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volution?

Harnessing technology to feed a growing, hungry world

BY JONATHAN SHAW

y 2050, somewhere between nine and 11 billion people
will be living on the planet. What will everyone eat? More
than half the calories consumed by humans come directly
from plants, mainly from grains such as rice, wheat, and
corn. But agricultural yields of some of these row crops
have already plateaued in a third of world. How to feed
everyone—without degrading the environment—may be
one of the great social problems of the next generation.

In absolute terms, the projected shortfall in staple grain crops by
2050 is immense—394 million too few tons of rice alone—and the
path to higher yields uncertain. The situation invites comparison to
the decades that followed World War I, when many countries could
not grow enough food to feed their own people. As the global fertil -
ity rate set a pace that would lead to a doubling of population, from
three to six billion, between 1960 and 1999, there was a Malthusian
question to confront. Even with globalization, could the farmers
of the world feed twice as many mouths? The answer in 1960 was
clear: they could not—not without the help of a “Green Revolution.”

That revolution—championed by American agronomist Nor-

man Borlaug, who was awarded the Nobel Peace Prize in 1970 for his
work—Tled farmers to increase their use of chemical fertilizers, insec-
ticides, fungicides, and herbicides; to adopt high-yielding crop variet-
ies; to improve their irrigation practices and technologies; and to pur-
chase machines for cultivating and harvesting their crops. Today, those
practices are firmly entrenched facets of industrialized agriculture.

At the same time that these technologies have largely reached their
potential, and their pitfalls have become more apparent, incomes have
risen in the developing world, leading to preference-driven increases
in demand for certain foods. In China, for example, as the population
grew 41 percent between 1980 and 2015 and incomes soared far more,
demand for pork quintupled, and demand for soybeans rose tenfold.
Such shifts have global consequences. Brazil, an increasingly impor-
tant exporter of soybeans to China, lost 9.5 percent of its forested land
in conversions to “farming and other commercial purposes” between
2000 and 2014, according to a 2017 New York Times article chronicling
the transformation of richly biodiverse Pantanal wetlands into soy-
bean deserts. This in turn has contributed to substantial increases in
Brazil's greenhouse-gas emissions.
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Globally, between a fifth and a third of total greenhouse-gas emis-
sions have been attributed to agriculture, as has three-quarters of
all deforestation. Pesticide-contaminated farm runoff (involving
insecticides, herbicides, fungicides, and poisons for killing mites,
rodents, snails, and slugs) pollutes fresh-water resources, while
nitrogen and phosphate fertilizers can even poison the oceans, cre-
ating dead zones thousands of square miles in extent. People have
begun to ask whether modern technology has a second act, one
that would allow farmers to sustainably feed a peak population
of 10 billion people without bumping into absolute limits in the
availability of arable land and fresh water—not to mention the
potential threats to cultivating food crops in a changing climate.

Innovators in new agricultural technologies say yes—the seeds
of a new revolution are already growing. In the corporate sector,
change is being driven by consumers in developed nations—think-
ing of their health, and the impacts of their food choices (see, for
example, “Eating for the Environment,” March-April 2017, page
11)—and has been enabled by molecular biology, genomics, and
information technology. Starting with major row crops, research-
ers have identified beneficial microbes that help plants grow, have
edited plant genomes to improve them, and have pioneered inge-
nious solutions to reduce waste in the food-supply chain. These
innovations could mark the beginning of a second Green Revolu-
tion—with the potential to help people in developing nations in
Southeast Asia and Africa. And David Perry, M.B.A. g7, the CEO of

At Indigo Ag’s Charlestown
headquarters, technicians
track plant growth, isolate
beneficial microbes, amplify
the best in fermenters,

and then coat seeds with
the microbial solutions

to test their effect on the
resulting plants.

Indigo Ag, an agricultural-tech-
nology startup headquartered in
Boston, believes that this time,
these revolutionary changes will
be better for everyone.

“In the 1940s we created industrialized agriculture for a good
reason: we had to feed a whole bunch of people, and it worked,” he
points out. “But the unintended consequences of that were tech-
nologies and methods that probably werern't good for the environ-
ment, weren't good for us as consumers, and arguably haver’t been
very good for farmer profitability either. They end up spending all
their money paying for those technologies™ chemical fertilizers and
pesticides, expensive varieties of seed, giant tillers and combines.

Perry, who speaks with a hint of a drawl, knows about such
things first hand. He grew up on a farm in Arkansas, where his fam-
ily also sold fertilizer to their neighbors. After earning a chemical-
engineering degree from the University of Tulsa, he worked at an
oil refinery as an engineer for Exxon, then earned an M.B.A. from
Harvard Business School. After running two successful startups,
the second of which Pfizer ultimately acquired, he could have re-
tired. Instead, he began searching for an opportunity that would
allow him to work on a problem he cared about, and “that would
make a positive difference in the world.”

That's when he found Indigo Ag, a company that is commercial-
izing microorganisms that help plants grow. Indigo Ag’s scientists
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have identified microbes that confer resistance to drought, and are
developing others that reduce the need for chemical fertilizers and
pesticides in five important row Crops: corn, rice, soybeans, cotton,
and wheat. They coat seeds with these beneficial microbes to re-
duce the need for irrigation, increase resiliency in drought-stressed
plants, and enhance their ability to extract nutrients from the soil.
Perry sees an opportunity for Indigo Ag to lead or catalyze a change
in the way industrialized agriculture is done.

“Tam conscious of what a big ambition that is,” he says. Agricul-
ture is the largest industry in the world, employing a billion and a
half people, “but there is a better way to do it than the way we are
doing it right now.” Microbes have the potential to be a significant
part of the solution.

The Anti-Darwinian Food Revolution

AwARENEss OF the mutually beneficial relationships that plants
maintain with microbes—both those in the soil and those, known
as endophytes, that reside within their roots, shoots, leaves, and
stems—has been growing during the past decade. In fact, scien-
tists are just beginning to understand this anti-Darwinian world,
based on evolution through cooperation, rather than competition. A
recent article in Arnoldia, the journal of Harvard’s Arnold Arbore-
tum, summarizes some of the research in this area, describing, for
example, remarkable seasonal flows of nutrients between sugar
maple trees and nearby trout lilies through underground mycor-
rhizal networks of symbiotic or mildly pathogenic fungi. Experi-
ments in tomatoes and beans have demonstrated that plants can
communicate the presence of pests through those same networks
by releasing chemicals that then stimulate nearby plants of the same
species to secrete protective chemicals. Oaks grown in a greenhouse
and subjected to drought conditions have been shown to transfer
water from their tap roots up through their root systems to asso-
ciated fungal networks, sustaining these beneficial partners. The
finding makes sense: some researchers believe that these fungal

Indigo Ag CEO

do agriculture.

networks, not roots, are the principal way that plants extract nu-
trients from the soil.

Indigo Ag was founded to capitalize on the mutualisms among
plants and their endophytic, in-plant microbial partners. When
Perry joined the company as CEO in January 2015, it was “just 14
employees and the technology.” (It now employs nearly 250 people
in four countries.) “But it was the most interesting combination
of technology and unmet need I had ever seen,” he says, “because
microbiology not only potentially addresses the yield problem, but
does it in a way that is fundamentally healthier and more sustain-
able than current technologies.”

Identifying which microbes are beneficial to plants, though, pre-
sented a potentially gigantic screening challenge: a single gram of
soil contains billions of microbes, and only a few play a role in plant
biology. Perry calls Indigo Ag’s solution to that problem “probably
the key to our early technical success, that allowed us to leapfrog
everybody else.” One of the company’s most important scientific
insights, he explains, “was that plants have already done this ex-
periment for us. The ancestors of these plants have been growing in
this soil for 200 million years. Every single one of them has sampled
those microbes and evolved ways of incorporating the ones that
are helpful and rejecting the ones that are potentially harmful. And
so, we can leverage those 200 million years of experiments by just
looking inside the plant... It is a super simple insight, but nobody else
was thinking about it that way.”

Instead of dealing with billions of microbes, Indigo’s scientists
were left with just hundreds of microbial associates within a plant.
They began by collecting tens of thousands of plant samples, many
of them crops, from every continent except Antarctica, and made
sure to collect species growing in extreme environments, such
as deserts, seeking to identify the microbiome of plants that can
live under the most challenging conditions of drought and heat.
Next comes DNA sequencing, to characterize the bacteria and
fungi found in or on the specimens, and then machine learning

46 MARrcH - APRIL 2018

PhotographoStudio Nouveau/Courtesy of Indigo Ag

Reprinted from Harvard Magazine. For more information, contact Harvard Magazine, Inc. at 617-495-5746

David Perry seeks
a “better way”’ to



to identify sequences likely to be beneficial, often sequences
that resemble those the scientists have seen in association
with other plant species growing under similar conditions.

These they test in plants. The greenhouses in the four-year-
old company’s Charlestown, Massachusetts, headquarters
cost s1.2 million—reflecting the need to control light, heat,
and humidity identically for every plant in order to isolate the
effect of the microbes being studied. Each quarter, Indigo Ag uses
two-week lab assays to weed more than 1,000 candidate microbes
per crop down to 100, followed by greenhouse assays to select the
top 10 of that hundred for testing in the field. Once they have iden-
tified the bacteria and fungi that work best, they multiply them
in a fermenter, scaling up in as little as four months from one to
2,500 liters of solution that can be used to coat seeds.

Their first product, Indigo Cotton™ (cotton seeds coated with
their proprietary mix of microbes) was launched in the spring of
2016 in West Texas, and led to an 11 percent improvement in yield
by protecting against drought stress. Now the company is buying
their similarly treated crops—soy, cotton, rice, wheat, and corn—
from growers at a premium based on improved quality of the har-
vest, as well as traceability and sustainability, and selling them to
buyers who want those characteristics. In development are prod-
ucts that will reduce the need for nitrogen fertilizer, or confer pest
protection. Eventually, Indigo Ag expects to “stack” its products,
selling, for example, a drought-resistant corn that uses less fertil-
izer and also resists pests.

The potential appeal for farmers, whose costs in land, equipment,
seeds, and fertilizer are all upfront, is enormous. “What they most
want to avoid,” Perry explains, is “a down year that puts the farm
atrisk. So our ability to help these crops deal with extreme stress
makes them profitable for farmers.”

Engineering Superior Photosynthesis

PHOTOSYNTHESIS combines sunlight, carbon dioxide, water, and
minerals to make organic compounds: the food that sustains plant
growth. But roughly 18 percent of the world’s flowering plant-
species have evolved a superior form of this process: C4 photo-
synthesis. Such plants—corn is one example—have wreath-like
rings of cells that allow them to exclude most oxygen from the
chemical reactions that occur during photosynthesis, thereby mak-
ing that process much more efficient under conditions of drought,
high temperatures, or limited nitrogen (a key ingredient for pho-
tosynthesis that is present in both soil and chemical fertilizers).

Daniel Voytas, an expert on the genetics of plant biology who
directs the Center for Genome Engineering at the University of
Minnesota, and is the chief scientific officer of Calyxt, a specialty
food ingredients company that edits plant genomes to enhance
them (see main text), also advises an ambitious Bill and Melinda
Gates Foundation-funded project to bring C4 photosynthesis to
rice. The project, run by the University of Oxford, aims to en-
gineer a complex combination of changes to the plant’s cellular
structure in order to keep oxygen away from photosynthetic
chloroplasts, and to supply the genetic instructions for carrying
out the chemical reaction that produces a four-carbon molecule

“We have the opportunity to replace
at least half of the chemical fertiliz-

er used and maybe 90 percent of the
chemical insecticides and fungicides.”

Meanwhile, Indigo Ag has potential competitors, of two sorts.
One is other startups, of which there are half a dozen, including
NewLeaf Symbiotics in St. Louis and AgBiome in Durham, North
Carolina, both “relatively small companies...doing good science,”
Perry believes. The other potential rivals are big agricultural com-
panies like Monsanto, Syngenta, and DowDuPont, which primarily
sell seeds, chemicals, and fertilizers. “But you can imagine,” Perry
says, “that if this is the next most important technology, they would
have an interest in it.”

He doesn't dismiss the possibility that Indigo Ag could be pur-
chased by a large firm, and he takes seriously his responsibility to
give investors the best possible return, but the company’s plans are
explicit that “there is an opportunity to build a big independent
company here, and that we are likely to have the biggest impact on
the world if we remain independent.”

Perry defines Indigo Ag’s place in the big picture thus: “We need
about 70 percent more food than we currently produce—or rather
than we deliver—to feed 10 billion people. Some of that can be man-
aged through reducing waste and changing eating habits, but we have
got to produce a lot more—let’s says 50 percent more.” As much as
half of that additional production, he believes, will come from mi-
crobiology. Furthermore, he adds, “I think ultimately we have the
opportunity to replace at least half of the chemical fertilizer used
and maybe go percent of the chemical insecticides and fungicides.”

(hence the C4 in the name). The components
necessary to achieve this exist in the plant, but
require rearrangement to work effectively.

If the project succeeds, the benefits could be enormous. Rice
yields could increase as much as 50 percent, or farmers could
produce the same-size harvest using less water and fertilizer, an
environmental benefit that also makes the plants more resilient
to climatic fluctuations. That’s important because rice, which
grows best in a narrow temperature range, provides a large pro-
portion of the calories in many developing countries in East and
Southeast Asia, where much of future global population growth
is likely to occur. Production of this staple grain has already pla-
teaued in many of these areas, even as the river deltas where rice
grows best are sinking in Vietnam, Thailand, Myanmar, and Ban-
gladesh, leaving the fields vulnerable to inundation by rising seas.

The same technique, Voytas adds, could be applied not only
to other popular foods, such as wheat, potatoes, soybeans, and
apples, but also to “orphan crops” like cassava, neglected by
breeders but nevertheless a staple of the African diet. His re-
search, he says, is driven principally by a fascination with plant
biology, but “It’s also been very satisfying to see how the tech-
nology can be applied to address pressing problems, be they
stresses induced by climate change, or the need to make bet-
ter, healthier food.”
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Dan Voytas,
Calyxt’s chief
scientific adviser
and co-inventor
of TALEN, a
gene-editing
technique

9 As for the remainder of the projected yield

shortfall, Perry suggests that 20 to 30 percent is
likely to come from genetic enhancements of staple crops, and the
final 20 or 30 percent from “digital ag.” “Every decision a farmer
makes right now is suboptimal, because they dom’t have enough in-
formation to make an optimal decision,” he declares. With a digital
infrastructure that aggregated data from many farms, farmers could
learn from one another and make data-based decisions about what
crops to grow, what portfolio of seeds to use, and when
and how densely to plant them, he says. Today, though,
“These are decisions that farmers are more or less mak-

ing based on myth and legend.”

Reconnecting Farmers to Consumers

ONCE THERE Is ENOUGH FooD—and Perry believes that
technological solutions will meet that need—people can begin to
consider the healthiest and most sustainable ways to grow food,
what land it should be grown on, and what land to set aside for
other purposes. “The decisions are very different all of a sudden,”
he points out. “And I think we are just entering an era where that
is going to become the new reality.”

He is hinting at the engine behind much of the technological
change—a movement that is slowly reconnecting consumers with
farmers. For most of history, he explains, farmers knew exactly for
whom they were producing food: “It was them, their families, and
maybe a really tight-knit community.”

Industrialized agriculture, despite its benefits, broke that link,
turning crops into commodities. “Farmers got paid by the bushel
of wheat or corn, and it is just an economic reality that if you pay
for volume, and you are not paying for nutrition, or quality, or pro-
duction method, then those will be sacrificed in order to maximize
volume,” he says. “That’s the nature of commoditization.” But in-

creasingly, people care about how their food is produced. To the
extent that consumers are willing to pay for those preferences, as
they do with organic foods, Perry sees an opportunity to change
the system for the better.

As consumers have become increasingly aware of the foods they
eat, a disconnect has grown between their preferences and the
commoditized agricultural supply chain that emphasizes low costs
and efhciencies of scale, says Federico Tripodi, echoing Perry. As a

The previous Green Revolution came with
trade-offs. A new one may not require the
same kinds of compromises.

consequence, supermarkets have begun to offer more brands and
options, so that “large consumer-package companies have lost mar-
ket share to small, nimble ones.” Tripodi is the CEO of Calyxt, a
publicly traded specialty-foods company; like Perry, he sees in this
disconnect a business opportunity. The two companies take dif-
ferent scientific approaches, however. Calyxt, rather than focus-
ing on the plant’s microbiome, makes tiny edits in plants’ internal
genomes in order to achieve a specific effect. The company’s first
product is a soybean that produces high-oleic oil, a healthy fat—a
notable coup as government regulations force a phaseout of trans
fats from the food supply this year. Because Calyxt achieved its goal
by deleting a few DNA base pairs among 1.2 billion, Tripodi likens
it to “taking a book and deleting a word.”

The company plans to partner with farmers, agreeing in advance
to buy the entirety of the altered soybean crop, and then arranging to
extract and sell the healthy oil to major food producers. The flavor-
less, odorless oil contains zero trans fats (please turn to page 70)
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A NEW GREEN REVOLUTION?
(continued from page 48)

and has 20 percent less saturated fat than
traditional soybean oil, says Tripodi: char-
acteristics that make it preferable to sun-
flower, canola, or olive oils for making prod-
ucts such as salad dressings, granola bars, or
baked goods. Tests have also shown, he adds,
that when used for commercial frying, the oil
resists polymerization, so it remains stable
longer in fryers.

Ultimately, Tripodi envisions a soybean
that not only makes better oil, but has more
protein and is herbicide-tolerant. “Maybe
we work on some environmental traits that
help farmers be more productive growers,
and combine everything together. That’s
what I think is going to happen in the next
five to 10 years—a general improvement in

the quality and environmental footprint of
our target crops.”

TALEN®, the technology for making such
edits, was invented by Daniel Voytas 84, Ph.D.
90, Calyxt’s chief scientific officer, and col-
leagues at the University of Minnesota, where
Voytas, a world-renowned expert in the biol-
ogy of plants, directs the Center for Genome
Engineering (see “Engineering Superior Pho-
tosynthesis,” page 47). In practical terms, the
edit TALEN made possible in soybeans is the
kind of change that could occur with a single
random mutation, or that could be bred into
a plant in five to 10 years by traditional hy-
bridization, he explained during an interview
at Calyxt's New Brighton, Minnesota, head-
quarters. The soybean plant already makes
the desirable oil—the change made by Calyxt
merely prevents it from converting the high-
oleic oil into aless desirable linoleic form. And

because this change does not involve the in-
troduction of foreign genes from an unrelated
species (transgenes), the U.S. Department of
Agriculture does not consider the new variety
a conventional genetically modified (trans-
genic) organism (GMO). The product can
be planted anywhere without worry that it
might introduce new genes into the natural
environment.

Voytas points out that Calyxt’s initial
products, including a high-fiber white flour
that would bring the benefits of whole grain
to white bread, are focused on the consumer.
“Up to now, biotech has just been focused on
the farmer,” he explains, as companies like
Monsanto and DowDuPont engineered her-
bicide-tolerant, pathogen-resistant, or high-
yield varieties of seeds for sale. Now, he says,
there are “big consumer trends that could
be met by genetically editing crop plants”

The Future of Food?

A GL1MPSE of the future of food can be seen through the eyes of
Andrew Ive, M.B.A. ’g7. He is managing director of the world’s
largest food-company incubator, Food-X, based in New York
City, which helps about 170 food start-ups get off the ground
each year. They range from Booster, which uses machine learn-
ing to provide farmers with dynamic, granular climatic data to
help them manage their crops, to Wasteless, which uses an algo-
rithm to lower the price of foods approaching their sell-by dates,
thereby bringing improved efficiency to the food supply chain.
Another Food-X startup, Freshurety, goes a step further, placing
sensors in trays of produce to continuously monitor the ambient
temperature and sample the gases the fruits and vegetables give
off, to calculate their remaining shelf life. The data let shippers
know whether their goods need to be sold locally or will remain
fresh after a week-long journey.

Ive is particularly excited about Cambridge Crops, a company
in Food-X’s current cohort that
was co-founded by Livio Valen-
ti, M.P.A."13. The company uses
a technology developed at Tufts
and MIT that turns a natural
substance derived from silk
into a powder. When mixed
with water and sprayed on pro-
duce, it increases the shelf life
by two to three times through-
out the supply chain without the
need for refrigeration or any
kind of humidity
control, he reports.
This would vastly
reduce the resourc-

Andrew lve,
managing
director of
Food-X

es needed to keep produce cool—and be especially useful in plac-
es lacking refrigeration. Noting that a grower in India estimates
that as much as 50 percent of the bananas he harvests never make
it to consumers, Ive calculates that if that 50 percent were no lon-
ger wasted, the grower could produce the same volume for world
markets with half as much water, fertilizer, and acreage—freeing
the surplus for other uses, maybe even other crops.

Other companies in the Food-X ecosystem seek to address new
markets being defined by millennials. Several “cellular agricul-
ture” startups—Memphis Meats is one that recently attracted
investment from Tyson Foods, Cargill, Bill Gates, and Richard
Branson—are growing meat, everything from fish to filet mignon,
in factories. Meanwhile, Perfect Day uses fermentation to create
milk without a cow. (Cows are a prodigious source of methane, a
potent greenhouse gas.) “You don't need the dairy, and you dor’t
need the field,” says Ive.

Perhaps even more cutting-edge is NonFood, which aims to
create “a range of really interesting, delicious products based
almost entirely on algae, with a goal, ultimately, of designing a
home-based bioreactor” that would allow customers to “grow
their own algae and print it into a useful product: food.” Algae “are
incredibly fast-growing and don’t require fertilizer,” Ive points
out. “The process is quite sustainable.”

More is at stake than millennial tastes, however. “My biggest
concern in all of thisis that as places like India and Africa become
more affluent, they will adopt Western eating habits, giving up
their healthy, vegetarian-centric food systems and cultures and
move towards meat,” he says. Nothing will stop that process,
but “maybe these technologies around cultured meat” could
be used to create foods they’d want “in a way that’s a lot more
sustainable and less damaging to the environment. Humanity,”
he observes, “has a really interesting way of solving problems
at the last moment, and I'm hoping that all of the entrepreneurs
I'm working with, and will work with, will be part of those
kinds of solutions.”
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to create healthier food products. “What's
cool about plants is that we have learned a
lot in the past 15 to 20 years about how their
genomes function to dictate various traits.
Now, we can go in and start to tweak them.”

Voytas has horticulture in his own genes.
His father worked for the U.S. Forest Ser-
vice, and he’s been an avid gardener and
reader of horticulture magazines himself
since he started a business selling bedding
plants as a boy. He arrived at Harvard as a
freshman hoping to study plant biology, but
the closest class he could find was a gradu-
ate-level course in plant taxonomy, which he
took instead. He went on to develop a strong
interest in molecular biology, then in its in-
fancy, and pursued that during his doctoral
studies with Harvard Medical School pro-
fessor of genetics Frederick Ausubel, who
has worked extensively with Arabidopsis thali-
ana (mustard weed), a model organism that
was the first plant genome ever sequenced
(see “Simple Hosts,” January-February 2003,
page 48).

The co-invention of TALEN came much
later, in 2009. Although there are now other
methods for editing genes, TALEN retains
some advantages: Voytas has become profi-
cient at targeting specific sites in plant ge-
nomes, and has helped build a large portfolio
of intellectual property around TALEN and
its use in plants. (The University of Minne-
sota has licensed TALEN to Cellectis, Ca-
lyxt’s parent company, which has already
used it to cure two instances of childhood
leukemia and plans to create off-the-shelf
immunotherapies for the disease.)

Although Calyxt’s initial focus is con-
sumer markets, Voytas has also developed
several other products that target farmers
and middlemen in the supply chain. An im-
proved potato, for example, lasts longer in
cold storage and, when cooked using high-
heat oil, produces less acrylamide, a poten-
tial carcinogen. He achieved this by turning
off a single gene that causes the potato to
turn sucrose into glucose and fructose when
exposed to cool temperatures.

And Voytas has been working with wheat
to develop varieties with traits that confer
resistance to both fungal diseases and her-
bicides. Wheat is particularly challenging
to modify, he explains, because its genome
is huge: 17 billion base pairs, compared to
about 3.5 billion for corn (and humans). In
addition, wheat is hexaploid, carrying six
copies of its genome (humans carry two,
one from each parent). Furthermore, com-

Calyxt CEO Federico Tripodi stands in
the greenhouse at the company’s new
headquarters near Minneapolis. At
right, a lab technician checks on the
company’s high-fiber wheat plants.

mercial wheat varieties are sexu-
ally compatible with wild North
American species. That means that
if a seed company started selling
GMO wheat, the pollen could
affect wild species and lead to
“gene flow” (which is one reason
why no GMO wheat is currently
being grown commercially in the
United States). Voytas is devel-
oping wheat varieties that have
no foreign DNA, can tolerate two different
herbicide chemistries (which kill weeds, but
not the crop), and produce pollen that won't
transmit herbicide tolerance characteristics
to wild relatives—a feat he achieves by se-
lectively editing just a few of the plant’s six
genomes. Ultimately, all these traits, whether
desirable to consumers or farmers, can be
stacked, he explains: because each is con-
trolled by a separate biological pathway, they
can be combined in a single seed variety.

A Revolution to Live With

THE PREVIOUS GREEN REVOLUTION came
with trade-offs. A new one may not require
the same kinds of compromises. Perry, for
his part, is optimistic that new technolo-
gies focused on the health and productiv-
ity of plants will lead to an agricultural
system that is better for the environment,
better for humans, and better for farmers.
“That is what I got into this for,” he says.
“If we can solve those things, the positive

impact on the world would be enormous.”
Agriculture already uses 70 percent of the
world’s fresh water. Fertilizers have led to
chemical pollution of aquatic environments
and soil degradation. “Roughly a third of
greenhouse-gas emissions come from agri-
culture or the products that are ultimately
consumed by agriculture,” Perry says. Most
of the people who live in poverty today are
among the billion and half people who
work in agriculture. “Those three goals—
of improving human health, of improving
environmental sustainability, and making
farming a living wage—are three of the most
important things I think we can do.” Com-
panies like Indigo and Calyxt are not going
to do that on their own, he acknowledges,
“But we have got a shot at playing a really
significant role.” v/

Jonathan Shaw *89 is managing editor of this maga-
zine. His feature article “Botanizing in the ‘Mother of
Gardens™ appeared in the January-February isstc.
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