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Phylogenetic Characterization of Fusarium oxysporum f.sp. cubense Complex
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ABSTRACT

Fusarium wilt in bananas, caused by the soil-borne fungus Fusarium oxysporumf. sp. cubense
(Foo), colonizes the vascular system, leading to severe wilting and plant death. This disease poses a
critical threat to global banana production. In Thailand, Foc race 1 has long been present, whereas
Foc tropical race 4 (TR4)—a devastating emerging pathogen affecting Cavendish bananas—has been
detected through surveillance activities. Due to reports of Fusarium-like wilt symptoms of uncertain
etiology, accurate identification is essential for establishing effective disease control measures. This
research aimed to identify the species of Fusarium collected from symptomatic bananas across major
cultivation areas in Thailand and also the Fusarium isolates collected from a pest control area, where
eradication measures were implemented and which are currently no longer present in Thailand. The
isolates of Fusarium have been preserved at the Department of Agriculture, which serves as the
National Plant Protection Organization (NPPO) of Thailand under the International Plant Protection
Convention (IPPC). The methodology involved fungal isolation, DNA extraction, PCR amplification, and
nucleotide sequencing of the tef1 and rpb2 gene regions. The phylogenetic analyses were conducted
for species identification. The results revealed significant genetic diversity among Foc race 1 isolates

in Thailand, identifying them as F. tardichlamydosporum, F. duoseptatum, and F. grosmichelii.
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Additionally, F. kalimantanense was identified
within the non-race group. Notably, the isolates
from Cavendish bananas were identified as
F. odoratissimum (syn. TR4), a pathogen currently
classified as "not present" in Thailand. This study
concludes that these species are phylogenetically
closely related. Accurate identification within
these species complexes requires molecular
diagnostics to ensure precise differentiation

and biosecurity management.
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Simmonds, 1987; Ploetz et al, 2015) N15497
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Table 1 List of taxa for Fusarium oxysporum f. sp. cubense identification at race level and

specimens included in this study

. Accession . GenBank number
Fusarium Location Host, genotype
number tef1 pb2

F. duoseptatum INACC F835 Indonesia Cavendish LS479764 LS479315
(race 1) INACC F916* Indonesia Musa ABB LS479688 LS479239

INACC F921 Indonesia Musa ABB LS479694 LS479245

INACC F979 Indonesia Musa AAB LS479749 LS479300

M0288 Phetchabun Musa ABB PX512734 na

MO0334 Chanthaburi Musa ABB PX512735 na

M0342 Saraburi Musa ABB PX512738 na

M0436 Chiang Rai Musa ABB pPXx512741 na

Mo0442 Chiang Mai Musa ABB PX512742 na

M0449 Uttaradit Musa ABB PX512745 na

M0452 Uttaradit Musa ABB PX512724 na

MO0880 Nakhon Pathom Musa ABB PX512750 na

M0881 Nakhon Pathom Musa ABB PX512751 na

M0882 Nakhon Pathom Musa ABB PX512752 na

MQ0996 Phitsanulok Musa ABB PX512753 na

MQ997 Phitsanulok Musa ABB PX512754 na

M1182 Khon Kaen Musa ABB PX512757 na

M1183 Khon Kaen Musa ABB PX512758 na

M1258 Uthai Thani Musa ABB PX512768 na

M1260 Phitsanulok Musa ABB PX512769 na
F grosmichelii INACC F833 Indonesia Musa ABB LS479744 LS479295
(race 1) InaCC F855 Indonesia Musa AAA LS479794 LS479346

InaCC F854 Indonesia Musa AAA LS479793 LS479345

InaCC F884 Indonesia Musa AAA LS479824 LS479382

M0337 Loei Musa ABB PX512737 na

M0345 Nong Khai Musa ABB PX512739 na

M0421 Sakon Nakhon Musa ABB PX512740 na

Mo44ar Nong Bua Lamphu Musa ABB PX512743 na

M0456 Chiang Rai Musa ABB pPX512746 na

M0462 Phayao Musa ABB pPx512747 na

M1238 Sukhothai Musa ABB PX512725 na
F. tardichlamydosporum INACC F958 Indonesia Musa AAB LS479729 LS479280
(race 1) M0336 Phitsanulok Musa PX512736 PX512727

M0448 Chiang Mai Musa ABB PX512744 PX512728

M0463 Lamphun Musa PX512748 PX512729

M1256 Uthai Thani Musa ABB PX512766 PX512731
F. tardicrescens NRRL 36113 Malawi Musa LS479665 LS479217
(race 1) NRRL 54005 - Raphanus LSA79674 LS479226

NRRL 54008 - Raphanus LSA479673 LS479225
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Table 1 Cont.

. Accession . GenBank number
Fusarium Location Host, genotype
number tef1 pb2
F. cugenangense INACC F984 Indonesia Musa ABB LS479757 LS479308
(race 2) INACC F983 Indonesia Musa ABB LS479756 LS479307
NRRL 25433 - Gossypium LS479648 LS479202
F. oxysporum f.sp. cubense ~ CAV1788 South Africa Heliconia FJ664919 na
(race 3) Foc807 Brazil Musa AAB KY436227 na
Race 3 China Musa ABB KC889021 na
F. odoratissimum INACC F822 Indonesia AAB, AAA, ABB  LS479828 LS479386
(tropical race 4) VCG 01213 Indonesia - MG211817  na
NRRL 36102 China Cavendish LS479655 LS479209
INACC F927 Indonesia AAB, AAA, ABB  LS479701 LS479252
INACC F936 Indonesia Musa AAA LS479711 LS479262
INACC F931 Indonesia Musa AAB LS479705 LS479256
M0116 Chiang Rai** Cavendish PX512733 PX512726
M0215 Chiang Rai** Cavendish PX512723 na
M0501 Chiang Rai** Cavendish PX512749 PX512730
F. kalimantanense INACC F917 Indonesia Musa AAB LS479690 LS479241
(non-race) INACC F918 Indonesia Musa AAB LS479691 LS479242
INACC F922 Indonesia Musa AAB LS479695 LS479246
M1146 Nakhon Phanom Musa ABB PX512755 na
Mm1147 Nakhon Phanom Musa ABB PX512756 na
F. sangayamense (non-race) INACC F960 Indonesia Musa ABB LS479732 LS479283
F. oxysporum f. sp. batatas ~ NRRL 26360 - - AY527522 na
F. fujikuroi CBS 221.76 - - MN534010 KU604255
F. sacchari LC13681 - - MW580548  MwA474494

na= not available; * The numbers in “bold” are type sequences

** The Department of Agriculture declared the TRd-affected area a pest-controlled zone in 2019, implementing control

and eradication measures
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non-race WU 1 ¥ A8 F. kalimantanense 2
loloian way Foc TRA Ae F. odoratissimum
3 lolgiam (Figure 2) FawansnwInudn o
Foc race 1 Tuuszwdlnedinnuvainvane lag
Tunquilusenouludention Fusarium aghslios

3 9lA YIdnARBINUNTINBNUNUANLTAINAANY

¥949 Foc race 1 1ay Maryani et al. (2019)

Figure 1 Fusarium spp. were recovered from pseudostem tissues exhibiting diverse pigmentation.

(A) the phylogram obtained in an ML search of the tef1 dataset represents the preliminary

identification of the Fusarium isolates obtained from pseudostem tissues; (B,C,D) the

various coloration observed on the banana pseudostem; (E,F,G) the Fusarium isolates

obtained from the pigmented pseudostem tissues
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Figure 2 Phylogram obtained from a ML search of the concatenated dataset of the tef1-rpb2 loci.
Bootstrap support (>70%) values from 1000 replicates above nodes; the samples with M

followed by number collected from this study
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