
 

Fungus that threatens chocolate forgoes
sexual reproduction for cloning
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Purdue mycologists Catherine Aime and Jorge Díaz-Valderrama examine
cultures of Moniliophthora roreri, the fungus that causes frosty pod rot. Credit:
Purdue Agricultural Communication/Tom Campbell

A fungal disease that poses a serious threat to cacao plants - the source
of chocolate - reproduces clonally, Purdue University researchers find.
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The fungus Moniliophthora roreri causes frosty pod rot, a disease that
has decimated cacao plantations through much of the Americas. Because
M. roreri belongs to a group of fungi that produces mushrooms - the
fruit of fungal sex - many researchers and cacao breeders believed the
fungus reproduced sexually.

But a study by Purdue mycologists Catherine Aime and Jorge Díaz-
Valderrama shows that M. roreri generates billions of cocoa pod-
destroying spores by cloning, even though it has two mating types - the
fungal equivalent of sexes - and seemingly functional mating genes.

The findings could help improve cacao breeding programs and shed light
on the fungal mechanisms that produce mushrooms.

"This fungus is phenomenally unusual - it has mating types but doesn't
undergo sexual reproduction," said Díaz-Valderrama, doctoral student in
mycology. "This knowledge is biologically and economically valuable as
we seek better insights into how mushrooms come about and how we can
reduce this disease's damage to the cocoa industry."
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A healthy pod on a cacao tree at the Garfield Park Conservatory in Indianapolis.
Credit: Jorge Díaz-Valderrama

Cocoa is one of the few major crops produced almost entirely by small
farms, and the instability of cocoa prices often makes fungicides a risky
investment for growers. Instead, many growers opt to regularly monitor
their crop for symptoms of frosty pod rot, burying pods that display the
telltale dark lesions or white dusting to prevent further dispersal of
fungal spores.

Over the last 60 years, the disease has spread - likely through unwitting
transportation of infected pods - through much of South America, all of
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Central America and into Mexico. Frosty pod rot has dropped cocoa
yields in some areas by up to 100 percent, forcing many growers to
abandon their plantations altogether. Brazil is the only cocoa-producing
country in the continental Americas untouched by frosty pod rot, whose
pernicious effects have spurred the majority of global cacao production
to relocate to West Africa. These regions remain highly vulnerable to the
disease, Díaz-Valderrama said.

Understanding the fundamental biology of the fungus could help disease
control efforts, but researchers have long been stumped by M. roreri's
reproductive habits, which seem to deviate from those of sister species.

Fungal reproduction is complicated. Instead of male and female sexes,
fungi can have a vast number of different mating types, leading to a wide
and varied range of potential mates - up to 20,000 in some species. But
many fungi also reproduce clonally under favorable conditions, simply
copying their genome and producing billions of offspring.

Digging into the genomics and population genetics of M. roreri, Aime
and Díaz-Valderrama found indications that the fungus might be able to
sexually reproduce: It has two seemingly compatible mating types and
what appear to be functional sex pheromone receptors. But they couldn't
find any evidence that the mating types were recombining in the field or
lab, and no records of M. roreri mushrooms exist - signs that the fungus
has ditched sexual reproduction in favor of cloning.

"Fungi usually start reproducing via cloning when they're very well
suited for their environment," said Aime, associate professor of
mycology. "In terms of resources, sex is expensive while cloning is a
cheap and easy way to produce a lot of offspring."

The researchers found both mating types in South America and only one
type in Central America. This supports the hypothesis that the disease
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originated in South America and was more recently introduced into
Central America where it rapidly spread through clonal reproduction.

The study also shows that what some researchers believed to be different
varieties of the fungus are actually genetic variations in the two mating
types. The findings open the door for breeding programs to investigate
which mating type is more virulent and possibly develop resistant cacao
cultivars.

In the meantime, chocolate lovers should stay calm, Díaz-Valderrama
said.

"We're working on identifying biochemical components that could be
useful for controlling frosty pod rot and protecting vulnerable cacao-
growing regions."

The study was published in Heredity.

  More information: J R Díaz-Valderrama et al. The cacao pathogen
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