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ABSTRACT

In the 1950s, the Gros Michel banana, which was the main variety exported to American
supermarkets, was replaced with the Cavendish banana due to Fusarium wilt (also called Panama
disease). The disease was caused by the fungus Fusarium oxysporum, and there was no cure. The
only solution was to replace Gros Michel with the disease-resistant Cavendish. Now, the fungus
is back. A strain called Tropical Race 4 (TR4) has decimated Cavendish plants in parts of Asia,
Australia, Africa, and the Middle East over the past few decades. If the disease reaches the
Americas, it will have catastrophic effects on the banana industry and on the economies of Latin
American banana-producing countries. It is difficult to develop new varieties of commercially
grown bananas, which are seedless and therefore sterile. Researchers have developed genetically
modified bananas as a possible solution, but acceptance to GMOs varies worldwide, and the
process is expensive. Many varieties besides the Cavendish are also susceptible to the disease.
This thesis describes the history of fusarium wilt and current efforts to replace the Cavendish
while tying in a personal narrative about the diversity of bananas grown in Hawaii, where TR4
has not yet spread. Farmers in Hawaii are worried about the spread of the disease, but many are
willing to grow GMOs if they become available to the public; papayas in Hawaii have already
been genetically modified since the late 1990s. While a global effort is underway to replace or
modify the Cavendish banana, there is no clear solution yet.
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In the 1960s, something strange started to happen on banana plantations in Taiwan. The

leaves of the plants, several feet long, began to droop and turn yellow. Water and nutrients didn't

help. The drooping leaves continued to wilt, turning brown and clumping together into

lampshade-like masses around the stems, and the plants stopped producing bananas. Eventually,

the bases of their thick stems split, and the plants died altogether-rows and rows of them, and

then, on a larger scale, plantation after plantation.

Cross-sections of the stems showed reddish-black discoloration woven throughout in a

circular pattern, like a design in a braided rug. It was clear that these plants hadn't died from a

lack of water or nutrients. They had been destroyed by disease, from the inside out.

To farmers and scientists in Taiwan in the 1960s, these symptoms were not new. They

had dealt with many different banana diseases before. This one seemed like Fusarium wilt (also

called Panama disease), caused by the fungus Fusarium oxysporum, which had a history of

ravaging plantations. The fungus develops as a bushy white network of spores that looks like a

feather boa. It is found in soil in the desert, the tundra, and many temperate locations in

between.' It can colonize plant roots but is normally harmless, and in certain cases may even

help suppress diseases in plants. But certain strains of it are pathogenic - they cause disease. One

special form of Fusarium oxysporum attacks banana plants, and others parasitize such plants as

asparagus, coffee, peas, hemp, tomatoes, and even carnations.

Fusarium spores take over banana plants long before anybody can notice their presence.

Initially, they are taken up by the plant's roots and then spread throughout the plant's vein-like

vascular system, which normally transports water and food. The spores spread like a blood

'Nelson, Paul E., M. Cecelia Dignani, and Elias J. Anaissie. "Taxonomy, Biology, and Clinical
Aspects of Fusarium Species." Clinical Microbiology Reviews 7, no. 4 (October 1994): 479-504.
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cancer and begin to colonize the inside of the plant, where they block the flow of nutrients and

gradually tear the vascular system apart. As they grow, the stem of the plant, normally a pale

cream color, turns reddish black and decays. By the first sign of external symptoms-the wilting,

yellow leaves-the fungus has already spread so much that the plant is unsalvageable.2

And Fusarium isn't satisfied with just invading the plant. After it kills its hosts, it can

stay alive for years or even decades in the soil nearby, where it can infect other plants, including

weeds that show no symptoms but remain contagious. It can infect new banana plants on that

land the moment they are planted. And it can't be treated with fungicides or by fumigating the

soil. A Fusarium infestation leaves farmers not only with a destroyed banana crop but unusable

land long after the crops disappear.

The appearance of what appeared to be Fusarium wilt in banana plants in Taiwan

prompted grave concerns among farmers and scientists. That's because the plants were

Cavendish banana plants, a variety that was thought to be resistant to the disease, and that just a

few decades earlier had been brought into mass production worldwide in order to save the

banana industry from Fusarium wilt. The effort had been successful-so much so that by the

1960s bananas had become the fourth-most traded crop in the world, behind only corn, rice, and

wheat. If the Cavendish was now under threat, the whole industry might suffer dramatically, with

dire consequences for human health.

We eat a lot of bananas, and for good reason: they're portable, need no refrigeration at

home, and are high in Vitamins B6 and C and fiber. (Although being well-known for containing

2 Dita, Miguel, Marcia Barquero, Daniel Heck, Eduardo S. G. Mizubuti, and Charles P. Staver.
"Fusarium Wilt of Banana: Current Knowledge on Epidemiology and Research Needs Toward
Sustainable Disease Management." Frontiers in Plant Science 9, article 1468.
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potassium, a banana only contains 8 percent of our recommended daily value.) Americans eat

over 28 lbs. of bananas per person per year, which may sound like a lot, but it's nothing

compared to the amounts consumed in places where bananas are grown for subsistence farming.

In sub-Saharan Africa alone, more than 100 million people depend on bananas as their main food

source, and the vast majority of all bananas grown are produced for local use.3 Ugandans eat

over 550 lbs. of bananas per person per year. The fruit is so important that the word matoke,

which is the name for a dish of boiled and mashed green bananas, is synonymous with the word

for food.

Bananas are thought to be the world's first cultivated fruit. They seem to have originated

in Asia, where they were cultivated possibly as far back as 10,000 years ago, in places such as

Indonesia and the Philippines. Some of the earliest references to bananas are in Buddhist texts

from 600 B.C. The armies of Alexander the Great are thought to have brought bananas back to

the Mediterranean-and thus to the Western world-after their campaigns in Asia.4

Wild bananas look drastically different from their cultivated counterparts. They are small

and filled with seeds. In order to make the fruits more palatable, farmers started to selectively

breed out these traits. They selected for bananas that were heartier and larger, and began to

cultivate seedless varieties through digging up offshoots of the plants and replanting them. Over

many generations, this resulted in the bananas that we eat today.

Cultivated bananas suit us well, but they have a genetic makeup that is very different

from wild bananas. They are triploid, meaning that they have three sets of chromosomes instead

of the normal two found in their wild counterparts, and because they are seedless, they are

3 "Why Bananas Matter." Banana Link.

4 "History of Bananas." Australian Banana Growers Council.
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sterile. This makes it very difficult to develop new varieties at all, let alone ones that are suitable

for mass production. All mass-produced bananas are therefore clones, which makes them

vulnerable to genetic disease. The best that farmers and scientists can do is to wait for chance

mutations, such as different-colored leaves or larger fruit, and then take cuttings of the new

variety and attempt to grow new plants from it. But this has low success rates, because bananas

are very sensitive to temperature, wind, water, and soil salt levels. Production is further limited

by insects and diseases.

For thousands of years, many types of cultivated bananas were tough and bitter, and

needed to be cooked before eating. It was only in the nineteenth century that sweet bananas (also

called dessert bananas)-which had a more palatable texture and could be eaten raw-began to

be cultivated on a larger scale. The fruit became popular, and improvements in the railroad,

shipping, and refrigeration industries made mass transport possible.

The modern banana industry was founded by one man: Lorenzo Dow Baker, a ship's

captain and businessman from Wellfleet, Massachusetts. In 1870, he bought bananas in Jamaica

to sell in Philadelphia, the ship's destination. To Americans at the time, bananas were a rare

treat, a tropical fruit that very few had seen. Baker's goal was to recoup expenses from the

voyage, but he was so successful that he bought more bananas and began shipping them en

masse to the States. The fruit's mild, sweet taste made it a hit. Large-scale plantations began to

appear in Latin America, and improvements in the railroad, shipping, and refrigeration industries

made mass transport possible. The first known banana bread recipe was published in a St. Louis

cookbook in 1893.

Baker and nine of his colleagues formed the Boston Fruit Company, which grew to

5 "In 1893 the First Banana Bread Recipe Was Published." South Florida Reporter.
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include almost 40,000 acres and 35 plantations in the West Indies. So many cargo ships travelled

between Boston and Jamaica that Boston's Long Wharf became known as the "headquarters of

the tropical fruit trade." The Boston Fruit Company turned into the United Fruit Company, which

became Chiquita Brands International in 1984.

During the nineteenth century, the company grew rapidly, absorbing smaller fruit

companies and creating a huge export market for bananas. It owned over three-and-a-half million

acres of land in the 1930s, and the governments of entire countries became dependent on the

export industry. The company was known to mistreat its workers and bribe government officials.

During this time, company leaders wanted to maximize production and efficiency, and this led

them to call for the planting and exporting of just one variety. Called Gros Michel ("Big Mike"),

it had a thick peel and grew in densely packed bunches, making it suitable for mass production

and transport. But it also turned out to be extremely susceptible to Fusarium wilt.

The first major Fusarium wilt outbreak in banana plants occurred in the late nineteenth

and early twentieth centuries, and it spread rapidly throughout Gros Michel crops. (This may

have inspired Frank Silver and Irving Cohn in 1923 to write the hit song "Yes, We Have No

Bananas.") Because the United Fruit Company had created a monoculture, the destruction was

widespread-what wiped out one banana wiped out nearly all. Between 1890 and 1940,

Fusarium wilt destroyed nearly 99,000 acres of banana plants globally in the Americas, Africa,

and Asia.6 The severity of the disease motivated researchers to study aspects of banana genetics

and production that had not been carefully examined before. And what they discovered was that

6 "Fusarium Oxysporum F. Sp. Cubense Tropical Race 4 of Bananas: Disease Spread and Global
Loss Projections." Bioversity International.
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the Cavendish variety seemed resistant to Fusarium wilt.

Cavendish had already been growing for at least 3,000 years in Asia and Australia. In the

early 20th Century, it was brought in unchanged to Central and South America, where its

resistance to Fusarium wilt made it an effective replacement for the Gros Michel, whose

vulnerability to the fungus had become an international economic problem. The Cavendish is

adaptable and tolerant to international transport-with refrigerated transport, it stays green and

unripe for three to four weeks after being harvested. It now makes up 99 percent of all exported

bananas around the world. The ones you find in American supermarkets are mostly imported

from Guatemala, Ecuador, Costa Rica, Honduras, and Colombia.7

A couple of other strains, or races, of Fusarium wilt appeared over the years, causing the

race that had infected the Gros Michel to be retroactively named Tropical Race 1. But these new

races, Tropical Races 2 and 3, affected banana varietals that were not as commonly grown as

Gros Michel. Cavendish plants remained untouched - until, in the 1960s, they too began to die

off in Asia, after showing signs of Fusarium infection. The first major outbreak occurred in

Taiwan, which was hit particularly hard. Between 1968 and 1969 alone, the number of infected

plants there increased more than 200-fold, from a mere 27 plants to 5,536. This caused public

concern and emergency quarantine measures by the government, but farmers did not always

follow safety precautions and the disease continued to spread. (No one knew where the disease

had come from at the time, but scientists now believe it was first brought to Taiwan from plant

obtained during a collecting trip on the Indonesian island of Sumatra.)

Why was Fusarium attacking a variety of bananas that had previously been thought to be

immune-and that had been called in just two decades earlier to save the banana industry from

7 Burton, James. "Where Do America's Bananas Come From?" WorldAtlas.
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that same fungus? At first, pathogenicity tests done in Florida and Honduras on the infected

Taiwanese bananas showed that the Fusarium that had infected them was the same strain, or

race, as had devastated the Gros Michel. Researchers concluded that the Cavendish bananas'

resistance to the fungus must have broken down due to poor drainage and other unfavorable

growing conditions. But after conducting multiple tests, the researchers determined that this was

an entirely new race of Fusarium, which they named Tropical Race 4 (TR4). 8

The regions affected by TR4 have not responded in an effective or coordinated fashion,

and as a result TR4 has spread rapidly in recent decades-it has already reached Australia, Israel,

China, and Mozambique, where outbreaks have destroyed plants and been quarantined with

varying levels of success. If TR4 reaches the Americas, the banana crop there will be decimated.

To find out more about the cultivation of bananas, and the looming threat of TR4, I

recently traveled to Hawaii, which produces the most bananas of any U.S. state. Hundreds of

different varieties are grown on the islands, which offered me the chance to learn about how the

plants are farmed and the opportunity to see diverse plant growth.

I began by meeting with Gabe Sachter-Smith, a researcher and banana farmer based in

Honolulu. Sachter-Smith has been growing banana plants for 15 years, about half his lifetime,

starting with first attempts when he was a teenager, in Colorado. He got his bachelor's and

master's degrees in plant science from University of Hawaii at Manoa, and for the past couple

years has devoted most of his time to farming. Currently, he is growing 20 varieties of banana

plants on three different farms in Hale'iwa, a community on the north shore of O'ahu. There he

8 Su, Hong-Ji, Shin-Chuan Hwang, and Wen-hsiung Ko. "Fusarial Wilt of Cavendish Bananas in
Taiwan." Plant Disease 70, no. 9 (1986): 814-18.
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showed me many different varieties. Some were Hawaiian, such as the a'e a'e, which has green-

and-white striped leaves and bananas; the 'ele'ele, named after the Hawaiian word for black,

because it has a black stem; and Blue Java, also known as Ice Cream, a sweet banana with a

vanilla flavor and creamy consistency. He showed me others, from elsewhere the world, that

come in a plethora of colors and flavors; among them Dwarf Red bananas, a traditional Asian

variety whose peel changes like a stoplight from green to yellow to red before turning a rust

color when ready to eat; and a rare variety called Huti (Shumba Nyeelu) from East Africa that

has green bananas even when ripe.

As we made our tour, I was struck by how tall banana plants are. Banana plants are

usually 10-16 feet high, each topped by a giant pinwheel of leaves that are two to three feet long.

The leaves all branch out from the center of the plant and surround a huge, usually purple, bud

called the inflorescence, an intricate structure that produces flowers that eventually develop into

the fruit.

Although banana plants are often called trees, they aren't actually trees. A tree can live

for hundreds of years in the same spot, and planting one is an investment. Banana plants, on the

other hand, only live for about five to six years. They are often killed proactively by farmers,

before they can become infected with one of the numerous diseases that blight banana plants.

"They're not designed to be long-term plants," Sachter-Smith told me. On his farms, he rotates

his plants out every three years or so.

In the back of the farm, a massive white tent was filled with banana plants in all stages of

growth - from small saplings with just a few leaves to plants a couple feet tall, ready to be

transferred from their pots. Sachter-Smith estimated that he had about 130 total varieties in

various stages of growth sitting under this tent. This collection, he said, was a result of

11



"compulsive banana hoarding." He was in the middle of the long process of organizing all of the

varieties by genetics, height, and country of origin, and wanted to eventually plant some of them

on the land. This huge collection really drove home how many varieties of bananas there are, but

it's only a small percentage of all the varieties that are in existence. Worldwide, there are over

1000 types of bananas. Sachter-Smith would like to add to that number, but creating new types

of bananas is extremely difficult. Already, he's spent about 13 years trying to produce a new

variety, without anything to show for it yet. But he's optimistic. "I have a farm, I have land, I

have a lot of training," he told me. "Hopefully by the time I'm 60 I'll have produced something."

Sachter-Smith also showed me around Waimea Falls Park and Botanical Gardens, where

he is a part-time researcher. He stopped by to dig up some keiki (the Hawaiian name for

offshoots of banana plants, also called suckers) to take back to his farms. The Botanical Gardens

contain tropical plants from all over the world, separated by area, including wild bananas with

seeds, and Sachter-Smith picked one for me to eat. It was about the size of my index finger, a

fitting comparison, given that the word banana is thought to have come from the Arabic word

for "fingertip"- 0L (banan). This banana, far removed from a supermarket banana, had tens of

small, crunchy seeds about the size of peppercorns. They were slightly bitter, but the fruit itself

was edible and tasted fine.

In order to try even more varieties, I got in touch with Rob Guzman, who runs a small

banana farm from plants that surround his house in Pahoa. He initially started farming after he

moved into his house because he wanted some landscaping, and banana plants provided a quick

way to provide decoration, privacy, and food all at once. "They grow so fast that it's a very

gratifying plant to grow," he said.

Guzman arranged six types of bananas on a plate for my arrival, their peels labeled in
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marker with names such as CRBP-39, Namwah, and Pisang Raia. They tasted familiar, yet there

were hints of flavors that I had never experienced before. It was almost as if other fruits had been

mixed in-orange, pineapple-and some varieties tasted so sweet that they were reminiscent of

artificially banana-flavored candy. The Namwah variety even had a hint of cotton candy flavor.

It was tiny-about the same size as the wild banana I had eaten-and packed a lot of flavor in

such a small fruit. Another banana, "Largo," was almost the width of three Namwahs, and very

ripe, with brown ridges all over it in a crosshatch pattern.

When I brought up the Cavendish and monocultures in the Latin America, Guzman noted

that there are problems with growing many types of lesser-known varieties as well. Part of the

reason some rare varieties are rare, he said, is that they have very little disease resistance. And

TR4 could be as devastating to those varieties as it is to the Cavendish. He wouldn't be surprised

if an infestation made its way to the islands, pointing out that it is easy to buy banana plants from

Asia online. "Unless they got intercepted, they could come through successfully, and who knows

what's in them?" he said. TR4 can spread remarkably easily, he told me, especially because

consumers don't like to change their habits. "It's kind of shocking that it hasn't spread all over

the world yet," he continued, "because theoretically all it takes is one person or one shoe or one

dirty tool. People want what they know." In Hawaii, he added, the most-consumed homegrown

banana is the apple banana, known for its slightly tart, apple-like taste. "Most people aren't going

to switch to something else, especially if it's any more costly."

During my time in Hawaii, I also visited Lynn Richardson, to see how a large-scale

farming operation works. Richardson has been farming bananas commercially on the Big Island

for over 40 years-and during that time his plants have had around half a dozen serious TRi

infections. He met me by the gate of Ola'a Banana Company, in Kea'au, about a half hour away
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from Rob Guzman's farm in Pahoa. We drove a half-mile along a bumpy dirt road to his patch of

farmland, which is in a clearing surrounded by forest. At one point, four wild boars darted out

across the road in front of us and disappeared again behind the trees. In nearby Kurtistown, he

said, wild boars have learned to eat bananas, but at Ola'a, they have notyet acquired this skill.

Richardson first started farming on a 2-acre plot of land in Kurtistown in 1978, when he

was 28 years old. He entered into the venture with friends who had parents that had been

involved with farming; he recalls a friend's mother teaching him how to pack a cargo box. It

went so well, he told me, that they eventually realized, "Gee, we should buy a bigger place and

grow more bananas." He then upped his plot of land to 10 acres, and again to 41 acres in the

1990s.

As we talked, two farm workers arrived in a pickup truck, ready to begin harvesting

bananas and maintaining the fields, which contained rows upon rows of huge banana plants. Tiny

multicolored ribbons hung down from some of the plants along the pathways. Some were striped,

while others were solid colors. These ribbons were color-coded by when the bananas were

planted, so that the farmers could tell exactly how old the crops were, and when the bananas

were ready to be harvested. This is especially important because they couldn't actually see the

bunches of bananas themselves; the fruits were completely covered by trash bags in order to

keep out pests.

Everything Richardson is growing right now is resistant to TRI. He grows Williams and

Valerie bananas, which are two types of Cavendish, along with Santa Catalina, a type of apple

banana. Although TR4 hasn't spread to Hawaii, Richardson saw its dangers when he visited

Taiwan with other banana farmers 30 years ago. "We were so scared that a lot of us left our

shoes in Taiwan," he said-a reference to the possibility that they might have picked up spores
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of TR4 from the soil they walked on. "If we get TR4 here," he told me, "we have no way of

mitigating the disease. If we get TR4, we're screwed."

TR4 has the potential to be even more devastating than TRI. In 2015, it was estimated

that over 247,100 acres of farmland have already been affected by the disease, and the problem is

only getting worse. "The only way to prevent this is by working together," I was told by Martha

Maria Rios, an agronomist engineer and spokesperson of the World Banana Forum.

The World Banana Forum initiated a task force in 2013 with specific aims to prevent and

manage TR4. The task force, with 20 active members, is working on raising awareness of TR4,

getting information to banana farmers, and working on prevention strategies to limit TR4's

spread. The program requires an international effort, and Rios says that they are building "a

global network" to try to combat TR4. Since there is no cure for the disease, a main focus is on

quarantine and prevention. Quarantine measures are believed to have successfully contained an

outbreak in Israel in 2016, but they aren't fail-safe. In 1997, an outbreak in Australia's Northern

Territory was quarantined and thought to have been contained, so much so that the government

decided to lift quarantine measures in 2012, against the advice of the industry. In 2015, Panama

disease was found in neighboring Queensland.

James Dale, a biologist at Queensland University, is one of the many researchers who are

trying to develop a solution to TR4. He has created transgenic bananas that show resistance to

the disease, and he saw the Northern Territory outbreak firsthand. During a three-year field trial,

Dale tried two different approaches to making Cavendish bananas resistant to TR4. One

approach was to take a gene called RGA2 from a wild banana that was resistant to Fusarium and

15



transfer it into the standard Cavendish. The other was to take the fungus resistance gene Ced9,

normally found in nematodes, and insert that gene into the Cavendish genome. The researchers

created several different lines of modified bananas with varying numbers of copies of the genes.

Then they exposed the newly modified crops to the fungus. Two lines--one RGA2 line and one

Ced9 line--did not show any symptoms. 9

Dale and his team were able to create seven genetic lines from plants with RGA2 or Ced9

genes. They planted these lines in Australia's Northern Territory along with controls in 2012.

After a year, controls began to wilt and die off, while most of the genetically modified lines

survived. However, a TR4 outbreak in Northern Territory meant that all bananas in the area had

to be destroyed, including their experimental ones.

The resistant gene was found by banana pathologist Ivan Buddenhagen, an emeritus

professor in Plant Sciences at UC Davis. In the middle of a plantation which had been devastated

by TR4, he and others who had come to examine the disease found a surprise - a lone wild

banana "growing quite happily" in the middle of the field. Buddenhagen collected seeds from the

fruit and sent them back to Australia, where his team started to grow the plant. It had a low yield

- they were only able to grow six plants from this banana. But they were able to isolate the

RGA2 gene and determine that it was responsible for TR4 resistance.

Ultimately, Dale and his team decided to move forward with the RGA2 gene and leave

the Ced9 nematode gene behind. They considered RGA2 a more practical option because it

comes from the same species. Now, another field trial of 600 plants is underway with even more

' Dale, James, Anthony James, Jean-Yves Paul, Harjeet Khanna, Mark Smith, Santy Peraza-
Echeverria, Fernando Garcia-Bastidas, Gert Kema, Peter Waterhouse, Kerrie Mengersen, and
Robert Harding. "Transgenic Cavendish Bananas with Resistance to Fusarium Wilt Tropical
Race 4." Nature Communications 8, no. 1496 (2017): 1-8.

16



new lines that the lab has generated.

Genetic engineering is a solution to the TR4 problem that has been discussed as far back

as 1986, when Taiwanese researchers Hong-ji Su, Shin-chuan Hwang, and Wen-hsiung Ko

published an article describing the etymology and state of TR4 in Taiwan. They described that

"rapidly advancing biotechnology" could lead to the development of genetically modified TR4-

resistant bananas. Research like Dale's sees that dream realized.

Transgenic bananas represent a way to save the Cavendish. But how will the public react

to genetically modified bananas? "I'll bet you there's a fair proportion of the population that will

say, 'I think I'll put up with the gene,'" said Dale. Attitudes to GMO in Australia have been

affected by susceptibility to drought. In an annual survey about attitudes to genetic modification,

he said, support for GMOs jumped from 40 percent to 70 percent of the population surveyed

after severe drought. People were interested in crops that could be genetically modified to be

more adaptable to drier climates.

Although genetically modifying Cavendish would be new for the banana industry, other

genetically modified foods have been around for decades. Transgenic papayas saved Hawaii's

papaya crop. In 1992, papaya ringspot virus began to decimate Hawaii's papayas. In three years,

papaya production was halved. Scientists engineered a genetically modified disease-resistant

papaya to solve the problem. It was made available in 1998 and was responsible for saving

Hawaii's papaya industry. "It was sort of like a vaccine," said Rob Guzman, who studied

epidemiology before becoming a banana farmer. Today, transgenic papayas are planted on 76

percent of Hawaii's papaya farmland.

That being said, there are certain places in the world where anti-GMO attitudes are so

prevalent that Dale could simply not take his GMO banana to market. "He certainly couldn't sell
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it in Europe, that's for sure," I was told by Alistair Smith, the coordinator of nonprofit Banana

Link. "And it's increasingly difficult to sell in North America." In a 2016 poll, 39 percent of

those polled in the United States believed that genetically modified foods are generally worse for

one's health than non-GMO foods.10 Acceptance may also be predicated upon what kind of gene

is being put into another organism. People tend to be more supportive if the gene is coming from

the same type of plant, because this is seen as more natural. Lynn Richardson, the farmer I

visited on the Big Island, feels this way. "When you're splicing something from a banana plant

into another plant," he told me, "I have no problem with that."

People may accept genetically modified bananas if there is no other alternative.

Genetically modified bananas are starting to be planted in Uganda, where bananas have been

blighted by Xanthomonas wilt, a bacterial disease that causes symptoms to Fusarium wilt. Last

year, the Ugandan Parliament passed a landmark biosafety law that gave farmers access to

genetically modified plant varieties after years of debate. For years, legislators tried to balance

the requirements of Ugandan scientists, who were using biotechnology to create genetically

modified bananas in confined field trials, with groups that were both for and against GMOs.

Finally, they passed a law so that farmers could try the new varieties."1

Now that the law has been passed, Uganda's banana farmers, many of whom are

subsistence farmers, have shown themselves to be extremely interested in trying out genetically

modified strains that can resist xanthomonas bacteria. As the Ugandan science writer Isaac Ongu

told me, "Their default response has been, 'Where is that variety? We want to try."'

10 Funk, Cary, and Brian Kennedy. "Public Opinion about Genetically Modified Foods and Trust
in Scientists." December 01, 2016. Pew Research Center.

" Kava, Ruth. "Let Them Eat (GM) Bananas!" September 8, 2017. American Council on
Science and Health.
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Dale and others have also been doing genomic analysis-sequencing the genome of

Cavendish and of the resistant wild banana-and may have found a solution that involves gene

editing instead of genetic modification. Instead of taking the RGA2 gene from the wild banana

and splicing it into a Cavendish, they go into the genome of the Cavendish and use CRISPR to

edit its RGA2 gene so its DNA sequence is like the wild banana-a technique that allows them

to make the Cavendish express TR4 resistance without their having to insert a gene from any

other organism. This kind of editing isn't easy, but it offers the promise of producing a TR4-

resistant Cavendish strain that would not need to be labeled in markets as genetically modified.

Genetically modified and gene-edited bananas can help address the problem of disease

resistance, but they do nothing to promote banana diversity-and that, Gabe Sachter-Smith told

me, is a big problem. "It's almost like a really expensive Band-Aid," he said. Gert Kema, a plant

pathologist at Wageningen University and Research, in the Netherlands, who was a co-author on

Dale's 2017 research paper, expressed a similar opinion. "It is a pipe dream to consider that

genetic modification will solve all issues in contemporary banana cultivation," he said.

"Enriching the diversity instead of replacing clone one by clone two is the way forward."

Dale agrees that although conventionally breeding bananas is hard to do, a non-GMO

approach is possible. "If somebody comes out with a replacement for Cavendish by conventional

breeding," he said, "that would start to dominate and become similar to Cavendish. I don't think

we're going to come up with 10 [varieties]. We might come up with one or two of them. Then, at

some stage, of course, new diseases come along, and both groups, both approaches have to go

back and generate resistance to that."

Even if a long-term solution to TR4 is developed, a new banana disease will surely

emerge, and the search for a disease-resistant solution will begin again. Which raises an
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important question: Is our worldwide fondness for the banana-and, indeed, our worldwide

dependence on the banana-sustainable? Maybe so. It's possible, of course, that with the help of

selective breeding, genetic modification, and gene editing, scientists and farmers may be able to

stay ahead of diseases and keep the industry going in ways that satisfy our constantly growing

global demand. But there's an alternative we might have to consider. Maybe, faced with the

prospect of devastating diseases such as TR4, the industry will have to shrink, and we'll have to

eat fewer bananas around the world. Maybe it's time to recognize the banana for what it actually

is - a disease-prone tropical fruit. And we should appreciate that bananas were able to become so

widespread and readily available in the first place, because the Cavendish as we know it may not

be here forever.
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