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11. Tém tat cac két qua mai caa luan an:

11.1. Céc két qud chinh

- Luan 4n da phan 1ap dugc 50 chung nidm Fusarium tir cay chudi c6 biéu
hién bénh héo vang tai 7 tinh mién Bic va mién Trung Viét Nam. Trong 4o, 12
chung ndm duoc xac dinh 13 Fusarium oxysporum f. sp. cubense race 4 (Foc TR4),
gy bénh héo vang 14 chudi dién hinh. D lya chon ching ndm Foc TR4 VCM1520
lam chung kiém dinh cta luan an.

- Luan an da tuyén chon duogc 3 chung xa khuan (VNUA27, VNUA30 va
VNUA116) c6 kha ning khang nim Foc TR4 VCM1520 manh nhat trong bd suu
tap 45 ching xa khuén, trong d6 chang Streptomyces lilacinus VNUA116 c6 kha
nang khang nim manh nhat (65%), dong thoi co kha nang sinh enzyme ngoai bao

va chit kich thich sinh truéng thuc vat (IAA) cao nhat.
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- Luan &n da ching minh chung Streptomyces lilacinus VNUA116 c6 kha
ning khang nim Foc TR4 VCM1520 manh qua cac thir nghiém trong phong thi
nghiém vé6i kha ning e ché sinh truong cua ndm Foc TR4 VCMI1520 1én t6i
93,20%.

- Luan 4an da phan tach, tinh sach va xac dinh cAu tric cua 3 chat p-
hydroxybenzadehyde, 4-hydroxysattabacin va oxindole da dugc cong bd co tiém
ning khang nim Foc Tr4 VCM1520 tir dich 1én men ching xa khuan Streptomyces
lilacinus VNUA116.

- Luén 4n da phan tich dic tinh di truyén hé gen va cac yéu té & cap do phan tir
lién quan dén kha ning d6i khang nam Foc Tr4 cta chung xa khuan Streptomyces
lilacinus VNUA116 nhu :

(1) Kich thudc genome 8.306.919 bp, s6 lwong gen 7.172 gen, cau triic nhiém
sic thé dang khép vong, ty 16 G+C dat 72,49 %;

(2) Cac cum gen chirc ning 13 “phién ma” (683 gen), “van chuyén axit amin
va trao doi chat” (458 gen), “van chuyén coenzyme va trao doi chat” (411 gen),
“van chuyén lipit va trao doi chat” (410 gen) va hai nhém “co ché truyén tin hi¢u”
va “van chuyén va chuyén hoa carbohydrate” 395 gen;

(3) S6 lwong CAZyme duoc du doan cia ching xa khuan VNUA116 1a 180
enzyme;

(4) Cac cum gen sinh tong hop hop chét tht cip (smBGC): 44 cum gen mi
hoa cho nhiéu hop chat c¢é tinh khang nam, khang khuan, chdng ung thu, khang
khéang sinh;

(5) Tim kiém, du doan, xac dinh cac pathway lién quan dén hoat tinh khing
ndm (cac chat khang ndm, sinh siderophore, sinh enzyme B- 1,3 glycanese,
chitinase... )

11.2 Dong gop moi cua lugn dn

- Pay 1a nghién cru méi co tinh toan dién va c6 hé thong vé cac chung nam
Foc gay bénh héo vang trén cay chudi tai mot sb dia phuong tr6ng chudi tai Viét
Nam.

- Tuyén chon va str dung vi sinh vét ban dia (tinh méi vé tiép can ngudn vi

sinh vat phu hop voi diéu kién Viét Nam).
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- Lan dau tién cong b6 trinh tu toan bo hé gen, két qua phan tich hé gen, nhan
biét cac gen lién quan dén kha ning sinh tong hop hoat chit khang ndm Foc TR4
ctia chung xa khuén ban dia Streptomyces lilacinus VNUA116 phan 1ap tai cac ving
tré)ng chudi cua Viét Nam. Toan bd hé gen va cac dit li€u lién quan cua ching xa
khuan nay da duoc cong b trén Ngan hang gen véi ma sb CP130487.

12. Cac hudng nghién ctru tiép theo:

- Tiép tuc nghién ctru thém vé cac hop chat khang nim Foc TR4 tiém ning tir
chung xa khuan Streptomyces lilacinus VNUA116, ddng thoi dinh hudng nghién
ctru 1am 16 co ché di truyén va sinh hoa lién quan dén cac duong tong hop ba hoat
chit da thu nhan dugc.

- Nghién ctru t6i uu héa cac dicu kién 1én men quy mé cong nghiép nham tng
dung san xuat ché pham vi sinh va phan bon hitu co vi sinh trong phong trir bénh
héo vang trén cay chudi.

- Thtr nghiém ché pham vi sinh khdng ndm Foc Tr4 trén mo hinh trong tai mot
s6 ving trong chudi chuyén canh mién Bic Viét Nam (Hung Yén, Pht Tho...).
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Summary of the new findings of the thesis

11.1 Main findings

- The thesis successfully isolated 50 Fusarium strains from banana plants

exhibiting wilt symptoms across seven provinces in Northern and Central
Vietnam. Among these, 12 strains were identified as Fusarium oxysporum f. sp.
cubense tropical race 4 (Foc TR4), the causes yellow wilt disease on bananas.

The strain Foc TR4 VCM 1520 was selected as the reference strain for the study.

- From a collection of 45 actinobacterial strains, three strains (VNUA27,

VNUA30, and VNUAI116) exhibited strong antagonistic activity against Foc
TR4 VCM1520. Among them, Streptomyces lilacinus VNUA116 demonstrated
the highest antifungal efficacy (65% inhibition), along with superior extracellular

enzyme production and phytohormone (IAA) synthesis.
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- Laboratory assays confirmed the robust antagonistic activity of S. lilacinus
VNUAI116 against Foc TR4 VCM 1520, achieving a mycelial growth inhibition
rate of 93.20%.

- The study purified and structurally characterized three antifungal
metabolites: p-hydroxybenzaldehyde, 4-hydroxysattabacin and oxindole from the
fermentation broth of S. lilacinus VNUAT116, all previously reported as potential
antifungal agents against Foc TR4.

- Genomic analysis of S. lilacinus VNUA116 revealed key molecular

determinants of its antagonistic activity:

(1) Genome size: 8,306,919 bp; gene: 7,172 genes; circular chromosome
structure; G+C content: 72.49%.

(2) Functional gene clusters included: "transcription" (683 genes), "amino
acid transport and metabolism" (458 genes), "coenzyme transport and metabolism"
(411 genes), "lipid transport and metabolism" (410 genes), and two clusters for
"signal transduction mechanisms" and "carbohydrate transport and metabolism"
(395 genes).

(3) Predicted CAZyme (Carbohydrate-Active Enzymes) count: 180 enzymes.

(4) Secondary metabolite biosynthetic gene clusters (smBGC): 44 clusters
encoding secondary metabolites with antifungal, antibacterial, anticancer, and

antibiotic resistance compounds.

(5) Identification of pathways related to antifungal activity, including
antifungal compounds, siderophore production, and enzymes such as B-1,3-
glucanase and chitinase.

11.2 Novel contributions of the study

- This is a novel, comprehensive, and systematic study on Foc strains

causing banana wilt disease in major banana-growing regions of Vietnam.

- Selection and utilization of indigenous microorganisms (Novelty in

microbial source selection suited to Vietnamese conditions)

- This is the first report of the complete genome sequence, genomic

annotation, and identification of antifungal biosynthetic genes in the indigenous

strain S. lilacinus VNUAI116, isolated from Vietnamese banana fields. The
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complete genome and associated data of this actinomycete strain have been
published in the GenBank database under the accession number CP130487.
12.  Futher research directions

- Further investigation of antifungal compounds against Foc TR4:
Expand studies on bioactive metabolites derived from Streptomyces lilacinus
VNUAI116, with emphasis on elucidating the genetic and biochemical
mechanisms underlying the biosynthesis of the three identified compounds (p-
hydroxybenzaldehyde, 4-hydroxysattabacin and oxindole).

- Optimization of industrial-scale fermentation: Develop protocols for
large-scale microbial cultivation to facilitate the production of bioformulations
(e.g., microbial inoculants, organic biofertilizers) for yellow wilt disease
management in banana crops.

- Field trials of anti-Foc TR4 bioformulations: Evaluate the efficacy of
S. lilacinus-based products under real-world conditions, focusing on monoculture
banana plantations in Northern Vietnam (e.g., Hung Yén, Phu Tho provinces).
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