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Control Efficacy of Bacterial Secondary Metabolites
of Xenorhabdus hominickii Against a Fungal Pathogen,
Alternaria alternata, Infecting Welsh Onion
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Abstract A new pathogen, Alternaria alternata, was isolated from a welsh onion, Allium fistulosum,
exhibiting leaf spot disease symptom. Compared to a previously known pathogen, A. porri, the isolate was
different in spore structure and Internal Transcribed Spacer nucleotide sequence. When the isolate was re-
introduced, the identical disease symptom was observed. To control this disease, an ethyl acetate extract of
the bacterial culture broth of Xenorhabdus hominickii, which has been known to produce various secondary
metabolites, was applied to the pathogen. It inhibited the mycelial growth at 1,000 ppm. At least three
metabolites (oxindole, bezylideneacetone, and 3-ethoxy-4-methoxyphenol) identified from the bacterial culture
broth showed the inhibitory activities at their doses less than 100 ppm against 4. alternata growth. This study
introduces a new pathogen on welsh onion and novel compounds derived from the bacteria to control the disease.

Key words Welsh onion, leaf spot disease, identification, control, secondary metabolite
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(Nam et al., 2022).
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1A). @Ak A 25 QYUY ZAE 939 A porri A 2HE WAo] AEHAK(Fig. 2). 5, ©] A= #El¥

(Mohsin et al., 2016)2} B2] E& 0] TtHFig. 1B). ol izl HeXAo] sitke Ae 94‘116‘}924 ol
FAESA 588 Ss4 Hd#e] DNAS &3} ERd §-99] ZAE thA] At A JEe e X

ITS ZEto|HE o]&3le] H7INLES F4% 23} Alternaria Ape} T et e 21 SR8

(A) (B)

©)
Total
Blast match .
score score  value ident (%)
Alternaria alternata voucher AUMC 15264 998.0 | 998.0 0.0 100.0
Alternaria alternata FC-7054 998.0 | 998.0 0.0 100.0
Alternaria alternata isolate CO1 998.0 | 998.0 0.0 100.0
Alternaria alternata isolate PBR-Aa2 998.0 | 998.0 0.0 100.0
Alternaria alternata isolate MBPER0018 998.0 | 998.0 0.0 100.0
(D)
NEAU-2
59
85 Isolate
A. alternata

MSAPS

Y-SG-4

LHO1 I A. ricini

100 ASU2
A. porri
100
CNU103012

Fig. 1. Isolation and identification of a fungal disease on welsh onion in a field. (A) A black ring spot symptom. (B) Spore structure
of the fungal isolate. (C) Species prediction of the fungal isolate with its ITS sequence using Blast search program. (D) A
phylogenetic analysis of ITS sequence of the fungal isolate with those of other Alternaria spp. ITS sequence Its blast search.
Sequence alignment was performed with Clustal W program and the tree was constructed using MEGA9. Each node contains
bootstrap value after 1,000 repetitions. GenBank accession numbers are MH854758.1 for CBS 106.24, OP482409.1 for WZ-605,
KP124299.1 for CBS 104.26, OP482444.1 for ZW-S-17-1, OP482359 for HB-R-5, MF102105.1 for Pr.Apl, KR811362.1 for ASU2,
and JF331454.1 for CNU103012. Our isolate (4. alternata ANU101) was deposited to GenBank with accession number of

OL468587.
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Fig. 2. Pathogenicity of the fungal isolate, 4. alternata ANU101, against the welsh onion. (A) A laboratory test. A fungal inoculation
used a damage method by scratching onion surface by 5 mm length with a sharp tip. The damage area was then pasted with 10 pL of
a fungal suspension (1.56 x 10" spores/mL). Each treatment used 10 samples and replicated three times. Control represents the
damage treatment without fungal inoculation. Different letters above standard deviation bars indicate significant difference among
means at Type I error = 0.05. (B) Pot test. A fungal inoculation used a direct application of fungal colony (5 mm diameter) cultured
on PDA on a young welsh onion (~20 cm height). The disease symptom was confirmed at 7 days after the inoculation. Control used
the same size of PDA on the onion. White arrows indicate the disease symptom sites.
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Fig. 3. Anti-fungal activities of the bacterial metabolites of X. hominickii (Xh). For control culture, the A. alternata cultured in the
PDA media was applied on 5 mm diameter disc in the center of each PDA medium and cultured at 28°C for 7 days. (A) Anti-fungal
activities of two Xh culture broth (Xh-ANU101 and Xh-DY) against A. alternata. (B) Anti-fungal activities of three bacterial
metabolites of oxindole, benzylideneacetone (BZA), and 3-ethoxy-4-methoxy phenol (EMP) against 4. alternata. Control efficacy
was calculated by the percent difference of fungal growth between treatment and control.
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Table 1. Median inhibitory concentration (ICs,) of secondary metabolites or culture broth of X. hominickii (Xh). Three metaboites
include oxindole, benzylideneacetone (BZA), and 3-ethoxy-4-methoxy phenol (EMP). Two bacterial strains (Xh-ANU101 and Xh-

DY) are used to get the culture broth

Secondary metabolites ICs4 (95% CI), ppm df
Oxindole 164.4 (154.6~174.9) 9 0.9860
BZA 201.8 (134.3~285.1) 6 0.9748
EMP 255.3 (184.1~320.6) 6 0.9079
Xh-ANU101 5,059 (not assessed) 3 0.8832
Xh-DY 25,530 (not assessed) 3 0.9677

Table 2. Antifungal activities of three bacterial metabolites derived from X. hominickii culture broth against the mycelial growth of

three different phytopathogenic fungi

Control efficacy (%)
Compounds —
P. capsici C. acutatum F. oxysporum
Benzilideneacetone 85.8+43 83.2+0.3 88.4+04
3-ethoxy-4-methoxyphenol 90.9+0.0 73.1+1.3 64.5+0.4
Oxindole 90.4+0.8 83.4+0.7 709+ 0.4
ERATHFig. 3). o] 3 T8 AAE EUNZE X hominikii EZZ gHA AUoA] 7HroARl= Heteropanax fragrans

ANUI1019] 1Csy 32 5,059 ppmeI™ X, hominikii DY<=
25,530 ppm, oxindole 164.4 ppm, BZA= 194.9 ppm, EMP
£ 255.3 ppm ©|tH(Table 1).

Mz tAt=E Ef A SHY Zof g &=y
P FHYE o9 e AEHAA *E"%OMI &k
S TSR] Lotiy] flste] AP I3
AFEAS T8 WO 2 1,000 ppmollA] I Q%E(Phyto-
phthora capsici), ZFEA W F(Colletotrichum capsici), 3.
FAESH T Fusarium oxysporum)©l| et T3S A}
o A} it B 2 g S UElen, o] 7t
BZA= TA1E A& B0l tialA 83% ol/de] AL
7% AAE-S e TH(Table 2).
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& AFoa= 712 tigt AeFHRS doitta #
ST HUEA A porri o190l MZE A alternata &F
AN sl ALFYHS doFith= AL AT 4
HAH O BZAM 4. alternatae WM& 213 ZHE0] W
H|Eate] AR 5ot SR 9% & thst
ol A2FHHS Fidith(Lee et al., 2022). T3, 3}
QA FEfelA o] AEHE Yo A HFY TS
weto] Hap JE 4 F2 FHE e A o
= A7) 5o 9dS A8kt Chung et al., 2008). A.
azllernaztali xntE 7 (Toona ciliate)eF= oA X<
M E o] HAerH S fidsle A0 B ET
(Wang et al., 2023). B3}, o] M2 Sfjollx] d7 sf o)

|

1r do 2% O mg

WL 5 ol A vk s st IAE sk
(Xie et al., 2022). o]2f gt A 9B S/ oA ZH“H
B 714 Aol A W ATHChoi et al., 2022). & &
3 dulol tielM A dlternata’t FLSFHH S st
I RIETHYuan et al., 2019). ©|2$+ 4. alternaria®l
ok ¥ bl 7|35 aAshiA B A ol s o] ¥

Aito] A EHS Fddithe 202 HEE Bgit)
HLFHYWH AR 4. alternata= 31}“ FOl wjo= 8 &
Aegrgg doved, ¥ AP FxAF] acibenzolar-

S-methyl (ASM)S 2|3t A3} %3‘1}9] A717F ST
(Guo et al., 2023a). °|= ASMO] &4 AAFE2] pheny-
lalanine ammonialyase 2 3F¢] phenylpropanoid A4 #
d 3280 24 9 o5 A BES STMA ds

F, 2gHco|t, okEAISHd B glad o] A4 <z
£S5 7R 23R S ET A2 A dlternata 373

AS fosle stFEAo| Bacillus altitudinis Q7 A<t o
FollA BAEJTHGuo et al., 2023b). ©] Bz <& o]
#ollA ol ofm|iste] AE]Y FAE o] F lichenysin
249] A. alternata®) AXR 24 35S wekslo] A xXZF
whilz gl Ato] fEHA st Pt S-S HATH

& Mo 28E FHjE oz AHAIE ol &ato A&
W A A&siths SHAA kst olatAREES A
Msl= Al 7F&Hl Xenorhabdus/Photorhabdus?t XEHE
L FT olF 45F Mlte] AAEE vfEOE oAt}
2 W FAA7E 450l F1,000019] Biosynthetic
Gene Cluster (BGC)’} 54 =1eH, o] BGC= ¥ 14771
ojatA S AAtete H o] OF‘ Aoz F&ch
(Shi et al., 2022). °]& UAKIE #dolollo] = (pheny-
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lethylamide)2} 722 @< F2EO|A heterocyclic 3]
H A 538 247 dEeision ol =40 3 &
S Hfshs ez AYEAtK(Tobias et al, 2018;
Hasan et al., 2019). & AoM = o AldRF 7kt X
hominickiis ©1&3tH o] Alxte] A 371K thAEA
(oxindole, benzylideneacetone (BZA), 3-ethoxy-4-methoxy-
phenol)S AAFsl= H(Mollah and Kim, 2020), & =32
| A. alternata ’37¢& AAsk= I 9L Zevhal &

itk w}aw X. hominickii xﬂ:r HH%ko"_:E'E W o) 7}

ﬁ

323k v} Qlhk(Park et al., 2010).
WS 728 4. porridl OISk fash
PRlF=go] sl 43t Caryodaphnopsis baviensis
N FZEEAoH, o] EFolA magnolole] E&]F ATt
(Kim et al., 2022). €1|FAI%= magnolok> P} BZA ©|%
A Fxo} fAlele olg Fx7F AxlFade| fasithe
A& AT BZAS 2408 she 8455 &34
s 7 PRFEDS R 7 S Ao 2 AlEH

ool AIE HuEstd, tiue] WAshs H2FHWS
719 A. porridl Q&S A alternaria?t L Yol
E AL E AFE Fo) Budt ofgy o] AEHS X
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