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New eRNA tests could help detect fish stress and disease
early by analyzing water, reducing losses and improving
fish health

Detecting fish stress and disease remains a persistent challenge for aquaculture, where early signs are
often difficult to identify without handling animals.

An international team of researchers led by the University of Maine is working to address that gap by
developing rapid, non-invasive tests that analyze the water fish live in rather than the fish themselves.

The project, involving scientists from the University of Maine, Dublin City University and Queen’s
University Belfast, will use environmental RNA (eRNA) to detect signs of stress and disease, with the
goal of giving farmers a faster and less invasive way to monitor fish health.
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Researchers are developing eRNA-based tests to detect fish stress and disease from water samples,
offering faster, noninvasive monitoring. Photo courtesy of University of Maine.

“The goal is to get a window into the physiology of the organisms, their health in particular,” said
Michael Kinnison, UMaine professor of evolutionary applications and director of the Maine Center for
Genetics in the Environment. “By looking at what RNA is being shed from their tissues into the
environment, eRNA can give us insights into what the fish are doing as biological machines.”
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Central to the approach is the difference between environmental DNA (eDNA) and RNA. DNA remains
largely unchanged throughout an organism'’s life, acting as a stable genetic blueprint. RNA, by contrast,
reflects what is happening inside the body at a given moment, changing in response to factors such as
stress, disease and environmental conditions.
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When fish shed cells into the water, both DNA and RNA are released into the surrounding environment.
While DNA can persist for longer periods, RNA breaks down more quickly. That makes it harder to
detect, but also means it can provide a more immediate picture of an animal’s condition.

Threatened by climate change, Maine oyster
grower adapts how his business ‘interacts with
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Climate change dictates how oyster farmers operate. To handle heavy rainstorms, Bill
Mook’s latest adaptation includes underground water tanks.
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A key challenge is linking specific eRNA signals to particular stressors, though early research suggests
it is possible. In one example, researchers in Japan used eRNA to detect stress in medaka fish.

“This hasn't been done for salmon yet, and it’s just exciting because it means that if we could use these
RNAs, we wouldn't have to kill fish to biopsy them,” said Erin Grey, UMaine assistant professor of
aquatic genetics. “We might be able to figure out and treat disease before it gets really bad.”

In addition to identifying eRNA signals linked to stress and disease, the team will use CRISPR-Cas
technology to develop rapid diagnostic tests. Similar to a COVID-style test, the approach would allow
farmers to sample water and quickly detect potential issues. Earlier detection could support more
targeted treatment and reduce losses, which can reach hundreds of millions of dollars annually in
salmon farming.

The project will begin in controlled tank systems before expanding to open-water environments, such as
net pens. Sampling will take place in Maine and Scotland, with an initial focus on heat stress and
furunculosis, two common challenges in salmon farming.
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Researchers are working with industry and fish health diagnostics providers to identify additional
stressors and pathogens for future study. While eRNA technology is still in early development, the
project aims to accelerate its application for use on farms.

n

“Environmental RNA technology is still at an early stage of development, but its potential is significant,
said Paulo Prodohl, professor of population and evolutionary genetics from the School of Biological
Sciences at Queen’s University Belfast. “We will apply advanced genomics and bioinformatics
approaches to identify the molecular signatures of stress and disease in salmon. By working closely
with colleagues at DCU and UMaine, we aim to ensure that this technology moves from proof-of-
concept to practical application for the aquaculture industry.”
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