pathogens, could it cause an immunoglobulin E 
(IgE)-mediated response in highly sensitive individuals? Another 
study found that plant class I chitinases isolated from chestnut and 
avocado could bind IgE collected from individuals with an allergy 
to latex (14). Hypersensitive reactions can occur when latex-sensi-
tized individuals consume chestnut and avocado and possibly 
banana (14). A number of plant pathology studies suggest that 
overexpression of plant chitinases may be an effective strategy to 
control or reduce plant fungal infections, including black spot of 
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rose and the rice blast fungus (24,26). Are there public health 
implications if a PR protein or chitinase with allergenic cross-
reactivity is overexpressed in a heterologous plant for transgene 
resistance and the plant or plant products are not labeled? 

The best-known example of the potential for allergens to be 
produced in transgenic plants was a demonstration that expression 
of the Brazil nut 2S albumin protein in GE soybeans induced an 
allergic response in volunteers with sensitivity to this protein (27). 
The original intent of the research was not to study an allergen, 
but to improve the nutritional value of soybeans by overexpressing 
the methionine and cysteine-rich 2S albumin protein (22,27). This 
study serves as an excellent demonstration that developing tests 
for allergens can improve the quality and safety of our food 
supply. If such tests are not available, then it would be prudent to 
err on the side of caution by labeling foods, because the most 
important recommendation to prevent allergic reactions is avoid-
ance of the trigger. Another example concerns freshwater fish and 
seafood, which are a source of known allergens. Would a frost-
resistant tomato expressing the “antifreeze protein” (16), isolated 
from a gene in a winter flounder, induce a potentially lethal aller-
gic response in a large number of persons in this cohort? Or would 
it be allergenic to only the rare individual or could it be that it is 
never allergenic? Until we have a better understanding of what 
triggers an allergic reaction, the standard should be to label GE 
foods and medicines. 

Will more allergic reactions occur as transgenic foods expressing 
foreign proteins derived from plant and animal genes become 
more common in the food supply? A recent study by the Envi-
ronmental Protection Agency tried to determine if there were 
sufficient data to evaluate whether a GE maize that accumulates 
the Bacillus thuringiensis Cry9C protein has the potential to be an 
allergen (21). The B. thuringiensis Cry9C endotoxin gene is ex-
pressed in transgenic maize (i.e., Bt-maize) and other crops to 
protect against the European corn borer. The Cry9C protein is an 
unapproved pesticide in human food, and the recent inadvertent 
integration of Cry9C protein into the human food supply has re-
initiated discussions of the potential effects of agricultural bio-
technology on the public’s health (3,20). To determine if there is 
any risk to human health will require long-term expensive animal 
and human studies to evaluate whether these proteins are allergens 
(21). Testing is underway to determine the allergenicity of the 
Cry9C protein and to evaluate if a sufficient quantity of the Bt-
maize was present in the food supply to sensitize individuals to 
the Cry9C protein (3). These results will be another important step 
in evaluating and understanding the risks and benefits associated 
with GE foods; however, public trust will likely be determined in 
the marketplace. 

Although the risks regarding Bt-maize as an allergen are un-
known, it is important to enumerate the known benefits of using 
this technology, including reduced use of pesticides in the field 
(25). Transgenic Bt-maize plants are specifically intended to 
reduce the incidence of corn borer, which has, in turn, had the 
additional positive benefit of reducing the amount of Fusarium 
infestation on corn. This results in a concomitant reduction of 
fumonisins, which that are known mycotoxins and carcinogens 
that can accumulate in Fusarium-infested grain (25). This repre-
sents a success story for agricultural biotechnology and demon-
strates that the “safety of maize for human and animal consumption 
may be enhanced by genetic engineering for insect resistance” 
(25). Documentation of these benefits could be incorporated into a 
food label to educate the public about the likely positive health 
effects of Bt-maize, while noting that allergenicity testing is 
underway. There are other promising developments in agricultural 
biotechnology such as the production of pharmaceutical grade 
proteins, monoclonal antibodies, and edible vaccines in plants 
(13,23,28). 

Another reason for testing and labeling food is to improve an 
individual’s diet and choice of foods. For example, genes for 

known allergens in peanut, Brazil nut, soybean, and rice have 
been cloned and sequenced. With the rapidly advancing molecular 
techniques to precisely excise, inactivate, or mutate plant genes, 
we soon will have the potential to make foods hypoallergenic or to 
reduce the incidence of known pollen allergens, which may not be 
possible with traditional breeding efforts (33). An antisense mRNA 
technology has been demonstrated to be a possible route for re-
ducing or abolishing the expression of the Lol p 5 protein in 
ryegrass pollen (10). Pollen from these transgenic plants showed a 
dramatic reduction of IgE reactivity in sera from sensitized patients 
when compared with wild-type ryegrass pollen, without affecting 
normal pollen development (10). Lol p 5 protein is an important 
allergen, reacting to IgE antibodies of more than 90% of patients 
allergic to grass pollen (10). If plants were labeled and marketed 
as nonallergenic, they could improve the health and well being of 
many people with pollen allergies. 

Apart from the allergenicity and labeling issues, a good start in 
discussing risk versus benefits is to compare the biotechnology 
products with known factors. For example, when a gene isolated 
from young calves to express the milk-clotting enzyme chymosin 
was first produced in yeast, it was compared with the known 
preparations of rennet. There were no observed differences 
between the molecular structure of the DNA, RNA, and expressed 
chymosin protein or its ability to coagulate milk. In 1990, the U.S. 
FDA found that the chymosin produced in yeast was generally 
regarded as safe and approved its use as a replacement for rennet. 
Currently, recombinant chymosin is used to make approximately 
70% of the cheese in the United States. This is an example of how 
we can rationally view the use of a biotechnology product that is 
accepted by industry and by the consumer. The product was scien-
tifically compared with that obtained by traditional methods and 
sufficient data were presented to reach a fair conclusion. GE chy-
mosin is ubiquitous in modern cheese production. Even the Vege-
tarian Society of the United Kingdom has supported the use of GE 
chymosin since 1987. Perhaps we can use this product as a tem-
plate for future biotech releases. 

It is also important to point out the potentially enormous bene-
fits to be realized by modification of plants that are used for food 
and forage–especially in the development of foods that are more 
nutritionally complete (15). One such recent example is the ß-
carotene “golden rice” produced by inserting two genes that 
complete the carotenoid biosynthetic pathway (34). This GE rice 
has the potential to be a major success story for plant biotech-
nology. If it is accepted, it could greatly reduce the incidence of 
vision impairment, which affects up to 3 million children annually 
and of whom 250,000 to 500,000 become blind, and at least 60% 
die within a year (1,34). The U.S. Centers for Disease Control and 
Prevention estimates that in Southeast Asia alone, 1 to 2 million 
pregnant women may be at risk from subclinical vitamin A defici-
ency (1). Furthermore, eating the GE rice could be safer than the 
alternative practice of supplementing rice with vitamin A; the 
transgenic rice allows the human body to synthesize the last step 
of the pathway from ß-carotene to vitamin A and may reduce the 
potential for vitamin A toxicity (34). If the breeding lines of rice 
hold up to further research, a single serving of rice could provide 
the recommended dietary allowance of vitamin A to millions of 
people throughout the world. This is a likely first step toward 
producing more healthful, nutritionally complete foods. 

It is also important to communicate that GE-food technology 
alone is not always the answer to complicated problems and that 
education and management strategies are often powerful (and 
perhaps nearly forgotten) tools of plant pathology. For example, a 
recent report showed that there are inexpensive and fitting alter-
natives to improving crop yields that reduce (or abolish) pesticide 
use, while being mindful of local resources (36). In this extensive 
field trial, disease-susceptible glutinous rice yields were increased 
by 89% by cropping with a disease-resistant hybrid rice, which 
controlled the rice blast fungus Magnaporthe grisea to the extent 
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that fungicides were no longer required (36). A similar success 
story is the development of Quality Protein Maize with increased 
levels of lysine and tryptophan (32). These plants were developed 
by long-term plant breeding efforts and provide a significant 
nutritional improvement for hundreds of millions of people in the 
developing world (32). This maize also retains its disease resis-
tance and agronomic characteristics. These efforts may be further 
enhanced by exploring the potential for combining these strategies 
with genetic modifications to further improve the nutritional 
quality of rice and maize, as well as introducing pathogen-derived 
resistance and host resistance genes with the tools of agricultural 
biotechnology. 

Biotechnology should not be viewed as the mythological 
monster Chimera. It is imperative that we scrutinize this tech-
nology as a prelude toward entering into thoughtful discussions 
about modern agriculture with the public. GE foods will continue 
to be a weighty global issue, and it is important for plant patholo-
gists to be able to define the risks and benefits of this technology 
to nonscientists.  
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