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 E: [Fx%]1 K% &I Botrytis cinerea) 25| RH ARG REFNEIERRAZL—, PEHMHE
Qe dife e, AHE T kd RARKMK. AR RMAEDITH KRG RRE AR BRI R 6 R
AREAERHEZFE. (BN AARLRBRAREA WE %SGR, KA L4 @
AR AT R B BIREA ZBAER OB, HEH HREREROITHREF AR T
B, [Fx]dd- PR Rk LA KR 5250 AR E DT, T HEN SRIFERE
A M B4T 16S rRNA A B 52 dttb o #r, RABRBOENRET KT HRALAKNHH, FIA
Bith A AT R F B s AR AATRIE. [ERY M F 50 B RGO BEIRA, LF5 A0
R M A RREEF A MBS A ALL), 2o E A4 & R 2R AT (Xenorhabdus
nematophila), £ 16S rRNA 3 & /& 7 #) GenBank &3k 5 A MW488402, 5 & #k Xenorhabdus nematophila
NC116 TR —a &, AL 99.79%, AR RZARTRAT HoGLaw Tl . REO%
Y. kKB, ZRAMLEEG6 h) LERREA 1% R F B8 L34 Fik 445%., EFHFR
WA st , SafRnbiR, ALL HARA B LRt R BB E R8T, 3 dEHEA 63.50%.
(48] AR LA L RRREREAMAAEMG LT HEIAER, MLl —HEAERATH
Fari R R BBRAREA MY, WAL EERSRE HOELA RO E R, AEMGLEEHTD
RERBAET 364 £ M pHHFodn X AR R A A,

RER: LRARAKR, AHRER, kE@mE, WHF

Foundation items: Project of Renovation Capacity Building for the Young Sci-Tech Talents Sponsored by Xinjiang
Academy of Agricultural Sciences in China (xjnkq-2019016); Natural Science Fundation of Xinjiang
Uygur Autonomous Region in China (2019D01A62)
*Corresponding authors: E-mail: ZHAN Faqiang: zfq xj@126.com; LONG Xuanqi: longxq_ xj@sina.com
Received: 03-02-2021; Accepted: 28-05-2021; Published online: 27-07-2021
BEWE: Bl A7 e RO T QU8 RE 1 85 7551 H (xjnkq-2019016); BB 2E /R AR X A AR 54
(2019D01A62)
*EIEEE: E-mail: EK5E: zfq xj@126.com; JE'EHEAC: longxq Xj@sina.com
Wi EHEA: 2021-02-03; #EF HHEA: 2021-05-28; MEE A B 2021-07-27



4124 A

The inhibitory effect of Xenorhabdus nematophilus on Botrytis
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BAO Huifang'

Abstract: [Background] Botrytis cinerea is one of the main pathogenic of grapes during postharvest,
which seriously affects the storage period and quality of grapes and brings great losses to its industry. The
use of antagonistic microorganisms to inhibit the growth of postharvest pathogens has gradually become
an important method for the prevention and control of postharvest gray mold in grapes. [Objective] In
order to provide new materials and research direction for the inhibition of Botrytis cinerea postharvest.
Using the broad-spectrum and efficient antibacterial characteristics of entomopathogenic nematode
symbiotic bacteria and screening high antagonistic effect on Botrytis cinerea from the symbiotic bacteria
resources. [Methods] Antagonistic symbiotic bacteria were isolated and screened by plate confrontation
culture method and mycelial growth rate method, and antagonistic symbiotic bacteria with highly
effective, its 16S rRNA gene phylogeny analysis was carried out. The effect of antagonistic symbiotic
bacteria on mycelial growth of Botrytis cinerea was studied by scanning electron microscope, and the
control effect on Red Globe grape was verified by damage inoculation method. [Results] Nine strains had
antagonistion were isolated from 14 bacteria, that one of symbiotic bacteria (ALL) was obtained through
rescreening and retesting with significant antibacterial effect. According to phylogeny analysis, it clustered
in the same branch with strain Xenorhabdus nematophila NC116 and 99.79% homology, which was
identified to Xenorhabdus nematophila (GenBank accession number: MW488402). The strain caused the
Botrytis cinerea hyphae to distort, shrink and collapse by scanning electron microscopy observation. The
inhibition rate of the growth of Botrytis cinerea hyphae reached 44.5%, When the supernatant
concentration was 1% in medium after fermentation (36 h). Compared with the control group, the
fermentation supernatant of strain ALL had a better control effect on Botrytis cinerea, and the control
effect was 63.50% after 3 days at room temperature. [Conclusion] In this study, we used entomopathogenic
nematode symbiotic bacteria to inhibit Botrytis cinerea for the first time during grapes storage, and one of
entomopathogenic nematode symbiotic bacteria was screened with high efficiency against Botrytis
cinerea, and its supernatant had good inhibitory effect on Botrytis cinerea. The research provided a new
biomaterial and related basis for bio-control of Botrytis cinerea during grapes storage.

Keywords: entomopathogenic nematode, Botrytis cinerea, symbiotic bacteria, inhibition rate
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FCEAYE R, 0 5 BT B 8 (Xenorhabdus) F1 & YEHT
T J& (Photorhabdus)ix 2 &, 235587 Rk i)
(Steinernematidae) F1 5t /N2 HUBL(Heterorhabditidae)
1) B g Jir e i B | e A TR AR R
P AT B R R B ks b B R
Hof i N R R BRI AR R R R, RECF ER R
BT A g o AR R R RS
PR HEIAR PR AN Bl S R A -
G T Z A E B HAASREOE ), Hh A g G
SRR 5 AN [ R g [ oA [] TR AR A 7 A 22 3 o
BER A, 2 HETC 0T HA o dURE R B Al
K Z WA, LA AR REGE 7™ Lk Z RN | 41
iR STl RE A gt O

WAV 25 B, B i I e s A A 20
W Xenorhabdus spp.F1 Photorhabdus spp. X ¥4 95
VTR I T 22 KA BRI R ROR , EE AR AE
EYIBTIR T IKEIR . RGN . AU RN
AU o | SR T T AR e LRl EUR AT A
(Xenorhabdus nematophila) 1 1A & B % #F
(Xenorhabdus bovienii), Y4124 4 586 P19
VT AN A A B DR OO (B E R R Ui I
2 A A TR A= Y B I6 SR S 2 I K 2 ) it
FEEAHOE

ABFE LB SR L sk w28 kL, R B Hedi
Jir 2 M A A T )G R A A R R, AR R
3 it 2t e A A4 T 5% 58 b O 20 o) 2 K e A
T TEBUVE P 2R A TR 0028 0, LA Ay 4 7 R
J& IR H5 () A= H B15 16 i BB 1 A kA LRI SC A
ERe i

1 RSk
11 #

P ) BAT - JK ) 96L Botrytis cinerea (GenBank
BT . MT832025))& FE IR B K i A fU iRk,
B B 2E B AR 7 b RS T AT T R
RIS 51 2
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P A ZUHIBRA AT, SREET B35 N = T4
A R e

FRRAREFRIEWNB): FRE 3.0 g, EAMK
5.0 g, ZEMEZK 1 000 mL. A 4 B % 535 95 5
(NBTA): 4 & 3.0g, HIPS5.0g, Efb—8%
VUM 0.040 g, WEFAE A HMEE 0.025 g, BilE
18.0 g, Z&ME/K 1000 mL. EIRBURRFHIE(NA):
AE 3.0 g, EAMS0g, BE18.0 g, ZEIK
1000 mL, 48 MnaE IR AL (PDA): 4%
BN 3.0 g, MIAIHE 20.0 g, HUE 14.0 g, ZEMK
1000 mL, DL F353R3E4 1x10° Pa K 20 min.

R . RIS (Galleria mellonella) %4}

P A A0 TR e 2R I L2 1

F1 HAAEMERFETE
Table 1

Test strains of symbiotic bacteria and Bacillus

(L7 TRIFR
Strains Abbreviation
B TR T T ALL
Xenorhabdus nematophila ALL

A R EBUWRFT 2 Xenorhabdus bovienii BC-1 ~ BC-1

1A RO AT 1A ZMBHW
Xenorhabdus bovienii ZMBHW

1A R EBURFT & Xenorhabdus bovienii YC YC

A ECBUE AT 5 Xenorhabdus bovienii SCP SCP

1A RBURITF B Xenorhabdusbovienii B24 B24

1A R BUR T B Xenorhabdus bovienii BS B8

1A R EBURFT & Xenorhabdus bovienii SCM  SCM

1A EREBOR AT 1A NAPAL
Xenorhabdus bovienii NAPAL

1A BT 1A TURKEY40-4
Xenorhabdus bovienii TURKEY40-4

A BT I ZMHYL
Xenorhabdu bovienii ZMHYL

RICTCATIRTE NLK
Photorhabdus luminescens NLK

IR AR B POLAND
Photorhabdus temperata POLAND

RSB R B XY-4
Photorhabdus temperata XY-4

D1 ST 25T 54 Bacillus velezensis LYTS  LYTS
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1.2 FHi&
121 HEMAEMS B

TCHARAE G K i B B [ 2 s SO 0 K s
W2l A 75% 1 L BE, =10 s 247, i
UEARIR X Z AR TWHE , BYFIE /2, P e Bt
U R A 2 NBTA ARG 53 |, 28 °C 444
THERESE 36-48 h, L2 BLREE I T € 5 R
AEWENE, o ERE,
122 HAMEAERIE &

B IEANE T NA R RIEPA Bkt Tis1k,
28 °C 4&MF FH:3% 24-36 h, PRBUAKETET NBTA
W B RE SR kLS IR 24-48 h, PREUE BB TE
T NB 75 FR3EH, F 28 °C. 160 r/min 454 F
K537 36 ho HU 1%L R 82 A NB 5537 S gk 4k
B8 36 h, 4°C A%
1.2.3 IREE R A A A E 1 L

SR FHA- MO IR 835 52 122, g ik S i i
IR BN 5 mm BEEDE, & T PDA FiFRA1
Merbde, FEEDRETE 25 mm AbRY 4 S B S
eI AR A TR R AR, b E S 3k, BT
B b s SR, IR 28 °C.
124 MEEREMEEAENEESEN

W A A AT TE 28 °C ., 160 r/min 3% K
K% 36 h, fZH 1% RN R4 A NB Hi5a 5k,
TEFAR 40T (28 °C. 160 r/min)Zk 25 & % 55 55
36 h, T 4 °C.10 000 r/min #.C> 10 min, Z& 0.22 um
(A FL B RS BR BRI A5 2 JC B I LA 1:100 (4 HLf5i]
W EIE WSV HIZE 42 °C 247 1) NA B3R ILIR 5118
AR, BRI TS, R 2 R (R
NA Rigdbrhde | 400 3 NEE, 25 °C &4F
B RE IR R A5 N BRTR 224 K B R ML 4 i)
FH A28 SO T R VR LA R R DA AR
T 2R B0 (%) =) B 21 TR B AR I 00 4 B
BHR)/OW R R AR - P EAR)*100,
125 HAMEMKEE R MT832025 mLEK
HOHI B 38 FL SR R

FHE KB AT 2B BO I 4 4. MT832025

A BANHIVERN ALL BRI ZAIZIMIE H 44!
HE 22, HE KPR Y 1 emx3 cm B A,
JCE BT B MO A, 4 °C fRAF,
RPCEYE R AR A BR A BT8R, LA 4
B A TR

(1) BUbF [ 22 . 7 ek 4] 8L 2 BOR A,
1-3 min PYBCEE , 21U i AT 3 mm?, ] PBS
(pH 7.2-7.4)52 B IR B FEAS 3 18 1) 75 15 55 25
BUFFRIC, T A LG [ 2 TR E R E 2 hs (2) [
EFHIREZ 0.1 mol/L BERRZE MR (pH 7.4)1Eyk
3 YR, FF UK 15 min; (3) 0.1 mol/L WERRZE thif (pH 7.4)
He i 1% AR = G [ € 1-2 h; (4) 0.1 mol/L i
FRSZ P (pH 7.4)I50E 3 UK, BRI 15 min; (5) K -
HAEEIMA 30%—50%—70%—80%—90%—
95%—100%—100%F %, FHK 15 min, LFERSFIL
fi 15 min; (6) T MEFEATA NG A S THLA
PEAT M (7) REAR LRI . REAEA BT
T IR e b, A B8 —F- I S ASORE i 7 L A T 4
30s Z2A7; (8) FAHHHLF Al T ECRIA .
1.2.6 AEEFITEIERR

Wi 519 14 h BRI LA 1% FL 18 A NB A
WIEFREE, 23504 28 °C. 160 r/min 55K 1 & %
Ridt 12, 24, 36, 48, 60 hJ5, B3 AYAFE
[ A3 SR 0.22 pm S UE AR UERR TR, #4218 1.2.4
(75 NA KiRIER AT, PR T e, K 24
IR DHEIE T NA JigR3h e, 25 °C &/ F R 3%
WS, s U IR B 224 K B3 L gt B -7
L EMR YR AR, TR
1.2.7 ETF 16S rRNA EEFIRK A B F AT

(1) A 4HE LR 40 DNA 4 E

A R AL A AR (Al 30 A B2 w4 4 1 2 K]
41 DNA FEHUAR & 2R EEHGH AL DNA: BUE
HME IR T K EP &, 10 000 r/min 250
1 min, 3 B3, R A 200 L &2 GA,
IR ZWIRMIIRETF, FIA 20 pL HEAH K B
57, SRIGIA 220 pL ol GB, #R% 15's, 70 °C
JCE 10 ming Al 220 uL TCKLEE, PR 15s, 1RE
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SRR S IR N I AR, 12 000 1/min
Bl 30 s, FEW; A 500 uL ZEwik GD,
12 000 r/min &.0> 30's, S ; MMA 600 uL 5
7 PW, 12 000 r/min &.0> 30 s, R —IK, FE
T 5 P BT AE AR A 12 000 1/min 5.0 2 min,
FEREW ;B A BT SR CE 20-30 min, LU
91V I T W82 B R 6 mh Bt A AT VR 5 R W o A
NGB TCH EP &, 25T 50 uL PeiZE ik
TE, ZIE 2 min, 12 000 r/min #.0> 2 min, #f
BRI LS,

(2) 16S rRNA B:[H 44 K 751 43 b

DLAR IR 20 TR SR 2H DNA Syt , (i FH 40 &
16S rRNA 5[4 27F (5'-TCCTCCGCTTATTG
ATATGC-3")#1 1492R (5'-CAAACTTGGTCATTAG
AGGA-3"if17 PCR ¥ #. PCR UWAIKR: 1xTaq
PCR Green Mix FliE& 25 uL, 514 27F Fil 1492R
(10 pmol/L)%& 1 pL, ddH,0 23 puL. PCR 2 5514 :
94 °C 5 min; 94°C30s, 54°C30s, 72 °C 1 min
30s, 35 MEFF; 72 °C 10 min, 45005 2.0%35
REBEHL VKA PCR 473479, 3% b a4 B %
EWHARL RITEAFNT . PCR =754
% GenBank ##l8/%, #5555, BLAST #1717
FIEXT, DR RI R, 0L
J& TS RFP 16S IRNA JEH 741, 2 ] MEGA 7.0
BIFHERGERER, RHLBEL(Neighbor-Joining
Method), R GiM 95 1] Bootstrap 1 000 X H K .
DU B A8 T 1 (Providencia vermicola) N AMNEE .
1.2.8 ALL BEHM IR E R R B E MR

(1) Botrytis cinerea MT832025 I IF WK 11
il 2%

SIS A T IR %46 MT832025
6L TR TRV A ) 5 o K K BT 22 1) TR R A B 31
() PDA ¥E3R0E |, 25 °C K538 5 d, JRBM8
K 0.05%M kIR -80 PR Ak, AR TR,
I BR T ER T H, e 2K 70 B T VRO FE A
2 3x10°4~/mL.

(2) B 20 TR TR AR TE B Tt D7 o ROCR 8 D

S AP AT B 2T ER A
AL EE . PRk AN BT — S Rk,
BY DR A A R ZE BN, B kA A SRR T
M, AT SOR A 5 mm (RO LT
Bk 2 R IR 2 TC I A 1% IR &R BN B0 2 min,
SRIG TR e, TEHHRAE A T,

RN S K B N VA 11 3V, & 5 A e B |
TCHAT R SRS AR A 7, 45 11 A% 1.50 mm
R S5 mm. AP F—AG A 10 pL JoH
KW LW, 2 h JEA 10 puL K 2 i+ &
TR (3x10° AN /mL); XF B4 . B —4%5 i A 10 uL
K, 2 hJEhIA 10 pL K4 4 #1277
(3x10° AN/mL). # LA F 2 ZHARFRAE Z R (25 °C) Tk
B 1h, FRREKNTEGI I LRSERGET
ROImREE e, FOREEBGHTTHE, L 25 °C,
93%3 B TR IR ARIR G 37, 37 d JR IR0 T BE K
INFURIRER, FEAALEE 3 A4, BT 10 4
i3 A
RIPGH(Yo)=F S FLE A P R FLE< 1005
BI IR B8R (%) =Chf REZH T 22 73 AR b I T 22
X AR/ O BRAE TR 2211 HAR - JiIlFL BLAR) <100,
1.3 HuEALE

KM Excel 2010 #5554 , FIMH SPSS 22.0 i#
TTEAES T8, A Duncan 28 FLACK: 56 15 17F
17 S EE T (P<0.05 N2 H B E).

2 HRE4H
2.1 FEMBEKRBHITH R

A A AN TR TR AR T RS PR, W15 B
9 PRALAEAHTR (B D) EA BSFFEHUER, 43l ar
#: BC-1, ALL, ZMBHW, YC. SCP. B24,
B8. NAPAL. LYT5. XJURFF-H b4 i 5 bi i 2k
e — 000 1y 1 43 765 90 T 2230 % HE ER R S5 B Y A
IR, W2 AERRE RS, S8,
RAEHHE G SR L, VWIS PLIE ALL PRTE PDA ~F
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1 R4 43 & X IR & B 7 (Botrytis cinerea)HI1E 1€ R
Figure 1 Antagonistic effects of different symbiotic bacteria strains on Botrytis cinerea
Note: 1: BC-1; 2: ALL; 3: ZMBHW; 4: YC; 5: SCP; 6: B24; 7: B8; 8: NAPAL; 9: LYTS

M b AT BB A0 T S BRAE X5 [ 1R ) A A R
P AT R 2P 5T, W] LA R0k 55 K 25 DA 1 AR
KBTI,
22 FEMEKREENHR

XoF ) 1 4 BT B R AT A 06 S A, 25 R an
K2 B, S5 RRI], ASEIBE R F I 8O A %
FLAE PO 22 SR, ALL B PR b 305 18 % K i 2
LRI R e, A 31.98%, ifi HAE % m T
fh 3o A= 407 ; Hik oy BC-1. ZMBHW Fl B24,
HAMTE K510 19.12% . 17.85%F1 15.55%; BS .
LYTS #1 NAPAL il S AHX AL, e (ks
10.51%. 10.03%7%1 9.25%; YC Y30 6 AL )
w55, H 6.36%:

—_— = N DN W W
(=]

O L O L © W O W

Inhibition rate (%)

\ C A b 5
¢ &&g@ SRV IR RRSEEVE

2 FREIE#X IR B 78 (Botrytis cinerea)B3NE|1E B
Figure 2 Inhibition of different strains on Botrytis
cinerea

TE: AFVNG FHREROR 225 835 (P<0.05)

Note: The different lowercase letter means significant difference
(P<0.05)

23 FAMBETIUEREEL

IV ER R O TR R W S e S N R 4 | B
IR 2 AT IEE, A 3A FR, IEH KA
P22 FRTEDEN, MR R4, iE 3B PR, AR
PR ALL PGSO i 224 ih A8 T, S misk
45, RIKIBKA .

g
F

&l

10205

SU8100 3.0 kV 11.1 mmx3.00 k SE (L),

£0.0 um

SU81003.0kV 10.9 mmx3.00 k SE (L)

B 3 FHEERUERFENE ALL BN KEE M
(Botrytis cinerea) B33 HI1E FH (3 000%)

Figure 3 The inhibition effect of strain ALL on Botrytis
cinerea with scanning electron microscope observation (3 000x)
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2.4 ALL EHK7E 12-60 h RBYE 240 %) F
ALL THPE 12-60 h (0614 H B & 4 F1& 5
ATLAE Y, ALL TR PRTEAS [R] A E S 0] 1) & B b3
WO B A 5 A 2 B R AE AR W] . 7E 36 h i,
ALL TR BR A T2 1385 TRORT 4 75 60 ) 400 1) %6 45 15
IKF] 44.49%, BEET 12, 24, 48 M 60h, 12h
F, ALL BRI PR % e b 38 TR D 7] 7 76 104 990 ol 23R e
ik, Hh 12.96%.
2.5 ALL &%k 16S rRNA EE F 5L 547
ALL FEFEEY 16S rRNA KR 200 J5 e 41K
1 422 bp, 313 7F GenBank W ¥4 %% 5 N
MW488402, 7t NCBI Hifiid BLAST texf, #fk
W #r (K 6)F& B ALL E #k 5 Xenorhabdus
nematophila strain NC116 (FJ860890.1)4H {1 Jy
99.79%, PHILHiE T, VIR ALL HEk AE
28 W B T 1 (Xenorhabdus nematophila) strain
NC116 (FI860890. 1)U LI Fir

a
b
35 ¢
30 d
20
50 ¢
10
5
0
12 24 36 48 60

1 (h)

4 TRAXEARER ALL 48 &R REEM
(Botrytis cinerea)) il Z

Figure 4 Inhibition rate of strain ALL fermentation
supernatants at different fermentation times on Botrytis
cinerea

I RE/NG FREROR 22 57 B3 (P<0.05)

Note: The different lowercase letter means significant difference
(P<0.05)

Inhibition rate (%)
N
(]

5 FAREEE ALL EHRAELFERNKREARTE
(Botrytis cinerea) s 22 % < RO HI I 30 R

Figure 5 Inhibition of the fermentation supernatant of
strain ALL at different times on the growth of Botrytis
cinerea hyphae

2.6 HIMEMBEEKRSHIMANR

P 7 A A FE A D A e e R £ BRI
ROREL, A LLE B % 6 R 22 e SR S B AR
o, M ELR 22 BAREOR , H 50 RS A= S 4
Kl 7B SR s RO s A RS B R RO L, WL
B ISR 5 K A T 22 B B 2 2P ] . %
HH 32 DR AR LE 85 TR A3 0 42 o 52 36 vh B A% S0 2 4 K
M RAE R A B AR

135 2 AT IR 3 d A I R ik 93.3%,
MINFE PR B W F N 56.7% TE55 4 R2Z A XTIf
WGP KR Z M ZERE RN, R 3 4]
H, FEPUREA S TES 3 REFIGECREC N, 18
63.50%; TE 7 RBFIAGRCRE/N, Bl I a] ) &
K, Biia e
3 WitE4R

AR, WL MBI ALL @bk A
BT K A TR 22 AR, DT RE B8 AT AR AIG
ARG HIRE 2 28, 4R 750 A 28 SR S5 T8 T
W SC S PSR 5 T R 2k sh S5O0 AT B8 K I8 RO 50
YEBF (Phytophthora infestans) P 224 A5 AR 55 1 4170
TFER, 0.15%Hk BE Y & BV T 22 A2 4 A | 2%
K 68.1%., b 4 PR 5T sk I Lkt SO AT
HB310 & I RAER 10%HT %5 5K 205 5
Botrytis cinerea TH 22N F R 30.35%., ASLE
5E 1% E VgL HUBURAT A ALL WPk ARE L
TH VROV 28 K FE N P T 28k 44.5%, R 2k
WSO ALL TR AR A B0 10 1 4 K R s R )
BiifieRE. AR LB, "B HBUWHAT A ALL #
R B U0 R O S 2 v ) L TR 3 v R B A
T UL 30T 2F R T (LY T-5) PO Ak R, At
[RIIA A A AT BE 2 ™ A B 400 TR 420 S A () S8 AH [ 40 TR
Yy B MM R K22 5 . Gualtieri 20
TERIRNIEL HEBORFT F1 ko228 h 5 4
3 RN EE BRI PR IR R (PAX), EAT]
oA i L T A iR Z AT 4 375 7 . Mahmood 2512
WEFE R IXT P2 R BURFT IR 19061 Ptk4ifb)s , &
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49 Xenorhabdus nematophila strain K97 (FJ860884.1)
Xenorhabdus nematophila strain EG03 (MHR07541.1)
Xenorhabdus nematophila strain USGA03 (MH807543.1)

ALL (MW488402)

25 Xenorhabdus nematophila strain NC116 (FJ860890.1)
64| | Xenorhabdus nematophila strain Caba02 (GU293142.1)

Xenorhabdus nematophila strain AS1B (JF503101.1)
Xenorhabdus nematophila strain ATCC 19061 (NR 102822.1)
FXenorhabdus nematophila strain FR241 (MH807544.1)

J(Xenorhabdus nematophila strain K102 (FJ860891.1)

67,

Xenorhabdus nematophila strain A24 (FJ860883.1)
Xenorhabdus nematophila strain YLO01 (EU124381.1)

— Xenorhabdus nematophila strain CA01 (DQ211705.1)
Xenorhabdus nematophila strain ES96 (DQ211707.1)

1A Xenorhabdus nematophila strain Az20 (GU293144.1)
Xenorhabdus nematophila strain R1 (GU293145.1)
99 Xenorhabdus nematophila strain Meleja (KJ413073.1)
b4 Xenorhabdus nematophila strain PL31 (AY521242.1)
— Xenorhabdus nematophila strain DSM 3370 (NR 042821.1)
Xenorhabdus nematophila strain DSM 3370 (NR 119150.1)
_|——Xenorhabdus doucetiae strain FRG30 (DQ211702.1)

79 Xenorhabdus doucetiae strain LWDI1 clone D-2B (FJ515815.1)

Xenorhabdus magdalenensis strain IMI 397775 (NR 109326.1)

32

[ —— Xenorhabdus mauleonii strain VCO1 (NR 043645.1)
0.005 Xenorhabdus miraniensis strain Q1 (NR 043644.1)
76 Xenorhabdus szentirmaii strain 17C clone 17-1 (FJ515802.1)
>4 3 Xenorhabdus szentirmaii strain DSM 16338 (NR 042328.1)

79| [ Xenorhabdus szentirmaii strain 17C clone 17-2 (FJ515803.1)
60 - Xenorhabdus szentirmaii strain AR81 (DQ211708.1)

Xenorhabdus cabanillasii strain IM26 (DQ211711.1)

Providencia vermicola strain FFA6 (JN092794.1)

6 ALL F#ET 16S rRNA EEFFIR R G54 B W

Figure 6 Phylogenetic tree based on 16S rRNA gene sequence of strain ALL

W LIS HE B0 T8 (Providencia vermicola) MANEE, R HIH L FH Bootstrap 1 000 IRTE . F55 N HIELT N GenBank % 55 ;
SRS S BB FR Bootstrap (s LRy 0.5% P71 5

Note: Providencia vermicola was used as outgroups. Sequence divergence values of 0.5% were indicated as bootstrap values. Number in
parenthesis represented GenBank accession number; Number at notes presented bootstrap percentages (based on 1 000 sampling); Bar:
0.005 represented sequence divergence

E7 ALL BEHERI EMEEREFHIBHAKMR

Figure 7 The inhibition effect of the strain ALL on the fruit of gray mold
T A KA R B: ALL BRRALFRL

Note: A: The control group of Botrytis cinerea; B: The treat group of strain ALL
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®2 3-7d ARBASHBEMKRFE
Table 2 Incidence rate of treatment group and control
group within 3—7 days

Ik ] Xof HR2H K g 2% b BRZH
Time (d) Incidence rate of Incidence rate of
control group (%) treatment group (%)

3 93.3 56.7

4 100.0 86.7

5 100.0 90.0

6 100.0 90.0

7 100.0 90.0

£3 37d ALEASHBEAFLEKIFR
Table 3 The growth of hyphae in the treatment group
and the control group within 3—7 days

BffE]  JRBEE AL Lesion diameter (mm) SRS
Time  XfHEZH RbhFEZH Control
(d) Control group Treatment group eftect (%)
3 5.39+1.62 2.92+1.00 63.50

4 5.76+1.26 4.25+1.29 35.45

5 9.61+1.72 7.0242.31 31.94

6 11.1+2.18 8.56+2.73 26.46

7 13.8+2.85 10.6+3.28 26.02

TE: XPHRA . JOE/KHRIRTE ; AL . SEPUE e R R
Note: Control group: Sterile water + Pathogenic bacteria;
Treatment group: Antagonistic bacteria + Pathogenic bacteria

HH Al AT S A RN S R TR 1, T L
AN A FL e ) T ABE RS T A . 2R KUY
MR, ML IR BURHT I SN313 7 & alifbis
ST B PR - 1 -FR IR X K A A 1 . AU 1A
SEAG 22 AT FAT — 5 RMRIVE o ASBF 5 WA [F]
B i 1A () & BE VR (ALL B AR )Xo 0 7] 28 60 7T 22 1
MR LI, #£ 12-60 h AR B, B 229
il R RIS ETHE TR B, FFTE R BRI 36 h
A1 1) 236 d5 1 o DA R T A R S ) B R 0L A R AR
FERTBI AR BB Bl , Bl BRI AE , DA
ThiE, ARG P HR A R , DT B 36 1 25
P MEE R AN IR E R M= B,
TRAID ] A< REEATR 00155 O o 38 Ao 1 4 Pl B WL B G T 3
AT ALL TS U 8 28 FE40 ) J 1) T 22 JF 250
ZERIL, IRAE I 22 MR, Rmakds, kK
W, X SXEPYIISE bR X, nematophila YLOO1

20U b LR A 2 0 T 22 1) S T A A AR A B R AR
— 3, 2B B R TSR B Y H AR 5 R RETE
DA 22 SO RE T 38 2o 03 D1 A B R S5 A4 T 14— 20 5
20 i P LA 5 0 o8 e e, (R SR St T
2 PR BE LT S5 S %) T P T 7 4 B 1 O 52
BHL, 3412 R T 240 B R Aty Jo S 6 T B 2 A
GZRH, B T RE R HE AN T ECE T
BH, 6551 5 el g v gk — D oh e HAE iR Az
B, 755 RS AR DR g v, AbFRZH 55 %t RE
AR LA B R R B IR BOR , F R B i R ] ) 4
K, PRHAKCRBORBAR, 5 AT RS B &
VE TS B AR R TR A 1% FIE W), TS
s, AU 10 pL, FEPOR AR IR ry
TAAR ™ Wy B 2 17 P Bsf [) 7 S 4 JH 5 T 1 i
WAL s R st A 8 43 T R A2 RE A 175 S A 4 R S
I 0 WG a0 P P iR A 5 B TR A T
IE AR DA vk BE B R AR, S BN K
o3 B8 I IR RSORA BT REAIR 75 7 I 2 o R A
W B S 0 B T 2 SR S35 S O 1 A D TR AR
WA TR

AHHFEIN 14 BRAS R JE E 1R [ 4 o A= 4t
PR LA K 1 R DL SR 0 27 AT T7 ) 7 22 1 9 A 410
FRCR BB, 0Lt 1 HRA B M E
AT, 22 %0 ML R BURAT IH (Xenorhabdus
nematophila), H: 16S rRNA JF:KH ¥4 7E GenBank
(R85 MW488402, K 36 h Y i
WU BE Sy 1%, X DA 476 T 224 i 31K 44.5% .
TERIA W IR PR R T, SX IR AL, ALL
PR IR WO A A e BB RO, 3 d 5B
WOH 63.50%. ABIEFE E YO L HUe i 4 e AR
Y A= DI i A I I KRN | IO K 2
L EA RAEFHYMHIROCR , BABAF AR EE . T8
ISR b, S5 2L TR i — 2 R RIS 1Y)
JT 53 B8 Al 8 DL SO AR W 1 R I S
DAl o A5 R A BT T 0 ) 2 IR B S A3t 1o
() A= A R FAR DA 5% Al
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