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A ready-to-use set of precise biological tools is poised to save our food supply from climate

change.

Without them, certain foods — including chocolate — could be at risk of devastation in as

little as 40 years.

Everything from the tomatoes in your salad to the burger on your dinner plate will be

affected.

The threat is far more severe in the developing world, where a few key crops currently

prevent mass starvation.

Maybe it was a mistake to pack the bag of fried kale chips in his suitcase, Stefan

Jansson thought as he hoisted his luggage onto the airport security scanner for a

flight from Sweden to Norway.

The last time he'd taken the leafy greens across borders he was nearly detained. The

kale, which had been modified using a powerful gene-editing technology called

CRISPR, was not allowed in the country. But Jansson, a Swedish plant researcher

who studies how to make healthier and more efficient crops, decided it was worth

the risk.

In the US, foods made this way are allowed, for now. Experts estimate we’ll be

eating the first CRISPR produce — likely strawberries or another type of fruit —

within five to ten years.

“We’re not talking about the future. We’re talking about right now,” Jansson said.
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Umea University plant scientist Stefan Jansson fries up a serving of the CRISPR kale he grew in his
backyard and ate — the �rst CRISPR meal to date. “The meal turned out really nice,” he said. (
Stefan Jansson)

Photo:

These genetically modified foods could be the key to solving a looming problem.

The world’s population is growing exponentially, so much so that farmers will need

to grow 70% more food on the same amount of land to feed everyone.

At the same time, new weather patterns are changing where crops and animals can

thrive. Pests, floods, and severe drought are putting additional pressure on farmers.

Despite this increasingly inhospitable environment, consumer 

 for 

,

 is at an all-time high.

demand

(https://www.forbes.com/sites/nancygagliardi/2015/02/18/consumers-want-

healthy-foods-and-will-pay-more-for-them/#61d356c875c5) healthy

(https://www.businessinsider.com/the-demand-for-local-food-is-growing-2017-4)

nutritious food (https://www.theguardian.com/environment/2017/feb/19/sales-

of-organic-food-soar-fruit-vegetables-supermarkets)

Sophisticated, all-inclusive gene-editing packages such as CRISPR and other closely

related techniques are as fast as they are cheap. Scientists are already using CRISPR

https://www.forbes.com/sites/nancygagliardi/2015/02/18/consumers-want-healthy-foods-and-will-pay-more-for-them/#61d356c875c5
https://www.businessinsider.com/the-demand-for-local-food-is-growing-2017-4
https://www.theguardian.com/environment/2017/feb/19/sales-of-organic-food-soar-fruit-vegetables-supermarkets
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to make crops, cows, and pigs that are healthier, better equipped to handle heat and

drought, and more resistant to pests and disease.

Where traditional breeding methods — including GMOs — hack away at a crop’s

genome with a dull blade, tools like CRISPR slice and reshape with scalpel-like

precision.

It is a technology that many experts say is capable of saving the planet from

starvation, but only if the public will permit it.
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The biggest agricultural threats in the US
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'This is unlike anything that's happened before'

You’re probably familiar with traditional genetic modification — the process of

tweaking DNA to produce juicy watermelon or apples that don’t brown. It’s

something farmers have been doing haphazardly for centuries, but agricultural

giants like Monsanto and DuPont Pioneer have attracted the bulk of the

attention, and criticism, over GMOs in the past several decades. GMOs have helped

farmers grow more food on less land, 

 from

pests and disease, and 

. But

these techniques are costly, inefficient, and fraught with controversy fueled by

misinformation.

save cash crops like the Hawaiian papaya

(https://www.businessinsider.com/gmo-controversy-beginning-fruit-2017-6)

curb global pesticide use

(https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0111629)

The tools in the new CRISPR-led toolkit are different. They are cheap, accurate, and

not yet tinged with public distrust.

It is partially because of their accuracy that the USDA has chosen not to regulate

close to a dozen crops edited with CRISPR as GMOs. Instead, the crops have

essentially been given a green light, meaning companies can move ahead with

development, and move them closer to our dinner plates.

https://www.businessinsider.com/gmo-controversy-beginning-fruit-2017-6
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0111629
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Traditional genetic modi�cation took centuries
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In October, institutions affiliated with two of the inventors of CRISPR — Caribou

Biosciences, founded by UC Berkeley geneticist Jennifer Doudna, and the Broad

Institute, which works with MIT biologist Feng Zhang —  

 with agricultural

giant DuPont Pioneer to nonexclusively license the technology “to any entities

wanting to use [it] for commercial agricultural research and product development.”

The new agreement comes nearly two years after DuPont initially scooped up

exclusive CRISPR licensing rights from Caribou and a year after Monsanto followed

suit with a similar agreement with Broad.

entered into a

collaborative agreement (https://www.genomeweb.com/business-news/broad-

dupont-pioneer-partner-provide-non-exclusive-licenses-crispr-ip)

Both farming behemoths aim to bring at least one vegetable edited with the

technology to grocery stores before 2021.

Neal Gutterson, DuPont Pioneer’s vice president of research and development, said

that the company’s first CRISPR-edited grain, a type of corn that will be used in

products like soups and salad dressings, "will likely be the first commercial product

for agriculture and potentially the first product to market for any [CRISPR]

application."

Removing regulatory barriers also means that crops engineered with CRISPR and

other similar tools won’t just be cheaper to design than GMOs; they’ll cost a fraction

of what it now takes to move most crops from the field to the produce aisle.

Today, a standard crop engineered with traditional genetic modification costs $150

million to get from farm to table, Robb Fraley, Monsanto’s chief technology officer,

said. Scientists estimate  

 and agricultural companies "millions."

CRISPR could save farmers

(https://www.nature.com/nbt/journal/v34/n6/full/nbt0616-582.html?

WT.ec_id=NBT-

201606&spMailingID=51572933&spUserID=Mjk1ODQxNDU3MTYS1&spJobID=9

41298691&spReportId=OTQxMjk4NjkxS0)

“At a global scale, this is unlike anything that’s happened before,” Fraley said.

https://www.genomeweb.com/business-news/broad-dupont-pioneer-partner-provide-non-exclusive-licenses-crispr-ip
https://www.nature.com/nbt/journal/v34/n6/full/nbt0616-582.html?WT.ec_id=NBT-201606&spMailingID=51572933&spUserID=Mjk1ODQxNDU3MTYS1&spJobID=941298691&spReportId=OTQxMjk4NjkxS0
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What consumers want and farmers need

TRADITIONAL GMO DEVELOPMENT PROCESS
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Still, as with any new technology, there are risks linked with CRISPR.

In addition to being applied to the DNA of our food, CRISPR also holds promise for

modifying human genes. Researchers are currently experimenting with using the

tool to cure and prevent disease. This summer, in a historical first, an international

team of scientists 

 that could have grown into adulthood. In those embryos,

they corrected a gene responsible for a potentially fatal heart disease.

used CRISPR to alter the DNA of human embryos

(https://www.businessinsider.com/scientists-edit-dna-human-embryos-crispr-not-

designer-babies-2017-8)

But some scientists have warned that CRISPR could one day be used not simply to

correct DNA but rather to enhance it. This concern has raised the issue of "designer

babies," or humans whose genes have been modified to make them geniuses or

super athletes. The majority of researchers say that this development is unlikely for

several reasons, many of which center on the fact that we do not know what many

of our genes do in the first place, not to mention how to alter them in a way that

would be beneficial. Instead of tweaking human DNA to make it better, the present

science has been confined to very basic corrections, or changing a segment of DNA

with a disease-causing mutation back to normal.

Others have suggested that CRISPR 

 — unintentionally or not — to unleash a

domino effect on wildlife using an approach called “gene drives.” This method

involves editing DNA in a way that ensures the changes are passed on to an

animal’s offspring, meaning it could rapidly spread through a population. Some

scientists have demonstrated potential positive uses for gene drives, such as

reducing a population of malaria-carrying mosquitoes by tweaking its DNA to

render certain members sterile. Others say such an experiment could go haywire. If

an animal fled its habitat, its destructive DNA could eventually 

.

could be used

(https://www.nap.edu/catalog/23405/gene-drives-on-the-horizon-advancing-

science-navigating-uncertainty-and)

wipe out its entire

species (https://journals.plos.org/plosbiology/article?

id=10.1371/journal.pbio.2003850)

https://www.businessinsider.com/scientists-edit-dna-human-embryos-crispr-not-designer-babies-2017-8
https://www.nap.edu/catalog/23405/gene-drives-on-the-horizon-advancing-science-navigating-uncertainty-and
https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.2003850
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There are some practical limitations to these concerns, however.

Most scientists agree that gene drives aren’t particularly useful for agricultural

purposes, since farmers are working with tightly controlled populations of plants

and animals and gene drives rely on the natural genetic mixing that occurs in the

wild.

ADVERTISEMENT

“You wouldn’t do a gene drive in a cow because you choose who mates with who,”

 said. Van Eenennaam

is a professor of animal genomics at the University of California at Davis, where she

is working on using gene editing to modify cattle in a way that might protect them

from animal cruelty and climate change.

Alison Van Eenennaam

(https://animalscience.ucdavis.edu/faculty/vaneenennaam/)

Also, even if CRISPR were suddenly outlawed, gene drives could still be carried out;

the approach has been demonstrated using a host of other gene-editing techniques

aside from CRISPR. Nevertheless, both Monsanto and DuPont Pioneer are 

 from using

CRISPR for gene drives, according to the parameters of their agreement with the

Broad Institute.

barred

(https://www.statnews.com/2016/09/22/monsanto-licenses-crispr/)

“There’s this real pile-on at the moment with gene editing. People are saying, ‘Well,

what about designer babies and what about gene drives?’ and all that stuff, and it’s

like, ‘Whoa — let’s back up. What I’m working on is not a gene drive; it’s not

designer baby. It’s a cow without horns,” Van Eenennaam said.

https://animalscience.ucdavis.edu/faculty/vaneenennaam/
https://www.statnews.com/2016/09/22/monsanto-licenses-crispr/
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Beyond the glittery glass-and-sandstone walls of Berkeley’s Institute for Innovative Genomics at the University of
California, rows of tiny CRISPR-modi�ed green cacao and wheat seedlings in refrigerated greenhouses await judgment
day. They’re being monitored under the watchful eye of Myeong-Je Cho, the director of plant genomics. (  IGI)Photo:
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Cancer-�ghting broccoli and cocoa plants that can survive
climate change

On a recent morning in San Francisco, CRISPR coinventor Jennifer Doudna made a

big prediction. If she had to guess, CRISPR’s greatest effect on the planet will be in

agriculture, she said. An ardent gardener, Doudna’s favorite place to spend free

time is in her backyard, knees and hands covered in soil, while she tends to a row of

delicate tomato plants whose tiny red fruit she tries to protect from falling to the

ground and spoiling. It’s a problem that CRISPR could help her with.

Doudna has overseen several deals between the University of California, which

holds the rights to her invention, and agricultural giants like DuPont Pioneer. Most

recently, her institute signed an agreement with multinational corporation Mars —

known for M&Ms and Snickers — to study how CRISPR can be used to help save the

cocoa plant, which could be 

 within four

decades as a result of climate change’s destructive blitz. But Doudna believes her

creation has the power to benefit small-scale farmers too.

at risk of devastation

(https://www.businessinsider.com/when-chocolate-extinct-2017-12)

“One of the things I find most exciting about CRISPR is its appeal not just for large-

scale crops like wheat and soy but small-scale ones that gardeners grow at home,”

Doudna said. “Personally, I’d love a tomato plant with fruit that stayed on the vine

longer.”

https://www.businessinsider.com/when-chocolate-extinct-2017-12
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Jennifer Doudna, a coinventor of CRISPR, welcomes scientists to Berkeley’s Institute for Innovative
Genomics in October during an open house. (  IGI)Photo:

As part of her ongoing work at the University of California, Doudna also oversees a

research initiative called the Innovative Genomics Institute. Dozens of graduate

students there are working on ways to improve farming with CRISPR, either by

saving crops from climate change or making inexpensive, healthier food. Their

projects include ventures to make everything from cancer-fighting broccoli to

potatoes that don’t succumb to disease — as well as cocoa plants that will survive

climate change and cassava that produces less of a toxic byproduct that’s being

ramped up by warmer temperatures.

Their timing is critical. The world population of 7.6 billion could reach 11.2 billion

by 2100, according to 

. And though the world will have more mouths to feed, it will

have less food to do so

recent UN estimates

(https://www.un.org/development/desa/en/news/population/world-population-

prospects-2017.html)

https://www.un.org/development/desa/en/news/population/world-population-prospects-2017.html
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have less food to do so.

"Agriculture must transform over the next 30 years in order for us to avoid mass

famine," , who

helps manage agricultural gene banks for an international nonprofit called the Crop

Trust, said at the UN Climate Change Conference in November.

Charlotte Lusty (https://www.croptrust.org/staff/charlotte-lusty/#)

Charlotte Lusty, gene bank
coordinator

Climate change is projected to drive down crop

yields by 

, with important food sources like

corn and wheat seeing dramatic losses. A study

published by researchers at Michigan State

University suggests that high temperatures not only

weaken plants’ natural defenses but strengthen

bacterial attacks, a sort of double whammy for crop

productivity.

up to a quarter in some parts of the world

(https://www.nature.com/articles/s41467-017-

01792-x.epdf?)

Stefan Jansson and Van Eenennaam predict that

within five years farmers will face a simple choice

that will rocket CRISPR into the mainstream: Use lower-quality, expensive seeds

that are highly vulnerable to heat and drought and require more pesticides or use

better, cheaper seeds engineered with tools like CRISPR that yield more food on

less land.

“People who want to feed their families and people who really care about the

environment will go, ‘Let’s use this!’” Van Eenennaam said. “It’s like driving a

Hummer when you could drive a Prius.”

https://www.croptrust.org/staff/charlotte-lusty/#
https://www.nature.com/articles/s41467-017-01792-x.epdf?

