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Fusarium Wilt of banana in Asia




Fusarium Wilt of Banana in China
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Reasons for Fusarium wilt epidemics

Large scale monoculture of bananas
Small-scale farming by individual owners
Irregular production of tissue clture plantlets

Disregard of quarantine regulations

1

2

3

4. River pollution and farming operations

5

6. Movement of plants, people and equipment
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Fusarium oxysporum f.sp. cubense

x@
Abb. 57. Fusarium oxysporum v. cubense. Vergr. 1000. a. Makrokonidien der lingeren pionnotalen Entwick-

lungsstufe; b, c, d. Makrokonidien der gewohnlichen sporodochialen Entwicklungsstufe auf verschiedenen
Nahrboden; e. Chlamydosporen; f. Konidientriger




Races in Foc

‘Gros Michel’ (AAA), ‘Silk’ (AAB), ‘Pome’ (AAB),
‘Pisang Awak’ (ABB), Musa textilis

‘Bluggoe’ (ABB)
Race 3 ===  Heliconia species

Race 4 mme===——p=  Cavendish (AAA), ‘Pisang Mas’ (AA), ‘Pisang
Berangen’ (AAA), AAB plantains, plus cultivars

~“tropical susceptible to race 1 and race 2

»“sub-tropical”
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Subtropical Race 4

Race 12

Race 12
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Subtropecal Race 4

Race 2

Subtropical Race 4

Subtropecal Race 4

Subtropical Race 4

Race 172

Tropecal Race 4
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Subtropical Race 4

Tropical Race 4

Race !

Race !
Subtropical Race 4

Racs 3

Race !
Race |
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Net included in Race identity system

Cavendish
Cavendish
Cavendish
Lamundan
Ladv Snger
Lady Snger

Pisang Rubus

Pisang Berngan
Harare

Gros Miche!
Cavendish

Pisang Rasali
Pisang Stem

Pisang Rajz Sersh
Cavendish

Pisang Awak
Pisang Awak Legor
Pisang Keling
Pisang Ambon

Plantain

South Afca
China-Tamwan
Philippines
Philippines
Australiz
Australia
Indonesta
Australia
Australia
Unitad States
Australia
Tanzzania
Indonexa
Malawt
Costa Ric
Indonesta
Nalaysa
Indonssa
Indonssa
Australy
Thaitland
Thailand
Thailand
Thatland
China Namnland




Diversity and distrubution of Foc In China

Cooperation: Dr Altus Viljoen
Stellenbosh Univeristy

Guangxi
VCGs 0123,
01221.01213/16

Fujian
VCGs 0120,
01213/16

Guangdong
VCGs 0120,0123,
0124/22, 01220,
01221,01213/16

Hainan
VCGs 0123,0124/22,

01221,01213/16

Chunyu Li and Ganjun Yi. 2014. Fungal Genomics and Biology



Evolution of Foc worldwide

1. Genome re-sequencing
(1) 56 Strains: From Dr Altus Viljoen, Randy and ourself
(2) 4 Races. 24VC6s and covering 35 contries worldwidely
2. Co-operation :
Laboratory of fungal comparative genomics,Umass Amherst, USA
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Information of the resegenced Foc isolates

a  Sirains. Host., (Zzological locations . +_ Strains Host., Geological locations ,
TR4 . 4, 105G 2T TT . Pizmmo Siam . Trelnmeasia .
1. CAVI3IE-VOGOI2LT. MNamwa(AAB). KuosinE. 7K Taiwan . " i;:ggzijfl E:Z;Tm E‘I’E‘;
2. CAVI0OVCGOI213I.  Valerv, Southeast Sumatra Indomasia .
B P e Batan S emistea Fodomaia. 7. 623-VCGOLZ20-A., Williams . Camarvon. Wastem Australia ,
4 1216.VCC0NLEC. Conanich Brinilian Heian Chins 8.  TEEVCGOI2I0C. Girog Wichal . FHIA Villa Clars Cuba ,
) 0.,  B4TVCGOI218I. Pizanz Ambon . Indonasia
5. 604-VCGOI216-M, PizaneRaja . MARDIL Selangor, Malavsia, P Pisme Carine . A
6. 7E9-VORLII16C.  Cavendich Frizilin Guansdong China.. 11,  8T1-VCGOLZ1IT-M. Pisame Rastali - Malavsia .
STR4., 12. 030VCGOI23-T., Flusi Namwa . Thailand »
1. 105-VOGI120-5. Cavendish - Eispersol.South Africa. 13, O§T-VCGI114/5-P . Latumdan - Dhilinminss -
1. 136-VCGIII-A. Ladv finger., Moorina OLD. Australia . 14.  1216-VCGO1210-C.. Gros Michal . Sto. Dominzo. Vila Clara -
3. 61IDNZVCGILLSC.  Gros Michel. CostaRica.. 15, 1214-VCGO1214-M.. Harara . Mizuln Karones Malswi .
4. 1089-VCGILI9-A. Lady finzer., Cooloolabin QLD Anstrilia . 16. 1217-1-VCGO1217-M., Pizane Rastali , Ke. Taboh Manine Nesi -
5. 12115CGO1211-A SH3142, Queensland Australis . 17, 1217-2%C0D1217-M.. Pizane Fastali . Kota Wamti Bombilan -
6. 1215-VOGII2Z13H . Isolons. Coste Rica.. Onne, Mizzria. 18,  1219-VCGE012191, Pizane raia sarine - Cibinme Collactiom.  Java -
7. GDIS-NOE1215LC. Caveandish Brizilian Guansdone. China.- 10, 1X253-%CE0123-P ., Latimedam Philivwines
8. 45-VOGI1X-B.. Pacvan Bahia. Brazil . 0. 1223-VOGD123-T. Flesi nsm wa =3 Smoene Hww 1260 Chisne -
RACE2. 21,  1224-VCGHI24-H. Eluzzos., Hondurs: .
1. IB2013-VOE2B-W ., Chuoi tav cao {AAB). Van (risne town. Van eiane . 1983-VOGD123-T. Pizanz Awak . Taiwan. .
1. 12B-WVOGI1ZE-A. Blugeosa., South  jolmstome.  Quzansland. 3. XeVOGHIIL-T. Flusi pam wa., Morh of Chisnez Bai Hwev L -
nonpathossmicitv-isolatss . 24, 2260-VCG124-T. Tatranlodd 1242 Eodles. Jamaica ,
1. TRI155-%, B Eisparsol. South Africa . 25, M0VCGE1III0-A Willisms - Camaryon. Wast Anstralia .
2. IBS5S3.5. . Kisparsol South Afica . 26, 35115ID16-VCGDI224-M..  Pisanz Ambon. Kuchine. Seman Mame -
Ditao Tsolatss . 27. GDOL-VCGD1220-C., Pizanz Awsk , Guanedone. China ,
1. Dlllsc. Dajiso . Donesuan, Chiza. 28, HNDS-VCGD123-C., Gros Michal , Hairam ,
2. DIOI.C. Dajizo . Donesuan, Chins. 20, JB130-VCGO1214-M. Harara ., Misuku  hilk.  Kawonea -
BACEL. 30. JBS26-VCGOLI4/5-M.. Harara , Chitiva Karonsa Malawi -
L. 122.VCGIIILE. Seba. Philipines. 31. GXOS-VCGDI1221-C., Pisans Awsk . Guanexi. China.
s 1B AeGIND. Apole. Floside USA. 32. IB7E5-VCGOL16C . Dizane Awsk , Guanedone China .
3. 188-VCGII2I2T., NevPoovan.. Teneusro Station, Tanzanis Ho LEVCEHLEL Plasme Siam. fndenssias
34, OORVCGDIIIU. Hizmiz . Usanda .
35. 041-VCGO125-T., Klusi Namwa , Thailand -



Quality of the data, and results of assembled contigs

Raw

_ Mapping _ ) SNPs (Genome size (Mb)
Strains MAT Faw EFeads Base Contigs =~ N30 Q20( | Q30{
(Gb) reads Total = Core LS Total Core LS %) %)

TR4
CAV2318-VCGO0121 1 17932515 © 3.62 | 167975532 582 261394 | 97996 | 89632 8364 | 45.21 ' 42,14 | 3.07 @ 96.76 @ 90.38
CAV3I00-VCGO01213 1 7761474 1.55 7529068 721 309890 4334 1245 3280 45.44 42,03 442 933 0149
811-VCG01213 1 19178728 87 30283950 721 309890 « 5223 1729 3494 4647 4213 4.34 0 9818 | 0384
1216-VCGO1216 1 13434667 + 272 @ 21721752 721 208116 @ 5719 1739 3080 47.41 4177 5.64 0 9826 9413
604-VCG01216 1 10546237 © 2.11 3351182 0og 203352 13485 3986 0400  46.00  41.69 4.31 9282 | 9043
789-VCG01213/16 1 16337447 3.3 23838167 742 238654 4947 1410 3537  45.69 ' 41.55 414 @ 96.68 | 90.24
STR4
105-VCG0120 2 16704459+ 337 26733840 686 303437 267139 239355 27784 4502 4288 214 09821 9397
286-VCGO120 2 14721588 © 294 13494085 834 235889 257834 231501 26333 446  41.17 343 9249 7975
612D712-VCG01215 19250024 = 389 19808024 708 2570908 328437 277839 50598 435 4109 241 9687 9099
1089-VCG0129 18959312 383 23042389 817 206741 283068 @ 252371 30697 @ 441 42 2.1 0 9823 9405
1211-VCGO01211 2 13849274 28 16506753 147 354257 | 265323 | 241206 @ 24117 455 4249 0 26 @ 9841 9457
1213-VCGO01215 2 13813089 = 279 17987339 814 203180 256678 220885 26793 4428 4190 238 093390 0472
GD19-VCG0120/15 1 15675179 © 317 = 22709385 821 IT8ETS 757096 714805 42201 4426 4072 3550 983 94127
45-VCG0120 2 150889042 © 305 @ 18362627 742 301313 | 269018 © 239927 @ 20001 4797 4221 576 9822 04
RACEZ
JB2013-VCGO128 15405625 @ 3.11 = 18608584 826 314715  B57592 766754 00838 426 3893 367 9671 9022




Evolution of Foc TR4, Foc STR4 and Race 1
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Virulence

€ Infection process
€ Mycotoxin
& Effectors
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the whole invasion process of Foc TR4







Invasion sites




Research on Mycotoxin

Chunyu Li,
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Changes in host metabolic pathways caused by BEA

Statistics of Pathway Enrichment
Terpenoid backbone biosynthesis =

Steroid biosynthesis
RNA degradation -
Pyrimidine metabolism - o
Purine metabolism = °
Porphyrin and chlorophyll metabolism -
Phagosome -
Nucleotide excision repair = °

Mismatch repair - °

Metabolic pathways - @
Lysine biosynthesis -
Huntington disease -
Homologous recombination -
slycine, serine and threonine metabolism -
Glutathione metabolism -
Flavonoid biosynthesis -
Fatty acid elongation -
DNA replication - (<]
De novo purine biosynthesis
Cytoskeletal regulation by Rho GTPase -
Cysteine and methionine metabolism -

Circadian rhythm - plant - .

Brassinosteroid biosynthesis - .
Biosynthesis of unsaturated fatty acids -

Base excision repair - .
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Statistics of Pathway Enrichment

Tryptophan metabolism -

Thiamine metabolism -

Taurine and hypotaurine metabolism -
Starch and sucrose metabolism -

SNARE interactions in vesicular transport -

RNA degradation < -

Plant hormone signal transduction -
Photosynthesis - antenna proteins =
Phenylpropanoid biosynthesis -
Phenylalanine metabolism -
Phagosome -

Pentose and glucuronate interconversions -
Metabolic pathways -

Linoleic acid metabolism -

Glutathione metabolism -

Galactose metabolism -

Flavonoid biosynthesis -

Cysteine and methionine metabolism -

Cyanoamino acid metabolism -

Biosynthesis of secondary metabolites - ¢

Base excision repair -
Arginine and proline metabolism -
Arachidonic acid metabolism -

Amino sugar and nucleotide sugar metabolism -

alpha-Linolenic acid metabolism -
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Changes in host metabolic pathways caused by FA

Statistics of Pathway Enrichment

Statistics of Pathway Enrichment
Ubiquitin mediated proteolysis -’[

Tryptophan metabolism -\
Taurine and hypotaurine metabolism = .
Stilbenoid, diarylheptanoid and gingerol biosynthesis —‘

Starch and sucrose metabolism - @

Sphingolipid metabolism =

RNA transport =

Porphyrin and chlorophyll metabolism -J gvalue
Plant hormone signal transduction -‘ ‘ 100
Plant-pathogen interaction- @ 0.75
Phosphatidylinositol signaling system = . s 0.50
Phagosome = = 0.25
Nitrogen metabolism -; . - 0.00

mRNA surveillance pathway 7 ® .

Inositol phosphate metabolism -+ =

Flavonoid biosynthesis el

Fatty acid elongation - . b s

| ® 60

DNA replication - .
Degradation of aromatic compounds -l
Cytoskeletal regulation by Rho GTPase -’
Circadian rhythm - plant = °
Carotenoid biosynthesis -‘ .
C5-Branched dibasic acid metabolism -

Amino sugar and nucleotide sugar metabolism —

ABC transporters —'L

T T
025 050 0.75
Rich factor

Down-regulated pathways

Valine, leucine and isoleucine degradation -
Ubiquitin proteasome pathway - o
Tyrosine metabolism = .
Tropane, piperidine and pyridine alkaloid biosynthesis =
Ribosome -

Protein processing in endoplasmic reticulum -

Proteasome - °
Phagosome - @
Peroxisome -

Pentose phosphate pathway - .
Parkinson disease = *
Oxidative phosphorylation - )
One carbon pool by folate -
Glyoxylate and dicarboxylate metabolism -
Glycolysis / Gluconeogenesis -
Glutathione metabolism - °

Flavonoid biosynthesis - .
Fatty acid degradation -

Endocytosis 4 »
Citrate cycle (TCA cycle) - “

Carbon metabolism < @
Biosynthesis of amino acids -
Ascorbate and aldarate metabolism -
Amino sugar and nucleotide sugar metabolism -
2-0Oxocarboxylic acid metabolism ~

T

T T
04 06 0.8
Rich factor

Up-regulated pathways

qvalue
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Pathogencity of BEA and FA Knockout mutant
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Changes of the BEA and FA biosynthesis in the mutants
BEAGFIE FAGHE

B \ ,
g EHEHR (he/e) (ba/z) *RIRECS)
1 BEA(-) 420 603 35.5¢
2 FocTR4 2040 372 1002
3  BEA() 380 352 19 5#
4 FA(-) 1922 =0.05 606"
> FA[) 2036 =0.05 44 2=
6 FA[-) 1899 =0.05 57.50
T FA{) 1945 =0.05 453¢
§  FARevertant 2122 448 01.5
O BEARevertant 2012 58.3 100¢

Inoculation test on banana



Research on Foc TR4 Effectors

Biotrophic Phast’

St
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Mining the Effectors expressing during invasion by RNAseq M _EV 07508 13528 14163 16309
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Prevention Methods

1. Pre-collecting the local banana germplasm

2.Forbiding the means and source of introduction
@ Restriction or quarantine of the foreign banana plantlets
@ Labor's movements

3. Launch of an awareness campaign

4. Introduce on-farm prevention and sanitation practices
@ Controlling water especially the irrigation

€ One-gate-banana-plantation

€ Sanitation of The ’rools and shoes at the ga‘re

Een omwmu?s:mtms



Eradication methods

. Identification of the disease
center,

. Sanitation of the infected soil and
plants with high concentration of
fungicides or Quick Lime;

.Killing the diseased plants with
the mixture of glyphosate and
carbendazim, then burn it;

. Or Keeping the diseased plant in
its place and don't step into the
infected area.

Biofumigation




Integrative Control Measures

1. Basing on resistant or tolerant varieties

€ Reducing fungicide application

@ Facing the threat from the pathogen's evolution

2. Designing a good banana plantation

€ Restricting the movement of personnel

@ Cutting of f the transmission routs, such tools, shoes and etc

3. Preparing the Banana Plantlets free of Foc

4. Water treatments: chlorine dioxide, Lime nitrogen, Bacillus subtilis
5. Soil management.

PH value, Microbes, organic matters and etc
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Earlier Screening Method
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Susceptible cultivars 0 | | . | | | | |
1 2 3 4 5 6 7 8 9
Cultivars

The effect of root exudates on spore germination
1. Musa ABB cv "Dongguan Dajiao’; 2. Musa ABB cv "Zhongshan Dajiao’; 3. Musa AA cv
"Haigong'; 4. Musa AAA Cavendish cv "Wilt-resistant #1°; 5. Musa AAA Cavendish cv
“Brazilian™; 6. Musa AAA Cavendish cv "Wilt-resistant #5°; 7. Musa ABB Pisang awak cv
"Guangfen #2°; 8. Musa AAA Cavendish cv "Dafeng #2°; 9. Musa ABB Pisang awak cv
"Guangfen #1'. The germination of differed significantly among the cultivars (2, df=8,
p<0.0001).

Highly resistant cultivars



The effect of root exudates on spore germination

Musa AAA Cavendish cv Brazilian® Musa ABB Pisang awak cv "Guangfen #1°  Musa AAA Cavendish cv “Dafeng #2°




control




Fermentation the banana Pesoudostem with biological strains







Bioassay in Greenhouse




Chinese Leek control Fusarium Wilt of Banana




The extract affects Foc TR4 mycelial growth




The extract deformed Foc TR4
Mycelium




|The extract killed Foc TR4 spores
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Conclusions

Foc TR4 spread to all of the banana production area in China
Foc is evolving rapidly, and is a threat for the world banana industry
Effectors and mycotoxins are the virulence factors of Foc TR4

. Integrative Control Measures basing on the resistant or tolerant varieties,
and other methods including biology control, rotation should be adopted
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