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Differences in nematicidal function and mechanisms between two
strains of Priestia megaterium
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Utilization of Forest Food Resources, College of Environment and Resources/College of Carbon Neutrality, Zhejiang

A&F University, Hangzhou, Zhejiang, China

Abstract: Meloidogyne incognita is one of the most destructive plant-parasitic nematodes
worldwide, causing severe economic losses in agricultural production. Biocontrol bacteria can
effectively control M. incognita, with significant differences in control efficacy among different
strains. However, the mechanisms underlying differences in control efficacy remain unclear.
[Objective] To explore the mechanisms responsible for the different efficacy of various biocontrol
bacteria against nematodes. [Methods] The differences in nematicidal activity between two
biocontrol bacterial strains, B133 and B104, were analyzed. Comparative genomics and
metabolomics techniques were employed to investigate the genetic composition and metabolic
mechanisms influencing the nematicidal activity of the two strains. [Result] From 24 h to 120 h of
fermentation, the nematicidal activity of strain B133 was significantly higher than that of strain
B104, reaching peaks of 77% and 54%, respectively, at the time point of 60 h. Whole-genome
comparative analysis revealed that strain B133 possessed a larger genome size and a greater
number of coding genes than strain B104. The phylogenetic trees conducted based on 16S rRNA
gene or the housekeeping gene gyrB indicated that strains B133 and B104 were two different
subspecies of Priestia megaterium. Predictions based on the virulence factors database (VFDB)
and Kyoto encyclopedia of genes and genomes (KEGG) database showed that strain B133
harbored 22 unique virulence genes and 75 unique metabolism genes compared with strain B104.
Meanwhile, the metabolites in the fermentation filtrate (60 h) were determined. Principal
component analysis demonstrated significant differences in metabolite profiles between the two
strains. Compared with that of strain B104, the fermentation filtrate of strain B133 had
40 increased metabolites (P<0.05), such as galactinol, 4-aminobenzoic acid, lumichrome,
anthranilic acid, trehalose, and 3-methylthiopropionic acid. Moreover, through integrated genomics-
metabolomics analyses, cysteine and methionine metabolism was identified as a key pathway
influencing nematicidal activity. This pathway involves an L-lactic dehydrogenase (LDH) gene
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unique to strain B133 and 3-methylthiopropanoic acid with an elevated level and a positive
correlation with the nematicidal effect of the strain. [Conclusion] By coupling genomics and

metabolomics, this study reveals the different functional gene clusters and potential related
metabolites of different subspecies of P. megaterium, laying a theoretical foundation and a practical

basis for the targeted screening, modification, and industrial development of efficient biocontrol

agents for nematodes.

Keywords: biocontrol bacterium; comparative genomics; non-target metabolomics; plant-parasitic

nematode
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A

1 AR

1.1 #

HER bR . 407 B133 Fl B104 AR 52562
A B T 0 AR B b rp oy B O BE R AR, £ 168
rRNA 3 [H 590 % 8 K Priestia J& 40, T
—80 °CHBARIR VKA IRAT £ FH o

HER L . BT AR Lk il A S S LA oS
IS AGIE TS i

NB MR R: 75 (g/L): Hi%ibE 10.0, REA
Wi 5.0, ZFPNEE 3.0, BRI 0.5, FHFi
FHTE R . NA ARG IR 3 (g/L): A H
10.0, BRI 5.0, FRERE 3.0, BELHREY)
0.5, BiE# 20.0, H TG, Urfisiaest
3115 °CK I 30 min,
1.2 BERBIREIE MM E

R T ARGE 2R L iR 4l s (02) kA . KR
RS2k L2 60 d 1450 AR I 1 T
PRk diond, BT 25 °CIE IR & I 46 rh ek
24 h YA 1R, EZEE 5d, T 4 °CUKFRE
AR o 2R LRSI AL 1y s i 5 X 26 HLE A 77
B, IR KRR 2 R HRESE 1.5 mL
BT, A 0.05% iR -20 (DLF T2 it
VEE4E), 8000 r/min #.0> 1 min, FF Li; A
1% K ATRENTE I, #P T TC B /K A48 N Uk SR AN
LURBEN 0.5%, Xk BARRIETE 5 min, 5
8 000 r/min Z.0> 1 min, 3 L3 MATCHEKIE
VEAR B AR AN, 10 000 r/min 50> 1 min,
W, EEWER 3R &E, FERREEET
MRELTH FH TG TR K R 2 V% &8 100 £5/20 pL.

20 TR A ) 2 T R ) %o 2 s BO0E R A T g
$r—80 CCARAT MY R T NA FARE FRIE Rk,
28 CCHHIREEFRM HREFF 24 h i1k, FHTCHEM K
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PR TS, AT NB RS SR, 28 °C,
170 r/min ¥ 35, 49T 12, 24, 36, 48. 60,
72, 84, 96, 108, 120 h W K FFK . 545 I
6] 5 A R T 4 °C . 10 000 r/min B5.0> 5 min,
BRI, IR EZ 022 pm JCEEEME LT
W&, FATKBEEM . 1E 24 FLANMEEE FEHOT,
FUIMA 1 mL & BEEW K 12 26 100 3k, A4~
AbFRIEE 6 REESE, DASEFRAAEIRTE] A NB %5 FI
RS FRIE RN IR L 25 °CH5 5% 24 h J5 7R B4
BE TSI G R HIE TR Ol . £k HAET KT
BIAX IR, BIEFET R HE A (2)
Fi7m o
L HIET - R=Lb FRAET B0/ B A< 100% (1)
MAEFET S R=(Ab BEFET R - %] BBET K/
(100-XF FEFET ) x 100% )
1.3 EHEERRGABWE
Fie BRI T BE A 2H DNA $2BU0) &[4k T4
W) T AR () e A PR I TU6 RH 5 H8 B4 T ik
&L DNA, SR HE 54 27F (5-AGAGTTTGAT
CCTGGCTCAG-3") il 1492R (5-TACGGTTACC
TTGTTACGACTT-3")XJ R £ 16S rRNA FEK 1T
PCR ¥ 34, RNAR 5 Z5R 2% SCik[16].
PCR j=¥yi% 2 At B R A PR e A FR 28 7l
WY o B B s 51 5 NCBI i B L X, o
e AL HE 4 SETTAY 16S rRNA 3K 51 9
7%, FIH MEGA 7.0 % {4 % Fi 4B % (neighbor-
joining)IE MR R R K BT .
1.4 MEE=EEENFFTNEE ST
141 £ERANF
B4 B133 A1 B104 50 & NB WA R 37
Fedr ) 28 °C. 170 r/min £55% 24 h, WHERK,
ZACAC R A YR B A BR A Rl AT 4 S
PRTZE00 7
2 7 DNA & HUJF it & 4% J5 . fii ]
Covaris 75 P BEEIL(GRIE 4, 65 s)FEATRENLET
Wr, fRmEE . AR, SNy, 4
fb 2 PCR ¥ 34452058, R DNA SCHEEFY EE
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R [T A P H AR Lm0 A BR A 7158 B
il o SCEMESE U, JEH Qubit 3.0 #1774
o mE PO, R Qsepl00 A6l 4 A A
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WREHEATHER i . ORI G %S, RIEA
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XTSI St A T B AR, BRI
reads FIHELFS1, fdiH SPAdes v3.11.1 (http://cab.
spbu.ru/software/spades/) 1T de novo 413, KT
He it g 2k 2 U W 3 N 41 41 4 58 & NCBI
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SAMN54712792,

{& F Prodigal v2.6.2 (https://github.com/hyattpd/
prodigal/wiki) ¥ 17 Zw % & [ fi0 9, K
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FE, TG L 2 PR TR TE A5 QG i v
B CR, i HARE e 22 = -

1.4.3 THEEFUM
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(Wl HE=1:1), WhHEIRY, VKIRHHE S min,
4°C., 8000 r/min &5.0> 20 min; B _FIE W0 A
250 uL /K, FEAMIRAIE, 4°C. 8000 r/min 2.0
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BT, IR B 28 0 o 1 ) A bR R AR E feature,
FE25 G N I 11 1 T2 5 3 1 AT 10 56 J3E — B0
i e B M8 B . AL B BT VR AT 06 X 5
WU | FELR AL IE e MRS B, JF AT AR
VA — b Ak B DL B A AR 35 I 25 5 5 R R o 33 B
(IS, e fe T F BRI, KPR — g
i e I R G P R — R R A R S e DG
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I Z 4T AL BT, BRI A I E
T RO AL S5 RS T R A A 2 2 Ao 20
1.6 BIEZFITSPH

K M FE B 53 43 #r (principal component
analysis, PCA) XA ol #ifk, I3k T &
£ 5077 2253 T (PERMANO VA ) K 56 A B ] 4 15
W) 20 2% 5 (P<0.05). %44 4t 11>k F Microsoft
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Figure 1 Effects of two biocontrol bacteria on Meloidogyne incognita. A: Alive nematodes; B: Dead nematodes;

C: Nematicidal activity of bacteria against M. incognita. The asterisks represent the significance of the difference
between the two strains. **: P<0.01; ***: P<0.001; ns: No significant.
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A 37.54 %, LI 5 934 A gub LA
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SRR G R B, 45 FEH] B133 F1 B104
)8 T3 B R [ @ (Priestia) (K 3A). Mit—
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RIS A, FIHE IR grB FEE R
GiRBEM, KIEME B133 F1 B104 52T A
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Figure 2 Genomic circle diagram of two biocontrol bacteria. A: Genomic circle diagram of strain B133; B:

Genomic circle diagram of strain B104.
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Figure 3 Phylogenetic tree and collinearity analysis of two biocontrol bacteria. A: Phylogenetic tree based on

16S rRNA gene sequences; B: Phylogenetic tree based on gyrB gene sequences; C: Collinearity analysis of strains

B133 and B104. In the phylogenetic trees, strain names are followed by their corresponding accession numbers in

the GenBank database. The phylogenetic trees were constructed using the neighbor-joining (NJ) method, numbers

at the nodes of branch indicate the phylogenetic relationship between strains (calculated by bootstrap, =1 000).

In the collinearity analysis, the same color represents the same collinear region.
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B133 B104
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B4 BHRETFERFEE S
Figure 4 Venn diagram analysis of virulence factor

genes.

B AR, AR B AR O R A OGS A
9 A~ T tEEE ) A G 6 S AR vk
BESIRFAISCEE 7 AN 1),
2.5 KEGG i

T KEGG Hd L 2 PR P 58 K 4 rh
A DG B R B 22 5, 45 RN 5 o .
R B133 7 826 MUIHHSCIL N, Rtk B104
A 777 A (E 5A). Horb, 751 AR 2 BRANTE
A, WMk BI33 A 75 MREAEEK, HPk B104
A 26 DA A o R A AH OGP o A T
4 FE 12 18 1 (amino acid metabolism) . % /K L&
¥y A% 1} (carbohydrate metabolism), fE & 18 i}
(energy metabolism). ###% i A4 ¥ & B 5 10 0
(glycan biosynthesis and metabolism). Jg 5t X1}
N 544 R AW
(metabolism of cofactors and vitamins), 5255 %

(lipid metabolism),

=1 EHBI3MFEE HEFER

Fill 2 1k & W 59 1% 18F (metabolism of terpenoids and
polyketides), 21 (nucleotide metabolism),
SR W R W B iR 5 AR ) (xenobiotics
biodegradation and metabolism) ., HAR A=
Yy W) 4 ¥y & B (biosynthesis of other secondary
metabolites) A K At 2 5 112 (1) £ ] (metabolism
of other amino acids)%5 11 51 B (£ 2). It
Ah, FE AR 2 B AR Y 3 PR R A
FEWI I 22 5, B133 7545 38 [H v Y 2 DR 4k i 34 v
T B104 (I8 5B). JHOEAE A SRS E I,
BI33 £ 475 ML, & T B104 4 440 1~ 7
KA P AGE o, B133 A1 643 NEEA
T B104 /) 561 4,
2.6 EFRNRIHIH
e ) R4 LC-MS LA H 1 763 AL
W, AL 834 R G E AR U 929 FhIEE T
BRI . PCA M HTas R oR, Witk B133 5
B104 BYFEANY PC1 I 840 5, MR A
42.2%, H 2 PR A A 2 AT A B 2
5t (P=0.01) (&l 6A). KILE &R was,
BT B104, B133 A7 40 MG B2 1R
86 A T (K 6B). o, LAy 2E AR
Yy W KRG W) (benzenoids), g i A1
i3 ¥ (lipids and lipid-like molecules), #1f. #%
H R M H: 25 L ¥ (nucleosides, nucleotides, and
analogues), A LR M A4 ) (organic acids and
derivatives), A Ml & 1k & ¥ (organic nitrogen

Table 1 Unique virulence factor genes of strain B133

Functional Number of  Secondary classification (gene count) Gene name

classification genes

Defensive 9 Immune modulation (9) bplA, cap8G, FTT RS04105, GBS _RS06600,
virulence factors gmd, IgtA, ppsC, webF, YE _RS15445
Aggressive 6 Adherence (1), effector delivery system (2),  chpA, coxFICI1, cwp84, cyIB, lIsG, tagT
virulence factors exoenzyme (1), exotoxin (2)

Non-specific 7 Motility (6), nutritional/metabolic factor (1)  cheB-2, flaA, fliN, fliS, lfgK, pseB, pvdL

virulence factors
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Figure 5 Statistics of KEGG metabolism-related genes. A: Venn diagram analysis of metabolism-related genes

in strains B133 and B104; B: Differences in the number of metabolism-related genes between strains B133 and

B104 (The numbers on the bars indicate the number of genes involved in that metabolic function).

compounds), I #L % £ & 4 (organic oxygen
compounds), A HLLIR1LE W) (organoheterocyclic
compounds) & % N Kt 25 R M 2k 1k & P
(phenylpropanoids and polyketides)SE 2 l|(55 3).
2.7 REBIHIE RIS

TR SEAT TR B133 1o A LRI M 1 4 T 5
filh, #2020 5 A 2 AT R I 43 AT
M A T AR B133 AT R 5 S HE R AR
Yy, ik n] L [E MU 0 KEGG U i, fek
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AT 1 ZR AR B, B2 e 2R A0 i
PR A% 191 3 [ (cysteine and methionine metabolism)
(F 7A). ZiE B, L-ZLE2 & 5
LDH (K00016) & I ¥k B133 i 454 , [l B =
55 9% 08 0 A 3- HY R A AR T R
(3-methylthiopropionic acid)7E i #& B133 H A% #H
PR B, 208w B104 59 2 15 (/&1 7B).
BB R I, 3-H LR UM R AR R S
A A LT T B IE A IS (R?=0.854 1, P<0.01),
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Table 2 Metabolism-related genes unique to strain B133

Secondary metabolic pathway ~ Gene name

Amino acid metabolism (17) LDH, HAAO, DNMT1, argA, proB, EC 3.5.5.1, davA, ldcC, MCCC2, mhpD, ACMSD, mhpF,
AUH, dmpC, ydfG, EC 1.5.1.45, kce

Biosynthesis of other secondary  Cah, babC, UGT84A13, proB, EC 4.1.1.18, rfbD

metabolites (6)

Carbohydrate metabolism (32)  BDH, SORD, AKRIB, kduD, frdA, UGT, xyIB, EC 3.1.1.11, IMA, EC 3.2.1.14, xfp, fumA, fumB,
kdgD, garD, nanFE, xylA, uxaC, accC, gatA, gatB, gatC, malX, nagkE, iolJ, ioll, rmd, pseB, dgaF,
hxpB, LDH, mhpF

Energy metabolism (12) nirD, SUOX, tauD, tauB, tauA, tauC, doxD, EC 3.5.5.1, frdA, fumA, fumB, accC
Glycan biosynthesis and rfbD, hya, waaL, gmhB, ugtP, wcaJ, pssF, rmd, pseB

metabolism (9)

Lipid metabolism (5) HSDI17B11, AKRIB, UGT, ugtP, accC

Metabolism of cofactors and mocA, rfk, seld, pepN, phnW, phnX, EC 1.5.1.45, AKRIB, UGT
vitamins (9)

Metabolism of terpenoids and asm25, rfbD

polyketides (2)

Nucleotide metabolism (3) vgeS, guaC, ydfG

Xenobiotics biodegradation and  dmpH, mhpD, dmp, mhpF, UGT, EC 3.5.5.1

metabolism (6)

Metabolism of other amino tauD, EC 3.5.5.1
acids (2)
A : B : : Status
: 5 Not significant: 1 637
4t @ e Up: 40
: e Down: 86
[ ]
3 % vip
= g (.5
= E ‘e el0
Q A | @ &, o15
: o 2r ‘ p ‘
[=W
..................... : 3 YT
1
. 0 i . .
20 0 20 -5 0 5 10
PC1 (42.2%) log, fold change

Elo MIRERMERNRGEIERDN
Figure 6 Differential analysis of metabolites between two biocontrol bacteria. A: Principal component analysis;

B: Volcano plot analysis.
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*R3 BEHEBI33A) LIARIEYY
Table 3 Upregulated metabolites in strain B133

Classification (count)

Upregulated metabolites

Benzenoids (6)

Lipids and lipid-like
molecules (6)

Nucleosides, nucleotides,

and analogues (2)

Organic acids and
derivatives (8)

Organic nitrogen
compounds (1)

Organic oxygen
compounds (8)

Organoheterocyclic
compounds (5)

Phenylpropanoids and

Salicylamide, anthranilic acid, 4-aminobenzoic acid, bisoprolol, 3-bromo-5-phenylsalicylic acid,
1,1'-binaphthyl-8,8'-dicarboxylic acid

3-methylthiopropionic acid, 3'-methoxy-6-gingerdiol-3,5-diacetate, 6-gingerdiol-3,5-diacetate,
(10E,152)-9,12,13-trihydroxyoctadeca-10,15-dienoic acid, garcinoic acid, geniposidic acid

6-thioinosine, 3-methyluridine

Lysine-N2,N6-diacetyl, N-acetyltryptophan, formiminoglutamic acid, diaminopimelic acid,
N-acetylglutamic acid, threoninyl-alanine, royal jelly acid, 2-hydroxyglutaric acid

Tetradonium cation

Maltose, trehalose, sucrose, melibiose, turanose, galactinol,
(285)-[(6-O-pentopyranosylhexopyranosyl)oxy](phenyl)acetonitrile, cadabicine methyl ether
Lumichrome, 2,3-quinoxalinedione-6-chloro-1,4-dihydro, indolelactic acid, piperazine-
N,N'-bis(2-hydroxypropanesulfonic acid), N-[6,6-dimethyl-5-(1-methylisonipecotoyl)-
1,4-dihydropyrrolo(3,4-c)pyrazol-3-yl]-3-methylbutyramide
3.,4-diphenyl-7-hydroxycoumarin

polyketides (1)
Others (3)

3-hydroxyundecanoyl carnitine, 3,5-dihydroxydodecanoylcarnitine, 4-hydroxydodecanedioylcarnitine

FUHZACHY T e 2 PR B133 R R s MY
KA T(E 7C)s
3w

FEANH 22 5 RS kWb i 3L
20 3 3 [R) I 2 ) AR ] 2 2% G 2R 1) DG B
o Hrb, 16S rRNA JEHFHIRSFERR, H ]
THREBIKVYE s TREREEN gyrB #ELHEA
TP, R FERE T, R TR KOE SR,
T B Ok AR o JTORR 245 48 ol A= B T bR 2 5 v
F:T 16S rRNA Fil gyrB ZENFIIMERZE R T
B, G547 9 FLXT 25 R A2 B BR Sneb2550 5
A ZFUFFIE(B. proteolyticus). Pk Sneb2556 5
fi UT B ZE fAT 5 (B. amyloliquefaciens) 43 | 3 28
B FPE e, WIES 7 HA 2, S 7%
Ty AR M7 2 AT R 2 TP B Rk . Bl
RS P RE B133 A1 B104 15 B R B RR
R (P. megaterium) 23S H ¥4 = BE TR R,  [R] A
2 BRANTE B9 SE 4 GHC & fF . (RNA SEP K
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rRNA #0780 45 2 R B BE AL, &
W] — B AR SR . SR BTG AR ) SO R
i gl R R — B, i et A
[i] S 2 1 DX HR B 0 A L T 1) R 3 S 1 4 R
PR ) 5 Y B RURR AR, BB 68 E — 20 Al BT 2 2
K F A 0 wa ZERT L B AT B R
(Bifidobacterium) AN ) it 22 ] 5 PR 2H 2 X
(DR B B Bl 1 b oKk F i 3 A . HeAh, Y
PSR Bacillus 400 R A U D 40 24 0P 546
7, I PR Sy (o FAE 6 2 45 4 A8 S5 mT DL IX )
subtilis . spizizenii I inaquosorum “§ R, 2]
Hi, ASHFFE TR R B133 Fil B104 3 K 40 (8] 7778
Y2 B0 AN ) (i 45K, 3X AT BB BBl — X
FA T AREE LR RS LR R R

Az B A B[] 005 1 ) BE A TE R 55 22 57
HA FTE T W R IA] A 5t 4 27850, JCHJE B
LRI Gt o PR R S RN B 11 25 2020 ik
7 AFPU I 58 95 2 4 2F M AT T8 (B. thuringiensis)
GO3 Fl HD1 iy SRR R B, Fkk GO3 1Y%
ApE R, 5 DR 2 AR O I R B
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Figure 7 Screening of key metabolic pathways. A: Co-mapping of strain B133-specific genes and upregulated

metabolites to KEGG metabolic pathways;

B: Differential analysis of the relative abundance of

3-methylthiopropionic acid between strains B133 and B104 (*: P<0.01); C: Correlation analysis between the

relative abundance of 3-methylthiopropionic acid and the nematicidal activity of bacteria (**: P<0.01).

Susié ZFP0} U 2EMUAT I Bacillus sp. ZZV12-4809
FI1-1582 MFERIZL L B, BERE ZZV12-4809 ()3
IR, HARA LT Bl A It A 5 )
WA =Py SR s, T HORERIG M . [RIEHE,
PRIAK B133 AT (R LT oG L R ] A 25 e et
JRE R ANMRE | R R AR EE R LT B,
Tl IR BRI R 24K, DA g
H R B, SEk B104 ML, ik B133 HEH
HHRA BT TR B (A0 ewp84 1 pvdL 25)A]
AE5 HAR RN MR DC . Hr, Rt EmR &
FIBE R cwps4 (%0 T e 2 VT #] SIpA i
REF, HIE SRR S JZIHE, T o5E B
SlpA 2 ARMERIR I (Clostridioides difficile)TE
5 U T8 PN S B AN EU B S EE R P pvdL
P ] 23 A1 B L TR (P, aeruginosa) & 4% TR 2%
TEF5 T B AT 4 RUAR N ZE G IFF I T R, (R
LR ARTIRE, L H RIS T AR N Lok AR
Bi, PEmRSEE EP,

A B A0 B RE A R I R AR, B
Bl [B) 422 40 0 5 S, DA T R R A ) e R
AR, LR FUBE T (galactinol ) AR P
A 15 o S EHR SRR (P chlororaphis) 06 555

P4 actamicro@im.ac.cn, 7 010-64807516

T 7 A R GEbu ki 75 KBRS R 5
Ay, AT SR A P R 22 B D R R BT
I AT B AR P 6 5 R R A AR AR W e Y
fif &2 PES M SRR, it & R R
(4-aminobenzoic acid) 7] 3 1 P8 15 A5 P 74 1 5 it
i PEASCHE IS (POD . PAL)ZAELL, [H]FEFEAL S
By B R Re R 1) & AR e 2 (lumichrome)
& AR BRAT £ 4 TR 7™ A AT ) A KA R 15 5 45
-, TSR P I S A f R AP R 1, K
T M PN A A N2 8 2 5 50 100 14 (Sphingomonas
melonis) A] 53 Wh /N3 15 5 1) Jot 408 28 5 28 HH 1R
(anthranilic acid), ]P0 RA 702 R AR LG TR
(Burkholderia plantarii){fi F3e JAZ YL RE S, #Fifi
PP K RE ARG F 2 40, I 3 (trehalose) 5
ZEIRAT IR A2 TR AT FH AT 5 AR B A 280
A, JRRERGER RN BLE AR YT, [RIRE, 3-FI3E
it A& P R (3-methylthiopropionic acid)RE 41 il Bg 7
MRAS 2 U ORIEAL,  XFIRE Ak 4 Hy 3R B 75 W RN

F e RS LU E R R EP AN I P R
B133 ib/r M Z2 b Al BRI, (HHRERS
PEARrgb . (ERAERMR, fEPammip



R | AR, 2026, 66(7)

3639

B R A b, L-FLR R A 3
LDH 1 3-H EEARACTH BRI FE Ak B133 i 3%
R %0 R R g R R TS A
T

4 i

K WE 24—-120 h HH[E], BEEE B133 MU RZIG
PESA = TR B104, HLAS 60 h 1& Med & -
e B D 4 20 A 26 I, 2 ok 200 T 5 TN 4[] A7 7
15 N ILZRPE X B St 24 01 K38, BBk B133 1)
4 3 TR 4] R /N R g R S R Y T B104.
BI33 Fif 22 18 IR F3E A, £ F B104 11
19 45 [AIEF B133 ¢ A 75 MREIAHOCEE K, i
ZF B104 i 26 1>, HE&EABRARILT RS
WL . WE—A A 2 BRAR B A S 5E 60 h Y
L 25 5, B133 47 40 FALiH B3
W, AREERRAEY . IREMEE ST BT
iR M H2 el . A LR S HAT A . A VLA
Y. BUILVEMLREY . BILRMEEY RN
BERFREIA A WS, Hrp, DUEEE 2T
AW, etk MEFERHIR . HERER
3-FH R AR PR R 45 C e S A i 3 LA
PRI . HAREENE, FEPMER A
GPR AR AL B Bk B133 R 1Y L-FLIR AL
SBFA G LDH FARXT F B3 BiE R 3-H
IR, H 3-F IR N R S A0 B AR kT
PSS IE AR G, I s nT RE R U s
RERIGTER S, (AT E— 50IE
1E& Bk = B

WA RS, B, iRy EiE
B BUEOT IR, MERETE; EEoL. Lk
YIE s vhwg. MBI E5A: airiEs; BE
O esCiB; DA IeSCHESRETT, iR, e
B
YEZFIZHR N FF AR

VR PR WA FAEAT AT Al BE 22 RO MR AS SR 3% TAF
B2 g ol AR AR

RPN

(17 ke . TLAkR AR 1 500 %) 7 77 MR 45 2k By 4 28R 7 1F
Hr[D]. miat: Bl R, 2019.

Xie Y. Evaluation of several biological agents on the
control effect of Meloidogyne incognita[D]. Nanjing:
Nanjing Agricultural University, 2019 (in Chinese).

[2] 155758 VST 2F AT P TA-1 15 3 R b m AR ZE 4k

HBFF[D]. F4: IR R, 2023,

Fu GH. Research on Bacillus velezensis TA-1 induces

resistance against Meloidogyne incognita in tomato[D].

Tai’an: Shandong Agricultural University, 2023 (in

Chinese).

XIHET . a7 AR5 2 A= 7 240 1T 1) 3 285 0 6 B 1oy o

JIWFFE[D]. M KA, 2023.

Liu YJ. Isolation and screening of biocontrol bacteria

against southern root-knot nematode and the study of

their application potential[D]. Yangzhou: Yangzhou

University, 2023 (in Chinese).

(4] EmEE, R/, R, EURE, B, 7, XI5

T, BCEAR, JEHEE, BRI . g 0 ARG 4 R B L
f1h 75 6 %5 7 e B BB 5E (3], A A DR 47, 2024, 50(6):
62-70, 125.
Wang LF, Wu XB, Zhu XF, Wang YY, Zhao D, Yang N,
Liu XY, Duan YX, Fan HY, Chen LJ. Screening,
identification and efficacy of biocontrol fungi against
southern root-knot nematode[J]. Plant Protection, 2024,
50(6): 62-70, 125 (in Chinese).

[5] Ffasa, 5Kk, RSO, ZUI, IMELL, 1R, RESTEE,

WA, BOH, iR, SR I, AR . T RAE kIR
A2 B3 TR YB-1503 B bk 4 5 B A FHALERAT 52 [0]. 2k
VB IG2EAR, 2023, 39(2): 429-437.
Fu YY, Zhang J, Zhu WQ, Xia MC, Sun RH, Xu W, Lang
JF, Pan YM, Wu C, Yang LR, Wu YB, Li DM.
Identification and mechanism of strain YB-1503 for
biological control of Meloidogyne incognita[J]. Chinese
Journal of Biological Control, 2023, 39(2): 429-437 (in
Chinese).

[6] WkE e, A &, MR, £77 . ALAEL HiA: B B AS

TG i A S A e ) 5 P A A SR R 0. A IR AP,

2020, 46(6): 149-154.

Yao YR, Huo JF, Hao YJ, Wang WL. Preparation and

regeneration of protoplasts from the biocontrol fungus

Acremonium  implicatum[J]. Plant Protection, 2020,

46(6): 149-154 (in Chinese).

2l A AR A K, B A, IVFIEE . ZF AT TR NH-8 X 7

i AR 2 2 HU B0 A= B RCR (3], 1195 AR B2, 2020,

48(8): 108-110.

Li DQ, Deng ZF, Cao YY, Sun LJ. Biocontrol effect of

Bacillus NH-8 on tomato root-knot nematode disease[J].

Jiangsu Agricultural Sciences, 2020, 48(8): 108-110 (in

Chinese).

(8] 24, MRS, XA, Wik, 25558, MRIE 2, 585, T

URSE . R RO A R HUE By FL R 18 SRR RERFE (0], A=
W2k, 2021, 38(6): 70-74, 81.
Li L, Zhao JJ, Liu YY, Zhen J, Li LL, Chen GC, Mu Q,
Wang JW. Screening and performance of high-efficiency
root-knot nematode biocontrol fungi[J]. Journal of
Biology, 2021, 38(6): 70-74, 81 (in Chinese).

[9] Subedi S, Thapa B, Shrestha J. Root-knot nematode

—
w
—_

—
BN |
—

http://journals.im.ac.cn/actamicrocn



3640

DONG Xiuli et al. | Acta Microbiologica Sinica, 2026, 66(7)

(10]

[11]

[12]

[13]

[16] 3

—_

(Meloidogyne incognita) and its management: a
review[J]. Journal of Agriculture and Natural Resources,
2020, 3(2) 21-31.

SR, ZRRHE, WRORR, N, EOORAME L B A A
CT205 XT%%*E?*&EH’J AANE I B G HBTRL().
s R4, 2023, 46(1): 63-70.

Jin H, Li MY, Yao G, Wang XJ, Wang SM. Nematicidal
ability on Meloidogyne incognita and pot-plant control
effect of Streptomyces albospinus CT205[J]. Journal of
Nanjing Agricultural University, 2023, 46(1): 63-70 (in
Chinese).

Park EJ, Jang HJ, Park JY, Yang YK, Kim MJ, Park CS,
Lee S, Yun BS, Lee SJ, Lee SW, Rho MC. Efficacy
evaluation of Streptomyces nigrescens KA-1 against the
root-knot nematode Meloidogyne incognita[J]. Biological
Control, 2023, 179: 105150.

JEV A, AT, 2R L, DR, U, IR B . ¢
Fe AR A BT (Pseudomonas fluorescens) MF11 X A 4% £
H 0 B RCPF A (9], 0L 98 ARk 2= 4k, 2021, 37(2):
326-332.

Zhou DM, He LL, Li WS, Feng H, Zhao M, Jiu M, Wei
LH. Evaluation of the control effect of Pseudomonas
fluorescens MF11 on dis-eases caused by Meloidogyne
incognita in tomato[J]. Jiangsu Journal of Agricultural
Sciences, 2021, 37(2): 326-332 (in Chinese).

Xu S, Zhang ZY, Xie XW, Shi YX, Chai AL, Fan TF, Li
BJ, Li L. Comparative genomics provides insights into
the potential biocontrol mechanism of two Lysobacter
enzymogenes  strains  with  distinct  antagonistic
activities[J]. Frontiers in Microbiology, 2022, 13: 966986.
VRIlZE, 818, Wi, BRIk, WIN R, BOCE . 4122k
TE A 7 28 MAT 1 B0 0 R [0]. A= R 4z, 2024,
40(10): 208-220.

Xu PD, Yi JE, Chen D, Chen H, Xie BY, Zhao WI.
Progress in the application of omics technology in
biocontrol Bacillus[J]. Biotechnology Bulletin, 2024,
40(10): 208-220 (in Chinese).

Santos Arini G, Borelli TC, Ferreira EG, de Felicio R,
Rezende-Teixeira P, Pedrino M, Rabico F, de Siqueira
GMYV, Mencucini LG, Tsuji H, Neves Andrade LS,
Garrido LM, Padilla G, Gil-de-la-Fuente A, Wang MX,
Lopes NP, Barbosa Trivella DB, Costa-Lotufo LV,
Guazzaroni ME, Roberto da Silva R. A multi-omics
reciprocal analysis for characterization of bacterial
metabolism[J]. Frontiers in Molecular Biosciences, 2025,
12: 1515276.

FRESFS, VLRI, MlkTe, HAESE, EHAT, sk i . — ki
T 4 T8 0 2 % P e 2
PHRARD. UERI 224, 2022, 42(2): 43-49.

Guo LL, Jiang ZY, Tao SY, Tian JM, Wang HQ, Zhang J.
Screening characterization and liquid fermentation
conditions optimization of a high temperature tolerant
cellulase-producing  Bacillus  strain[J]. Journal of
Microbiology, 2022, 42(2): 43-49 (in Chinese).

Wick RR, Judd LM, Gorrie CL, Holt KE. Unicycler:
resolving bacterial genome assemblies from short and
long sequencing reads[J]. PLoS Computational Biology,
2017, 13(6): €1005595.

Chan PP, Lin BY, Mak AJ, Lowe TM. tRNAscan-SE 2.0:
improved detection and functional classification of

P4 actamicro@im.ac.cn, 7 010-64807516

[19]

[20]

[21

—_

[22]

[23]

[24]

[25]

[26]

[27]

transfer RNA genes[J]. Nucleic Acids Research, 2021,
49(16): 9077-9096.

Zhou ZW, Luo MD, Zhang HS, Yin YD, Cai YP, Zhu ZJ.
Metabolite annotation from knowns to unknowns through
knowledge-guided multi-layer metabolic networking[J].
Nature Communications, 2022, 13: 6656.

Picart-Armada S, Fernandez-Albert F, Vinaixa M, Yanes
O, Perera-Lluna A. FELLA: an R package to enrich
metabolomics data[J]. BMC Bioinformatics, 2018,
19: 538.

PRIAT, W38 . JET 168 rRNA Fl gyrB S X DNA Ff
1E 751 1 1%5@@%&&735& TR, 2023,
54(6): 1858-1867.

Chen TN, Hu K. Identification of Aeromonas based on
16S tRNA and gyrB gene tandem DNA characteristic
sequence[J]. Journal of Southern Agriculture, 2023,
54(6): 1858-1867 (in Chinese).

SRR, ARIGEIE, IR, NIGET*, X3, 47T, Bk 4, ik
e, BRALAS . B RE 7 RS R A By 2R AT T 0 i e 4
SE BTN A, 2025, 65(8): 3748-3764.

Wu WR, Zhu XF, Wang YY, Liu XY, Zhao D, Yang N,
Duan YX, Fan HY, Chen LJ. Screening, identification,
and efficacy evaluation of Bacillus strains for biocontrol
of cucumber root-knot nematodes[J]. Acta Microbiologica
Sinica, 2025, 65(8): 3748-3764 (in Chinese).

Eastman AW, Heinrichs DE, Yuan ZC. Comparative and
genetic analysis of the four sequenced Paenibacillus
polymyxa genomes reveals a diverse metabolism and
conservation of genes relevant to plant-growth promotion
and competitiveness[J]. BMC Genomics, 2014, 15: 851.
JREAR . T4 KR DR 2H 1) 240 71 5 63\7’“? #%WB
F¥[D]. Jbnt: ZEFRMEPE, 2020.

Zhou JL. Research on the identification, classification
and evolutionary variation of bacteria based on whole
genome[D]. Beijing: Academy of Military Science, 2020
(in Chinese).

M &, XE, wOE, WL, B, LW, ki, b
EIR, M, TR PEL BRI YZ011 X 8EH H B
Hu 2% TR e A R 4 2 43 BT D). YL R 27 4R,
2025, 41(2): 258-267.

Lin MM, Liu Q, Han GJ, Huang LX, Xia Y, Li CM,
Zhang N, Lu YR, Xu B, Xu J. Insecticidal activity and
comparative  genomics analysis of Xenorhabdus
nematophila  YZ011 against lepidopteran insects[J].
Jiangsu Journal of Agricultural Sciences, 2025, 41(2):
258-267 (in Chinese).

JARTS, AR, i, Pu22%, 250, XA, Sk, fba
B, 2508, 4o/ B SR ZE A BUAN B CCBC3-3-1 11y
G R P R L B 6 PR 20 43 BT [0, AE W BORE 4iR,
2024, 40(7): 235-246.

Zhou JH, Xia F, Zhong L, Qiu LF, Li G, Liu Q, Zhang
GF, Shao JL, Li N, Che SC. Whole genome sequencing
and comparative genomic analysis of antagonistic
bacterium CCBC3-3-1 against Verticillium dahlia[J].
Biotechnology Bulletin, 2024, 40(7): 235-246 (in
Chinese).

Wu YR, Yang C, Mu K, Guo Y, Song YJ, Yang RF, Cui
YJ. Insights into Yersinia pestis evolution through
rearrangement analysis of 242 complete genomes[J].
Nature Genetics, 2025, 57(8): 1994-2003.



FH 2| BUEYEEAR, 2026, 66(7)

3641

[28] Yi HN, Chun J, Cha CJ. Genomic insights into the

taxonomic status of the three subspecies of Bacillus
subtilis[J]. Systematic and Applied Microbiology, 2014,
37(2): 95-99.
Népflin N, Schubert C, Malfertheiner L, Hardt WD, von
Mering C. Gene-level analysis of core carbohydrate
metabolism across the Enterobacteriaceae
pan-genome[J]. Communications Biology, 2025, 8: 1241.
A iy, W11, 85 5, I, XA, M L, b,
a0, R, R A AR B DR AT T MC2-1
S FE N DY 20 B (9], 1 05 A0lk 24 4, 2022, 53(12):
3420-3432.
Li HM, He MC, Gao X, Lan MX, Liu QJ, Shi CL, Yang
R, Li JL, Tang P, Wu GX. Whole genome sequencing
analysis of a biocontrol bacterium Bacillus velezensis
MC2-1[J]. Journal of Southern Agriculture, 2022, 53(12):
3420-3432 (in Chinese).
Wiy, 4, R, AENE, 2R, THIH, XS5
T4 2 LR T GO3 TR R Y LU BCHE I L 23 BT [0, A=
HiARE R, 2018, 34(10): 187-193.
Yao M, Wang K, Shu CL, Du LX, Li HT, Ding MY, Liu
RM. Comparative genomic analysis of Bacillus
thuringiensis strain GO3[J]. Biotechnology Bulletin,
2018, 34(10): 187-193 (in Chinese).
HIE . Kﬁﬁﬁﬁﬁ&*ﬁ%ﬁﬁﬁzéﬂiﬁﬁéﬁﬁ”ﬁfﬂ
B TR PR PR AN B LR B DR R IR ) B BE A (D). T B
H IR, 2021
Dong WY. Preliminary study on the differences of
associated bacteria of Bursaphelenchus xylophilus with
different pathogenicity and Pseudomonas fluorescens
regulating gene expression of pine wood nematode[D].
Qingdao: Qingdao University, 2021 (in Chinese).
KUPESC, #5016, v 505, MR, 258, XIRIR, E250E, €
T, BT SR 2R SAUO3 YR A=A =1 B A
LG TEL]. T EAPIBRA AR, 2025, 41(1): 91-102.
Liu ZW, Ca1 T, Yang YT, Chen SQ, Li YT, Liu TY, Wang
HH, Mao ZL, Shan TJ. Secondary metabolites of Bacillus
cereus SAUO3 and their nematicidal activities[J]. Chinese
Journal of Biological Control, 2025, 41(1): 91-102 (in
Chinese).
Palma L, Bel Y, Escriche B. Draft genome sequence of
Bacillus thuringiensis strain V-ABS8.18, a novel isolate
with potential nematicidal activity[J]. Microbiology
Resource Announcements, 2024, 13(7): €¢00227-24.
Liu YY, Yin CY, Zhu M, Zhan YH, Lin M, Yan YL.
Comparative genomic analysis of Bacillus velezensis
BRI3 reveals genes potentially associated with efficient
antagonism of Sclerotinia sclerotiorum (Lib.) de Bary[J].
Genes, 2024, 15(12): 1588.
Susi¢ N, Janezi¢ S, Rupnik M, Stare BG. Whole genome
sequencing and comparative genomics of two
nematicidal Bacillus strains reveals a wide range of
possible virulence factors[J]. G3
Genes|Genomes|Genetics, 2020, 10(3): 881-890.
PR, R AR, hHe %, i 7%, i, fLAES . LT L
BEAEAAE Y HUF L YIBTI6 h BORESE BE R (1], R4
AR, 2023, 39(10): 29-40.
Ma SM, Li TY, Ma YJ, Han FJ, Peng H, Kong WB.
Research progress in chitinase involving in the biocontrol

—

of crop diseases and pests[J]. Biotechnology Bulletin,
2023, 39(10): 29-40 (in Chinese).

[38] Royer ALM, Umansky AA, Allen MM, Garneau JR,

Ospina-Bedoya M, Kirk JA, Govoni G, Fagan RP,
Soutourina O, Fortier LC. Clostridioides difficile S-layer
protein a (SlpA) serves as a general phage receptor[J].
Microbiology Spectrum, 2023, 11(2): ¢03894-22.

[39] Kang D, Kirienko DR, Webster P, Fisher AL, Kirienko

NV. Pyoverdine, a siderophore from Pseudomonas
aeruginosa, translocates into C. elegans, removes iron,
and activates a distinct host response[J]. Virulence, 2018,
9(1): 804-817.

Rezzoagli C, Granato ET, Kimmerli R. In-vivo
microscopy reveals the impact of Pseudomonas
aeruginosa social interactions on host colonization[J].
The ISME Journal, 2019, 13(10): 2403-2414.

Selim MSM, Abdelhamid SA, Mohamed SS. Secondary
metabolites and biodiversity of actinomycetes[J]. Journal
of Genetic Engineering and Biotechnology, 2021,
19(1): 72.

[42] Wen T, Ding ZX, Thomashow LS, Hale L, Yang SD, Xie

PH, Liu XY, Wang HQ, Shen QR, Yuan J. Deciphering
the mechanism of fungal pathogen-induced disease-
suppressive soil[J]. New Phytologist, 2023, 238(6):
2634-2650.

[43] Kim MS, Cho SM, Kang EY, Im YJ, Hwangbo H, Kim

YC, Ryu CM, Yang KY, Chung GC, Cho BH. Galactinol
is a signaling component of the induced systemic
resistance caused by Pseudomonas chlororaphis O6 root
colonization[J]. Molecular Plant-Microbe Interactions®,
2008, 21(12): 1643-1653.

A, AR, XIVE, EREE, G4k, EEh . 3 Rk

W) BT R PR R ) D TS 0] AR
AR244M, 2007, 22(1): 148-151.
Gao DT, Jiang JZ, Liu Y, Wang FC, Fan JY, Bian RH.
Preliminary research on inducing resistance in potato
tuber against early blight with 3 chemicals[J]. Acta
Agriculturae Boreali-Sinica, 2007, 22(1): 148-151 (in
Chinese).

[45] Dakora FD, Matiru VN, Kanu AS. Rhizosphere ecology

of lumichrome and riboflavin, two bacterial signal
molecules eliciting developmental changes in plants[J].
Frontiers in Plant Science, 2015, 6: 700.

[46] Matsumoto H, Fan XY, Wang Y, Kusstatscher P, Duan J,

Wu SL, Chen SL, Qiao K, Wang YL, Ma B, Zhu GN,
Hashidoko Y, Berg G, Cernava T, Wang MC. Bacterial
seed endophyte shapes disease resistance in rice[J].
Nature Plants, 2021, 7(1): 60-72.

O, oA, SRR, TR)TR, KB, AR, SR
B O 2 MO R A2 TR T SR TN HT oK b A
PURZEIRRE S [1]. Al S5 HAR, 2024, 44(18): 1-4.

Chen L, Wang YY, Zhu L, Min Y, Tian YX, Gong Y,
Liu XY. 3-(methylthio)propionic acid from Bacillus
thuringiensis Berliner exhibits high nematicidal activity
against the root knot nematode Meloidogyne incognita
(Kofoid and White) Chitwood[J]. International Journal of
Molecular Sciences, 2024, 25(3): 1708.

BRYE, XU, X pgpt, EAF R 3-HAR BN MR 7 il 45 %
£ s il 700 99 FH: CN202111337451.0[P]. 2022-01-11.

http://journals.im.ac.cn/actamicrocn



