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This humble soil-dwelling bacterium, discovered independently 

in Japan in 1901 and Germany in 1911, infects specific pest targets 

without any danger to people, since it is only pathogenic to insects. 

The kurstaki strain (in most garden-store organic pesticides, 

including Safer Brand Garden Dust, Monterey B.T., and Thuricide) 

is targeted specifically to Lepidoptera, including garden pest 

caterpillars such as army worms, cabbage loopers, tent caterpillars, 

and tomato hornworms, but also other lepidopterans, including 

stinging buckmoth caterpillars. Another strain, the israelensis 

strain (sold under brand names “Mosquito Dunks” and “AquaBac”) 

kills only mosquitoes and closely related insects, such as fungus 

gnats and blackflies. Mosquito dunks can be used in a fish pond 

without any harm to the fish, or to mammals or birds that drink 

from the pond. Neither strain kills bees. 

A Tomato 
Hornworm.

To anyone trying to 
grow organic food, 
Bacillus thuringiensis 
is a natural wonder. 
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Left, lesser cornstalk borer larvae 
extensively damaged the leaves 
of this unprotected peanut plant. 
Right, after only a few bites of 
peanut leaves of this genetically 
engineered plant (containing the 
genes of the Bacillus thuringiensis 
(Bt) bacteria), this lesser cornstalk 
borer larva crawled off the leaf 
and died. –Photo by Herb Pilcher.

B. thuringiensis works so well, and is so 

safe, that it should come as no surprise that 

genetic engineers resolved to take genes 

from this natural bacterium and insert them 

into corn. Rather than spraying the bacteria 

on corn plants, the corn plants would make 

their own B. thuringiensis proteins. The first 

strains of such engineered corn, known as 

Bt corn, were introduced in 1996, provid-

ing effective control of the corn borer, which 

had caused vast infestations throughout the 

United States and Europe.  

Non-target organisms
Not long after, though, questions arose about 

whether Bt corn might kill non-pest lepidop-

terans. In 1999, Cornell University entomol-

ogists Losey et al. published the results of 

laboratory experiments looking at whether 

pollen from Bt corn could harm monarch 

butterfly larvae. Monarch butterflies feed 

on milkweed, not corn, but corn is wind-

pollinated, so it is plausible that the pollen 

could be blown to milkweed fields. Losey et 

al. dusted milkweed leaves with Bt corn pol-

len, unmodified corn pollen, and no pollen 

as an additional control group. Compared 

with monarchs in the two control groups, 

the monarchs that fed on leaves dusted with 

Bt corn pollen showed a number of health 

effects, including slower growth and higher 

mortality.  

These results raised great concern among 

university biologists and the EPA. The USDA 

Agricultural Research Service provided 

funding for a consortium of biologists from 

universities in the United States and Canada 

to assess whether Bt corn posed a threat in 

the field to monarch butterflies. Their con-

clusions, in agreement with a separate study 

by the EPA, were that the threat to wild mon-

arch butterflies in the field from Bt corn was 

negligible, for the following reasons: 1) the 

amount of pollen dusted on the milkweed 

leaves in the Losey lab experiment was 

much higher than would ever occur under 

real field conditions; 2) the toxin-encoding 

In an effort to reduce corn stem-borer 
infestations, corporate and public 
researchers partner to develop local 
[transgenic] Bt (Bacillus thuringiensis) 
corn varieties suitable for Kenya.
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genes are not highly expressed in pollen, 

further lowering the dose; 3) the seasonal 

overlap between the time of monarch lar-

val feeding and pollen release in corn is lim-

ited, although the overlap is substantial in 

far northern regions; and 4) the only strain 

of corn that expresses enough toxin to mea-

surably affect monarchs, called event 176 

hybrids, constituted less than 2% of corn 

planted at the time of the study. Neverthe-

less, by 2004, event 176 hybrids had been 

phased out of commercial use in the United 

States.  

Clearly, biologists at the EPA, USDA, and 

academia consider this a serious issue. The 

concerns raised by the Losey et al. study were 

not trivial—in laboratory studies, conditions 

are often artificial, designed to show proof-

of-concept under very simplified conditions, 

and that is what Losey et al. did. While such 

findings do not necessarily reflect real-life 

field conditions, they do serve to empha-

size the importance of careful risk assess-

ment. Whenever a toxin-producing gene is 

expressed in a different organism, it sub-

stantially changes the way in which the dose 

of this toxin is delivered in the environment. 

B. thuringiensis is a soil-dwelling bacterium, 

and applying granules of the bacterium does 

not change the method of delivery nearly as 

much as having the gene expressed in corn-

fields of plants producing wind-dispersed 

pollen. For this reason, the EPA requires risk 

assessment of genetically modified plants 

that could impact the environment. (For 

specific studies underway or completed 

assessments, see http://www.epa.gov/regu-

lation-biotechnology-under-tsca-and-fifra/

overview-plant-incorporated-protectants.) 

Assessment of plants that have been mod-

ified to express natural toxins includes risks 

to human health, risks to nontarget organ-

isms and the environment, and potential 

for gene flow. (These toxins in their natu-

ral forms can also pose risks to nontarget 

organisms—while B. thuringiensis is safe 

for humans, if a vegetable garden is framed 

by butterfly garden plants, B. thuringiensis 

dusted on the vegetables could blow over, 

changing a sweet and helpful wildflower 

patch into an infectious butterfly deathtrap.)

Unhealthy agricultural practices 
enabled by transgenes
OK, so we need to be aware of the risk of 

transgenes to the environment and wild ani-

mals. But what about humans? As concluded 

in Part One of this series, GMO food prod-

ucts themselves don’t pose any significant 

health risks to humans. However, there are 

agricultural practices enabled by transgenic 

crops that could affect human health. One of 

the biggest is the use of herbicide-resistant 

plants, most infamous among them, Mon-

santo’s Roundup Ready line of crop plants.

Roundup is the brand name for glypho-

sate, a common weed-killer used in house-

holds and agriculture. Glyphosate is actually 

“However, there are agricultural practices 
enabled by transgenic crops that could 
affect human health. One of the biggest 
is the use of herbicide-resistant plants, 
most infamous among them, Monsanto’s 
Roundup Ready line of crop plants.”

Glyphosate

The first transfusion of human blood 
is performed by Dr. James Blundell.1818

The first hysterectomy is 
performed in England.1843

Ether is introduced as a 
general anesthetic in surgery.1843-1844 1847
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These toxins in their natural forms can also pose risks to 
nontarget organisms—while B. thuringiensis is safe for 

humans, if a vegetable garden is framed by butterfly 
garden plants, B. thuringiensis dusted on the vegetables 
could blow over, changing a sweet and helpful wildflower 

patch into an infectious butterfly deathtrap.

a relatively safe herbicide, compared with 

earlier herbicides such as paraquat/diquat 

and 2,4,5-T (Agent Orange), which contained 

the byproduct contaminant TCDD (dioxin). 

Roundup works by inhibiting an enzyme, 

EPSPS, that is only found in plants, fungi, 

and bacteria, not animals. Further, it adsorbs 

(sticks) to soil quite strongly, reducing con-

tamination of water, and its half-life in soil is 

about a month and a half. In some ways, it is 

environmentally beneficial, as it can be used 

to kill weeds before planting crops, which 

allows crops to be planted without tilling 

first. Tilling produces erosion and runoff, 

depositing fertilizers and residual insecti-

cides into waterways.  

However, the fact remains that glypho-

sate residues have been found on vegetables 

several months after application, and while 

some sources, such as the EPA, consider 

it safe for humans, not all sources agree. 

Most notably, the International Agency for 

Research on Cancer (IARC) of the WHO has 

classified it as a probable carcinogen (class 

2A), based on epidemiological evidence, 

particularly for non-Hodgkin’s lymphoma in 

workers, animal studies, and in vitro mecha-

nistic data. IARC classifications tend to favor 

caution—other examples of IARC class 2A 

carcinogens include yerba mate beverage, 

red meat, and emissions from high-temper-

ature frying of food—so getting cancer from 

eating conventionally grown vegetables is 

highly unlikely at this point. (For compari-

son, processed meat is a much more dan-

gerous carcinogen—Type 1, “carcinogenic to 

humans”—so eating hot dogs is much more 

risky than eating Roundup-Ready crops 

exposed to glyphosate.)  

That said, what if the amount of glypho-

sate sprayed on crops steadily increases? 

This is an issue because, while plants like 

Roundup Ready crops are engineered to 

withstand applications of glyphosate, evo-

lution will also, inevitably, favor the devel-

opment of resistance in weeds as well. It’s 

a matter of selection, simple Darwinism. 

A 2015 USDA report found that a substan-

tial number of farmers who encountered 

glyphosate-resistant weeds responded by 

increasing the amount of glyphosate applied 

(25 percent of corn acres with resistant 

weeds and 39 percent of soybean acres with 

resistant weeds). 

One response is to engineer crops that 

are resistant not only to glyphosate but 

also to other herbicides, including 2,4-D 

and dicamba. Monsanto is, in fact, planning 

to release a new herbicide mix, Roundup 

Xtend, that contains both glyphosate and 

dicamba together, in concert with a new 

line of soybeans called Roundup Ready 2 

Xtend soybeans. Evolution, however, favors 

the development of resistance, raising fears 

that crops will continue to be engineered 

with resistance to more herbicides, further 

increasing the amount and variety of her-

bicides sprayed.

It’s important to remember that herbi-

cide-resistant plants are not all GMOs. Tri-

azine-tolerant plants began with strains of 

related plants that spontaneously evolved 

to be resistant, under conditions of triazine 

use in the field. These strains were bred with 

commercial crops, cultivated, and selected 

“butterfly deathtrap”

James Simpson begins 
using chloroform.1847

British surgeon Joseph Lister publishes Antiseptic 
Principle in the Practice of Surgery, extolling the virtues 
of cleanliness in surgery and leading to an impressive 
reduction in surgical mortality.

1867

The first successful appendectomy 
is performed in Iowa.1885
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While new, though, biopharming is just the reverse 
of a very old-fashioned practice—most medicines we 
have were either isolated from plants or are modified 
derivatives of compounds isolated from plants. 

“Biopharming”

for the resistant trait, leading to triazine-

resistant canola. These are traditional breed-

ing techniques, not genetic modification, but 

they present the same type of health issue as 

engineered Roundup Ready crops. The risk 

is due not to the plants themselves but the 

increased use of herbicides enabled by these 

plants. Whether the plants have been pro-

duced through genetic engineering or tradi-

tional breeding is immaterial; it is the prac-

tice of increased pesticide use that is at issue. 

Transgenic organisms on the loose
In general, transgenic crops are developed 

to express enhanced properties, and while 

the new organisms are tested for safety, the 

properties are not designed to affect human 

health, other than by enhancing nutrition. A 

somewhat different situation is that of bio-

pharming, or the growing of pharmaceu-

ticals in plants. This rather new practice 

of engineering plants to make medicines 

seems revolutionary, allowing a far lower 

cost of production than factory-produced 

pharmaceuticals and a more humane alter-

native to animal-grown ones (such as anti-

bodies). While new, though, biopharming is 

just the reverse of a very old-fashioned prac-

tice—most medicines we have were either 

isolated from plants or are modified deriv-

atives of compounds isolated from plants. 

Genetic engineering, however, allows the 

development of specific products accord-

ing to need, and targets have included not 

only the sorts of pharmaceuticals that natu-

ral plants produce, but also vaccines, anti-

bodies, and even industrial enzymes.

A major difference between natural 

medicinal plants and biopharmed plants is 

that the latter are often farmed in food crops. 

Whereas aspirin was derived from salicy-

lates found in willow bark, willow bark was 

never a major food source. Other medicinal 

plants that are also eaten as food, such as 

elderflowers and elderberries, are eaten in 

amounts culture and tradition have deemed 

to be healthy. In contrast, if a pharmaceu-

tical is produced in corn, the plants will be 

engineered to produce a good yield to make 

the product economically viable. If such 

genes introgressed into food corn, people 

could unwittingly end up getting a dose of 

unwanted medicine along with their corn 

on the cob. One solution to this risk is to use 

non-food crops; the Ebola medicine ZMapp 

was biopharmed in a plant, Nicotiana ben-

thamiana, that is closely related to, but dif-

ferent from, commercially produced smok-

ing tobacco, Nicotiana tabacum. Duckweed 

has also been used in biopharming.

While non-food plants can be used, there 

are good reasons to use food plants instead. 

Food organisms are often very well-under-

stood in terms of genetics, and therefore eas-

ier to genetically engineer. Also, since the 

infrastructure is in place for high yields, and 

there is familiarity with growth, harvesting, 

and storage, food crops are poised to have 

lower costs of production. Finally, their 

very edibility may be an advantage: Eliza-

beth Hood, a professor of plant biotechnol-

ogy at Arkansas State University, explains 

that “if a pharmaceutical or vaccine is to be 

delivered orally, then having it in a food crop 

increases its safety.” Further, when working 

with a known food crop, “all plants are com-

pletely free of animal pathogens, so [there’s] 

no danger of transmitting a disease organ-

ism such as a virus.”

So, what about the possibility of these 

plants breaking loose and consumers unwit-

tingly getting vaccines along with their 

Rubber gloves are first 
used in surgery.1890

Wilhelm Roentgen discovers x-rays.1890-1895

First successful heart surgery 
performed in Germany. 1896
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produce? According to Dr. Hood, “USDA 

APHIS has pretty strict regulations for grow-

ing biopharmaceutical crops in the out of 

doors. There are restrictions on how far the 

crop must be from similar crops, tempo-

ral differences for planting, and equipment 

cleaning.” She continues, “An additional con-

cept for containment is that the world mar-

ket for most pharmaceuticals is tiny com-

pared to the market for food. Thus, the world 

demand for something like a HepB vaccine 

could be grown on a few hundred acres of 

corn—something easily accomplished in 

an isolated field away from the corn belt. 

Smaller market vaccines would take even 

fewer acres.”

In 2002, two breaches in biopharm-

ing protocol occurred; whereas fields 

with biopharmed 

plants were to be 

left fallow for one 

year before plant-

ing any food crops, one farmer planted soy-

beans in a field that had just been used for 

biopharmed corn. Small “volunteer” corn 

plants grew in the field along with the soy-

beans, which would have contaminated 

soybean products with a small amount of 

biopharmed corn. In the other incident, a 

biopharmed corn field was located too close 

to a food corn field, introducing the possi-

bility that biopharmed corn pollen could 

cross breed with food corn. Together, these 

incidents caused an outcry among groups 

concerned about the possible release of 

GM pharmaceutical plants. The USDA fined 

the company and ordered all of the crops 

destroyed. According to Dr. Hood, who had 

worked for the company but left before the 

incidents occurred, these events “involved a 

breach of compliance, no real danger to the 

environment or to people.” Still, she says, “a 

breach of compliance implies a breach of 

safety and should never be done no mat-

ter what.” No such breaches have occurred 

since then, so it does appear that protocols 

are being taken seriously by all farmers 

involved, but they serve to emphasize the 

importance of USDA vigilance and compli-

ance with the regulations set forth. Impor-

tantly, even in these two worst-cases, the 

USDA’s regulatory and enforcement arms 

did exactly what they were supposed to 

do; no contaminated products reached any 

consumers.

Since plants are stationary, with limits to 

how far pollen can move from the parent, 

they are relatively easy to contain. This is 

not true, however, with mobile organisms, 

and especially organisms that can move 

over long distances, like ocean fish. Fish 

have been engineered to grow several times 

as fast as their non-modified relatives, and 

could easily outcompete native fish if they 

escaped into the wild. The potential prob-

lem of invasive organisms is not limited 

to transgenic ones; it is shared by all fish 

bred to express traits that may allow them 

to outcompete native fish. (Of course, most 

invasive organisms have been neither modi-

fied by engineering nor by traditional breed-

ing techniques.) However, while the threat 

posed by conventionally bred fish may have 

the same nature as that posed by genetically 

engineered fish, the degree may be greater 

“Fish have been engineered 
to grow several times as fast 

as their non-modified 
relatives, and could easily 
outcompete native fish if 

they escaped into the wild.” 

“In the other incident, a 
biopharmed corn field 
was located too close 

to a food corn field, 
introducing the possibility 

that biopharmed corn 
pollen could cross breed 

with food corn.”
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in engineered fish, which can express dras-

tically different proteins that give rise to the 

potential for an “invasiveness on steroids” 

scenario. Of special concern are genes, such 

as those increasing cold tolerance, that 

could allow the new fish breeds to swiftly 

expand into different territories.  

Further, as pointed out by Purdue profes-

sor William Muir in a 2004 EMBO Reports 

review, domesticated fish are bred (via tra-

ditional breeding or engineering) for growth 

in captivity, where predators are not pres-

ent and food is ready available. They may 

very well have lost instincts vital for avoid-

ing predators and obtaining food.  If they 

interbreed with wild fish, there could be an 

overall loss of fitness.  While this lack of fit-

ness would very likely curb the expansion of 

escaped fish, Dr. Muir emphasizes the need 

for solid and careful risk assessment for new 

breeds of fish—whether conventionally bred 

or genetically engineered. 

The same principle applies to insects 

or any other mobile organism that could 

escape into the wild. We have already seen 

the staggering ecological damage done by 

non-native species that become invasive, 

and while the bulk of the impact is on the 

environment, human health can also be 

affected, both indirectly and directly. For 

example, the introduced Solenopsis invicta 

fire ant, native to South America, is spread-

ing through pastureland in the U.S., espe-

cially in the South. Control of the fire ants is 

expensive for farmers, perhaps discouraging 

free-range ranching and encouraging fac-

tory farming, with all its inherent problems 

for human health. At the same time, fire ant 

bites can be not only painful, but inflict seri-

ous injuries, especially on young children.

Transgenes on the loose
The last category of unintended effects, 

potential for gene flow, is one of the greatest 

concerns of anti-GMO groups. In 2001, UC 

Berkeley Environmental Science research-

ers Chapela and Quist published inverse 

PCR data that they claimed proved wide-

spread infiltration of transgenes into Mexi-

can corn, even though cultivation of geneti-

cally modified corn is illegal in Mexico. The 

report, however, was criticized as method-

ologically flawed—the data reported by Cha-

pela and Quist did not constitute evidence of 

transgenes, but artefacts due to poor primer 

choices for a highly sensitive technique, said 

UC Berkeley and USDA biologists Kaplinsky 

et al.; what they probably detected was in 

fact an endogenous (natural) mobile genetic 

element in the corn. Subsequently, a team of 

Mexican and American researchers, Ortiz-

Garcia et al., conducted a large-scale sam-

pling of Mexican maize landraces, and found 

no evidence of any transgenes. 

Then, in 2008, Piñeyro-Nelson et al., in a 

more methodologically careful study than 

the one reported in 2001, reported evidence 

of transgenic sequences in maize in some 

samples from the same localities identified 

by Chapela and Quist. However, in 2009, this 

was followed by a publication in the same 

journal, Molecular Ecology, by Schoel and 

A floating “raft” of red imported fire 
ants (RIFA) in North Carolina over land 
that normally forms the bank of a pond. 
The land had become submerged due 
to excessive rain and resultant flooding 
which inundated the nest. The raft 
is anchored to some blades of grass 
extending above the water’s surface.R
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Novocain is used as a local 
anesthetic.1905

The first non-direct blood 
transfusion is carried out.1905-1914

First documented plastic surgery 
performed, on a burned English sailor.1917

First metal hip replacement 
surgery performed.1940
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Fagan, biologists at Genetic ID, a company 

Piñeyro-Nelson et al. used in their study, 

criticizing the methodology and asserting 

that sequences that were classified as posi-

tive should have been reported as negative. 

Piñeyro-Nelson et al., in turn, contested this 

assessment, again in the same journal.

To say the least, the idea that transgenes 

have introgressed into non-engineered corn 

is controversial. Setting aside the science of 

whether or not this has actually happened, 

what would be the consequences if it had? 

Among the most important would be that 

the transgenic corn, through it’s selective 

advantage, could push out native strains 

and thereby lower global diversity of these 

crop plants. Elimination of “heirloom” vari-

eties could result in the loss of traits provid-

ing micronutrients of value to human health 

as well as other qualities a diverse popula-

tion can bring.  

As with other issues related to GMOs, 

this problem could occur whether the new 

strains were developed using genetic engi-

neering or traditional plant breeding tech-

niques. (In point of fact, in nature, genes do 

“horizontally transmit” on occasion—moving 

from one organism to another completely 

different organism, most often via elements 

like retroviruses.) This is a serious concern 

with bred or engineered strains because 

farmers like to use the “best” variety—that 

with the highest yield, most disease resis-

tance, etc.—and therefore are not motivated, 

in terms of profit, to maintain a diverse pop-

ulation of strains. 

The abandonment of local crop varieties 

over the past several decades is staggering—

the UN’s Food and Agriculture Organization 

estimates that 75% of crop biodiversity has 

been lost from the world’s fields. Among 

the best solutions to this potentially serious 

problem is the maintenance of seed banks, 

repositories of a diverse array of seeds from 

different varieties of plants. Plant biotech-

nology companies themselves maintain seed 

banks, and use the stocks in developing new 

varieties. However, these banks are relatively 

small, and contain varieties likely to be help-

ful in the companies’ for-profit missions. For 

this reason, national, government-main-

tained seed banks are crucial.  

Besides seed banks, the encouragement 

of small-scale growth of heirloom varieties 

of vegetables is vital to the maintenance of 

both diversity and processes of natural evo-

lution. Spontaneous evolution, after all, can 

create surprising new varieties that could 

have benefits not foreseen by engineers. 

When it comes down to it, while there’s no 

reason to be paranoid about genetically 

engineered plants, traditional crop variet-

ies most certainly are something to be cher-

ished. After all, while GMO rice and beans 

(or corn tortillas and tofu) are healthy sta-

ples, a variety of herbs, spices, and diverse 

vegetables are key to long-term health and 

protection against diseases like cancer. So, 

while continued vigilance by USDA, EPA, and 

academic biologists is important, there’s no 

need to worry if your budget requires you 

to buy mainly conventionally grown staples. 

Just save a little cash or gardening/foraging 

time to supplement those staples with some 

native blackberries, chanterelle mushrooms, 

or savory heirloom tomatoes—diversity is, 

after all, as delicious as it is healthy!  n

Heirloom 
tomatoes

The abandonment of local crop varieties over 
the past several decades is staggering—the UN’s 
Food and Agriculture Organization estimates that 
75% of crop biodiversity has been lost from the 
world’s fields. Among the best solutions to this 
potentially serious problem is the maintenance 
of seed banks, repositories of a diverse array of 
seeds from different varieties of plants. 
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