
 

Scientists track frog-killing fungus to help
curb its spread
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This Rhacophorus bimaculatus frog, a native of the Philippines that makes its
home in the misty spray zones beneath waterfalls, is one of the many frog
species imperiled by the deadly chytrid fungus. Credit: Rafe Brown & Jason
Fernandez

From habitat loss to climate change, amphibians around the world face
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immense threats to their survival. One emerging and sinister threat is the
chytrid fungus, a mysterious pathogen that kills amphibians by
disrupting the delicate moisture balance maintained by their skin, and
that is decimating frog populations around the world.

"Amphibians are already one of the most imperiled groups on the planet,
and this fungal disease is further threatening their biodiversity," said
Erica Bree Rosenblum, an associate professor of environmental science,
policy and management at the University of California, Berkeley.

With the help of advanced genetic testing and hundreds of frog skin
swabs, Rosenblum, along with UC Berkeley graduate student Allison
Byrne and an international team of collaborators, has created the most
complete map to date of when and where different genetic variants of
the fungus—analogous to different strains of viruses like the flu—have
infected frog populations around the world.

Some of these genetic variants are deadlier than others, so knowing their
current geographic distribution is key to preventing future spread of the
disease, the researchers said. The investigation also uncovered a whole
new genetic lineage of the fungus, one that appears to have originated in
Asia and may be the oldest variant yet discovered.

"An invisible aspect of globalization is that when we move plants and
animals around, we are moving their diseases around, and that can have
really devastating consequences," Rosenblum said. "If we know what
lineages are where, we can better predict conservation outcomes,
because some of these lineages are really deadly, and others less so."

The study appears online the week of Sept. 23 in the journal Proceedings
of the National Academy of Sciences.
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The chytrid fungus, bearing the scientific name Batrachochytrium dendrobatidis,
infects frogs' skin and disrupts the animal's ability to properly maintain moisture
and electrolyte balance. Credit: Erica Bree Rosenblum

Tracking an emergent pathogen

"Chytrid" is the name of not one, but around 1,000 different species of
fungi, most of which are harmless detritivores that spend their lives
munching away on dead and rotting organic matter. The frog-killing
variety, which bears the tongue-twisting name Batrachochytrium
dendrobatidis, wasn't discovered until the late 1990s, when scientists
were desperately searching for the source of disturbing frog die-offs that
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had been popping up worldwide since the 1970s.

Though researchers now have a culprit, much remains unknown about
this enigmatic disease: Some species of frog, like the American Bullfrog,
are not affected by the fungus, while for others, exposure to the fungus
means almost certain death.

Scientists are also not clear on the origins of the frog-killing chytrid
species. It may have been lurking in some corner of the planet for
thousands of years and only brought to worldwide attention when global
trade of frogs for their meat and for lab experiments exposed new
populations to the pathogen. On the other hand, it's possible that a recent
genetic mutation in the fungus suddenly made it more virulent,
Rosenblum said.

"Not all amphibian species are equally susceptible, not all strains of the
fungus are equally deadly, and there are a lot of open questions about the
disease. Are humans moving it around? Are different strains coming
together and mixing and becoming even more deadly?" Rosenblum said.
"It's like a murder mystery we are trying to solve."

To find the answers, researchers often turn to genetic testing to "get
under the hood" of a disease, using DNA signatures to map out different
variants of a pathogen and trace them back to their source. But full
genome sequencing of the chytrid fungus is notoriously difficult,
requiring large samples of the fungus that must be grown and cultured in
a lab and that sometimes involve killing the infected frog.

In the current study, Byrne borrowed technologies from medical
research to create a new genetic test that can determine what variant of
the fungus a frog has using only a skin swab. Rather than sequencing the
entire genome, the test looks only at key snippets of DNA that help
distinguish one variant from another. Because it only relies on small
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snippets, it requires much less DNA overall.

"People have been using Q-tip swabbing to test simply whether the
pathogen is present or not, but now we can use the same swabs to figure
out genetic details about the fungus, too," Rosenblum said. "There are
literally hundreds of thousands of these swabs sitting in people's freezers
around the world. Now, from these skin swabs, we can figure out not
just that this frog is infected, but specifically what lineage of the disease
it carries. Is it the same lineage that infects the frog living next door, or
in another country, or across the world?"

  
 

  

This delicate treefrog commonly called a 'Rain Frog' is only found among
understory tree leaves in rainforests of the Philippines. This species of frog has
also tested positive for the chytrid fungus. Credit: Rafe Brown & Jason
Fernandez
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Mapping a fungus through space and time

Rosenblum and Byrne partnered with collaborators around the world to
analyze 222 fungus samples collected from 24 different countries. These
samples included skin swabs collected in the field, as well as some taken
from preserved museum frog specimens, the oldest of which dates to
1984.

"I think something that our collaborators are most excited about is going
back in time with these museum specimens," Byrne said. "You can take
an amphibian in a jar, collected a hundred years ago, swab it and now
start to really build the picture of how these lineages have spread."

The analysis revealed the distribution of the four known lineages around
the globe and uncovered a whole new lineage that appears to have
originated in Asia. It also showed how, in many places, different lineages
of the pathogen appear to live side-by-side. This is a frightening
prospect, as recent lab work has hinted that, like many human viruses,
different lineages of the pathogen can mix and become deadlier.

Policies that limit the transport of frogs and other animals across
international borders could help prevent the spread of the disease, the
researchers say. For example, restrictions on salamander imports from
Europe have so far kept a related species of the fungus,
Batrachochytrium salamandrivorans, out of the United States.

"We are seeing that policy actions can slow or prevent the spread of
these diseases," Byrne said. "I think there might be a little bit of
complacency around the fact that this chytrid is basically everywhere.
But now we know that they are not all the same, the risks depend on
what lineage is there, and then when you get this mixing of lineages, you
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could have many unintended consequences."

  More information: Allison Q. Byrne el al., "Cryptic diversity of a
widespread global pathogen reveals expanded threats to amphibian
conservation," PNAS (2019).
www.pnas.org/cgi/doi/10.1073/pnas.1908289116
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