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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 
fulfilment of the requirement for the degree of Master of Science 

 
 

CHARACTERIZATION AND PATHOGENICITY OF Fusarium SPECIES 
COMPLEX ASSOCIATED WITH Fusarium WILT OF BANANA IN 

MALAYSIA 
 
 

By 
 
 

ANYSIA HEDY BINTI UJAT 
 
 

February 2021 
 
 

Chairman : Dzarifah binti Mohamed Zulperi, PhD 
Faculty  : Agriculture 
 
 
The emergence of the Fusarium wilt of banana (Panama disease) caused by 
Fusarium oxysporum f. sp. cubense Tropical Race 4 (Fusarium odoratissimum) which 
caused loss to the global banana production is known to infect majority banana 
cultivar. A total of 38 isolates of Fusarium spp. related to banana Fusarium wilt 
obtained from the Biological Control Laboratory, Department of Plant Protection, 
Faculty of Agriculture, Universiti Putra Malaysia were cultured on different 
media for observation of culture characteristics. Based on the culture 
morphology, isolates are grouped into four different group and a representative 
isolate were chosen for each group, namely Prk 4-1, Ns 5-2, Phg 3 and Swk 4. 
Micromorphology shows no significant difference in the macro- and 
microconidia size. To further identify the isolates, molecular analysis was 
conducted by using the sequences of Histone H3 gene and TEF-1α gene. TR4 
specific primers were used to confirm the presence of Fusarium odoratissimum 
(TR4). The phylogenetic tree using Histone H3 sequences showed all isolates 
grouped into Fusarium oxysporum species complex while phylogenetic tree using 
TEF-1α sequences revealed that the samples were composed of 27 isolates of 
Fusarium odoratissimum (TR4), two isolate Fusarium grosmichelii (R1), six 
unknown Fusarium oxysporum species complexes isolates and three Fusarium 
fujikuroi isolates. By using TR4 specific primers, all 27 samples were confirmed 
to be Fusarium odoratissimum (TR4). To study the susceptibility of local banana 
cultivar, pathogenicity test was conducted on 3 months old banana plantlets 
consisting of five different local banana cultivars of three different genome types: 
Musa acuminata AAA (Pisang Berangan and Pisang Serendah), Musa paradisiaca 
AAB (Pisang Nangka and Pisang Raja) and Musa balbisiana BBB (Pisang Nipah). 
Observation was recorded for 30 days, and foliar symptoms showed different 
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severity of disease progression. However, internal symptoms showed that all of 
the inoculated plantlets were severely infected. Cooking banana (AAB and BBB) 
of local cultivar were also found to be susceptible to Fusarium odoratissimum 
(TR4). This study shows that there are not only Fusarium odoratissimum (TR4) 
presence in Malaysia but also Fusarium grosmichelii (R1) and a possibility of an 
unknown strain of Fusarium oxysporum. Pathogenicity test reveals that local 
banana cultivar in Malaysia are susceptible to Fusarium wilt disease regardless 
of the genotype of the banana plants. These findings will aid in the substantive 
documentation of Fusarium spp. in the local banana plantation scenario.  
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Oleh 
 
 

ANYSIA HEDY BINTI UJAT 
 
 

Februari 2021 
 
 

Pengerusi : Dzarifah binti Mohamed Zulperi, PhD 
Fakulti  : Pertanian 
 
 
Kemunculan penyakit layu Fusarium pokok pisang (Penyakit Panama) 
disebabkan oleh Fusarium oxysporum f. sp. cubense Tropical 4 (Fusarium 
odoratissimum) yang telah menyebabkan kerugian dalam pengeluaran pisang 
global menjangkiti majoriti kultivar pisang. Sebanyak 38 pencilan Fusarium spp. 
diperoleh dari Makmal Kawalan Biologi, Jabatan Perlindungan Tumbuhan, 
Fakulti Pertanian, Universiti Putra Malaysia telah dikultur di atas media yang 
berbeza untuk pemerhatian ciri - ciri kultur. Berdasarkan morphologi kultur, 
pencilan diasingkan kepada empat kumpulan yang berlainan dan wakil 
pencilan dipilih untuk setiap kumpulan, iaitu PRK 4-1, NS 5-2, Phg 3 dan Swk 4. 
Mikromorfologi menunjukkan tiada perbezaan yang ketara dalam saiz makro- 
dan mikrokonidia. Untuk pengenalan lanjutan pencilan, analisis molecular 
dilakukan dengan mengunakan jujukan gen Histone H3 dan gen TEF-1α. Primer 
spesifik TR4 telah digunakan untuk mengesahkan identiti Fusarium 
odoratissimum. Pohon filogenetik yang menggunakan jujukan Histone H3 
menunjukan kesemua pencilan dikelompokkan ke dalam spesis complex 
Fusarium oxysporum, manakala pohon filogenetik menggunakan jujukan TEF-1α 
menunjukkan bahawa pencilan terdiri daripada 27 Fusarium odoratissimum, dua 
pencilan Fusarium grosmichelii, enam pencilan merupakan spesies Fusarium 
oxysporum yang tidak diketahui, dan tiga pencilan Fusarium fujikuroi. Dengan 
mengunakan primer spesifik TR4, kesemua 27 pencilan telah disahkan sebagai 
Fusarium odoratissimum. Untuk mengkaji kerentanan kultivar pisang tempatan, 
ujian kepatogenan dilakukan pada tanaman pisang berusia 3 bulan yang terdiri 
daripada lima kultivar pisang tempatan yang berlainan dari tiga jenis genom 
berbeza; Musa acuminata AAA (Pisang Berangan dan Pisang Serendah), Musa 
paradisiaca AAB (Pisang Nangka dan Pisang Raja) dan Musa balbisiana BBB 
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(Pisang Nipah). Pemerhatian dicatatkan selama 30 hari dan gejala daun 
menunjukkan tahap keparahan perkembangan penyakit yang berbeza. Walau 
bagaimanapun, gejala dalaman menunjukkan bahawa semua tanaman yang 
diinokulasi telah dijangkiti dengan teruk. Kultivar tempatan pisang masak 
(AAB dan BBB) juga didapati rentan terhadap Fusarium odoratissimum (TR4). 
Kajian ini menunjukkan bahawa bukan sahaja Fusarium odoratissimum (TR4) 
terdapat di Malaysia tetapi juga Fusarium grosmichelii (R1) dan kemungkinan 
Fusarium oxysporum yang tidak diketahui. Ujian kepatogenan menunjukkan 
bahawa kultivar pisang tempatan di Malaysia rentan terhadap penyakit layu 
Fusarium tanpa mengira genotip tanaman pisang. Penemuan ini akan 
membantu dalam dokumentasi substantif Fusarium spp. dalam senario 
penanaman pisang tempatan.  
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CHAPTER 1 
 
 

INTRODUCTION 
 
 
1.1 Background of Study 
 
 
Fusarium oxysporum (F. oxysporum) has been identified in native soil from many 
parts of the world; However, it is not pathogenic to native plant communities 
(Gordon, 2017). Fusarium oxysporum appears to be host specific therefore 
subdivision formae specialis (f. sp.) is being used to reflect plant pathogenic 
specialisation (Leslie and Summerell, 2006). F. oxysporum comprising over 120 
formae specialis according to their host plant and under each formae specialis can 
be subdivided into physiological race depending on the virulence pattern of host 
varieties (Agrios, 2004). The host of F. oxysporum extends from vegetables such 
as tomato; F. oxysporum f. sp. lycopersici, fruits, for example strawberry F. 
oxysporum f. sp. fragariae, and even flowers like carnation; F. oxysporum f. sp. 
dianthii (Agrios, 2004). Fusarium oxysporum f. sp. cubense infects banana plant, 
Musa spp. and its family plant, Heliconia spp. (Ploetz, 2015a).  
 
 
Banana Fusarium wilt is historically known as a very destructive disease as the 
Gros-Michel cultivar is not planted anymore due to this disease (Ploetz, 2015b, 
2015a). Since the discovery of the disease in the Panama, multiple ways have 
been used to control and eradicate the disease; however, most of the effort were 
futile as it could not fully control the spread of the disease. To curb the spread 
of this disease, a non-susceptible variety of banana, the Cavendish variety was 
planted to replace the Gros Michel variety. However, a more virulence race of 
the F. oxysporum f. sp. cubense arise was reported to attack Cavendish banana 
plantation across Asia in the 1990s, first detected in Taiwan (Su et al., 1986) 
raising the concern of global banana producing countries and scientist as the fate 
of the banana plant could succumb to this disease (Smith et al., 2006). 
 
 
1.2 Problem Statement 
 
 
Fusarium wilt of banana is a disease induced by the pathogenic fungus, Fusarium 
oxysporum f. sp. cubense (Foc). Among the most significant impact it causes is the 
economic loss when Foc race 1 it first attacked the “Gros-Michel” plantation. In 
the early 1990s, the Cavendish variety was susceptible to the attack of the 
Tropical Race 4 (TR4) of the same fungus. Since then, the disease once again 
spread across Southeast Asia, especially in Malaysia, Indonesia, Philippines, 
China, and Taiwan and also in the Northern Territory of Australia (Ploetz, 
2015b). In recent years, there are more reports of the attack of Foc TR4 outside 
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Southeast Asia (Ordoñez et al., 2015; Hung et al., 2017; Maymon et al., 2018; 
García-Bastidas et al., 2019a).  
 
 
To manage the spread of this disease, an understanding of the diversity and 
variation of the pathogenic fungus Fusarium oxysporum f. sp. cubense is very 
important. The knowledge behind the diversity of the pathogen and 
susceptibility of cultivar would help to give insight to controlling the spreading 
of the disease. 
 
 
Recent study on the susceptibility of the banana plant is only cantered at the 
commercial banana cultivar, the cavendish cultivar; and in a local scenario, the 
Berangan cultivar, there are no study on the susceptibility of other local cultivar. 
As the centre of diversity of the banana plant itself, study on the susceptibility 
the local banana cultivar against the fungus that cause massive loss to the local 
banana plantation should also be assessed and address.  
 
 
1.3 Significant of Study 
 
 
This study aims to contribute to the biological insight and diversity of Fusarium 
oxysporum f. sp. cubense in Malaysia and the susceptibility of local banana 
cultivar, thus help in controlling the disease prevalent in the country. This study 
is an important development of sustainable management strategy of Fusarium 
wilt of banana in Malaysia. 
 
 
1.4 Objectives of Study 
 
 
The aim of this study was to develop an understanding in the diversity of 
Fusarium spp. in the local plantation and to identify the susceptibility of the local 
cultivar. Thus, the objectives were.  
 
1. To investigate the genetic diversity of Fusarium species complex causing 

Fusarium wilt on banana in Malaysia via phylogenetic analysis of partial 
sequence of Histone (H3) gene and translation elongation factor 1 alpha 
(TEF-1α) gene.  

2. To evaluate pathogenicity of Fusarium oxysporum f. sp. cubense Tropical Race 
1 on selected local banana cultivars in Malaysia.  

  



© C
OPYRIG

HT U
PM

 56 

REFERENCES 
 
 

Abadi, S., Azouri, D., Pupko, T., and Mayrose, I. (2019). Model selection may not 
be a mandatory step for phylogeny reconstruction. Nature Communications, 
10(1). https://doi.org/10.1038/s41467-019-08822-w 

 
Abd Murad, N. B., Mohamed Nor, N. M. I., Shohaimi, S., and Mohd Zainudin, 

N. A. I. (2017). Genetic diversity and pathogenicity of Fusarium species 
associated with fruit rot disease in banana across Peninsular Malaysia. 
Journal of Applied Microbiology, 123(6), 1533–1546. 
https://doi.org/10.1111/jam.13582 

 
Adusei-Fosu, K., and Dickinson, M. (2019). Development of pathogenicity assay 

and characterization of Fusarium oxysporum f. sp. elaeidis (FOE) based on 
Secreted In Xylem genes and EF-1α. Journal of Plant Pathology, 101(4), 1013–
1024. https://doi.org/10.1007/s42161-019-00332-4 

 
Agrios, G. (2004). Plant pathology: Fifth edition. In Plant Pathology: Fifth Edition 

(Vol. 9780080473). https://doi.org/10.1016/C2009-0-02037-6 
 
Aquino, A. P., Bandoles, G. G., and Lim, V. A. A. (2013). R&D and policy 

directions for effective control of Fusarium wilt disease of Cavendish 
banana in the Asia pacific region. Asia Pacific Information Platform in 
Agricultural Policy, pp. 1–8. 

 
Austin, O. C., and Baharuddin, A. H. (2012). Risk in Malaysian Agriculture: The 

Need for a Strategic Approach and a Policy Refocus. Kajian Malaysia, 20(1), 
21–50. https://doi.org/10.1111/ijcs.12128 

 
Bentley, S., Pegg, K. G., and Dale, J. L. (1995). Genetic variation among a world-

wide collection of isolates of Fusarium oxysporum f. sp. cubense analysed by 
RAPD-PCR fingerprinting. Mycological Research, 99(11), 1378–1384. 
https://doi.org/10.1016/S0953-7562(09)81225-2 

 
Bentley, S., Pegg, K. G., Moore, N. Y., Davis, R. D., and Buddenhagen, I. W. (1998). 

Genetic variation among vegetative compatibility groups of Fusarium 
oxysporum f. sp. cubense analyzed by DNA fingerprinting. Phytopathology, 
88(12), 1283–1293. https://doi.org/10.1094/PHYTO.1998.88.12.1283 

 
Bidartondo, M. (2008). Preserving accuracy in GenBank. Science, 319(5870), 1616–

1616. https://doi.org/10.1126/science.319.5870.1615b 
 
Boehm, E. W. A., Ploetz, R. C., and Kistler, H. C. (1994). Statistical Analysis of 

Electrophoretic Karyotype Variation Among Vegetative Compatibility 
Group of Fusarium oxysporum f. sp. cubense. The American Phytopathological 
Society, 7(2), 196–2017. 



© C
OPYRIG

HT U
PM

 57 

Chen, A., Sun, J., Matthews, A., Armas-Egas, L., Chen, N., Hamill, S., … Aitken, 
E. A. B. (2019). Assessing Variations in Host Resistance to Fusarium 
oxysporum f sp. cubense Race 4 in Musa Species, with a Focus on the 
Subtropical Race 4. Frontiers in Microbiology, 10(MAY), 1–13. 
https://doi.org/10.3389/fmicb.2019.01062 

 
Chittarath, K., Mostert, D., Crew, K. S., Viljoen, A., Kong, G., Molina, A. B., and 

Thomas, J. E. (2018). First report of Fusarium oxysporum f. sp. cubense 
tropical race 4 (VCG 01213/16) associated with cavendish bananas in laos. 
Plant Disease, 102(2), 449. https://doi.org/10.1094/PDIS-08-17-1197-PDN 

 
Chupp, C. (1940). Further Notes on Double Cover-Glass Mounts. Mycologia, 

32(2), 269. https://doi.org/10.2307/3754504 
 
Damodaran, T., Mishra, V. K., Jha, S. K., Gopal, R., Rajan, S., and Ahmed, I. (2019). 

First report of Fusarium wilt in banana caused by Fusarium oxysporum f. sp. 
cubense tropical race 4 in India. Plant Disease, 103(5), 2–7. 
https://doi.org/10.1094/PDIS-07-18-1263-PDN 

 
Department of Agriculture Malaysia. (2017). Statistik tanaman buah-buahan. 

Crop Statistic. 
 
Dita, M. A., Waalwijk, C., Buddenhagen, I. W., Souza, J. T., and Kema, G. H. J. 

(2010). A molecular diagnostic for tropical race 4 of the banana Fusarium 
wilt pathogen. Plant Pathology, 59(2), 348–357. 
https://doi.org/10.1111/j.1365-3059.2009.02221.x 

 
Dita, M., Barquero, M., Heck, D., Mizubuti, E. S. G., and Staver, C. P. (2018). 

Fusarium wilt of banana: Current knowledge on epidemiology and 
research needs toward sustainable disease management. Frontiers in Plant 
Science, 871(October), 1–21. https://doi.org/10.3389/fpls.2018.01468 

 
FAO, F. and A. O. of the U. N. (2018). Banana Market Review 2018. Preliminary 

Results for 2018, 1–11. Retrieved from 
http://www.fao.org/fileadmin/templates/est/COMM_MARKETS_MO
NITORING/Bananas/Documents/Banana_Market_Review_Prelim_Resu
lts_2018.pdf 

 
Fisher, N. L., Burgess, L. W., Toussoun, T. A., and Nelson, P. E. (1982). Carnation 

Leaves as a Substrate and for Preserving Cultures of Fusarium species. The 
American Phytopathological Society, 72(1), 151–153. 
https://doi.org/10.1094/phyto-72-151 

 
Fourie, G., Steenkamp, E. T., Gordon, T. R., and Viljoen, A. (2009). Evolutionary 

relationships among the Fusarium oxysporum f. sp. cubense vegetative 
compatibility groups. Applied and Environmental Microbiology, 75(14), 4770–
4781. https://doi.org/10.1128/AEM.00370-09 



© C
OPYRIG

HT U
PM

 58 

Fravel, D., Olivain, C., and Alabouvette, C. (2003). Fusarium oxysporum and its 
biocontrol. New Phytologist, 157(3), 493–502. 
https://doi.org/10.1046/j.1469-8137.2003.00700.x 

 
García-Bastidas, F. A., Ordóñez, N., Konkol, J., Al-Qasim, M., Naser, Z., 

Abdelwali, M., Salem, N., Waalwijk, C., Ploetz, R. C., and Kema, G. H. J. 
(2013). First Report of Fusarium oxysporum f. sp. cubense Tropical Race 4 
Associated with Panama Disease of Banana outside Southeast Asia. Plant 
Disease, 98(5), 694–694. https://doi.org/10.1094/pdis-09-13-0954-pdn 

 
García-Bastidas, F. A., Quintero-Vargas, C., Ayala-Vasquez, M., Seidl, M., 

Schermer, T., Santos-Paiva, M., Noguera, C., Wittenberg, A., Sørensen, A., 
and Kema, G. H. J. (2019a). First report of Fusarium wilt Tropical Race 4 in 
Cavendish bananas caused by Fusarium odoratissimum in Colombia. Plant 
Disease, (2018), ja. 

 
García-Bastidas, F. A., Van der Veen, A. J. T., Nakasato-Tagami, G., Meijer, H. J. 

G., Arango-Isaza, R. E., and Kema, G. H. J. (2019b). An Improved 
Phenotyping Protocol for Panama Disease in Banana. Frontiers in Plant 
Science, 10(August), 1–12. https://doi.org/10.3389/fpls.2019.01006 

 
Geiser, D. M., Jiménez-Gasco, M. D. M., Kang, S., Makalowska, I., 

Veeraraghavan, N., Ward, T. J., Zhang, N., Gretchen, A. K., and O’Donnell, 
K. (2004). FUSARIUM-ID v. 1.0: A DNA sequence database for identifying 
Fusarium. European Journal of Plant Pathology, 110(5–6), 473–479. 
https://doi.org/10.1023/B:EJPP.0000032386.75915.a0 

 
Ghag, S. B., Shekhawat, U. K. S., and Ganapathi, T. R. (2015). Fusarium wilt of 

banana: biology, epidemiology and management. International Journal of 
Pest Management, 61(3), 250–263. 
https://doi.org/10.1080/09670874.2015.1043972 

 
Gibert, O., Dufour, D., Giraldo, A., Sánchez, T., Reynes, M., Pain, J. P., Gonzalez, 

A., Fernandez, A., and Díaz, A. (2009). Differentiation between cooking 
bananas and dessert bananas. 1. morphological and compositional 
characterization of cultivated colombian musaceae (Musa sp.) in relation 
to consumer preferences. Journal of Agricultural and Food Chemistry, 57(17), 
7857–7869. https://doi.org/10.1021/jf901788x 

 
Glass, N. L., and Donaldson, G. C. (1995). Development of primer sets designed 

for use with the PCR to amplify conserved genes from filamentous 
ascomycetes. Applied and Environmental Microbiology, 61(4), 1323–1330. 
https://doi.org/10.1128/aem.61.4.1323-1330.1995 

 
Gordon, T. R. (2017). Fusarium oxysporum and the Fusarium Wilt Syndrome. 

Annual Review of Phytopathology, 55(1), 23–39. 
https://doi.org/10.1146/annurev-phyto-080615-095919 



© C
OPYRIG

HT U
PM

 59 

Hassan, N. M. M. N. (2002). Banana industry and R&D in Malaysia. Advancing 
Banana and Plantain R&D in Asia and the Pacific, 11(October), 99–106. 

 
Hennessy, C., Walduck, G., Daly, A., and Padovan, A. (2005). Weed hosts of 

Fusarium oxysporum f. sp. cubense tropical race 4 in northern Australia. 
Australasian Plant Pathology, 34(1), 115–117. 
https://doi.org/10.1071/AP04091 

 
Hung, T. N., Hung, N. Q., Mostert, D., Viljoen, A., Chao, C. P., and Molina, A. B. 

(2018). First report of Fusarium wilt on cavendish bananas, caused by 
Fusarium oxysporum f. sp. cubense tropical race 4 (VCG 01213/16), in 
Vietnam. Plant Disease, 102(2), 448. https://doi.org/10.1094/PDIS-08-17-
1140-PDN 

 
Husain, M. D., and William, R. (2010). Status of banana cultivation and disease 

incidences in Malaysia. Crop Protection and Plant Quarantine Division, 
Department of Agriculture, Malaysia, 60.  

 
Jiménez-Gasco, M. M., Milgroom, M. G., and Jiménez-Díaz, R. M. (2002). Gene 

genealogies support Fusarium oxysporum f. sp. ciceris as a monophyletic 
group. Plant Pathology, 51(1), 72–77. https://doi.org/10.1046/j.0032-
0862.2001.00610.x-i1 

 
Kayat, F., Mohammad Amizi, A., Idris, A. A., Ibrahim, M. F., Soon, J. M., Ahmad 

Yusuf, M. K., Wong, and K. F.., Zulariff, A. L. (2016). Study of the intention 
of banana growers in improving the production in jeli, kelantan. Asia Pacific 
Journal of Advance Business and Social Studies, 2(2), 694–702. 

 
Koenig, R. L., Ploetz, R. C., and Kistler, H. C. (1997). Fusarium oxysporum f. sp. 

cubense Consists of a Small Number of Divergent and Globally Distributed 
Clonal Lineages. Phytopathology, 87(9), 915–923. 
https://doi.org/10.1094/phyto.1997.87.9.915 

 
Komura, R., Kawakami, T., Nakajima, K., Suzuki, H., and Nakashima, C. (2018). 

Simultaneous detection of benzimidazole-resistant strains of Fusarium 
head blight using the loop-mediated isothermal amplification-fluorescent 
loop primer method. Journal of General Plant Pathology, 84(4), 247–253. 
https://doi.org/10.1007/s10327-018-0788-1 

 
Kumar, S., Stecher, G., and Tamura, K. (2016). MEGA7: Molecular Evolutionary 

Genetics Analysis Version 7.0 for Bigger Datasets. Molecular Biology and 
Evolution, 33(7), 1870–1874. https://doi.org/10.1093/molbev/msw054 

 
Leong, S. K., Latiffah, Z., and Baharuddin, S. (2010). Genetic diversity of 

Fusarium oxysporum f. sp. cubense isolates from Malaysia. African Journal of 
Microbiology Research, 4(11), 1026–1037. 

 



© C
OPYRIG

HT U
PM

 60 

Leslie, J. F., and Summerell, B. A. (2006). The Fusarium Laboratory Manual (1st ed.). 
Australia: Blackwell Publishing Ltd. 

 
Li, C., Chen, S., Zuo, C., Sun, Q., Ye, Q., Yi, G., and Huang, B. (2011). The use of 

GFP-transformed isolates to study infection of banana with Fusarium 
oxysporum f. sp. cubense race 4. European Journal of Plant Pathology, 131(2), 
327–340. https://doi.org/10.1007/s10658-011-9811-5 

 
Liu, S., Wu, B., Lv, S., Shen, Z., Li, R., Yi, G., Li, C., and Guo, X. (2019). Genetic 

Diversity in FUB Genes of Fusarium oxysporum f. sp. cubense Suggests 
Horizontal Gene Transfer. Frontiers in Plant Science, 10(September), 1–12. 
https://doi.org/10.3389/fpls.2019.01069 

 
Malik, T. M. T. A., Roff, M. N. M., Rozeita, L., and Maimun, T. (2010). Socio-

economic Impact, Research and Development, and Policy-making / 
Regulatory of Fusarium Wilt on Banana in Malaysia. Proceedings of the 7th 
BAPNET Steering Committee Meeting, 26–37. 

 
Maryani, N., Lombard, L., Poerba, Y. S., Subandiyah, S., Crous, P. W., and Kema, 

G. H. J. (2019). Phylogeny and genetic diversity of the banana Fusarium wilt 
pathogen Fusarium oxysporum f. sp. cubense in the Indonesian centre of 
origin. Studies in Mycology, 92, 155–194. 
https://doi.org/10.1016/j.simyco.2018.06.003 

 
Matsumoto, K., Barbosa, M. L., Souza, L. A. C., and Teixeira, J. B. (1995). Race 1 

Fusarium wilt tolerance on banana plants selected by fusaric acid. Euphytica, 
84(1), 67–71. https://doi.org/10.1007/BF01677558 

 
Maymon, M., Shpatz, U., Harel, Y. M., Levy, E., Elkind, G., Teverovsky, E., 

Gofman, R., Heberman, A., Zemorski, R., Ezra, N., Levi, Y., Or, G., Gaipaz, 
N., Israeli, Y., and Freeman, S. (2018). First report of Fusarium oxysporum f. 
sp. cubense tropical race 4 causing Fusarium wilt of Cavendish bananas in 
Israel. Plant Disease, 102(12), 2655. https://doi.org/10.1094/PDIS-05-18-
0822-PDN 

 
Molina, A. B., Fabregar, E., Sinohin, V. G., Yi, G., and Viljoen, A. (2009). Recent 

occurrence of Fusarium oxysporum f. sp. cubense tropical race 4 in asia. Acta 
Horticulturae, 828, 109–116. 
https://doi.org/10.17660/ActaHortic.2009.828.10 

 
Mostert, D., Molina, A.B., Daniells, J., Fourie, G., Hermanto, C., Chao, C.P., 

Fabregar, E., Sinohin, V.G., Masdek, N., Thangavelu, R. Li, C. and Viljoen, 
A. (2017). The distribution and host range of the banana Fusarium wilt 
fungus, Fusarium oxysporum f. sp. cubense in Asia. PLoS ONE, 12(7), 1–24. 
https://doi.org/10.1371/journal.pone.0181630 

 
 



© C
OPYRIG

HT U
PM

 61 

Nayar, N. M. (2010). The Bananas: Botany, Origin, Dispersal. Horticulural Review, 
36, 117–164. 

Nelson, P. E., Toussoun, T. A., and Marasas, W. F. O. (1983). Fusarium Species: 
An Illustrated Manual for Identification. In Pennsylvania State University 
Press: University Park, PA. London: The Pennsylvania State University Press. 

 
Nirenberg, H. I. (1981). A simplified method for identifying Fusarium spp. 

occurring on wheat. Canadian Journal of Botany, 59(9), 1599–1609. 
https://doi.org/10.1139/b81-217 

 
O’Donnell, K., Kistler, H. C., Cigelnik, E., and Ploetz, R. C. (1998). Multiple 

evolutionary origins of the fungus causing Panama disease of banana: 
Concordant evidence from nuclear and mitochondrial gene genealogies. 
Proceedings of the National Academy of Sciences, 95, 2044–2049. 
https://doi.org/10.1073/pnas.95.5.2044 

 
Ordoñez, N., García-Bastidas, F., Laghari, H. B., Akkary, M. Y., Harfouche, E. N., 

al Awar, B. N., and Kema, G. H. J. (2015). First Report of Fusarium 
oxysporum f. sp. cubense Tropical Race 4 Causing Panama Disease in 
Cavendish Bananas in Pakistan and Lebanon. Plant Disease, 100(1), 209. 
https://doi.org/10.1094/pdis-12-14-1356-pdn 

 
Pegg, K. G., Moore, N. Y., and Bentley, S. (1996). Fusarium wilt of banana in 

Australia: A review. Australian Journal of Agricultural Research, 47(5), 637–
650. https://doi.org/10.1071/AR9960637 

 
Peng, J., Zhang, H., Chen, F., Zhang, X., Xie, Y., Hou, X., Li, G. and Pu, J. (2014). 

Rapid and quantitative detection of Fusarium oxysporum f. sp. cubense race 
4 in soil by real-time fluorescence loop-mediated isothermal amplification. 
Journal of Applied Microbiology, 117(6), 1740–1749. 
https://doi.org/10.1111/jam.12645 

 
Ploetz, R. C. (2006). Fusarium wilt of banana is caused by several pathogens 

referred to as Fusarium oxysporum f. sp. cubense. Phytopathology, 96(6), 653–
656. https://doi.org/10.1094/PHYTO-96-0653 

 
Ploetz, R. C. (2015a). Fusarium wilt of banana. Phytopathology, 105(12), 1512–1521. 

https://doi.org/10.1094/PHYTO-04-15-0101-RVW 
 
Ploetz, R. C. (2015b). Management of Fusarium wilt of banana: A review with 

special reference to tropical race 4. Crop Protection, 73, 7–15. 
https://doi.org/10.1016/j.cropro.2015.01.007 

 
Ploetz, R., Freeman, S., Konkol, J., Al-Abed, A., Naser, Z., Shalan, K., Barakat, R., 

and Israeli, Y. (2015). Tropical race 4 of Panama disease in the Middle East. 
Phytoparasitica, 43(3), 283–293. https://doi.org/10.1007/s12600-015-0470-5 

 



© C
OPYRIG

HT U
PM

 62 

Ploetz, R., and Pegg, K. (1997). Fusarium wilt of banana and Wallace’s line: Was 
the disease originally restricted to his Indo-Malayan region? Australasian 
Plant Pathology, 26(4), 239–249. https://doi.org/10.1071/AP97039 

Puhalla, J. E. (1984). Classification of strains of Fusarium oxysporum on the basis 
of vegetative compatibility. Canadian Journal of Botany, 63, 179–183. 
https://doi.org/10.1139/b85-020 

 
Roff, M. N. M., Malik, T. M. T. A., and Sharif, H. (2012). Challenges to Banana 

Production in Malaysia: A Threat to Food Security.pdf. The Planters, 
88(1030), 13–21. 

 
Ronquist, F., Teslenko, M., Van Der Mark, P., Ayres, D. L., Darling, A., Höhna, 

S., Larget, B., Liu, L., Suchard, M. A., and Huelsenbeck, J. P. (2012). 
Mrbayes 3.2: Efficient bayesian phylogenetic inference and model choice 
across a large model space. Systematic Biology, 61(3), 539–542. 
https://doi.org/10.1093/sysbio/sys029 

 
Rozana, N. N. M. M., Suntharalingam, C., and Othman, M. F. (2017). 

Competitiveness of Malaysia’s fruits in the global market: Revealed 
comparative advantage analysis. Malaysian Journal of Mathematical Sciences, 
11(S), 143–157. 

 
Schneider, C. A., Rasband, W. S., and Eliceiri, K. W. (2012). NIH Image to ImageJ: 

25 years of image analysis. Nature Methods, 9(7), 671–675. 
https://doi.org/10.1038/nmeth.2089 

 
Silvestro, D., and Michalak, I. (2012). RaxmlGUI: A graphical front-end for 

RAxML. Organisms Diversity and Evolution, 12(4), 335–337. 
https://doi.org/10.1007/s13127-011-0056-0 

 
Smith, L., Viljoen, A., Fourie, G., and Mostert, D. (2006). Banana Fusarium Wilt 

Diagnosis and Characterization Training Manual. 
 
Steenkamp, E. T., Wingfield, B. D., Coutinho, T. A., Wingfield, M. J., Marasas, W. 

F. O., and Icrobiol, A. P. P. L. E. N. M. (1999). Histone Gene Sequence Data. 
Society, 65(8), 3401–3406. 

 
Stöver, B. C., and Müller, K. F. (2010). TreeGraph 2: Combining and visualizing 

evidence from different phylogenetic analyses. BMC Bioinformatics, 11(7), 
1–9. https://doi.org/10.1186/1471-2105-11-7 

 
Stover, R. H. (1962). Banana and other Musa species. Transactions of the British 

Mycological Society, 45(4), 589–590. https://doi.org/10.1016/S0007-
1536(62)80020-5 

Su, H.-J., Hwang, S. C., and Ko, W.-H. (1986). Fusarium wilt of Cavendish 
bananas in Taiwan. Plant Disease, 70(9), 814–818. 

 



© C
OPYRIG

HT U
PM

 63 

Thangavelu, R., and Mustaff, M. M. (2012). Current Advances in the Fusarium 
Wilt Disease Management in Banana with Emphasis on Biological Control. 
Plant Pathology. https://doi.org/10.5772/33775 

Togawa, M. (1992). Effects of sterilization method, plant varieties and leaf stages 
on conidia and perithecia formation in the genus Fusarium in CLA-culture. 
Transactions of the Mycological Society of Japan, 33(3), 385–393. 

 
Umesha, S., Manukumar, H. M., and Raghava, S. (2016). A rapid method for 

isolation of genomic DNA from food-borne fungal pathogens. 3 Biotech, 
6(2), 1–9. https://doi.org/10.1007/s13205-016-0436-4 

 
Valmayor, R. V., Jamaluddin, S. H., Silayoi, B., Kusumo, S., Danh, L. D., Pascua, 

O. C., and Espino, R. R. C. (2000). Banana Cultivar Names and Synonyms in 
Southeast Asia. Los Banos Laguna, Philippines: International Network for 
the Improvement of Banana and Plantain - Asia and the Pacific Office. 

 
Wang, F., Xia, L., Lv, S., Xu, C., Niu, Y., Liu, W., Zeng, L., Zhou, J., and Hu, B. 

(2018). Development of a mitochondrial SCAR Marker related to 
susceptibility of banana (Musa AAA Cavendish) to Fusarium oxysporum f. 
sp. cubense Race 4. Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 46(2), 
509–516. https://doi.org/10.15835/nbha46211053 

 
Wong, C. K. F., Zulperi, D., Vadamalai, G., Saidi, N. B., and Teh, C. Y. (2019). 

Phylogenetic Analysis of Fusarium oxysporum f. Sp. cubense Associated with 
Fusarium Wilt of Bananas from Peninsular Malaysia. Sains Malaysiana, 48(8), 
1593–1600. https://doi.org/10.17576/jsm-2019-4808-04 

 
Xue, C., Penton, C.R., Shen, Z., Zhang, R., Huang, Q., Li, R., Ruan, Y. and Shen, 

Q. (2015). Manipulating the banana rhizosphere microbiome for biological 
control of Panama disease. Scientific Reports, 5(April), 1–11. 
https://doi.org/10.1038/srep11124 

 
Zeng, L., Liu, W., Zhao, Z., Wang, F., Zhou, J., Li, H. and Du, C.-X. (2014). The 

identification on race of Fusarium oxysporum f. sp. cubense based on multi
gene sequence analysis. Mycosystema, 33(4), 867–882. 
https://doi.org/10.13346/j.mycosystema.130079 

 
Zhang, X., Zhang, H., Pu, J., Qi, Y., Yu, Q., Xie, Y., and Peng, J. (2013). 

Development of a real-time fluorescence loop-mediated isothermal 
amplification assay for rapid and quantitative detection of Fusarium 
oxysporum f. sp. cubense tropical race 4 in soil. PLoS ONE, 8(12). 
https://doi.org/10.1371/journal.pone.0082841 

 
Zulperi, D., and Sijam, K. (2014). First Report of Ralstonia solanacearum Race 2 

Biovar 1 Causing Moko Disease of Banana in Malaysia. Plant Disease, 98(2), 
275–275. https://doi.org/10.1094/pdis-03-13-0321-pdn 

 



© C
OPYRIG

HT U
PM

 91 

BIODATA OF STUDENT 

 

Anysia Hedy binti Ujat was born on 17 October 1994 in Bintulu. She completed 
her formal education with Sijil Pelajaran Malaysia from Sekolah Menengah 
Bandar Bintulu. In 2012, she pursues tertiary education in Life Science 
Foundation Programme in Universiti Malaysia Sarawak (UNIMAS). Upon 
completing her foundation programme, she continues her undergraduate study 
in UNIMAS in Bachelor of Science (Resource Biotechnology) and graduated in 
2016. 

 

In 2017, she was awarded with Sarawak State Bursary Scholarship and continues 
to pursue her interest in research by enrolling as Master of Science (Plant 
Pathology) candidate in Universiti Putra Malaysia (UPM) as full-time student 
under the supervision of Dr Dzarifah Zulperi and Associate Professor Ganesan 
Vadamalai.  

  



© C
OPYRIG

HT U
PM

 92 

LIST OF PUBLICATION 
 
 

Journal 
 
Ujat, A. H., Vadamalai, G., Hattori, Y., Nakashima, C., Wong, C. K. F., & Zulperi, 

D. (2021). Current Classification and Diversity of Fusarium Species Complex, 
the Causal Pathogen of Fusarium Wilt Disease of Banana in Malaysia. 
Agronomy, 11(10), 1955. 

 
Poster and Proceedings 
 
1. Ujat, A. H., Hattori, Y., Nakashima, C., Wong, C. K. F., and Zulperi, D. 

(2019). Diversity of Fusarium Species Infecting Banana in Malaysia. Asian 
Mycological Congress, Tsu, Mie, Japan.  

 
2. Ujat, A. H., Hattori, Y., Nakashima, C., Wong, C. K. F., and Zulperi, D. 

(2019). Fusarium Wilt of local Banana Variety in Malaysia. International 
Society for Southeast Asian Agricultural Sciences, UPM, Serdang, Malaysia. 

 
 
Awards and Honours 
 
1. Tun Taib Scholarship by Yayasan Sarawak  
 
 
GenBank: 
 
Deposited sequence:  
 
1. His H3 gene (GenBank accession nos: LC545766.1 to LC545798.1) 
2. TEF-1α gene (GenBank accession nos: LC545799.1 to LC545836.1)




