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Introduction of

Tokyo University of Agriculture 
and Technology (TUAT)

a mid-size national university 
having two faculties, Faculty of 
Agriculture and Faculty of 
Engineering



2https://www.tuat.ac.jp/outline/disclosure/movie/tuat_pr_movie_5.html
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Invasive plant diseases threaten 
human lives indirectly

Jan 2020–Mar 2023（NIH）
Population：~8 billion
6.9 million people dead

1845–1846
Population：~1.25 billion
1 million people dead

Potato famine COVID-19
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Impact of invasive plant diseases in 
human history

Lucas (1998)
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Examples of recently important 
invasive plant diseases

• Citrus Greening by Candidatus Liberibacter asiaticus

• Dutch Elm by Ophiostoma ulmi

• Soybean rust by Phakopsora spp.

• White pine blister rust by Cronartium ribicola

• Chestnut blight by Cryphonectria parasitica

• Banana new wilt disease by Fusarium oxysporum f. sp. 
cubense race TR4 (FWB)

• Sweet potato foot rot disease by Phomopsis destruens

• Tomato yellow leaf curl virus (TYLCV) disease transmitted 
by whitefly
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USDA addresses the invasive plant 
pests by:

• Encouraging adoption and implementation of integrated 
pest management (IPM) techniques

• Helping farmers make pest management decisions that 
are environmentally friendly

• Coordinating invasive species efforts at the national 
level

• Investing in research to develop trade mechanisms that 
reduce risk of pest entry

• Developing and maintaining real-time information on 
invasive pests 



Banana is closing to disappearing
by the pandemic of invasive New FWB
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The genus Fusarium

Ascomycota
Perfect stage: Nectria、Gibberella等
More than 100 species
Classification is currently undergoing

(F. oxysporum species complex, etc.)

Mycoprotein（F. venenatum）
Biocontrol agent（NPF）
Animal pathogen (as MRL 8996)
Plant pathogens

F. oxysporum (as Fol 4287)
F. solani
F. fujikuroi
F. graminearum→mycotoxin
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Fungi/Ascomycota/Sordariomycetes/Hypocreales/Nectriaceae



Fusarium oxysporum

Fusarium oxysporum（species）

forma specialis（f. sp., forms）
taxonomy based on host plant species
f. sp. cubense (Banana wilt, or, Panama disease）
f. sp. lycopersici (Tomato wilt)
f. sp. conglutinans (Cabbage yellows)
、、、（more than 120 forms）

Race
taxonomy based on host plant varieties
race 1（Incompatible cv. Cavendish）
race 2（Incompatible cv. Cavendish, endemic in CA）
race 4（Compatible cv. Cavendish ）

race SR4（Sub-tropical race 4, weak pathogenicity)
race TR4（Tropical race 4, strong pathogenicity）

F. oxysporum f. sp. cubense race TR4:New FWB fungus13



Fusarium oxysporum f. sp. cubense (Foc) 
the pathogen of Fuasrium wilt (FWB) 
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Soilborne pathogen
Difficult to control



15Dita M et al. (2018) Front Plant Sci 9:1468Wiki

The pandemic history of FWB



Switching to resistant variety 
Cavendish
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Miami fruits
Ohho Express

Race 1
Race SR4
Race TR4

cv. Gros Michel cv. Cavendish
(resistant to race 1)

Race 1
Race SR4 (weak pathogenicity)

Race TR4 (strong pathogenicity)



Fusarium oxysporum f. sp. cubense race TR4

The Pandemic of New FWB
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How is Foc transmitted?
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Transmission through
• Soil
• Air
• Water (Flood, irrigation)
• Human foot and equipment
• Seedling plants

Countermeasures (Similar to those for COVID-19)

• Isolation of fields
• Sanitary management (Shoes, Equipment)
• Prohibition of movement of Seedlings, Fruits, 

Residues
• Pathogen-free seedlings
• Soil disinfection, etc.
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https://www.sciencemag.org/news/2019/07/devastating-banana-disease-may-have-
reached-latin-america-could-drive-global-prices

New FWB has arrived in
South America (Colombia)

2019
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New FWB has arrived in
South America (Piura, Peru)

2021



2019 Colombia (García-Bastidas et al., 2019)

2021 Peru (Acuña et al., 2020)

2023 Venezuela (Herrera et al., 2023)

Colombia

Peru

Venezuela

New FWB has arrived in
South America (Venezuela)

2023
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¿Qué es Fusarium Raza 4 Tropical – Foc R4T?

✓ Hongo del suelo que sobrevive por décadas.

✓ No tiene control químico eficaz.

✓ Afecta todas las variedades de banano y

plátano.

✓ Causa marchitez hasta la muerte de la planta.

✓ No existen variedades comerciales resistentes

ni tolerantes.

✓ No afecta la fruta ni a las exportaciones.

✓ No afecta la salud humana.

Countermeasures in Peru
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Foc R4T - Piura - Perú - 2022

Mapa de sitios de prospección y positivos a 

Foc R4T a nivel nacional (2021 – 2022)
Ubicación de reportes positivos a Foc R4T 

(Sullana – Piura) (Abril 2021 – Agosto 2022)

Countermeasures in Peru
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Contención – manejo de Foc R4T en Piura

Countermeasures in Peru
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Has New FWB arrived in Japan?
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Diagnose by LAMP using TR4-specific primer set
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The pathogen of the 
FWB found in 

Honshu, Japan, is in 
the same cluster III 

as race TR4 (the 
new FWB pathogen) 
reported overseas

Has New FWB arrived in Japan?
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Mock

Race 1
160527
Miyako

Race SR4
23TM22-4

Tingo Maria

TKS1-1

MAS1-1

Race
TR4

cv. Cavendish

Has New FWB arrived in Japan?
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https://www.cabidigitallibrary.org/doi/full/10.1079/cabicompendium.59074053#REF-DDB-206236

The Pandemic of New FWB



2023–
2027

A JST/JICA SATREPS Project
Establishment of an Alert System for Fusarium 

oxysporum f. sp. cubense, the Banana and 
Plantain Wilt Pathogen, and Mitigation of the 

Disease

30



Research objectives
Peru

Worldwide

Stable 
production 
of organic 
bananas, 
human 

resource 
development

Low environmental impact 
"Comprehensive wilt control package”

1. Diagnosis and warning system for FWB
2. FWB-tolerant variety of banana by mutation
3. Pathogen-free seedling production
4. Microbiota in disease-suppressive soil
5. Novel biological control

Establishment of molecular diagnostic lab
Establishment of good agricultural practices 

Training of experts and farmers

Stable (organic) banana production
Improvement of farmers' standard of living 

Training of young researchers
31



Selva, Peru: Research location

Laboratories

Institutes
Blue green：Selva region

Fields

UNALM

UNAS

INIA

Tingo María, Huánuco

Piura area
TR4

32



The Foc in the Selva region is 
race SR4
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ML Phylogeny based on
TEF1-mtSSU region
Outgroup, F. commune NRRL22903
Bootstrap value: 1000

Selva isolates 
belong to Clade A 
Cluster II

The Foc in the Selva region is 
race SR4
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mock

Race 1
160527
Miyako

Race SR4
23TM22-4

Tingo Maria

TKS1-1

MAS1-1

Race
TR4

cv. Cavendish

The Foc in the Selva region is 
race SR4

35



The Foc in the Selva region is 
race SR4

SIX1a SIX1b-g SIX2a-d SIX4a-b SIX6a SIX6b SIX7a SIX8a SIX8b SIX9a SIX13aSIX13e

TR4 + + + + + ー ー + + + + +

SR4 ー + + + ー ー + + + + ー ー

R1 ー + ー + ー + ー ー ー + + ー

供試菌株 3a-SE ー + + + ー ー + + + + ー ー

12a-MA ー + + + ー ー + + + + ー ー

14a-MA ー + + + ー ー + + + + ー ー

TMB1-2 ー + + + ー ー + + + + ー ー

TMB1-3 ー + + + ー ー + + + + ー ー

TMB2-3 ー + + + ー ー + + + + ー ー

TMD1-1 ー + + + ー ー + + + + ー ー

TME1-1 ー + + + ー ー + + + + ー ー

23TM13-9 ー + + + ー ー + + + + ー ー

23TM22-4 ー + + + ー ー + + + + ー ー

23TM33-4 ー + + + ー ー + + + + ー ー

23TM33-5 ー + + + ー ー + + + + ー ー

SIX  遺伝子

Czislowski

et al., 2018

SIX genes

Isolates

36



Accessory chromosomes in Foc

Tomato wilt fungus Banana wilt fungus
Race 1

Comparison of the genome between 
FWB and the tomato wilt fungus

160527 Race 1

Part of ctg2

Core genomic region: essential for life activities, common among strains
Accessory genomic region: not essential for life activities, despesable, 

can be deleted, involved in pathogenicity and host determination

Core region

Accessory region

37
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Accessory chromosome deletion mutants can be 
generated by treatment with a tubulin Polymerization 
Inhibitor, mitosis inhibitor benomyl (VanEtten 1998)

15 mg/ml
Benomyl 

Accessory chromosome Accessory chromosome-
missing mutant

We have obtained three accessory chromosome-missing 
mutants (Matsui 2022)

Generation of accessory chromosome-
missing mutants
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Generation of accessory chromosome-
missing mutants

Primer sets

Missing a part 
of ctg12

Missing a part 
of ctg2

Missing whole 
ctg2



Generation of accessory chromosome-
missing mutants

#3
 

ct
g2
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o
le

WT 160527
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ctg2 is responsible for pathogenicity on 
banana

Ctg2-missing mutants lost pathogenicity

Vascular symptomOuter symptom

D
is

ea
se

 s
ev

er
it

y

Pe
rc

en
ti

le



Development of LAMP primers for Foc-
and its races-specific diagnosis

Putative virulence-related genes on accessory chromosomes

Retention patterns of SIX genes homologous to the tomato wilt 
fungus effector genes group in each race of Foc

42



Foc-specific
(Ce15)

Race 4-specific
(SIX8)

Race SR4-specific
(SIX7)

Positive 
control

Race

SR4

1 4

TR4

Sample
Negative 

control
(Water)

Primer set

→Available in the market
From Nippon-Gene company

Development of LAMP primers for Foc-
and its races-specific diagnosis

43



Demonstrations and training on 
molecular diagnostic methods

44



Biocontrol of FWB using a 
nonpathogenic Fusarium

Nonpathogenic
Fusarium sp. W5

Control

We are now testing vaccinated seedlings in 
which rhizosphere is colonized with a biocontrol 
agent, nonpathogenic Fusarium sp. W5 45



The nonpathogenic Fusarium was 
isolated in the collaboration with CTU

46



Secondary metabolites of the non-
pathogenic Fusarium

✓ Whole genome information 
will be open 

✓ NPF W5 does not have the 
pathogenicity-related genes 
found in the tomato wilt 
fungus

✓ NPF W5 does not have the 
mycotoxin biosynthetic gene 
clusters

47
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JICA/JST SATREPS Project
（2022〜2027）
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