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Rice and Gene Editing:
Defending Against Rice Blast Disease

Rice is eaten by three billion people every day in every
part of the world, and consumption is forecasted to
increase by 100 million tons or more by 2050. While an
important staple crop for much of the developing world,
rice is threatened by disease, which, without a way to
control, could threaten the food security of billions of
people in rural areas.
Scientists believe CRISPR/Cas9 and other gene editing
techniques can help save the world’s rice fields.
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The Disease Threatening the World’s Rice Harvests
Rice blast is a fungus that causes a destructive plant disease that
can impact not only rice, but also other grains including wheat, rye,
barley, and pearl millet. The fungus is prevalent in 85 different countries, and can cause significant economic losses because it has been
known to completely wipe out entire rice harvests — what’s more, it’s
estimated that it destroys enough rice to feed 60 million people annually. Uncontrolled, rice blast could severely impact food security and
the financial health of rural communities and developing countries.
It is difficult for farmers to fight rice blast disease because it spreads
through fungal spores that can kill the rice plants or prevent older
plants from developing seeds. Farmers are fairly limited in how
they can combat this deadly plant disease — crop rotation, changing the amount of water in rice paddies, or adjusting fertilizer use
can sometimes limit disease damage — and rice blast is a fast-striking fungus, with the ability to infect an entire rice paddy within days.
The looming threat from rice blast is its ability to easily move through
global trade routes. Today, rice blast causes $66 billion in rice losses a
year; tomorrow, it could cause even more losses for other crops, and
leave even more people hungry.

Using Gene Editing to Breed a Stronger Rice Plant
With the world’s population steadily increasing at an unprecedented
rate, farmers are hard-pressed to make sure they are growing and
harvesting enough safe and nutritious foods. Climate change will
bring more unpredictable drought, rain, and temperatures — all things
that will impact pest populations, plant diseases and infections and
change the geographies in which they are prevalent. These things
bring an added challenge to the task that farmers have ahead of them.
Without a doubt, farmers need new rice varieties that can withstand
difficult growing conditions and are more resistant to diseases
— all while maintaining and increasing yields. The more resilient
and productive a rice plant, the better chance farmers will have to
feed consumers, and support their communities in the long term.
Plant breeders have a long history of developing new rice varieties, and
farmers have employed integrated pest management tools, including
fungicides, to battle rice blast. They haven’t always been successful,
as unfortunately, no rice cultivar can resistant all fungus varieties and
all forms of rice blast disease. Also, rice blast can become resistant
to fungicides over the course of two to three growing seasons.
Biotechnology has helped researchers identify genes that can confer
resistance to rice blast in some more resilient varieties of rice, but unfortunately,
it would take over a decade of research and testing with traditional breeding
techniques to develop a rice variety completely resistant to rice blast.
In 2002, rice was the first crop whose genome was fully sequenced,
which has led to a greater understanding of which genes and groups of
genes are responsible for certain functions. Since the genome was first
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sequenced, entire libraries of gene variations and mutations across different rice varieties have been identified.
This knowledge of rice at a genetic level has made it possible to use new breeding techniques to develop hardier
and more resilient varieties of rice.
Plant breeding innovations, such as CRISPR/Cas9, could play a significant role in finally breeding a rice
blast-resistant rice variety. A team of plant scientists from the Chinese Academy of Sciences, Guzngxi
University, and South China Agricultural University are working together to use this gene editing
technique to disrupt gene OsER922 that makes rice susceptible to rice blast. By disrupting, or silencing,
this gene, scientists believe rice plants will be able to naturally defend themselves against the fungus.
These researchers have been working with a Japonica rice variety, Kuiku131, which is widely grown in China.
They used it’s genes to help develop a new variety through CRISPR/Cas9 which has proven to maintain its
health despite being infected by the rice blast fungus. Initial trials have shown that disrupting a single gene has
significantly increased the plant’s own ability to resist rice blast, while still maintaining normal plant health and
growth. The team of scientists is waiting for approval from the Chinese Ministry of Agriculture and Rural Areas
to field trial the resistant variety.

The Implications for Food Security
Food security depends in part on farmers’ ability to produce crops season after season, throughout changing
weather conditions and in the face of threats from fast-moving diseases.
The applications of CRISPR/Cas9 and other genome editing technologies are being used to study and
develop new rice varieties in a big way. Plant scientists are using these tools to understand the genes
involved in complex challenges faced by rice farmers and pinpoint multiple ways to protect crops using the plant’s
own innate abilities. Scietnsits are able to quickly apply defenses across plant varieties all at once and apply learnings
to other crops. Using gene editing techniques to create varieties of rice that are more resilient to rice blast not only
helps safeguard this valuable food staple for millions of individuals, but it is also the first step in understanding how
to use this technology to combat other viral threats to rice, such as bacterial leaf blight and rice tungro disease.
This work is safe, efficient and critically important to meeting the world’s
growing need for stable supplies of staple food crops such as rice.
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