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Panama disease or Fusarium wilt of banana draws
global attention. The currently developing
epidemic of the so-called Tropical Race 4 (TR4) is
caused by a single clone represented by vegetative
compatibility group 01213. It is reminiscent of the
previous epidemic that wiped out ‘Gros Michel’
bananas in Central America, which pushed the
banana industry into bankruptcy. The epidemic
was eventually quenched by cultivating
‘Cavendish’ bananas, which are resistant to the
so-called Race 1 strains that caused the epidemic
in ‘Gros Michel’. The industry revived and thrives
by the success of ‘Cavendish’ that has developed
into a global monoculture. The emergence of TR4
wipes out ‘Cavendish’ plantations in South East
Asia, where the disease spreads along with banana
plantations expansions and from where it has
spread into the Near and Middle East and Africa.
Banana production in many regions is at stake and

there are no sustainable solutions available. Our
research focuses on the international complexity
and addresses mostly genetic diversity in host and
pathogen as well as epidemiological aspects
embedded in multidisciplinary programs. We have
used genotyping by sequencing technologies to
describe global and regional diversity in the causal
agent Fusarium oxysporum f.sp. cubense (Foc) and
have phenotyped hundreds of banana accessions
with various Foc genotypes. Methods to rapidly
detect - particularly TR4 - and manage the disease
have been developed to slow down the epidemic.
This provides the necessary time for developing
durable solutions that also contribute to break the
hegemony of the global ‘Cavendish’ monoculture
by introducing a diversified panel of banana
cultivars. The latest developments will be presented and discussed.
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Panama disease, a wilt disease on banana caused
by the fungus Fusarium oxysporum f. sp. cubense
(Foc), has spread globally and severely affects
banana plantations worldwide (Ploetz et al., 2015;
Ordonez et al., 2015). The fungus is a soil inhabitant, reproduces asexually, and can reside in the
soil very long periods in the form of chlamydospores. Tropical Race 4 (TR4) is one group of
strains with high economic impact because it is
able to infect all the commercial banana varieties.
Attempts have been made to find ways to manage
the disease, from ecological engineering to
creating a pathogen-free cultivars (Ploetz, 2015;
Thangavelu & Mustaff, 2012). However, none of
them have yet been proved to be successful in
controlling the disease.
In the Fusarium oxysporum f.sp. lycopersici (Fol) –
tomato pathosystem the interaction between the
fungal avirulence protein Avr3 and the I-3 immune
receptor of tomato leads to disease resistance (Rep
et al., 2004; Van der Does et al., 2088; Catanzariti
et al., 2015). Avr3 – also called Six1 – is a protein
secreted in the xylem by Fol during infection. I-3
is naturally found in the tomato relative Solanum
pennellii.
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We asked the question whether a resistance gene
of tomato could confer resistance in banana
to Panama disease. We therefore investigated
whether homologs of Six1 in Foc could interact
with I-3 in the Fol-tomato pathosystem. Foc has
three homologs of the SIX1 gene designated as
SIX1a/b/c. Our approach was to introduce these
homologs into a FolΔSIX1 mutant. As control we
also reintroduced SIX1 of Fol. All transformants
were then tested on resistant tomato plants carrying the I-3 gene. In parallel to that, transformants
were also tested on susceptible tomato plants.
Our results show that the I-3 resistant plants
infected by Fol SIX1::SIX1a/b/c have a lower
disease index and a higher weight compared to
the plants infected with Fol ASIX1. This suggests
that SIX1a/b/c may interact with the I-3 resistance
gene, and induce an immune response. However,
we also saw that Fol SIX1::SIX1a/b/c strains have
reduced pathogenicity compared to the Fol wild
type as well as Fol SIX1::FolSIX1 strain. This suggests that Six1 homologs from Foc, while able
to trigger I-3, also reduce pathogenicity of Fol
on tomato.
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