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1Banana: a plant at risk

Musaceae
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aphid species Pentalonia nigronervosa, Aphis gossypii and Rhopalosiphum maidis  
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Panama disease 

Biology and disease development

et al
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et al
and that some genotypes are closer to other Fusarium 
et al.,   et al
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Fusarium et al

Fusarium
renamed (Maryani et al

of F. oxysporum
of the Fusarium

°

et al., 
Musa et 
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Fusarium spp. associated with 
Panama disease et al., et al

Figure 1. Morphology of Fusarium 
 et al.,
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et al. 
et al.,

Fusarium
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Heliconia 
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Dispersal and epidemiology

Fusarium spp. originate 
et 
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deemed for the rapid spread of Panama disease et al., 
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Fusarium
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Figure 3. 

(adapted from www.panamadisease.org

Musa 
et al

F. phialophorum, F. oxysporum and 
F. purpurascens, et al.,

Fusarium
et al.

et al et al., 
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Disease management 
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et al., 
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P. aeruginosa Trichoderma 
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Scope of the thesis
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Table 1.

Isolate code Species VCG Host Country Provider
Target-TR4

Fusarium oxysporum f.sp. 
cubense
F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense  

F. oxysporum f.sp. cubense
USA

F. oxysporum f.sp. cubense
USA

F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense Williams
F. oxysporum f.sp. cubense  Pisang Raja Serah
F. oxysporum f.sp. cubense Jordan
F. oxysporum f.sp. cubense

F. oxysporum f.sp. cubense

F. oxysporum f.sp. cubense Williams Malaysia
F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense Pakistan

F. oxysporum f.sp. cubense Williams Philippines
 

F. oxysporum f.sp. cubense Philippines
 

F. oxysporum f.sp. cubense Williams Philippines

F. oxysporum f.sp. cubense Philippines

F. oxysporum f.sp. cubense Philippines

F. oxysporum f.sp. cubense Pisang awak legor Malaysia
F. oxysporum f.sp. cubense Pisang Kepok



Chapter 2

Isolate code Species VCG Host Country Provider
Non-target isolates

F. oxysporum f.sp. cubense Spain

F. oxysporum f.sp. cubense

F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense Philippines
F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense Plantain Monthan

F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense Mons
F. oxysporum f.sp. cubense Apple USA

Université Paris –

F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense Tanzania
F. oxysporum f.sp. cubense Harare Malawi
F. oxysporum f.sp. cubense Harare Malawi
F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense Pisang Rastali Malaysia
F. oxysporum f.sp. cubense Thailand
F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense Thailand
F. oxysporum f.sp. cubense Pisang awak legor Malaysia
F. oxysporum f.sp. cubense Pisang keeling Malaysia
F. oxysporum f.sp. cubense Malaysia
F. oxysporum f.sp. cubense n.d. Maçã

F. oxysporum f.sp. cubense n.d. Kenya
 

Kenya
F. oxysporum f.sp. cubense n.d. Musa Malawi

F. oxysporum f.sp. 
melongenae

n.d. n.d.

F. oxysporum f.sp. 
canariensis

n.d. Palm n.d.

F. oxysporum f.sp. narcissi n.d. n.d.
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Isolate code Species VCG Host Country Provider
F. oxysporum n.d. n.d.

F. oxysporum f.sp. 
lycopersici

n.d. Tomato n.d.

F. oxysporum f.sp. n.d. n.d.

F. oxysporum f.sp. 
vasinfectum

n.d. n.d.

F. oxysporum f.sp. 
canariensis

n.d. Palm n.d.

F. oxysporum f.sp. radicis-
lycopersici

n.d. Tomato n.d.

F. oxysporum f.sp. melonis n.d. Melon n.d.

F. oxysporum f.sp. phaseoli n.d. n.d.

F. oxysporum f.sp. 
erythroxyli

n.d. n.d.

F. oxysporum f.sp. pisi n.d. Pea n.d.

F. oxysporum f.sp. raphani n.d. Radish n.d.

F. oxysporum f.sp. n.d. n.d.

n.a. Rice n.d.

Moko Ralstonia solanacearum n.a. Musa n.d.

1 2 3

TM

TM

water. R. solanacearum was grown on Kelman

TM
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F. oxysporum f.sp. canariensis

in-silico

Fusarium

in-silico markers that were only present 
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Figure 1. in-silico

et al
et al

in-silico 

in 
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Table 2.
Target LAMP Primers 5'- 3' primer sequence

cox gene
(Musa

Figure 2.
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small 

et al

 
 Musa acuminata
cox1  

in-plant

Results

in-silico
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Figure 3. in-silico Fusarium 

Fusarium
Fusarium

on other Fusarium Fusarium 
Fusarium spp. genotypes 

et al
tested Fusarium
Fusarium 
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 copies (average 

Figure 4

Table 3.  et al
Fusarium spp. and other 

Isolates1 LAMP TR4
this study      

LAMP TR4 
(Zhang et al., 2013)

1 2 3 Fusarium
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Figure 5

(A) (B) 
(C) 
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Table 4. 

Sample Replicate LAMP        TR4 assay LAMP           MusaCox 
assay

Tp Tm Tp Tm
Healthy 

Healthy 

Healthy 
rhizome

Healthy 

rhizome
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in-plant diagnosis in an 

Discussion

et al et al

et al

(Maryani  et 
al., , which et al et al

et al
García et al et al et al et al
et al et al

et al

on-site

et al

Fusarium
Fusarium genomes that 

F. oxysporum strains pathogenic to 
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tools. 
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Fusarium
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Fusarium spp. 
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R. solanacearum, a 

Fusarium et al et al

et al

et al

on-site

et al et al
et al

et al
et al et al

R. solanacearum et al

et al

et al
et 

al

(Molina et al et al
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sFigure 1
(A) (B)

(C) healthy and (D) infected rhizome and (E) healthy and (F) 
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sTable 1.

Isolate code Species VCG LAMP TR4
this study

LAMP TR4
(Zhang et al., 2013)

TR4 isolates
Fusarium oxysporum f.sp. cubense n.t.
F. oxysporum f.sp. cubense n.t.
F. oxysporum f.sp. cubense  n.t.
F. oxysporum f.sp. cubense n.t.
F. oxysporum f.sp. cubense n.t.
F. oxysporum f.sp. cubense n.t.
F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense  n.t.
F. oxysporum f.sp. cubense n.t.
F. oxysporum f.sp. cubense n.t.
F. oxysporum f.sp. cubense n.t.
F. oxysporum f.sp. cubense n.t.
F. oxysporum f.sp. cubense n.t.
F. oxysporum f.sp. cubense n.t.
F. oxysporum f.sp. cubense n.t.
F. oxysporum f.sp. cubense n.t.
F. oxysporum f.sp. cubense n.t.
F. oxysporum f.sp. cubense n.t.
F. oxysporum f.sp. cubense n.t.
F. oxysporum f.sp. cubense n.t.
F. oxysporum f.sp. cubense n.t.

Non - TR4 isolates
F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense n.t.
F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense n.t.
F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense n.t.
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Isolate code Species VCG LAMP TR4

this study
LAMP TR4
(Zhang et al., 2013)

F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense
F. oxysporum f.sp. cubense n.d. n.t.
F. oxysporum f.sp. cubense n.d. n.t.
F. oxysporum f.sp. cubense n.d. n.t.
F. oxysporum f.sp. melongenae n.d. n.t.
F. oxysporum f.sp. canariensis n.d. n.t.
F. oxysporum f.sp. narcissi n.d. n.t.
F. oxysporum n.d. n.t.
F. oxysporum f.sp. lycopersici n.d. n.t.
F. oxysporum f.sp. n.d. n.t.
F. oxysporum f.sp. vasinfectum n.d. n.t.
F. oxysporum f.sp. canariensis n.d. n.t.
F. oxysporum f.sp. radicis-lycopersici n.d. n.t.
F. oxysporum f.sp. melonis n.d. n.t.
F. oxysporum f.sp. phaseoli n.d. n.t.
F. oxysporum f.sp. erythroxyli n.d. n.t.
F. oxysporum f.sp. pisi n.d. n.t.
F. oxysporum f.sp. raphani n.d. n.t.
F. oxysporum f.sp. n.d. n.t.

n.a. n.t.
Moko Ralstonia solanacearum n.a. n.t.
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et al., et al

Fusarium 

o  o 

 o Ct
Ct



Epidemiology and management of Panama disease 

3
et al. 

, 

™

 chlamydospores.gram



Chapter 3

 o 

o

 chlamydospores.gram

◦ ◦

◦ ◦

◦ ◦

◦ ◦

◦ ◦

et al



Epidemiology and management of Panama disease 

3
o Fusarium spp. were transferred to 

 o 

Results

 chlamydospores.
gram



Chapter 3

Figure 1. Tracing Panama disease in the Philippines. Soil sampling sites for tracing Fusarium 

. The 
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Figure 2. 
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