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bacterium with gastrotoxic activity against Spodoptera frugiperda

(Lepidoptera: Noctuidae)

GUO Yu'?, REN Guang-Hao!?, LIU Jin-Yuan'?, ZHONG Zi-Wen'?, FAN Jiang-Bin3, YU
Huan'?* (1. Hunan Provincial Key Laboratory for Biology and Control of Plant Diseases and
Insect Pests, Hunan Agricultural University, Changsha 410128, China; 2. College of Plant
Protection, Hunan Agricultural University, Changsha 410128, China; 3. College of Forestry,
Northwest A&F University, Yangling, Shaanxi 712100, Province, China)
Abstract: Fifty-three cultivable bacterial colonies with significant differences in colony
morphology were isolated from the midguts field collected Pieris rapae L. in this study. After
being cultured in fresh liquid LB medium for 3 days, the artificial diet dots smeared with these
bacterial-containing LB medium were fed to 2" instar Spodoptera frugiperda Smith larvae, 9 of
the isolated bacterial colonies showed insecticidal activity. Further bioassays were conducted on
the Klebsiella pneumoniae A7 strain, which had the highest insecticidal activity among all the
tested bacterial strains. The mortality of 2nd instar S. frugiperda was 26.39 = 11.98%, 8.33 £
3.73%, and 56.25 + 10.26% with the serve of A7 cultured for 1, 2, and 3 days, respectively, which
were significantly higher than those of the control group (P<0.05). The results of whole genome
sequencing showed that the total length of the A7 genome was 8.55 Mb, with a GC content of
51.78%, which could encode 8148 genes. A7 contains three plasmids with the sizes of 190 495 bp,
89 806 bp, and 77 436 bp, respectively. Further analysis results showed that among the 748 genes
encoded by A7 strain, the detection rate of 214 virulence genes was over 70%, the detection rate
of 306 virulence genes was below 50%, and the detection rate of the remaining 228 virulence
genes was between 50~70%. With the detection of VFDB database, 214 virulence related genes
that had detected rate of virulence genes over 70% were annotated into 13 categories.This study
reports a K. pneumoniae bacterium with insecticidal activity against the S. frugiperda larvae.
Combined with genomic analysis, it lays the foundation for the biological control of S. frugiperda.
Key words: Insect gut isolated bacteria; Spodoptera frugiperda; insecticidal activity bioassay;
Klebsiella pneumoniae; bacterial genomic DNA analysis

LI TR Spodoptera frugiperda Smith SR J& T-#53# H Lepidoptera %I F} Noctuidae, #&
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1979) o BRI A] & E LSS T K Zea mays L.. JKFG Oryza sativa LAENI 76 MR
I 350 FRAEY), &P FE R A E A A E S (Lima et al., 20105 Dayetal., 2017;
Montezano et al., 2018) . FHITTRIE A BERIT KRR, ©T 2019 % 1 ANRHE=
P (HKRESE, 2019) , #u4 EARE ORI 4, 2024 4F 45 [ 5 57 ROk T AR THIAR 4
500 /3 667 m? X, VHEE. R LRI RAEMARRE . AR (E R EARME MRS T
g LR AL, 2024) o AHAEAR 2 B 1R FL ST RO T2 BT, ARONAR 3R 1) b S Rk
FREFES SURA, #5754 AN FIZE AL 5 AR 24 (T K IR, 30 ot i ] 0 b 5 A0 0k 9 91 3 e
T ARG, [RI I AR T Fe 0 B 1t B R0 100 2 €5 9 2 AR E0) FF R R SRS (14 Siz it (2
KA, 2019; RALWT, 20200

T HF R AEYBE BT R 2R, QR HMEDH Cgm . B8,
HIFD | REAIRAE AR 25 LA S R LR R B B 2 3 R B 5 N AR R A T AR IE R
A RL AN AT I R 27 AR M B ST RO N R CT 245455, 2023) , apEAEduAn, I
WOLE TR, SR FE% B . ) R 1 B st T DA 08 ) Rt S ok i, ik ok
BNV R, IR AR 75 i Eocanthecona furcellata, i€ B3 o7 ik ah ih, wT LA
AR SRR ECE, D A A E (ERGES, 2024) o SAMEHRTR Y,
IRt B Beauveria bassiana % 5 57 RO AT BT 10 % A TEVER R RI B 8k (R AR 965%,
2020; RAGE, 2022; ABHFEEE, 2023; FEESE, 2023) , MRS IR Alifl
H— Bk B B B R QB1O, ST H JHC o R b S e 4y e B AT B s I B0 P, IR FRS 1. 3.
5.7 110 d, B TR 2 W4 BRI BOE ik B2 (LC50) 43714 8.87x107.4.98%107,0.63%107,
0.29x107 1 0.19x107 cfu/mL (FMHIRZE%E, 2024) o IMELEVIBIIAFIT, MAEDR AT =4
& Bacillus thuringiensis TF 8 1, SRR, M2 4, EEYH RFDR
FOREEEVER, 5T MEARE 95%L LT, —EWREIE IR AP G TAEH
(R 7F: (Jisha et al., 2013) AHZBEE Bt (AW H , AT 78 R W60 55Nl Plutella xylostella.
B R . 5 SEREK Helicoverpa zea Boddie F1414% M, Pectinophora gossypiella Saunders 7F
PR JURh 88 H 2 Bk ZEAHUAF B P2 42 T BitE (Tabashnik e all, 19905 Zago et al., 2014; Naik
etal., 2018; Yangetal, 2019; YangF etal, 2020) . Kt, TFHRBMFRREK, HEH
(2% VR PR, TR I A 2 e R ELAS N DR

H AR FEA T — N R IR, O 00 A BRI & A 4 B3k A8 T B R dus ik
(¥ B HOs JRAH B (Zhang et al., 2023) , JRAREMIETI. WIZEMT . FL AR E Uik A

NN

ERAS T AR HE R BRI R (5, 2010; £G5S, 2016; Bidari et al., 2018).



ERE W S U R SRS D BRIy, BRI E MR .
JiE AR B A D B TE A A R EEE IR R L semaE FAE KR B SR (A
BLLRMEA W], 20200 o G40, ¥R KIE Serratia AT VAFEIST T (1 7 5 Hh 7 5 B AN R R iy
HAERE, AT 7 WA S o ¥ RN A A B SRR AR (Gaoeral., 2021) o 444,
FEARFTA M AIE R ER G £ 5, # A  2x) F EPEAEANRI R, 7E BRI
il IR ARV 2 BN R 3R AP dedes argypti 71X LT 3585 Anopheles gamniae (1]
i i B — PR EE , B BN S FE M BUR Y, T BULSET (Apte-Deshpande et al.,
2012) o XWOARFTIEILE AT M AT E R JT RS Bt 7 K.

AT N SETT U T8 3 B9 3RAF — ond Bk D R0 B B R BT M S T IR AT,
Xt HBE R 7 S AT T ARIERIASAT, Sy B SRR 0 A= B T R S R B S
1 MRERE
11 AERERIAF

KRR A A KD TR XS H (113°E, 28°N) o BHI ST Akt 9 I [ i
PRI R B R AR, T N LA S N TARME 215 2 S iFhie . AEKIRE 27°C +
0.5°C, MXRSL 70% + 5%, SGIAFAF L : D=12 : 12, EERER HHTE.
12 BEEXRABEAENSBRIESR

FokBe b HIsEe g g, FIRERZE T (pH7.8) ¥ P i M St T RR Rk, M 100
MREE] 102, LR 3 MBI . HUh R ERIE G 0R AT T LB (Luria-Bertani) [&{A55 75T
30°CE TG TR 12~24 ho AR B TE TR RIS (0 S5 1k B AN TR R B T 9%, FE AT 3~5 Ukl
1, BB & —SUR B T A0 45 005 BRECA T T 40 B 3 LB ks =5 h, U8 T 30°C,
200 rpm FERFIEAL, Z J5 43 WL 750 ul f9 50%H AT 750 uL A BN E] 1.5 mL {15
OE Y, T-80°C#HH.
1.3 3SR R RN E

HU A7 S5 R WRR B T T8, B B0k LB 35373, 78 30°C. 200 rpm IR R E 3%
7 3 d, FBBAH T TR SRR IIE o K N AR 0.5~0.8 em® (7R, 7R = iR RN
N LR SR VRTIR T 30 mine SRS TR, FESEIR TT 1h, #8524 fLINE &
Bararh (RFLAOKE . BEREES AN 2 cm, 2 emy 2.5cm) o LL LB 873 bR
BAE R AR S RN R 2 A RN SR G, T 3AESE, BAEETEY
24 ki, HRWEIFEFILTIMLIH, BRI A L) RGBT T 54 R T



4 AET 3, RA SPSS v22.0 #EATMAZFEA t #2258 (Independent Samples t-test) 737 AN [F]
AT R RN S U AE TS 2, f# ] GraphPad Prism (v9.0.0, GraphPad Software /A ) %
K%, hiExRREE.
1.4 ITEMF R HIE AN R )L 75k

BRI R BRI T v, R BIA LB B59R 38, £E 30°C. 200 rpm (KI5 PR _E 3%
7t 1d. 2d. 3d, ¥EEAT AT AR RIS TERNE . AN TR AL 0.5~0.8 cm? 77 8k,
FE R NI EIR BT R PRI 30 min. XS ARG, EEIETRT 1h, ¥ 24
L B aEFRE T CILKE . BEREEZ S A 2 eomy 2 emy 2.5 ecm) o bL LB ¥Rk
AT E A X B G S SR 2 B BN TR T, T 3 ANES, B4
HERAE 24 khd, BRUWEIFAFIT SR, HBPA ML R s, 15
LA IR AT A BB TR, TR RIESER S, SRS R 7 2 08T (Analysis of Variance,
ANOVA) 73 BT ANFRIAE BN BB 4 B SET- 28, SR SPSS v22.0 #E47 /) 35 72 870 (Least
significant difference, LSD) [t#. f#H GraphPad Prism (v9.0.0, GraphPad Software A &)
IR, ARz R R
1.5 /2 DNA #2HL

N FE R 4 DNA FI3RELZ B SteadyPure 8 FH Y 5 K12 DNA #2507 £ (AG, Accurate
biotechnology, Hunan) #24H[¥11d B 555 55 7% 3 d B BRIRCHEAT 40 R L D5 2H DNA $2HL, J2EL
'] DNA T—20°C{RA7 .
1.6 BEHREVEIRE (LAYHEFE RS

SR (AARADEEE TN GBSO fitkmAE AT, 1984) Rl (& WANH R4
BETFNY A R TERAT 5 BB S E CRFBERE, 2000) o 2= KBV
w427, BRI EIC A “+7 s MERIRESE, A AR SN YA, 1]
R B SRR, A AR RSB, 12 “-7 o ALy V-P S
BRYESHEE, 108 “+7 5 WA V-P SR HITEANR, dh <27 o WA EAE IR, H
fiu 7 2 IS COATER K AREFEVELH B, 0o ‘47, BEFRIR A S LIS BN TER K B PR 4
W, 10 “-7 o MBS IR R AL NIRRT I BA PELR B, 129 “+7 s R AR A IS Al
FIvEgr R, idh “-7 .
1.7 #F 168 1DNA EEFIINEKEE

# B %8 DNA , LI 27F ( 5-AGAGTTTGATCCTGGCTCAG-3’ ) Hl 1492R

(5°-GGTTACCTTGTTACGACTT-3) A5 ¥xt H A Fr Bt AT 58 & i 5 20 S (Polymerase



Chain Reaction, PCR) ¥ 1. [N .4AFK 25 uL: PCR Buffer (AG) 2.50 uL, dNTP (AG)
0.50 uL, - Fi#514%% 1.00 uL, rTaq DNA polymerase (AG) 0.15 uL, %4 DNA 2.00 L,
dd H20 17.85 pL. MNFEF: 94°CTRAEYE 5.0 min, A5ME 50 s; 7E 45~60°C FiEk 505, 72°C
HEAH 10 min, 27 MEIR, B AP YNE A R RV R A T TN o R0 45 SAE NCBI
(https://www.ncbi.nlm.nih.gov/) _E#E{T BLAST 4387, 4 Bk 40 5 70 B4 Bt g 2 2t .
HE— 25 )\ NCBI $4is A 3% B R YR PE B R 1) 10 AN E PR 16S tDNA 741, L 1 AR
BRI B AR AE AN, AT RGE K E M. M MEGAIL (v10.01) ¥ fF, RH
Neighborjoining ¥, % P-distance M@ HEILIY, HEALA ] Bootstrap analysis 13217 K
%, EH 1000 K.

1.8 A7 EHREEEENF R INGE TR

4 AT H PR DNA R ik 24 KEE R A IR 4 7] 34T 1llumina NovaSeq 6000 Z& 4t /7,

Fi 13 B IR AL 51 A 045 B0 M7 o 3833 BLAST K3 M & A 8 91 5 2 Aol e A7
text, KRG TheeERMGE S, HMEHEEECLHE: GO ( Gene Ontology,
https://www.geneontology.org/ ) . KEGG ( Kyoto Encyclopedia of Genes and Genomes,
https://www.genome.jp/kegg/ ) + COG ( National Center for Biotechnology Information,
https://www.ncbi.nlm.nih.gov/research/cog/) - F|FH #F 773K ¥4} )% (Virulence Factor Database,
VFDB, http://www.mgc.ac.cn/VFs/) Tl A7 Pk R H o A7 78 155 ) B

2 BEREHH

2.1 HEHRHSBERYS L

OB AL JEAR B T 3EE MURE S BRI AL 53 M, TR Ik S U 9 MR LI Bt

B 2 U &y B AT W B ) AR RV P B BB . 3X 9 Bk S A 22 50 A7 A34. BI8.

B21. B22. B27. B29. B37. B42, B F#AME TUWLHIE LHAAKES (B 1D .


https://www.genome.jp/kegg/

B21

K1 9 MRS I IE R AR AL T IITE S
Fig. 1 Morphology of 9 bacteria colonies isolated from the guts of Pieris rapae with stereoscopy
22 EHRBIEEREEE W ERRR
XT 9 M S 0 R AE AL TH AT VA TR SOAGIMEE (R D), IRET T A
FAAL IR R TE (R 2) S
F1 9 MRESHRERERERNFHE

Table 1 Colony characteristics of 9 bacterial isolates

M %%5 Bacterium number W Hif Colony color WIETEIR Cell shape W %151%% Colony shape
A7 A White [#AJ% Circular J6¥ Smooth
A34 F 5 White B Circular Y Smooth
BI8 A White [#AJ% Circular Jt¥E Smooth
B21 F 5 White B Circular Ji Smooth
B22 A White [#AJ% Circular J6¥E Smooth
B27 F 5 White B Circular Y Smooth
B29 A White [#AJ% Circular J6¥ Smooth
B37 F 5 White B Circular Y Smooth
B42 A White [#AJ% Circular J6¥ Smooth

®2 9 MESHEREEE UM EEER

Table 2 Physiological and biochemical characteristics of 9 bacterial isolates

iR LR S RS V-P [ J¥ TER KA W51 1b4e J2 2

Bacterium number Gram reaction Catalase reaction V-P reaction Starch hydrolysis Indole reaction




A7 ; + ) ) N
A34 - + ] + N
BIS - N ] N N
B21 - + - - +
B22 ; + ] ) N
B27 - + - - +
B29 ; + ] ) N
B37 - + - - +
B42 ; + ] ) N
W R “+” RoRPHEME,  “-” FORBAME. Note: In the table “+” meant positive reaction, “-” meant negative position.

2.3 &tk A7 8 16S tDNA EEFF) S

BT witk A7 2 EEAF

% rh 16S tDNA & [K 7 %176 NCBI _ 25 4[5 J5 7 1) 3047 b Xt

RIL AT 11 16S tDNA 7515 v 1A K E & T i 28 e AR IR . HAb M w H A IKRE 2 A
PRIIAHAIME IS S T 99%, #47%E 16S tDNA JPHIM AR K EMN (K2) , t—PRRT ATH

Iy RHAL

96

53

52

40

64

Klebsiella pneumoniae X39 (MZ389267.1)
100
Klebsiella sp. STFXR7 (LC484662.1)

Methanobactenum alcaliphium (AB496639.1)

Klebsiella pneumoniae ABCD1 (MT925627.1)
Klebsiella varircola FOAl (MF144432.1)
Klebsiella sp.A7

Klebsiella variicola SA002 (MN725742.1)

o

| Klebsiella pneumoniae NAC73 (MK872354.1)

Klebsiella sp. PEDZ2 (MW048902.1)

Klebsiella sp. WR-17 (KC455407.1)

100 Klebsrella sp.ECB32 (MW048908.1)

‘ Klebsiclla sp. WB-57(KC455412.1)

K2 ET 16S DNA ARG K B



Fig. 2 Neighbour-joining phylogenetic tree based on 16S rDNA sequences

24 A7 BRI R BRI E
1 A7 BN R 2 B, HERT A HERFR S 24 hy 72hy 120 h FISETCE (&
3) o A7 ERACERALR BAE R TR 24 hy 72 hy 120 h IFET- R 53508 48.61% + 2.41%. 51.39%
£2.41%F 54.17% + 7.22%, #5E m T4 CK (P<0.05) , HULAT L, A7 WEHRXT/)
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Fig. 3 The mortality of A7 bacterial suspension to Plutella xylostella

W B SRR TSI t AR5, A7 220 5 5% IR 4 (CKO Z [ A7 4E 235 % 57 (P<0.05) . Note: The asterisk indicated a significant
difference (P<0.05) between the A7 treatment group and the control group (CK) based on independent t-test.
2.5 AEEFRATHARY 9 PRE RIS B it 25 7 Bl 2% cRUE M ZE

BR57% 1ds 2ds 3d R A7 B4 BRI 2 B8 R b X Rk gh iy, SR U fE 2 R I
24h. 72h. 120h FIFET-H (B 4) o 9 BRIEWAETEL | d JE#S CK A I 17 A FEFEEE 1)
BEMEZER (P<0.01) « X TiEL 1d A 2d FEHKTE (B 4-By BE) , A7 E#RM 72 h (Fig,
B21=4.35, P14, B21<0.05; Fiq, A34=7.042, P14, A34<0.05; Fi4, B18=5.192, P4, B18<0.05;
Fi4, B37=3.971, P14, B37<0.05; F4, B21=4.355, P2, B21<0.05; F2q, A34=7.042, P2g A34<0.05;
F>4, B18=5.192, Ps4, B18<0.05; Fq, B37=3.971, P4, B37<0.05) JT-U% 5t 57 Bk 4 HL (I 5E
T-REEHT B21.A34.B18.B37 #tk, £ 120 h( 4-C.F) (Fi4, B21=3.902, P14, B21<0.05;
F14, A34=6.516, P14, A34<0.05; F14, B18=4.384, P14, B18<0.05; Faq, B21=3.902, P24, B21<0.05;
Faa, A34=5.548, P4, A34<0.05; Frq, B18=4.558, P>, B18<0.05) X} H i ik 4h gt fsET-F

SEET B21. A34. BI8 Hfk. ZEHEMBIE 3 d KIEH T, A7 BEHMMHE T HALE R E LT



THEENEILER, EF 72 /M2 GRS T R T HA 8 MRE MR (P<0.05) (]
4-H) , HEESIEEN 56.25% + 10.26%, A LA H A7 @RI G PE & IX 9 MRyl #
AR 1. FITLAYE J 2528 bt A7 #E(T T 43 R 0 Hr

gt
£20r a i 2
=
: 15) Lo a b 2
S10f k-
e
4 5t
R 0 0

CE o 2 b g b 1 g 9 b o 92 2 o ol gt gl 9 g g3t g g 1 g i
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Ezo
Z1s
=
10
-
15
= o 0 0

ot o 0P o ' gl g ) AR AR R AR o o 9% o i ol i gl g

G AbFERIE] 24 (h) Treattime H EEE 72 (h) Treat time I AbFRRTIE] 120 (h) Treat time
2307 0 2701 N
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=20t
15t
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Y osh
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AbEEETIR] 24 (h) Treat time ARFRRSE] 72 (h) Treat time AbFATE] 120 (h) Treat time
Bl 4 WIS 1d. 2d. 3d NS ERBILER

Fig. 4 The mortality of each strain during 1, 2, 3 days of bacterial incubation

Ay By CHrRlNRKRUREETE | d MEMREEIRE, 24 he 72hy 120 h (ZET2%; D E. F 43BN HU R FE 1 2 d M EPRES 92
Jis 240, 72h. 120 h (FBETIE Gy H. D BID9EREEERAE 3 d IMTEBRET 75, 24 hy 72 hy 120 h IOBETORE; RERE LIS
FRRRETRERTEZNNE, BR/MNEEEZREFRER N ZREEM (0=0.05) . Note: In the figure, A, B, and C were the
mortality of larvae after exposed to the 1 d bacterial cultivation for 24 h, 72 h, and 120 h; D, E, and F were the mortality of larvae after
exposed to the 2 d bacterial cultivation for 24 h, 72 h, and 120 h; and G, H, and I were the mortality of larvae after exposed to the 3 d
bacterial cultivation for 24 h, 72 h, and 120 h; the lowercase letters on the error bars represent the significance of the differences based on

one-way ANOVA, as indicated by the least significant difference (LSD) method (¢=0.05).

2.6 Ekk AT WERBFIIERRERER
Wk A7 [f5EFI2H DNA 2239 PacBio Reads “F & IMIE . IR AT AL, HER LM
B RIOIRIEE G (R (3R 3) M3 AIORETRL (R 4) , FERAEKSEN 7510 074 bp,
GC & 51.78%, A 8 148 MNMmILIER; 3 MNIRIRFTRLEAEE 45124 190 495 bp. 89 806 bp

F1 77 436 bp.



%3 A7 EF%H DNA PacBio Reads #iBZit

Table 3  Statistics of A7 genomic DNA PacBio Reads

TR SR KN Pt s MEE (bp) KJESERAKSE (%) GC & (%)
ID name Genome size Total number Total length Length / Genome length GC content
A7 8550 846 8148 7510074 87.83 51.78

x4 A7 EREERRHKL PacBio Reads #iELit

Table 4 Statistics of A7 genomic plasmid PacBio Reads

AR R lECE ] MKJE (bp) GC && (%)

ID Name Sequence Topology Total Length GC Content
JFRL 1 Plasmid 1 BJ% Circular 190 495 49.57
UL 2 Plasmid 2 [#J¥ Circular 89 806 49.73
JFif 3 Plasmid 3 [#J¥ Circular 77 436 54.35

2.7 Bk AT EE AR
27.1 GO il e RE

A7 iSRRI TE GO B i by e gt Brb R I, A7 4utiB 2R 7E GO ¥ o vh i R (1) 2 [H]
BOHSIA 175754, SAEMIEFRA B A SRR #2110, 20 959 064 1,
Hh s 2 R I PR R, S 3223 A4y HUGRMRBIE REREE R, 2913 4 H
RECRIL L WA ARHAAHRIE R 944 A, LW F IR AEEE 655 A, ALV 2 A ik
637 A, R SRR 324 /o HAMI DG IBE R A 3 282358 4, Kb s m £ 1
AR S AR, 1743 A HUOVHIM B, 398 4N A E A WE A
R 217 A 54 TIhEEAMCHIIERA 10 2 6153 4, HpfuintE g 1 EmRE, o
HIA 2 888 A2 051 Ay HCRFLISTEVEAN L ST iH S, 2054 637 ANAN 275 A (1

5) o



AWK Bological adhesion -
HA144% Bological regulation-
B#FIF Carbon utilization -
ZHHIEAE Cellular process -

i 7 Detoxification -

& EtFE Developmental process -

TlEAD EAER

Interspecies interaction between organisms

AR 2 8 AL ELAE 2 AR o 7 -
ult 'i

1-Intraspecics infcraction between organisms

JE fir Localization -
&% Locomotion -
ARULFE Metabolic process -

NN 7 5t/ s Ui
Multi-organism process
BT -

He W R I
Negative regulation oﬁbﬁ%fﬁglicg? process

% ZFI Nitrogen utilization -
SRR T
f%gﬁ‘églj IS

Positive regulation o/i"tb% process
A 42
Regulation of b}iﬁgi@gjﬁif‘g?o ess

Reproduction -

245 5 Reproductive process -

F1J3% % i Response to stimulus -

%5 Signaling -

4l f RS2 4k Cellular anatomical entity -
41AR.P ) Intracellular -

EH E A YHIHE A Protein—containing complex -
PieULIEHE Antioxidant activity -

%54 Binding -

HEALIFME Catalytic activity -

S FEAKIFEYE Molecular carrier activity -

Sy 7 IfE AT Molecular function regulator -
3 TS5 Molecular transducer activity -

N TFAEIREEE Small molecule sensor activity -
S35 FiEE Structural molecule activity -
YR ATEPE Transcription regulator activity -
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Table 5 Functional classification of 214 virulence genes

BAREEEE D
el Fr i Bl (%)
Number of virulence
Type Proportion
genes (piece)

Fh B4 Adherance 24 11.21
T 5T R
4 1.87
Antimicrobial
activity/competitive advantage
AW Biofilms 4 1.87
RN R T4 3 R G
41 19.16
Effector delivery system
fitu7h ¥ Exoenzyme 1 0.47
41 Exotoxin 3 1.40
1875 Immunomodulation 20 9.35
{278 1% Invasion 3 1.40
&5 Motility 59 27.57
B IRARHE T 20 0.3

Nutritional/Metabolic factor

k5 B4 2 0.93
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Post-translational modification

45 T Regulation 4 1.87
N M Stress survival 5 2.34
26 11.21

HAth Others

3 gigEie

Bt NI RS, B AR B A BRI R L — L IR FE . e A MR IS ai
TR, HAEEUR R E S8 E (Lee and Brey, 2013) , 4HEAEY)R R
FEHE T HE R BRI 74% I S B, H b o8 8 2 fUAF B Bacillus thuringiensis (1]
RN 2. SR, BT AE sk — S H % BRI 4L B Helicoverpa armigera. /N
WA Bt IR A T UM A I R, TR R R 2 A A R B U RN 1 AR Be AT A
YIBT 6 N T BTSN (Jisha et al., 20135 Mnifetal., 2015) o He %5 (2019) M KIH
Galleria mellonella ™4y &t ve TR A0 IREE,  FFA 56 H v 75 10 BB X M SO Trichoplusia ni 1)
#Fopitt; Bidari 25 (2018) W& 4T Polyphylla olivieri 41 7y B —Fh L O K PTE WD
[RH Serratia, R ANEE 577 LIRSS B EE RS Plodia interpunctella FHL ARG BTIE Ephestia
kuehniella ¥ HGIEAT 7% BUEPEIE , 45 R IR 35 FRAR T 4 UGAFEIE K . AT F ASET Hufk
A 73 5 B — MRRS B 1 B B0 AT S O £ 5 B A TR, D A ) o8 SRR B VA B B
IR 7T K .

i B AN I Klebsiella sp B AFLE T FHAR TR, Bra £ T AFIShP ) bl fi i iz,
WREE B R d . MY ESEhAESF . (Huang eral, 2022) Jili %8 72 75 1A IS Klebsiella
pneumoniae & ZJBM AP, FEAET NREE. S, il hnkiERmE,
JUF- A 51 B AT AT A (g . PR 2 A UM s AT AT BRI 58, ALK
TR B Escherichia coli W) fx B E W NFZNIR) S5 B0 B (Craven, 2006) o MILA )
BFF U A PP R S RT DA AN R v 43 25 L 5 T 40T DR, ARG H 5 7 0 PR T XM SO0k 1 880
PE(He er al., 2019) . 50 5 A IR 5 & T2 B 1 1] Proteobacteria, AT & Ft Enterobacteriaceae,
R RIAYER . B AT, X 50 E A4 R AT 78 3 B LR B IR BEANI R % A 5 THT (Cao et al.,
2014) , SO AA KRR E A E T R Ak, B B B — e Eum . e DU T
H1 Mohanta 58 )\ 5 Zx Bombyx mori 73 85 () 58 %511 IRBR AE 4T 0] 8] — 15 32 3 58 4h dudb AT 158
I SR H B A U (Cakici et al., 2014; Mohanta et al., 2015) ; He % (2019) M K

WLyt e o3 H PR A 2 e T A R SRR SO R A LR S SO o A T T HU i
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BRSO T — AR BRI bR A7, I X AH Y 16S rDNA JEF AT I T A R GR B
TR, 25 R IZ R T ol B AN B 8, 3 RHR R I i 4l A3 B vk A7 7E359% 3 d
Jei X B SRR A FR AL RN 56.25% + 10.26%. DL EWFARFRM, T K E N B R AE
CREG @, HEEAEDBR SIS EEERE ).

AL PRI () A K B8 O AR K 2, BITE — & A K S E T G0 B R o o
6] )44, (Maier and Pepper, 2014) o SEIGESAF T —MOR e B 2R B E B IR R A A7
BT 45 (K 56 F N RERANEE, 4UB 1A Kt 28— o] R BT S AL. 75 = 4 2F M 1 2 i DA
RERE X B LA VG, HL 32 0% R 1M 1 J2 RE S LE 2 R 0P AR IO FE A i AR (BRERBR, 2014)
FLIF%E (2014) FERL TS Ge f BSE == YA 7 3 vh 43 B 08 I3 25 4 28 AT 81 8 B o A 7= 2R 1
BZ-1, ZBMRMNIEFE 2 d I RS FFUG 70 WAAE N 73 F i &4 130 000 (1) SRS 1, 4 d B
BAREERIN, 6dFEEAREEEREIRE, RN R IR R 200087 AR 0= 4
AR AT T I A B S A A, B B SR (I N, AR K Edwardsiella
e B0 BT PR 5 R RS RS, IX 0T e 5 8 7 — AN PRIA S5 R4 B )
FEAEMETESH R (BRTREE, 2024) o PR W R FF 85 22 1 Erysipelothrix
rhusiopathiae, 5 HF 50 R IAGHEFR 24 h (P IR # B B0 S 100/ A RUERS B /0 B0 515 9% 21 h
F119 h (9P RE SR EF B R J5 10/ A ROR Y B 9 B0 AT B A B8 R RS RS, PN T
0.01, %W, RRATRERFHEMmBWMAER R 24 h i, HAMRALRE, M/
BT AR I 08 (BRRAESE, 1986) o ZRVELEIRFTI Pasteurella multocida 1£38 15 77
11 h BIRFA S0, 11 h J5 EECR WIS, ARG TR R E JR AR R, A I sE T
MG (R, 1986) o fEABTTLH A7 BAERRTEIR 1dy 2d A3 d i 2 I A F R
JUE i, B L B JOE ML AT 5T IE 75 3 — R D FIERAIE .

A7 HEKIES VDB #udf R R 2 13 283 K, 1R M T HoA Bom vk R L ik
fith, JLrPOREENE . BB AR RS T BEEAE FRACE R 1 5 KTRER A
T EEN 76.64%. 0 ER A EREE A7 ARIEE B o L iR i 1 R IE B M U R 27.57%,
MR RIS E A F R B, A RS s A E F o TRIFE RS R 1R 1) 2 0 R i 5|
NFEHRAR T, XEHESEVBELREE . RGeS, SME DNA B3, & E 5w
Be /1 128l )1 e AR 28 fe 1% V)M ¢ (Merz et al., 2000; Abby et al., 2001;
Sangermani et al., 2019) . XECREHEAEL AP EEIERIE, BERE TR E N,
WS T AR IIEUR Y (Lieral, 2001 o Rk, #E—BHF 50 & A R E B8 1N T Rt
PR TR\ 8 5 T 001 DT 1 B80T DL RIS AT v 7 SR =l B 3 . 25 P 3 7 1

al

S



IR e, AW FULAFAE — LSRR VE . Q0K WA X 28 8 /7 DR ) 22 R A 8 DL R B AT 1S B0

PEZ R B ARSI, R G B i Bt — 2D D g sl ia EAT BIE -

ZR L, ARWETOR ST HUA A 73188 R K 50 1A IR A7 BREEAT 10 T 5t Sk i ok
BEVES TR T Ak DAL AT DAL 35 Fy S PRSI, S5 SRR T AT PRAESEH BT B R P o
uEPE R R A MIBERE, FEREIR 3 d IR HUE MR, H AT BRI AN SRR ) 3 A
HRABGRTS1. AW TN ERAELEYIBG RS BE T HARL, X a5 A A= 2t
AT ISR T 2% .
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