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As this article goes to press, it is planting season through-
out much of the northern hemisphere. Since the dawn
of agriculture, farmers have planted seeds containing

the genes that Nature gave them. But for nearly the past
decade, some of the seeds in the ground have been genetically
engineered by humans to make better food, feed, fiber, and
even medicine. Despite vehement opposition from a significant
number of countries around the world, more such “genetically
modified” (GM) crops will be planted this year than last. 

So, if indeed the biblical “time to sow” is truly upon us in the
biotechnology revolution in agriculture, what exactly do we
expect to reap from these transformed plants? Surely all of this
promise cannot be just to provide the much-touted herbicide resist-
ance, which seems to benefit primarily only the manufacturers of
a handful of agricultural chemicals and the farmers who use them.
No, much more than that, the promise is of greater crop yields
from insect- and disease-resistant plants, of less rather than more
pesticide use, of safer and healthier foods. The promise is of crops
that can withstand a wide variety of environmental traumas, from
drought to salt incursion, from early frost to global warming.

So, is the next generation of agricultural biotechnology
upon us? Or are the sowers another generation of hypers and
hucksters instead? Believers and skeptics abound on both sides
of the fencerows, and the truth, if not the compromise position,
seems to straddle them. 

Why should any of this be of particular interest to chemists
other than in their roles as consumers and concerned citizens?

Agricultural biotechnology might 
be entering a new phase of scientific
maturity even as the war for global
acceptance continues.

MARK S. LESNEY
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First of all, much of this work is being
done by or in conjunction with major chem-

ical or pharmaceutical firms and has a
direct impact on employment and industry.

More importantly, most of the research involves
the understanding and manipulation of complex

biochemical pathways relevant to plant growth and
human nutrition—more traditional chemistry than

biology, by far.

The Current Crop
Herbicide tolerance is by far the most commonly exploit-

ed trait in GM crop species today. Such crop plants include
the popular Roundup-Ready and LibertyLink brands of corn

and soybeans. In the United States in 2002, 75% of soybeans,
56% of cotton, and 10% of corn were engineered for herbicide

tolerance (1). Insect resistance, generally obtained through the
incorporation of the gene for a bacterial toxin that kills certain
insect species, showed up in 24% of the corn and 35% of the
cotton in 2002. Resistance to pathogens such as viruses and fungi
accounted for much smaller percentages (1).

A handful of processing and nutritional traits have also been
modified in commercially available products, but to a much less-
er extent than the production-oriented traits focused on in
farm biotechnology. Oilseed plants, for example, have already
been marketed with more of the healthy fat compounds (and
fewer trans-fats). Sunflower, soybean, peanut, and canola oils
have been engineered to maintain structure at high tempera-
tures, which reduces their need for processing and makes them
healthier for cooking. And soluble solids have been bolstered in
tomatoes, improving their taste and texture upon processing. 

But other than the increased production derived from killing
weeds and preventing plant diseases and insect damage, enhanced
yields as such have not emerged in commercial plantings, because
the priority for this goal is neither easy nor high. That is chang-
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ing, however, as a second generation of biotechnology crops looms
on the horizon.

Horizon Harvests
Of course, any desirable trait (and what is desirable varies wide-
ly, depending on the researcher and the crop) has, at some time,
been fair game for genetic engineering fantasies. Some of the
more exotic ideas include the old “meat in potatoes” visions of
the earliest plant biotech companies and the not-dead-yet
vision of nitrogen-fixing corn. On a more plausible level, researchers
are making progress on a host of research fronts that might lead
to improvements in nutritional status, yield, growth range, habits,
and the environmental friendliness of transgenic plants.

Biofortification. One of the key goals of the second wave of
genetic engineering of crop plant species is to produce “functional
foods”—products with altered nutritional status (such as altered
fat or amino acid composition) or increased health additives,
such as vitamins or cancer-fighting phytochemicals and antioxi-
dants. The much-touted “golden rice”, still in development, is
the current poster plant for such efforts. (“Golden” describes the
appearance of rice genetically engineered to increase its content
of vitamin A—a deficiency of which causes blindness.) Rice has
also been developed that accumulates additional iron (2).

For human nutritional needs, plant proteins generally do not
have a balanced set of amino acids in any individual crop species;
hence, the need to serve cereals with legumes—for example, tortillas
with beans—for a balanced protein meal. To address this prob-
lem, genes are being added that alter protein composition by
increasing the number of rare proteins of the appropriate type to
provide balance. Most plant staples are also high in carbohy-
drates but low in total protein, so researchers are attempting to
increase protein concentration in key subsistence crops, such as
potatoes, cassavas, and plantains. Significantly, adding addition-
al protein to potatoes has also increased its tuber yield (2).

Broccoli is highly touted as being good for you because it has
a wide variety of antioxidants and other phytochemicals that bene-
fit the immune system and even help to prevent heart disease
and cancers. Looking to capture more such benefits, one of the
most critical areas of research is to genetically engineer plants to
produce larger quantities or different kinds of these important
metabolic byproducts. Thus researchers are trying to increase the
content of other health-inducing nutrients, such as lycopene,
polyamines, glutathione, and vitamin E in several crop species (3).

One of the key concerns about GM crops is the introduction
of new or unknown allergens into the food supply. This has led
to the necessity for common allergen testing as part of the eval-
uation process for new GM foods. But non-GM food allergies and
food intolerance are already a fact of life for countless human
beings (as well as many family pets). Genetic engineering tech-
niques are being applied to eliminating or minimizing these aller-
gens in common foods. Soybeans, peanuts, and rice are among
the main crops being researched. Although such crops are not
likely to be on the market in the next few years, many predict
the ultimate development of hypoallergenic foods (4).

Stress resistance. Insects, diseases, and weeds are not the
only stresses faced by agricultural crops. Abiotic stresses, such
as inappropriate temperature, drought, or excess mineral salts
also routinely decrease food quality and yield. The next genera-
tion of genetically engineered plants is being developed to deal
with such stresses—something that might prove critical in the

face of global warming, or “thermogeddon”, as Rowan Sage from
the University of Toronto referred to it at a 2003 Gordon Confer-
ence on Temperature Stress in Plants.

In one example, researchers investigating high-temperature
stress at the University of Sheffield (U.K.) demonstrated that
overexpression of the enzyme β-carotene hydroxylase led to
changes in chloroplast membranes that imparted improved
tolerance to both high-light and high-temperature conditions in
the model plant species Arabidopsis (5).

The rice trehalose story is a particularly good example of how
biochemical analysis can lead to a potential genetic engineering
“fix” for a variety of abiotic plant stresses. Trehalose is a glucose
disaccharide that stabilizes biological structures in bacteria, fungi,
and invertebrates in the face of high salt, drought, and low temper-
atures. It is not present at appreciable levels in crop species.
Researchers at Cornell University demonstrated that when they
used a fusion construct of two trehalose biosynthetic genes from
E. coli, they could produce transgenic rice that accumulated
trehalose at levels 3–10 times higher than control plants. Signif-
icantly, these transformed plants exhibited continued growth, a
more favorable mineral balance, and less photooxidative damage
than nonengineered plants under salt, drought, and low-
temperature stress conditions (6). 

Other attempts at managing abiotic stress through genetic
engineering include research into rd (responsiveness to dehydra-
tion) gene effects. Transgenic tomatoes that overexpressed CBF1
(C repeat–dehydration responsiveness element binding factor 1)
showed increased freezing tolerance in the absence of prior
acclimation to cold as well as increased resistance to water
deficit stress (3). 

Enhancements et al. Beyond alterations of human food sources,
plant or animal, researchers are also focusing on trees and other
woody plants, fiber plants, and crops used specifically for animal
feed (see box, “Fiber and Feed”). Other examples of attempts to
improve crop characteristics through genetic engineering abound.
For example, research is being done to develop beans that don’t
split when they are cooked, as well as soybeans and other beans
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Fiber and Feed

Of course, farm products are not “merely” used to feed human
beings. Genetic engineering is being heavily applied to the
improvement of plants used for fiber and wood production,
including cotton and a host of woody species, including trees.
One of the most significant research areas is the development
of low-lignin trees that retain their structural integrity. Wood
from such transgenic species provides a more efficient, less-
polluting source of pulp for the paper industry (2). 

In the area of animal feeds, increasing iron absorption is
a key goal for improving nutrition. Plants with high amounts
of phytic acid sequester iron and other minerals, making them
less available. Cereals engineered to over-express the enzyme
phytase, which breaks down phytic acid, provide enhanced
nutrient availability (2). Although such research in the
developed world is often directed at improving animal feed,
there is no doubt that it could also prove beneficial to
human beings in other parts of the world whose diet is defi-
cient of the same key mineral elements



that induce less flatulence because they have more digestible
sugars. Researchers are also attempting to develop methods to
grow human biomedicines in plants as well as applying the meth-
ods of genetic engineering to the improvement and transforma-
tion of livestock. 

The Once and Future Gene
With the United States, Canada, Argentina, and China firmly
committed to GM agriculture; with Europe moving from outright
ban to labeling laws; and with India and Brazil recognizing the
seeming inevitability of the technology, GM foods and fibers appear
to be here to stay. 

But a period of retrenchment and rethinking of long-term
goals may still be in the offing. Monsanto, for example, has restruc-
tured into a more directed company with less grandiose goals—
focusing on four core crops (corn, rapeseed, cotton, and wheat)
and abandoning plans to commercialize transgenic potatoes and
other smaller-acreage crops. And with the closing of the Torrey
Mesa Research Institute (the basic plant-genetics research facil-
ity of the Swiss-based agribusiness company Syngenta), large-
scale corporate enthusiasm might indeed be showing signs of
stalling, if only temporarily (7). Still, universities, small biotech
firms, and government and nonprofit groups appear to be increas-
ing their efforts. They are researching a host of new applications
directed, in many cases, more toward yield and nutrition than
to traits primarily designed to improve production costs. Only
time will tell whether the movement into the engineering of
improved nutrition, farm-aceuticals, and new forms of stress resist-
ance will prove to be viable technologies in the field, capable of
reinvigorating the major corporate excitement of the 1990s concern-
ing the profitability of agbiotech.

Beyond profitability, according to agricultural agbiotech’s most
enthusiastic proponents, the real future of transgenic crops is in
feeding the world. According to Norman Borlaug, founder of the
Green Revolution and winner of the 1970 Nobel Prize for Peace,
the need for growing more and more food is still very real. Here
again, the potential of agbiotech remains to be seen.
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Beyond profitability, the real
future of transgenic crops 

is in feeding the world.


