
“As you set out for Ithaka,” writes C.P. Cavafy in his poem of the same name, “hope the voyage is a long one, full of adventure, 
full of discovery.” For 150 years, Cornell University’s journey has been one of great discovery and dimension. Looking back 
on the history of this university offers an incredible array of notable events—the founding of programs, the transitions of 
leadership, the dedication of buildings, and the successes noted by attaining awards and commendations. 
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Also central to the fabric of Cornell are the discoveries that populate the course of our research programs since our founding. 
In the College of Agriculture and Life Sciences, that spans a wide spectrum of the agricultural and life sciences as well as the 
social, physical, and management sciences. The following pages highlight just a sampling of findings and facts to illustrate 
the expanse of the impacts emerging from these first 150 years. Photo: Robert Way
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Furthermore, the team found that the microbe that was most 
strongly affected by their human host’s genetics, Christensenella, 
is one firmly linked to leanness versus obesity. 

“There’s more of it in thin people compared to obese 
people,” Ley said. “So here we have a bug that seems to be 
tracking human genotype, a genetically selected bug that’s 
helping people be thin. But how does this work. What is it 
doing? Is it changing the immune profile? Changing the way 
the body processes carbohydrates? Is it changing the way 
the food’s used? Maybe it’s reducing inflammation? No clue. 
That’s what my lab is working on now.”

Anthony Hay, also associate professor of microbiology, 
studies the biodegradation of environmental pollutants, 
including pollutants that have been linked to diabetes. One 
compound that’s known to be associated with increased risk 
of diabetes is arsenic, which naturally occurs in high levels 
in the soil and water in some parts of the world, where it can 
accumulate in food and drinking water.

In discussions with Ley, Hay began to wonder what role the 

gut microbiome might play in degrading pollutants within the 
body and what effect that might have on obesity and diabetes. 

“We know that arsenic can be transformed by the gut 
microbiome into toxic intermediates,” Hay said. “How does 
the microbiome transform other chemicals? And what impact 
might that have on the liver, or the immune system, or the 
potential to develop diabetes?”

Hay and visiting food science fellow Suzanne Snedeker 
published an influential paper in 2012 that reviewed numer-
ous studies and suggested researchers take a closer look into 
the interaction between the gut microbiome and environmen-
tal chemicals. 

“We found evidence that variation in the gut microbiome 
likely affects a person’s exposure to chemicals that promote 
weight gain and raise the risk of diabetes,” Hay said. “Com-
bating the global obesity and diabetes epidemics will require 
greater emphasis on multifaceted approaches to understand 
the internal and environmental factors that increase the risk 
for diabetes.” 

FROM DIABETES TO CANCER 
Jason Locasale, an assistant professor in the Division of Nutritional Sciences, is using information gained from diabetes research to 
tackle another big target: cancer. After 20 years of routine use of Metformin as a drug to treat type 2 diabetes, researchers have found 
that it also dramatically decreases incidences of cancer, but they have no idea why. One leading hypothesis is that it aids the fight 
against both diabetes and cancer because it affects metabolism specifically, changing, in the case of cancer, the cells’ metabolism 
to one that is not conducive to cancer’s prolific cell growth. In his quest for answers, Locasale has collaborated with practicing 
physicians. “We are working on how this drug affects cancer in cell lines, tumors in mice and biopsies of patients with cancer. We’ve 
been involved in experiments on giving patients Metformin before surgery and seeing how the Metformin interacts with the biopsied 
tumors,” Locasale said.

ANTHONY HAY

By Sarah Thompson

Is a genetically engineered papaya a food to be feared or the best 
hope for a tropical industry? Would you try a French fry made 
with potatoes genetically modified to resist a devastating blight? 
In the race to stay one step ahead of crop pests and diseases 
that threaten farmers and food supplies around the world, 
scientists across Cornell’s College of Agriculture and Life 

Sciences (CALS) use every available tool, including genetic 
engineering. The technology was in its infancy 30 years ago 

when two CALS scientists made biotech breakthroughs 
that shaped the future of fighting plant disease; today, 

CALS scientists use genetic engineering to study the 
molecular mechanics of plant disease resistance and 

as one tool for sustainable pest management. CALS 
faculty are also playing an equally valuable role 

by evaluating the safety and effectiveness of 
genetically engineered crops, enabling 

farmers, regulators and consumers 
to make well-informed decisions.
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A NEW TOOL WITH A PIONEERING 
CALS HISTORY

Margaret Smith ’78, Ph.D. ’82, 
corn breeder and associ-
ate director of the Cornell 
University Agricultural 

Experiment Station, doesn’t use biotech-
nology in her breeding program, but you 
wouldn’t guess that from her speaking 
schedule. She frequently talks about the 
science of plant breeding and genetic 
engineering at regional extension offices, 
industry trade meetings and even garden 
clubs. Her goal is to help people under-
stand what biotechnology is, who is us-
ing it, and what scientists currently know 
about it, from the unique perspective of a 
knowledgeable observer.

“Biotechnology is a new tool layered 
on top of a long history of crop genetic 
changes,” Smith said. “The origins of all 
traits bred into plants and animals are 
mutations. These are naturally occurring 
mistakes when DNA is copied. Random 
mutations happen all the time. Most are 
not really useful.”

Farmers have been exploiting these 
mistakes for thousands of years, selecting 
and replanting plant varieties they found 
to have useful mutations, like bigger fruit 
size or disease resistance, Smith said. In 

conventional crossbreeding, breeders 
use the pollen from selected plants to 
produce hybrids, offspring that tend to 
be more vigorous and have better yields 
than their parents. 

It’s not an exact science because so 
many genes are involved. The genomic 
complexity is a contrast to genetic engi-
neering.

“With genetic engineering, you have 
a plant variety and a gene donor and 
are moving one or a few genes from the 
donor into a plant,” Smith said. “DNA 
inserted into plants is read as just part of 
the plant’s genetic instructions.”

The ability to express foreign DNA 
inside a plant’s genome offers Marc 
Fuchs a promising avenue to combatting 
viral plant diseases, especially in woody 
fruit crops where growers need variet-
ies that can thrive for decades. Fuchs, an 
associate professor of plant pathology 
and plant-microbe biology at Cornell’s 
New York State Agricultural Experiment 
Station in Geneva, is using the technol-
ogy as a tool to engineer virus resistance 
in fruits using genes from the pathogens 
themselves. 

“It’s crucial for plants to have this re-
sistance genetically because no chemical 

“Biotechnology is a new 
tool layered on top of 
a long history of crop 
genetic changes. The 

origins of all traits bred 
into plants and animals 

are mutations. These 
are naturally occurring 
mistakes when DNA is 

copied. Random mutations 
happen all the time. Most 

are not really useful .”
 –Margaret Smith, Professor of

Plant Breeding and Genetics.

Q: Am I eating genetically 
engineered food?

The answer is mostly likely yes, but it depends on how you purchase your 
food. About 60 to 70 percent of packaged foods in the supermarket—products 
that come in boxes and cans—contain ingredients derived from genetically 
engineered plant varieties. Products made from corn and soy are the obvious 
ones, because 90 percent of the U.S. acreage of these crops is planted with 
genetically engineered varieties. There are a whole slew of additional products 
that have corn or soy derivatives in them.

Q:
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works against viruses. Genetic engineering is the only approach 
to achieve resistance in some crops,” Fuchs said.

A pioneering CALS scien-
tist first proposed pathogen-
derived resistance in 1984. 
Geneva-based horticulturalist 
John Sanford was investigating 
the molecular basis of a phe-
nomenon that biologists and 
breeders had noticed for years: 
the ability of plants to develop 
some resistance after exposure 
to weak versions of viruses in 
the field.

Sanford and Stephen 
Johnston, a plant geneticist at 
Duke University, proposed that 
inserting a weakened segment 
of viral DNA into a plant’s ge-
nome could trigger its defense 
mechanism and confer resis-
tance, roughly analogous to how vaccinations work in humans. 
A year later, their theory was validated and demonstrated by 
another scientist, who used the method to confer virus resis-
tance in tobacco. 

Fuchs’ mentor Dennis Gonsalves, emeritus professor of 
plant pathology and plant-microbe biology, was eager to test 
Sanford’s theory in the field using Sanford’s groundbreaking 
1987 invention of the biolistic gene gun, capable of inserting a 
target gene into living cells. At the time, Gonsalves was work-
ing against the clock to help papaya farmers on Hawaii’s Big 
Island fight the devastating papaya ringspot virus, which had 

destroyed the industry on Oahu 30 years earlier.
With the help of Sanford’s gene gun, and after years of field 

trials and federal testing, 
Gonsalves and colleagues 
at the University of 
Hawaii created the first 
virus-resistant transgenic 
papaya. In 1997, the 
‘Rainbow’ papaya gained 
deregulated status in 
the U.S.; the following 
spring, free seeds were 
distributed to Big Island 
growers. The variety is 
now grown on the Big 
Island, Oahu and Kauai, 
and it was approved for 
sale in Japan in 2011.

“The industry was 
in trouble. We had a 
solution,” Gonsalves 

said. “This was about the public sector doing the work, not big 
companies.”

DISARMING PESTS, STUDYING EFFECTS
Today, Fuchs continues Gonsalves’ work, partnering with him 
to test resistance of transgenic papaya to different strains of 
the papaya ringspot virus. Recently, Mexican papaya growers 
approached them to help develop engineered virus-resistant 
hybrids using the country’s most popular papaya varieties.

Fuchs also is working to engineer resistance to the grapevine 
fanleaf virus, which is transmitted by soil-borne nematodes 

“There is no natural resistance to this 
virus in grapevines, but if we can protect 
the rootstocks, we can protect the scion. 
Only the rootstock will be genetically 
engineered.”
         –Marc Fuchs, Associate Professor of Plant Pathology 
           and Plant-Microbe Biology
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Q: What about fresh
produce?

If you look at the fresh produce section, there is almost 
nothing there that is genetically engineered. Most fruit 
and vegetable varieties are produced through conventional 
breeding after years—and sometimes decades—of effort. The 
exceptions are papaya, squash and sweet corn. The genetically 
engineered papaya is grown in Hawaii and more likely to be 
seen in West Coast groceries. The squash has seen little 
adoption commercially. Genetically engineered sweet corn is 
being grown for fresh market use (not processing), so it may 
be found at farm stands or in grocery stores.
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that feed on a grapevine’s roots, moving 
the virus along the root system to infect 
healthy vines, causing poor fruit set, low 
yields and eventually death. For more 
than a century, grape growers around 
the world have relied on vineyards 
composed of grafted plants; the scion 
is the familiar fruiting variety, such as  
‘Chardonnay’ or ‘Thompson Seedless,’ 
and the rootstock is a variety selected for 
disease resistance rather than flavor. This 
system offers the opportunity to geneti-
cally engineer the rootstock and leave the 
scion—and its genome—unchanged. 

“There is no natural resistance to this 
virus in grapevines, but if we can protect 
the rootstocks, we can protect the scion,” 
Fuchs said. “Only the rootstock will be 
genetically engineered; the fruiting part 
will be the grower’s favorite variety.”

Fuchs’ work aligns with other projects 
underway at CALS to find alternatives 
for managing plant pests and diseases in 
vegetable crops, like potatoes. Late blight 
is a disease that strikes both potatoes 
and tomatoes, caused by a pathogen that 
travels quickly via wind and water to 
wipe out entire fields in days. It has been 
making headlines since the Irish Potato 
Famine in 1845.

“It’s one of the most devastating 
diseases of potatoes worldwide. When it 
comes, it’s crushing,” said CALS potato 
breeder Walter De Jong. 

The solution in the U.S. is to apply 
fungicides to seeds or use frequent 
sprays throughout the growing season. 
In the mid-1990s a more aggressive 
Mexican strain of late blight migrated to 
the Northeast, and now some prevalent 
strains are immune to the widely used 
fungicides.

“It takes 25 percent more fungicide 
now to get the same level of control as 
it did before the migration,” said plant 

pathologist Bill Fry Ph.D.’70. 
Fry would like to help farmers get bet-

ter control using fewer fungicide applica-
tions. He’s teamed up with several CALS 
colleagues on USAblight, a multi-institu-
tional, interdisciplinary USDA National 
Institute of Food and Agriculture-funded 
project to thwart late blight outbreaks 
through enhanced monitoring, communi-
cation and development of more disease 
resistant plant varieties, including both 
conventionally bred and genetically engi-
neered varieties. 

Recently, Fry pinpointed the 
geographical origins of late 
blight in Mexico, and he 
is now experiment-
ing with transfer-
ring resistance 
genes identi-
fied in a wild 
potato into 
commer-
cially valu-
able potato 
varieties. 

 “These 
will not be 
permanent 
solutions 
because patho-
gens continue to 
evolve. But they 
allow quicker devel-
opment of new resistant 
cultivars,” Fry said.

Tony Shelton understands the seri-
ous threat of pests evolving resistance 
to pesticides and genetically engineered 
crops. Shelton, a Geneva-based professor 
of entomology and associate director of 
CALS International Programs, studies 
the evolution of pesticide resistance in 
insects and makes recommendations 
to growers on the most effective and 

sustainable integrated pest management 
programs, which provide farmers with a 
range of least toxic biological, mechani-
cal, organic and chemical pest controls. 
The goal, Shelton said, is to produce a 
crop that’s safe for the environment and 
consumers while simultaneously delay-
ing the evolution of insect resistance to 
any control tactics.

“Rather than relying on one pest man-
agement tactic, we try to integrate lots of 
them,” Shelton said.

For more than two decades, Shelton 
has been studying the evolution of 

insect resistance to Bacillus 
thuringiensis or Bt, a 

common soil-borne 
bacterium that 

produces its own 
insecticide. 

After caterpil-
lars ingest Bt, 
the crystals 
become toxic 
when acti-
vated inside 
their alkaline 
guts.

Bt has been 
available as 

an insecticidal 
spray for organic 

and conventional 
farmers, as well as 

home gardeners, for 
decades. In 1996, the private 

sector introduced genetically engineered 
Bt corn and cotton that produce the Bt 
protein as a self-defense from certain 
insects. With the potential to use Bt on 
a wider scale, there was concern about 
possible insect resistance that would ren-
der the Bt—whether deployed as a spray 
or as a genetically modified variety—less 
effective. The Environmental Protection 

Q:Are they safe to eat?

Food safety assessment follows the principle of ‘substantial equivalence.’ That means that the new product in a genetically 
engineered variety is evaluated very thoroughly, the same way you would evaluate a new food additive or a new dye. In 
addition, the composition of everything we know to be nutritionally important is compared to non-genetically engineered 
varieties. If there is not any difference between them, they are considered to be substantially equivalent. Safety testing 
is only required if they are not substantially equivalent or if they contain new antibiotic resistance markers that are 
part of the genetic engineering process, uncharacterized genetic elements (bits of DNA with unknown function), or any 
higher toxin levels or potential for allergenicity. These trigger mandatory food safety testing. For products that have been 
commercialized already, I have not seen any evidence of risks to food safety. They’ve been looked at pretty thoroughly. As 
new products come through the pipeline, we will need to look at them on a case-by-case basis and use our best science and 
our best understanding to make sure that we are being thoughtful about what any particular risks may be.
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Agency decided to 
require all Bt crops, but 

not Bt sprays, to have 
strategies in place to delay 

the evolution of resistance.
Four years before the approval 

of Bt corn and cotton, Shelton was 
already doing foundational research that would inform 
regulators and scientists about potential strategies to manage 
resistance. This work became the basis for many of the EPA’s re-
quirements regarding insect resistance management in Bt crops.

Today, Shelton is particularly concerned about farmers in 
developing countries who lack access to the latest pest-resistant 
technology and rely heavily on traditional chemical pesticides 
to control pests in staple crops like eggplant, bananas and 
potatoes.

“There’s a need for these genetically engineered products 
out in the world. Fruits and vegetables worldwide account for 
about 45 percent of all insecticides used, and we can reduce that 
through GE crops,” Shelton said. 

Through CALS Interna-
tional Programs, Shelton 
is part of a public-private 
consortium funded by the 
United States Agency for 
International Develop-
ment (USAID) to help de-
veloping countries make 
informed decisions about 
biotechnology and, where 
there is demand, facilitate 
the safe development 
and commercialization 
of genetically engineered 
crops. These efforts will 
be expanded signifi-
cantly through a new $5.6 
million grant to CALS 
International Programs to 
build information-sharing efforts through a new global network 
linking scientists, regulators and farmers (see sidebar).

BETTER COMMUNICATION, BETTER DECISIONS
Outside the lab, CALS plant and social scientists also work 
together to provide the public more direct access to the latest 
evidence-based information on genetic engineering in agriculture 
because, ultimately, consumers will determine the fate of geneti-
cally engineered crops in the marketplace and grocery aisles. 

In addition to Smith’s talks, Fuchs and Shelton periodically 
offer local high school students a hands-on forum for learning 
about and discussing the science of biotechnology. And research-
ers are also looking deeper to understand what affects a consum-
er’s support or rejection of genetically engineered foods. 

Christine Smart, Geneva-based associate professor of plant 
pathology and plant-microbe biology and the coordinator of 
USAblight’s outreach component, enlisted the help of Katherine 
McComas Ph.D. ’00, professor of communication, to better un-
derstand how people communicate about new technologies and 
how that might impact their acceptance of such solutions. 

McComas and colleagues surveyed a sample of more than 800 
grocery shoppers with a questionnaire designed to shed light on 
attitudes toward genetically modified foods, from specific foods 
like French fries to specific contexts like drought or diseases. 
They then looked for what influences these attitudes: Was basic 
knowledge about the facts of biotechnology important? Were 
people swayed by information about past famines or the regula-
tory pipeline that determines what is safe for human consump-
tion?

McComas found that 
consumer attitudes about 
biotechnology are based on 
the perceived trustworthiness 
and fairness of scientists and 
decision-makers, not necessar-
ily on people’s knowledge of 
genetic engineering or a tale of 
famine. 

“People want to have a 
voice in decisions that affect 
them, and when you’re talking 
about the food they eat, they 
want to know that scientists 
are listening and responding 
to their concerns,” McComas 
said. 

Information about the nuts 
and bolts of biotechnology, 

McComas said, is not always what consumers crave. Instead, her 
work shows that acceptance of biotechnology depends not only 
on what people know but also on whether they believe scientists 
and decision makers are being transparent about who benefits, 
as well as respectful of consumer concerns and open about their 
findings.

Shelton agrees.
“Science is not done in a vacuum,” he said. “It has political 

and societal consequences.”

Q:What role do you see for 
scientists in the dialogue about 
genetically engineered foods?

Some questions and concerns we can address as scientists. We 
can address how widely used they are, look at environmental 
impacts and test food safety. But as far as labeling of genetically 
engineered foods, concerns about consolidation in the 
agriculture industry and profits, and ethical and religious beliefs, 
these are societal values. How we choose to address these 
concerns can be informed by science, but value judgments factor 
in as well.
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“The industry was in trouble. We had a 
solution. This was about the public sector 

doing the work, not big companies.”
–Dennis Gonsalves, Emeritus Professor of Plant Pathology and 
 Plant-Microbe Biology
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“There’s a need for these genetically 
engineered products out in the world. 
Fruits and vegetables worldwide 
account for about 45 percent of all 
insecticides used, and we can reduce 
that through GE crops.” 
–Tony Shelton, Professor of Entomology

NEW CORNELL ALLIANCE FOR 
SCIENCE GETS $5.6 MILLION GRANT

A new international effort led by Cornell 
will seek to add a stronger voice for science 
and depolarize the charged debate around 
agricultural biotechnology and genetically 
modified organisms (GMOs).

Supported by a $5.6 million grant from the 
Bill & Melinda Gates Foundation, the Cornell 
Alliance for Science will help inform decision 
makers and consumers through an online 
information portal and training programs 
to help researchers and stakeholders 
effectively communicate the potential impacts 
of agricultural technology and how such 
technology works.

The project will involve developing 
multimedia resources, including videos of 
farmers from around the world documenting 
their struggles to deal with pests, diseases, 
crop failure and the limited resources 
available in the face of poverty and climate 
change.

“Proponents and opponents alike speculate 
whether biotech crops are of benefit to 
farmers, but rarely are those farmers 
engaged in the biotech discourse or their 
voices heard,” said Sarah Davidson Evanega 
Ph.D. ’09, senior associate director of 
International Programs in Cornell’s College of 
Agriculture and Life Sciences (CALS), who will 
lead the project.

“Our goal is to depolarize the GMO debate 
and engage with potential partners who 
may share common values around poverty 
reduction and sustainable agriculture, 
but may not be well informed about the 
potential biotechnology has for solving major 
agricultural challenges,” Evanega said. 

“For instance, those who support the use 
of genetic engineering in agriculture share 
a lot of the same anti-pesticide, low-input, 
sustainable-agriculture vision as the organic 
movement.”

Davidson Evanega and her team hope to 
help engage such potential partners and 
foster more constructive policies about 
biotechnology as a useful tool to address 
major agricultural challenges.

The grant will allow the Cornell Alliance 
for Science to host annual conferences, short 
courses and semester-long CALS certificate 
programs in biotechnology leadership, among 
other activities.

“Biotechnology is a potential game changer 
for farmers in less developed countries 
and an important tool in the toolbox for 
addressing global challenges, such as 
persistent poverty, a changing and erratic 
climate, and the challenge of feeding 9 billion 
people by 2050,” said Kathryn J. Boor, the 
Ronald P. Lynch Dean of CALS. “Improving 
agricultural biotechnology communications 
is a challenge that must be met if innovations 
developed in public sector institutions like 
Cornell are to reach farmers in their fields.”
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