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HATHRLE R, SV RERAWA BB BRG R, ELE AR, BENERLERE LB L F R
ABRRARLAERAGY R, BANFERAEAEREAERFEFRERRE T, FRNERREH LR
RATWNH, MTRABERBOITANE., [ER] MERER T B Had —MTEMBAZRA
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FIRAFE—, AT 16S rRNA AR FINAGEA T ONETEZAMRERHEFRATFARAER —&
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from mulberry and preliminary exploration of its biocontrol
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Abstract: [Objective] To provide candidate strains and effective strategies for the control of
mulberry fruit sclerotiniose, we screened out the endophytic bacteria with biocontrol potential
for mulberry fruit sclerotiniose from a resistant mulberry cultivar. [Methods] The endophytic
bacteria antagonistic to mulberry fruit sclerotiniose were isolated from mulberry plants by the
tissue culture and confrontation culture methods. The antagonistic strain was identified based
on morphological features, physiological and biochemical characteristics, and the phylogenetic
relationship based on 16S rRNA gene sequences. The antimicrobial spectrum and control
efficiency to detached mulberry fruits were determined to evaluate the application potential of
the antagonistic strain. Furthermore, we observed the inhibitory effect of the fermentation
supernatant of the strain on the mycelial growth of the pathogen, measured the variations in
glycogen and reactive oxygen species accumulation of the pathogen treated with the
antagonistic strain, and determined the expression of pathogen-related genes after treatment
with the antagonistic strain to decipher the antagonistic mechanism of this strain. [Results] An
endophytic bacterial strain C1R32 with strong and stable antagonistic activity on Sclerotinia
sclerotiorum PZ-2 (the pathogen of mulberry fruit sclerotiniose) was isolated from a healthy
mulberry branch. CIR32 showed similar morphological features and physiological and
biochemical characteristics with Bacillus. The phylogenetic analysis based on 16S rRNA gene
sequences revealed that C1R32 was located in the same clade with B. subtilis. Therefore, strain
CIR32 was identified as B. subtilis. B. subtilis CIR32 had antagonistic activities against a
variety of phytopathogens including S sclerotiorum. The suspension and fermentation
supernatant of B. subtilis CIR32 showed the control effects of 52.94% and 46.43%,
respectively, on sclerotiniose of detached mulberry fruits. The cell-free fermentation
supernatant of B. subtilis CIR32 caused the hypha swelling and distorting, cell wall breaking,
and cytoplasm leakage of S sclerotiorum PZ-2. Moreover, B. subtilis CIR32 inhibited S
sclerotiorum PZ-2 by reducing glycogen accumulation, promoting reactive oxygen species
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burst, and influencing the expression of genes associated with antioxidant activity.
[Conclusion] We isolated an endophytic B. subtilis strain capable of controlling mulberry fruit
sclerotiniose from a resistant mulberry cultivar and preliminarily explored its antagonistic
mechanism, providing potential strain resources for the biocontrol of mulberry fruit

sclerotiniose.

Keywords: mulberry; endophytic Bacillus subtilis; mulberry fruit sclerotiniose; identification;

biocontrol mechanism
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shiraiana I3 53 F5 35 100.00% . 100.00%
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1.1 ##l
1.1.1 EYIRER

FRC: 2022 FRCR HE R T AR ROR
WFE BE(29°48'58"N, 106°24'51"E), FMf&hFh Ky
Prik s fh 5 7637,

J R . S sclerotiorum PZ-2 2 5L 56 25 4y
E1#- 1, Botryotinia fuckeliana. Colletotrichum
gloeosporioides, Colletrichumlagenarium, K%
Ji% BA (Botrytis cinerea) . JiE 41 i i (Cochiobolus
sativus). Thanatephorus cucumeri. il #6 4% #
(Verticillium dahliae) . 7. # 2Z # B (Rhizoctonia
solani )45 hy S 95 28 WA DR AT R bR
1.1.2 EHE

LB K373k (/L) B F iR 10.0, BEREKY 5.0,
NaCl 10.0, Fifg 15.0-20.0,

LA B AR IR (PDA); FR S (g/L) . B4
2 200.0, %M 20.0, BHlg 15.0-20.0,

PDB }idisi(g/L): H4A% 200.0, %
20.0.

[ & K S B i (tryptone soya agar, TSA)K%
FiH(g/L): B 15.0, Kk 5.0, NaCl 5.0,
Blg 15.0-20.0,

E BB (nutrient agar, NA)K: R (g/L): &
F1 % 10.0, 23 3.0, NaCl 5.0, 350 15.0-20.0,

R2A Bl 1573 (g/L): AN E I 0.5, 1f
VEPETERS 0.5, TERRRY 0.5, HZIBE 0.5, BR/K#
F&E I 0.5, KH,PO, 0.3, RN 0.3, MgSO,
0.024, Zyfig 15.0-20.0.

PLEREFRELIR 121 °CK T 20 min.
1.1.3  FERF

KI-I, 449 : 60 mg/mL KI % 5 10 mg/mL I,
W MARLEL 1:1 1R A

200 mmol/L 4- ¥ £ J Wk % £ s R
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(4-hydroxyethyl piperazine ethane sulfonic acid,
HEPES) It : 1 1 mol/L NaOH % i 1 mol/L

HEPES /% pH J#% 6.8-8.2, [1] 20 mL 1 mol/L
HEPES H/IIA 80 mL 7K , 5%l 200 mmol/L HEPES,
1.2 RHMAEENENS BRIFIE
121 REESBEHEL

FRAM AL R L s N AW, HAk
Tk BUERERIIZE 763744, BTE 5-6 cm
K, BT 75%FEHRH 1-2 min, U T
FEET KNG RS RIH O, BT PDA ¥ dkak
VR Sl fe 28 °CHAF M55, DARIER K
FOERBIIK . B I I R H A =2, 7
BT LB. TSA. NA. R2A 5353k | 28 °C4A44
TSR, TP AHLE B TR S, ik
K238 53 B Alifb N A= 4R TR
122 REEZRFRLEVG

I S Boxt URs 22 P e XF S sclerotiorum
PZ-2 AR NATR . HITILAFRER
8 mm ) S sclerotiorum PZ-2 Y, R TH;5E
Ferpode ) fEREA S 2.5 cm AR 4 A7 4 SR
RPEFPRFEINAE T, 28 °CHEFE, WA IR 4
KAF ML, kXt S sclerotiorum PZ-2 A 45H104K
RN AT
123 REERFREER

XS 0) s 45 0 AR B A B TR R A 7 A
Ik E 0. AT E R 5 mm ) S
sclerotiorum PZ-2 B, #EFhFIEFEFEH R, 75
FErR I 2 om PG FRAD RIS Fhdt b, DA
FERI JE A A KT RE 25 °CRE 3% 4 d, TR
55T DN 240 TR S0 £ 0 B 1) P i AT TR VR AR
W 3ANELE, IR AKX)HEIE AR,

BT (%) = (¥ BRAL P15 L% — SR04 95 1145 /

O BRI 75 B A% — BF EAR) x 100

1.3 REEHKFEERENEE
1.3.1 FEEFREBEUFMELE

I P i 300 e 12 5 0 358 4R A5 1 475 B T 4 Al

(M



B R | AR, 2024, 649)

3257

F PDA Fll LB {555 b, 37 °CKiFF 12 h, MEL
HEEES. £ LB LR 24 hfil48 h)5, &
PR T 2 QYL o RN 2 A et AR B A (LR IE A
DR P B A A o i A A 4 B IR & O AR
A R R F)

1.3.2 £T 16S rRNA EEFIIMAFT L E 7

Z: BSCHR[25 ]/ 7 VRS EH A TR AR SRR 4
1.5 mL E.O0ETMA 30 pL DNA $#2H0%
(PrepMan Ultra Sample Preparation Reagent 5]
£5) (Applied Biosystems 23 7)), HRBUE & H %5
DNA 2HUR IR A%, 100 °C4 )& 10 min,
ZJ& 12 000 r/min #.0>» 3 min, {20 pL &R
YRR .

DL H BRI R 2H gl , FIH 16S rRNA
FLNEHEIY 27F (5'-AGAGTTTGATCCTGGC
TCAG-3")Fl 1492R (5-GGTTACCTTGTTACGA
CTT-3")¥ M35+ E 16S rRNA KK F4], PCR
RWARZR: b, FHESI#(10 pmol/L)# 1 uL,
DNA #i#jg 1 uL, 2xRapid Tag Master Mix 12.5 L,
ddH,0 9.5 uL. PCR )i 551F: 95 °C 3 min; 95 °C
155, 55°C 155, 72°C 30's, 30 MEHF . ¥ PCR
Pyt 2 A TAY TR R A RA
AL, B AR AT B SE P S #E NCBI $04 &
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) # # 17 It
XF, FHFIH MEGA 5.0 #4F3T 16S rRNA JE[H
JPYI RS R B
14 HMEIEILNE

DS B0 28 R A 1455 DL AE 4993 it o1 A AR AT
FHATALAS BB A2 N 5 mm B DE, BERh T 15 55 5
e FERE S R e 2 om Ab 22 A R IIE R SRS
FAMBE 3 NEHE, 25 °CHiF, BHAR
(D)IHEANTRE A
1.5 HEMEXNREEZFIEARFR R

2 7% SCHK[26-29] 9 G0 J5 24T 25 44 B 2

151 BEEREEAELF&EHE

PRHUSEHUA ST AN T 10 mL LB RAIKE:
FHdr, 37 °C. 180 r/min FiFFid Rk, BiRhTEE
Fli% 100 mL LB ARG FREE, 37 °C. 180 r/min Kf
FEAWE, KRR 12 000 r/min 250> 3 min W4
HIA, FIJCH/KEEF] ODgy A 0.6 (10° CFU/mL)
] S TR R

WP RS LB AR %, 37 °C,
180 r/min JR3%H55F 4 d, BURKEER 12 000 r/min
20 30 min J5, BIEWL 0.22 pum JEEL, RIS
O R 35 o
1.5.2 BERBESEL

Bt R E T 75% BRI 20-30 s, G
BKPER 2B, TCR At Tk 4 Tom%r Skl
W MG BIELlK . LB IR 5L . H5H0E
PRETR . FEPUR R FIE W . A R (R R
750 185) iR 30 min, HUH B TREFRILA R,
B3 HeE 2k 8 mm 1 S sclerotiorum PZ-2 it
FENTE S BT SR A, DR fif e 3 J i A2
B, =iR(15-20 °C)# B F, HA b P
S MEYYELS, BNV FELAN 5 AR
B, FIREEFE 2 d FBCR AR EIERT, LBREEDE,
B S AR QPRI R 5, R
Aab B2 R RE AR A R LAl K R R R I b TR
AEFRZALL LB WARBEFRE AN IR, B A (3)
TR B

TR EL = SO ZOR R x RS (i) /

(RIS x I 5 R S KU X 100
Bk (%) = [0 BRI 7 4 4 Ak AL i1 ) /
o} B TR ] % 100

AR AL 5 SR IR T ) SR P 22 B 75 R
B K RT3 0 9, TLRIEFRME 1K,
SR AL H 0%25%; 2 9%, FMFERH
W22 TR 25%-50%; 3 P, RMRME2HE

(2)

3)
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TR 50%-75%; 4 H, REREELESRE
75%-100%.
1.6 FIEINHA I IZATIR
1.6.1 B AR LERXFEREEZE K
H1E

VB RBRI R PDB B33, 37 °C.
180 r/min #5357 4 d J5, BUKBERK 12 000 r/min 5.0
30 min, Bl FIEBGT 0.22 um JEARE, RIS TCH
K

TR A 2 A s R 3 PN 2 5 B v G 7
Pt b 5 WO RAE TR A% L I+ S. sclerotiorum PZ-2
IR B R S sclerotiorum PZ-2 433
R EEA 50%. 20%. 10%. 5%. 3%F 2%+
U O & L3S PDA VAL, 25 °CRigF
48 h, DIRISHINICH LB IR PDA Al
X, ZBRAX(DIHEME R, FERMET
W% S sclerotiorum PZ-2 FHZZIE 3 .
1.6.2 FEMEMNFEEREEREERZNZMN

3 3 A i g 2 O 5 5 BT X I R AR D
RN . FERIA BERACH PDA F-H o dedsz
PB4 5 mm 9 S sclerotiorum PZ-2 i, BRrp
O 2 em AP MR DG, B 25 CCXTIRERE 35 1.
2. 3. 5dJ5H S sclerotiorum PZ-2 [ 22 & T %,
g b, F KL 3% 4 (5 1 min J5 56 Basgi A,
BT WA NS, B B IR AR TR 220 e i
W%, UUTE PDA VAR B33 M FREE S
sclerotiorum PZ-2 {E Jy %} &,
1.6.3 FEMEMNFEEEBAELHENFI

K H DCFH-DA i P 48 e a4 B 21
YRS 1. 2. 3. 5 d Y S sclerotiorum PZ-2 B
ZZNTEPER S . ¥4 S <clerotiorum PZ-2 22 &
F 200 mmol/L HEPES £& i H i #1211 20 min
J& L ¥ % 15 pmol/L ) DCFH-DA 1Ak (It 5% 5
B RAYH ARG R A, 25 CCRIERIC
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1 h, #ilf, BET2O6RMETWE, BREK
495 nm, KHPEEK 515 nm,
1.64 REHEMNFEEEERKZN

A 1.6.1, 1.6.2 Fl 1.6.3 SZHGEE R, F A AL
I E e PCR RS HIR XS S sclerotiorum
PZ-2 FEDRIZH b ARG . 470 S A A 4 i B ok
AH O PR 2 1K1 D0 Y52

% 1.6.2 Tk IR R 22, K5 Omega
Fungal RNA Kit R6840 (Omega Bio-Tek 2 m])iji
B34 I S sclerotiorum PZ-2 T4 22, RNA.

I — 28 B e 105 6 (Pl et v MHE 758 A= ) R
B0y A RS 7K RNA U5l cDNAL 25
K & . 5xAll-in-one qRT SuperMix 4 puL,
Enzyme Mix 1 pL, RNA template 1 pg,
RNase-free ddH,0 %I /& 20 pL. J v #2 ¥ : 50 °C
15 min; 85°C 5 s,

2% NCBI %48 J# (https://www.ncbi.nlm.
nih.gov/)H1 S, sclerotiorum J 5 2H 37 Bt 54 i
HRHEH Gene 9536 (CHHFLEE). Gene 3455
(BHILEERS B 20). Gene 7772 (Hj%HEHERR
A W) L 5O R A A A G Ry 3k
Gene_5305 (it 480 Ak S il AH G 19 B SO 1)
Gene 4935 (AL E ). Gene 1287 G ML)
fEAA), 5 A REZH 435 A DG B Gene_13
W0 . SF4ER ). Gene 11361 (JLT &
AR 2) . Gene 622 (41 JfLRE) . FI AKX M4 Primer
5 UL B GIY), WS R FE SR 514
FEHIanER 1 iR

SO EE T PCR: BMEMIE 3 AME
Yrre s, B YRR S 3 IREORER
MWAKZ . TB Green Premix Ex Taq II (2x) 10 pL,
1E. S 514(10 pmol/L)4% 0.8 L, cDNA 15t
5 uL, RNase-free ddH,0 3.4 puL. X W F2£f¥ : 95 °C
30s; 95°C 10s, 40 MMEH; 60 °C 308,
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£1 ERAER
Table 1

PCR 1l R B & E =& 5| ¥ F 5

Primer sequences of pathogen genes for real time fluorescent quantitative PCR

Genes name Sequences of primer (5'—3)

Functional description

actin F: GAGCTGTTTTCCCTTCCATTGTC Actin
R: GACGACACCGTGCTCGATTGG
Gene 9536 F: TTCAGTTTCCCAGTTCA Hexokinase
R: GCCATCAAGGTTCCCAC
Gene 3455 F: CGTCCTACATTTATCAACA Glycosyltransferase family 20
R: ATCCACGTCAAGATCACTA
Gene 7772 F: GCCCGCAGTATGCCAACA Phosphoglucomutase
R: GCGACGACAGCCCAAAGA
Gene 5305 F: GGTCCAGATGTCATTCGT Catalase-related immune-responsive
R: CCTCTTTGTTCACCCACT
Gene 4935 F: CCAGTTGATTTCCAGCAT Catalase
R: CTTCATAAAGGCGACGAG
Gene 1287 F: GAATCGGTAGCAAACTCC Peroxisome
R: CCGCCTTCTATCATCTCG
Gene 13 F: ACATTGGTAGCCGTGGTT Glucanosyltransferase; cellulase
R: GTCATTGATGGCGTAGAA
Gene 11361 F: GCTCATCGCCGTCACTTA Chitin synthase 2
R: GGTCCACCGACATTCCAG
Gene_622 F: CGCTCGCAAGTGAAGTA Cell wall
R: GTGCCATTTGTCCCTAA
1.7 HEFRIT RS gt 12h 5, HARKIEATCHIR 20, R

Ba %l Excel 2018 HEA720Hri145, FI
GraphPad Prism 8 H1 t 45 36 X AH X S R Rk & f
11 & IR

2 ZERE54

REE R FEE N2 BiFL
MNZE 7637 K25 o B Aifb 3R 15 98 RN
T, WIS RERA 18 FRNAEEXT S
sclerotiorum PZ-2 A +5PisiCHR, & il A BN A4
W CIR32, C3T5. C3NI5, C3N16, CIR38,
C3R1-2 XHRIFE PZ-2 A Bl iy 3m il k5 (&l
1A), b CIR32 MR FaE Hapct, R
ik 66.47% (K 1A, 1B), Kik# CIR32 ¥EfT
Ja S5 .

22 REERREMENEE
22,1 FEFEFEIBELIFE
C1R32 HFETE PDA Hl LB }5 37 3 37 °Cls

2.1

P A KA, FRETERER, 2R RIE,
FLEAf, g, REALEE(E 2A. 2B);
B QPR A 45 R o8 CIR32 BBk
Sy 2 QPR PR IR A0 T (] 2C), 7 i R 25 1
(Kl 2D); A AEALTE IR eSS R B8 CIR32
REFI I 20, AKARTERy . BRI, IR AN AR 5
1 /M, Voges-Proskauer 1356 & FHIE (R 2),
S W LA R G52 T ) Pl
TE N AT I (Bacillus sp.)
2.2.2 HTF 16S rRNA %
vz il
P13 Bacillus sp. CIR32 /i) 16S rRNA J:[H 5
H, MRS 1397 bp iR B, HAE NCBI
PR I BLAST &5 R ExR, A BY
Bacillus subtilis FFECE 5 0Q586633.1)1)
16S rRNA S FAAMIEZIRS] T 100%., HET
16S rRNA EEH 741 1) R4 & T 54 & 81, Bacillus

RFINERGEALE
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sp. C1R32 5 B. subtilisNBRC 13719 (NR112629.1)
F1 B. subtilis JCM 1465 (NR113265.1)% 7 [6]—
/Ny 3K 3), PR CIR32 %5 A B 24
I, A4 4 B. subtilis C1R32,
2.3 HEREMNEIENE

PV TER I ZS  oR, B, subtilis CIR32 Xt
ZAHEYE R AT HIVER, HEXT Botryotinia
fuckeliana A % 51k 78.11%, X} Colletrichum
lagenarium, Botrytis cinerea, Cochiobolus sativus
okl % i 60.00% , X Colletotrichum
gloeosporioides #fil F L 50.00%, FKH B.
subtilis C1R32 HAT—E M) 1M AE J1 (3R 3)-

24 HMEMNREEZRN SR EE
B. subtilis C1R32 Xif Sk 1A% 9 A0 B 1A Bl L
R ZE SRR, MRS 5 2 K, gk
LB A 35 3 0t B A FI A SIS 5 2, B
subtilis C1R32 T &k ¥ Ab 31 2H 53 HEM 1% 15 £k
6.40, DAAti/K 2 FRZH (e I H8 E0h 13.60) R %) it
BHRCH 52.94%, B. subtilis CIR32 k% [
WAL PR R TR B0 12.00, DL LB WAL 555

AbFRZH R TS FE R 22.40) 9 %) BET T LBk
46.43%, KM T, B. subtilis CIR32 Xf SEAH
e B AT BB A%, IF HR B BT &
I I BT AR 4).

A B
70.00 -

60.00 - |
50.00}
40.00
30.00|
20.00
10.00|

0.00

Inhibition rate (%)

b B A"
> N
ol &

1 Sclerotinia sclerotiorum PZ-2 £ E R E £ R

Figure 1 Screening results of antagonistic strains against Sclerotinia sclerotiorum PZ-2. A: Screening results
of six antagonistic strains against S. sclerotiorum PZ-2. The inhibition rate was calculated after 4 days at 25 °C.
Three replicates were conducted for each treatment. B: Antagonistic activity of CIR32 against S sclerotiorum
PZ-2 cultured 4 days at 25 °C. Control: S sclerotiorum PZ-2 was cultured on the PDA culture; Test: S
sclerotiorum PZ-2 and C1R32 were co-cultured on the PDA.

20 pm

B2 CIR32 EHRSHHE

Figure 2 The morphological features of strain C1R32. A: The colony characteristic of C1R32 cultured on the
PDA medium after 12 h at 37 °C. B: The colony characteristic of C1R32 cultured on the LB medium after 12 h
at 37 °C. C: Gram staining result of C1R32, cultured 24 h at 37 °C on the LB medium. D: Spores staining result
of C1R32, cultured 48 h at 37 °C on the LB medium.
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%2 CIR32 EHREIESE LIFE 2.5 FEIEINEHIER

Table 2 Physiological and biochemical characteristics 251 BEELSE L EGNEER 4 B 4 4]
of strain C1R32 _

wEH
Item tested Results e — - .
Xylose _ s JEU TR 7E AN [A] % & B. subtilis C1R32 A&
Mannitol - L/%{Fz ¥} PDA ¥1‘ELJ:£J@3@§S¥'HW‘FE‘J , S
Glucose . - sclerotiorum PZ-2 7£7% 50% & 1% I 1% # PDA
Starch hydrolysis + N
Catalase + *ﬁtiﬁ%é%ﬁﬁﬂﬁ?ﬂ , i%l&@% PDA qz*}iqj
Nitrate reduction + B. subtilis C1R32 &’ b3 W & & /b i
Citrate -
Vouon Proskaser test . W T, (04 2%% W LAY PDA T 1%
Gelatin liquefaction + 5%} S. sclerotiorum PZ-2 A 36.77%H il
+: Positive (growth or reaction); —: Negative (no growth or no
reaction). (%:Z S)e

Bacillus subtilis NBRC13719 (NR112629.1)
21 C1R32 (PP854634)
Bacillus subtilis ICM1465 (NR113265.1)
Bacillus atrophaeus NBRC15539 (AB363731.1)
Bacillus velezensis CSQXZD26 (LC617083.1)

99 Bacillus licheniformis VPS50.2 (HE993550.1)
ﬂicillus licheniformis AB1 (LC735022.1)
9 Bacillus licheniformis BCJ (AB743877.1)
Bacillus methanolicus NCIMB 12524 (AB112729.1)
4' Bacillus pakistanensis (AB618147.1)

100

0.0050
3 Bacillussp. CIR32 E#kE T 16S rRNA EFEFFREFHE AR B R
Figure 3 Phylogenetic trees of Bacillus sp. C1R32 strain based on 16S rRNA gene sequences. Target strain
was labeled in bold; The numbers in the brackets mean accession number of sequences in GenBank; The
numbers in the branch points mean the bootstrap values; Scale bar represents genetic distance.

% 3 Bacillussubtilis CIR32 I E i+ 25 R %X 4 Bacillus subtilis CIR32 X} RIHFEZFHHIE
Table 3 The antimicrobial spectrum analysis results KBS

of strain Bacillus subtilis C1R32 Table 4 The effect of Bacillus subtilis CIR32 on
Pathogens Inhibition rate (%) mulberry fruit sclerotiniose in vitro

Botryotinia fuckeliana 78.11+2.20 Treatment Disease index Control effect (%)
Thanatephorus cucumeris 0.00+0.00 Bacterial suspension 6.40+4.08 52.94
Verticillium dahliae 0.00+0.00 Fermentation supernatant 12.00+2.53 46.43
Colletotrichum gloeosporioides 54.63+3.00 Thiophanate-methyl 0.00+0.00 100.00
Colletrichum lagenarium 63.69+0.44 LB 22404320 —

Rhizoctonia solani 0.00+0.00 Water 13.6044.08 —

Cochiobolus sativus 67.30+2.61 The control effects of B. subtilis CIR32 bacterial suspension
Botrytis cinerea 68.22+2 .41 and thiophanate-methyl were compared with pure water, and
The inhibition rate was calculated after 4 days at 25 °C, three the control effect of B. subtilis CIR32 fermentation
replicates are set for each treatment; Average + standard supernatant was compared with LB medium; Five replicates
deviation. are set for each treatment; Average + standard deviation.
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* 5 A RIKRE Bacillus subtilis C1IR32 kE A E
EER R IR E B HI ) E

Table 5 The inhibitory activity of different contents
of Bacillus subtilis CIR32 cell-free fermentation
supernatant on Sclerotinia sclerotiorumPZ-2

Inhibition rate (%)

Contents of cell-free fermentation
supernatant (%)

50 100.00+0.00
20 95.02+0.34
10 87.80+0.52
5 63.74+4.70
3 50.314+2.98
2 36.77+1.63

The inhibition rate was calculated after 4 days at 25 °C, three
replicates are set for each treatment; Average + standard
deviation.

JeF BB ML B. subtilis CIR32 & | i
RO i B B 22 R BRI E A, S5 BoR, ok
FH T 1085 VA BHL Y o D TR T 22, i
I, Al , WL NAEPIE], TR 22 R IR
AR EE(E 4A). BEFIHET 20% & I FI5 IR
PDA V-4t ) S sclerotiorum PZ-2 & 2278 /)N,
W22 R, WY KRBT, W24 Ko

(1 4B); HFPFE S 10% K BE 5 PDA Pl
#Y S sclerotiorumPZ-2 B 2258, R A4 K,
B2 KIA(B 4C, EEFLTS); b
TEE 5%KEE FIS PDA Sl 1Y S sclerotiorum
PZ-2 W22 5% BRAAI L B 40/, FF 2B
AT (E 4D, W@ Hk TR ); BeRhfE & 3%
2% K EEW PDA AR ) S sclerotiorum
PZ-2 W24/, Sos R ST A K (Bl 4E.
4F, FEOFTLFTHR). AR B. subtilis CIR32
R T I R AL B (9 i TR TR 2 A S
F HLR T b 3 B R e N R 22 R
252 HEREMNFEEERRENIZIG

FIH KI-I, Je {4345 B. subtilis CIR32 % S
sclerotiorum PZ-2 Wi AR R, 45 R HoR,
KI-IL, e )5, X BRZH PZ-2 T 22 250 €6 [t 15 3% 16 ]
FERTIHMRE 5 th A2), MBS PZ-2 TH 2450
O BERE TR ] A ok B (8] 5 B2), TH.
BIH R R . tEAh, XTIREEESRIN PZ-2 24
HpE L, AR R s seR(E S, arEfisk

Bl 4 A[EIRE Bacillussubtilis CIR32 JTE & B% L &%t s R B & 2 2 23S RS20

Figure 4 The effect of different contents of Bacillus subtilis CIR32 cell-free fermentation supernatant on the
morphological features of Sclerotinia sclerotiorum PZ-2. Pathogens were observed after 24 hours. A: Cultured
on the PDA medium. B-F: Cultured on the PDA medium containing different concentration fermentation
supernatant (B: 20%; C: 10%; D: 5%; E: 3%; F: 2%). Black arrows indicates that the hyphae are enlarged;
Yellow arrows indicates that hyphae content flow out, contracted, broke and appeared honeycomb cavity; Blue

arrows indicates that the hyphae bent unusually.
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Al A2 Bl B2
g ol
Day 1 r\ o f
100 pm I/—E'OOl pm 100 pm 50 pm

Day 2 =

100 um Y100 ym
Day 3

100 pm 100 pm
Day 5 R\ 5

100 pm 100.um

&l 5 Bacillussubtilis CIR32 ¥} Sclerotinia sclerotiorum PZ-2 #&/RF2 £ A9 520

Figure 5 Effect of Bacillus subtilis CIR32 on glycogen accumulation in Sclerotinia sclerotiorum PZ-2. Al,
A2: Untreated hyphae of S sclerotiorum PZ-2; B1, B2: Hyphae of S sclerotiorum PZ-2 cultured with B.
subtilis C1R32; Al, Bl: Unstained; A2, B2: Stained with KI-I,; Green arrow: The cytoplasm of hyphae
decreased, and the cells were broken into empty shells; Blue arrow: The septa of hyphae widened.

JIrR), BRAREH I FE(E 5 B1, B sk iTds),
I LA X IRE 5% SR 0] A A4, TR 22 B R
W, WX R PZ-2 TR B B4,
ZEMSEEE BT SI(E 5 Al RiREE R KR,
B. subtilis CIR32 20 S sclerotiorum PZ-2 F#
A, o5 i BB s AR R e b, [R5
S sclerotiorum PZ-2 ZiJiaatifs), i E 224514% .
253 HMEMNREEBERNEESFNE
Wl DCFH-DA {52 e YL el
B. subtilis C1R32 %} S sclerotiorum PZ-2 fifl i
PR R RZ, G5 B, X REZH TR 22 2 B 55 4%
B 6 Hh A2); 5 CIR32 XJIREREFE 1. 2,
3 d 1 PZ-2 T 225G T X BRZH () 6
B2), XUREREFRES 2 RIS, o PEA R
JG PZ-2 W2 BB, BIHRR, BB 5K
TG EL B0, AN, W REA TR 223 D6

BAEH(E 6 1 Al), M5 CIR32 XfIRFREFEAY
PZ-2 TH 2231005 (I 6 b B1). 16 PEEIRET e (o 2
FRWAEAER R, B. subtilis CIR32 f2ffi S
sclerotiorum PZ-2 36 AT, 7= A AR
B, SECLMM
254 FEREMFEREEERIERFIG

i FHHiE =M S sclerotiorum PZ-2 45
BB TP AUR R A I RE S R, DR I e S
PE R PCR X} S sclerotiorum PZ-2 Bt it .
P AR Ak T 0 241 B RE B A G 5 DR ) AR R GA 1
BT AT, a5 BN, XTIREE SR 24 h 5, S
sclerotiorum PZ-2 [FEA G AR L A T 8 3R 18
Ha#, Gene 9536 (AR )AH X ik 2 Sl Xt
HEA11Y 80.00% , Gene 7772 (i % Wi 1 25 (o7 i)
TR IRH A 34.00%, HPLEETIE
(P<0.001);
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6 Bacillus subtilis C1R32 X} Sclerotinia sclerotiorum PZ-2 B & TE S TR RS20

Figure 6 Effect of Bacillus subtilis CIR32 on intracellular active oxygen species in Sclerotinia sclerotiorum
PZ-2. A1, A2: Untreated hyphae of S sclerotiorumPZ-2; B1, B2: Hyphae of S. sclerotiorum PZ-2 cultured with
B. subtilis C1R32; A1, B1: White light; A2, B2: Fluorescent light.

WAL, W I B BT AR AR DGR R 2 BIRERGE, HE
' Gene 5305 (i %A1 S AH ¢ B9 G0 % S 1)
FAB A IEALRY 3 %, Gene_4935 (it fbLA
)y Z L X IA R 34 £, WEZE LM
(P<0.05), Gene 1287 (%A fbWEA )Mk &
1 2 (P<0.001) T 8 A X ZH 1 51.00%; S
sclerotiorum PZ-2 4 BEZH 73 AHOCHE A Gene 13
CHEEL Lol . 2P 42 ) . Gene 622 (i1 )11
Fak i 5 X A AT A B BT 47.15% F0
78.75%, Gene 11361 (JL T Ji& i 2)f) 2k
WA T (B 7). B RIR R PrE R LY, B.
subtilis C1R32 51 S sclerotiorum PZ-2 1t
A E RN KA, Y5 S sclerotiorum PZ-2 14K
AT PR R 20 B R J 5 AH DG BE Y BRI GE , X
B. subtilis CIR32 FiI S sclerotiorum PZ-2 X UrE4%
IR BRI g A RN TG PR S e B 25 R — B
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Figure 7 Effect of Bacillus subtilis CIR32 on relative
expression of genes in Sclerotinia sclerotiorum PZ-2.
“*” and “***” mean significant difference between

treatment group and control group, where “*”
indicates P<0.05 and “***” indicates P<0.001.
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3 WwE5&#

FMETRAZIR R, BFia X, AR R
ST 5 R TT o ) i R S A A TR A T SR
PAZ IR SR R, AOUE I T2 7l g Bl
&, SRETH R AT E S Rk o A9
AT — X AT AZ % ) T B AR e FE B /R
(P A= 40T B. subtilis CIR32, % EIbk & I3
W AT R A R R AZ R I S sclerotiorum
PZ-2 A, WSRO R TA MR . SRR
Bl sc B 4 6B, B. subtilis C1R32 REHH
S sclerotiorum PZ-2 §HBAE K, 1EZE SR A,
BAT RIF0 495 9 71(3 4). B. subtilis C1R32 4
PR LERRRZE 5B, B, subtilis C1R32 i i fi¢
HE9 S G VRN L AR A e, B A0
BE 52 ma s e RO I L R 3R, 3l e/
DR R R B B A i Aok il S. sclerotiorum PZ-2
AERE ).

RS R, PN A TR AT LA o 5% g i
R AR RS ) A B R AL A I R 0 s i
IR, DT B B 6 A A B 1 H AR,
1 R 2 it L TR P B A L 2 A, A B TR A
o0 PR AR R P () B SR . Wang 250
g7 B B — bk N A 55 B ZF i FT TE (Bacillus
mojavensis) BQ-33, 1% I Ak X A Ak B Bt 1
(Didymella glomerata)f K i fI#EHi/ERH, #E
I8 i TR TR 22 AR, R TohLER . TR
BIRINEG . [AlRE, A58 B. subtilis C1IR32 Ab3
S sclerotiorumPZ-2 & , 9 )5t oA £ 24 2R T AH 5 3 [
VRIS R AN MR R, A
KA o BN R FR HLATS P 480 ™ A R R
oAy, 1 G PR, DTS S 4 M ™ A 4 i
BEER, TN AR MAEH RN A ) K o 15 LA i
5T i TR R 2B AR AR N 38K, A Sk A B TR B VAT

Wi B ZHLE DY, Lo PTHGE T —4k B.
subtilis BS45 (%) F A S Oy 255 [ /N 22 R B i 1
(Fusarium graminearum) i 22 36 P4 S K 38
T 175 5 TR 22 248 A0 07 J3OR DG 356 PR 3 38 /K-
W, XS5APFEH B, subtilis CIR32 X S
sclerotiorum PZ-2 I 25 R AHIE], B. subtilis
CIR32 {¢ ik S sclerotiorum PZ-2 i& PR3tk , 77
A AR E , FR BRI JE T, Han 258 AARAE
TP g3 B O HE — R XA B 1 22906 T (Verticillium
dahliae) A7 #5 L &% SR 19 ff% V€ ¥ 2F 16 FF 1§ (B.
amyloliquefaciens) 41B-1, & BLHACH = YriAh
TR ZR (iturin) AT 1157 V. dahliae & HE TS
AT A B AR . Su SRV Ml e 25T
[ (Brevibacillus laterosporus) SN19-1 JGH F i
¥ b T 7K A 1 A5 B (Xanthomonas oryzae py.
Oryzae)Ji, I Ji T Jf PR 5 1k A /K1 S 2 15
O U855 o (RIS, AR B BRI AT LA ) 5 i
A AR BB 167 FVEH . Hu 105 10
A LRI, B. amyloliquefaciens A-1 figif
33 2L ¥ 5 (Aspergillus flavus) NRRL 3357 A
VER FRERR A i AR L I ek R A b s il 25,
TEW/DRL . AEAE A TR By T R B 35 v
1o kA K | B, velezensis SX-45 HEEUY AT
DA 20 N SR B R (Fusarium - oxysporum)
B JEHES . AWFSEIER T B. subtilis CIR32 fE
fig It 50 S sclerotiorum PZ-2 A AR G L A
Tk, WOBEMZR, 55 S sclerotiorum PZ-2
AR, DL R A5 15 At P 2540 A 2 B v R T
R IEA, 459 27% B. subtilisCIR32 HA
RIFAAYIRTERE . 5 Sttt — L 4w
B. subtilis CI1R32 Ta AR B I 1 0 5 1) 32 2 Al
g, WE BRI AR A L VEAS B. subtilis
CIR32 [ ] 7 i R Sty b, 50 T ol
F AL T SRR AR o 0 2 B S R
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