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Grrdbgol K2z A a2 2% B, Wb 071000)

OB IO IRERT IR IR AR A AR T AT S PR K A A B, R 7 0 R SR S
M ILR B EIE O KB IR 8RR ESI-MS Ru il RS Hi b R B E i VBOR SR B v = 230 b ) A
HI PCR Kl s B ) B AH G HE B, T A VR TE A M EE . AR . 16S tDNA K gyrB 43 it
XS FEHUAN R T T M0 o 45 BRI, 4 BRI RE U fqhm-13 SR e B3O 78l R S K BBy i
RS NIER] 69.0%H1 78.1%. fqhm-13 KW BB S b =LYk ek biE#R C14 ~ Cl6 11
surfactin A Fl C15 ~ C17 [ iturin A. fghm-13 ZEPRZH & F IR A 25 & N ituC L ituD . fenD 1 srf4B.
fqghm-13 B A RN MR (Bacillus amyloliquefaciens) . W5 R 28 AT 5 & AR = b5 ¥4
TR TR B e T MR
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Biocontrol Ability of Bacillus amyloliquefaciens Against Gray Mold on
Tomato Fruit

WANG Yajie, GAO Yu, CHEN Xiaomeng, LIU Mengling, and ZHANG Dongdong’
(College of Life Science, Agricultural University of Hebei, Baoding, Hebei 071000, China)

Abstract: Gray mold caused by Botrytis cinerea has been found to be the main fungal disease of
tomato fruit. The dual culture method was used to screen for Bacillus strains with significant antagonistic
activity to B. cinerea. Further testing of control efficiency was completed by spraying the antagonistic
bacterium and its fermentation supernatant on tomato fruits. ESI-MS was utilized to detect main antifungal
substances in the antagonistic bacterium’s fermentation supernatant crude extract. Further analysis using
PCR allowed for the detection of genes related to antimicrobial substances synthesis. The species of the
antagonist bacterium was identified through its colony and cell morphology, physiological and
biochemical tests, and 16S rDNA and gyrB analysis. The control effect of the screened antagonist fghm-13
and its fermentation supernatant on gray mold of tomato fruit was identified to be 69.0% and 78.1%,
respectively. The main antimicrobial substances in the ghm-13 fermentation supernatant crude extract
include lipopeptide antibiotics of C14 - C16 surfactin A and C15 - C17 iturin A. PCR detection showed
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that the genome of fghm-13 contained genes related to antibiotic synthesis, such as ituC, ituD, fenD and
srfAB. Through species identification techniques, strain fghm-13 was identified as Bacillus amyloliquefaciens.
This study laid the foundation for the use of B. amyloliquefaciens and its metabolites to prevent and
control gray mold on tomato fruit.

Keywords: tomato; fruit; gray mold; Botrytis cinerea; Bacillus amyloliquefaciens; lipopeptide

antibiotics

Feti (Solanum lycopersicum) MKFFIG A M V-FNBE 1 1K 5 fH (Botrytis cinerea Pers.) 5|2
FLRFH (Ahmed etal., 2017), £ FE4E K ZHE MR B AL, 48 A s B Rk,
DLAE SR S Sz K 3 e A ™ (Xie et al., 2017). Gong 2% (2017) i, M40k % (Clonostachys
rosea) RENS A0 ¢ 45 10 B 1) S A D TAT 0D 16 A i AR B0 (R 7B, 380 3 - W51k 418 . KA TR A NO
IR, Gt R N 2 R R = MR 2 By S8 AL 1 & . DR FREKTERE (Cryptococcus laurentii) RS
SR DN, JER s S . RN R 2N B - 1,3 — 1SRN Al AR A B A 1 1)
Witk (Zhang et al., 2013). MAERETE SRR B 438 70 B 05 % B LR (Pseudomonas sp.)
WXCDDS51 % Z i K 82993 (B 16 SR IE 66.23%, X35 Al 77 R e S i AR K A RIEHER CHE
A, 2017). SREMEBCRME (Pseudomonas choloeaphtis) HLS5-4 %25 i i 3K B899 BB G RUR
62.88%, HAEFAIRSEAIMN JORFF—E e % B CRINGE 45, 2016).

FWUAFTE (Bacillus spp.) 15 ARG 2 004, R ARBUREAEAY) A LGB, alad 2 MLl &
PEHIR A0 T HOVE ] o 28 MOAT TR BERE T T I AR 20 e, ke KA A7 e ) HLR 5 T KA A
(Sunetal., 2013); o3l & 2 M AEARE Yy BAT B2 igUm e A4 . Bk, & AR
BRI IEX % (Falardeau et al., 2013). JEIKPTAEZBA ) WEHURC R, & 28 AT A 35 A B
YERI) K3 (Velho etal., 2011; Yangetal., 2015). HRIAPTAE Z0AR 4 FLak J5L 7 20 DL A S I IR Bl
KA N 3 KK RINTEEZE (surfacting). F 45 (fengycins) FIFAEF R 2 Citurins) o Fli e
A (B. subtilis) B-FS06 AP JG T LI M REAM I 2 ith 8 1 AR ORI e, A BB 5o
KM PE 2 A bacillomycin D (Zhang et al., 2008). Al 5 2 Ju A 18 YB-05 X /N2 4l (111 16 AR
TR, FEANTEY) O PR R A FIER AR SR (Yang etal., 2015).

AHIF S A 3t SR 5 P 73 2 7 226 0] I 0 TR AT 00 25 R OO 1 ) N A 2 AT B, R R S R
P BB VB0 B A AK B0 B BT 8RR FH B A U35 e B A I T VRORH S S v 1 S S ) o
h A i AR BT 1 LA BT 16 PR I 7 omi ARSI (R it A7 B Bl

QY VL SRS DARE

L1 B R FRAEN S S

ZI TR PR N R S AT AR R A A B R T S5, Rt A e o Dt v A 26
R ORAF T B AR RS2 2 TRESEIG %, 7020 PR T 9 3 DX 7 0 M R A 29 ) 2t R 52

H A R (14 75 At R SR I 5% Ho0, R T 7 3 min, 75% kG AL HE 30 ~ 60's, JGIRZK ML 3 X,
SRIGTETC IR T, TEONBEAT B R 50 mL Z80R/K I K B =, #IKHR% 1 h, 80 'CK
AN 15 min, AT RSB EERRE SR VR0 2 R R
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1.2 HERKEERE R FMEEFER KN EMRLREFIM AR

SR FH O URE R R3804 T 5 B0 A A 2 10 T 1) 7 20 LA A1 PR 07 06 o DREDC L PO 0 0 24 1 oy Pl )
TS B BEBIIE (PDAD 536 AR b, 7EFF S50 A 3 om AbEERP 2 B 10077 2F O 4N B, 44N P AR
Befb 4 bk (B 1), 27 CREFFMEIE IR 5d, MEMBE W E RS0 (Zhang etal., 2017a).

PSHUE M RS 2R (NA) 2 b, 37 ClaEEFRE A, PG S 54:3) 50 mL
RN (NB) HiFREEd, 37 CHEAR 220 1 min™ $R¥GHEIRIE R . W5 RIBERILIR 10% 35 R i 1% 2]
S e (AN 1%, B%498E 1%, NaH,PO, - 2H,0 0.2%, Na,HPO, - 2H,0 0.4%, MgSO, - 7TH,0
0.05%, pH 7.0 ~7.2), 37 ‘CHEIK 220 r - min™ §i&¥% 17 48 h (Zhang etal., 2017b). 435 [H[ e & {4 A1
EE, KA R KRR, RIBEE SR 1 x 10% cfu - mL7 BRI K BT CRIT 0.22 um
TUFLIEMSIE, [PDSCE o 16 H A e 25 ot SR SEEAT R M 7%, FK B A R SR 5140 4 A~/ L,
I3 BN B EBF EIE T CE 10 s SR8 TAE & BT o FHRTR TR 5 AR 2 7L B 22 3 N3
AN, LR AR A 25 760 B (1 A ERAE DA S R TR, o L FLAL A B g % 0 B RS A
SANAT, BEASTAT S N ARSE, R HER R, 28 CRIFRM PR 5d. WL ER 3 K.
RF 75 507 R S AR F5 905 1) 43 2 A v (Lima et al., 2013) 30 5% T A R LR 2% . 154550 = 100 x T (%
PRIRIH . < M / GRS < s . BIiRCR (%) =100 x O X5
TEFEE - A B HRED 0 DO I FR 2L

Jil SPSS 17.0 A1) ANOVA /7 R8T J5 25001, 25 57 B & M L BHE ] Duncan’s 1 521K 2592
1.3 fEIE A B LI RA R BUR Big el

P SERIET FRIERT IR 48 h (R IE L30T 6 mol - L™ $hg i 15 % pH 2.0 JF T 4 CIRAFIL
72, 8000 r- min" B0 20 min LFR LI, YUEM pH 2.0 SRR VL 2 8, JH AP EEARHL 2 3. AKHL
WM 0.22 pm BEKTHALIERIS 38, b &0 7 =R LS 6410 Bk G T e, M7 R AT
525 B TR, WEZHLE N 4.5kV, BYIEIRE N 300 °C, £l 7 L5157 (Waseem et al., 2009).
1.4 FEIMEIE YIRS FOE S E B R

DL CTAB IAR I PT R SEIN 4L DNA Jy BEAGHEAT IR IATUAE 38 & AL ituCituD v srfAB M fenD
ff) PCR A&, 514973 %)% H ITUCF1/ITUCR3. ituD2F/ituD2R. 110F/110R Al FNDF1/FNDR1 (Joshi
& Gardener, 2006). JE[H7415 GenBank £t 47 LLXS 20 #7 o
1.5 HEREMELE

2 (AR TR B 28 8 T I EIAT T B ARE S WA AR B A AL FR PR Al (Buchanan &
Gibbons, 1994). F|HilH5|%) 27F/1495R (Robertson et al., 2001) Al UP-1S/UP-2Sr ( Yamamoto &
Harayama, 1995) 7353 #5550 16S rDNA 1 gyrB J¥51. PCR 74 3> 45 RAE NCBI £edfa 5+ H
BLAST #4770 #r, SRR F AT AU VE LA, H MEGAS.0 A @ R G R F .

2 HiIR 50

2.1 HERREERER ST E L
N S T A3 B RAT P S AN A 186 MR . ZEXTIREREFRANI, B 68 B SEIUKT A A R (1

H
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FHPUSRTE, AT BRPRIN 36.56%. L4 10 R A A4 8 1 400 1 35 1 e i PO T b, M) P PG A
WOHAT G BRSO A I, B IHIE I 1 RIS PUS MR R, @4 0 fqhm-13 (] 1),

L3EEE

Botrytis cinerea

fqhm-13

E1 HERE fqhm-13 MREERENEIRIER

Fig. 1 The antagonism of antagonist fqghm-13 against Botrytis cinerea

22 REMEMEMRLKREFBIAENR

TEFEFR A R399 Ve U1 25 A8 S d JE XS A B T T 5 BRI D v O W A (R 1), MR IR
T IR0 PR A P A ™ B, AR R B 79.3. FEPUA fqhm-13 R HL A P LT AL P R 5 2 A T R
AR, JETEFREU A 24.6 A1 17.4, BHIGRURN 69.0%F1 78.1%; KIEE LIS AL BB AL T
FEPUR AL B,

F1 FERE fqhm-13 RELZE - BREMRIRERBBIARR

Table 1 The control effects of antagonist fghm-13 and its fermentation supernatant against tomato fruit gray mold disease

pusiil R AL DIREE € A7)
Treatment Disease index Control efficiency
W3 J5R Pathogenic fungi 793+57a —

FEPUR Antagonistic bacteria 246+2.1b 69.0

R i Fermentation supernatant 174+19¢ 78.1

e RPN TN + brifiZE. DR BRI BN 7 B35 225 (P <0.05),

Note: The data were average + SD. Different letters indicate significant difference at 0.05 level.

2.3 B AR LEREERYRIEEN

BFEPUE fqhm-13 K EE LS BORH IR A ] ESI-MS $EAT 07, 205 & B0 m/z {54 1 020.6591 .
1034.6719. 1048.6887. 1077.5125. 1091.5284 F1 1 105.5442 fitk54 (B 2). Horb 1020.6591.
1 034.6719 F1 1 048.6887 Z [H/r T HAHZE 14, a1 A -CHy -, R 3 FLEDNFRRY, 5
W I REIkPTAE ZF——K IS PE SR (surfactin) FIKFIAHXS 70 T 85, 4 Cl14 ~ C16 [1 surfactin A
m/z }1077.5125. 1091.5284 Fl 1 105.5442 452 [y T-R=ABAHZE 14, SHREREKITAEZR
— PR R Giturin) SR BIAIR > 78— 4 C15~ C17 | iturin A
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L 1091.5284
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0.47 l L ’ 1149.4851
2 Ul L
0 lMadi [MHJMIMHN Moesdinooro pe LLED ,l‘\hHl N P T
500 600 700 800 900 1000 1100 1200 1300 1400 1500
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. 607 1048.688710773123
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201 ‘
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990 1010 1030 1050 1070 1090 1110 1130 1150 1170 1190 1210
m/z
2 HEIMHE fqhm-13 2B LERAFEIZEY ESI-MS &30 Eif
A BEIJTRERR 43180 B .
Fig. 2 ESI-MS analysis of antagonist fghm-13 fermentation supernatant crude extract
The frame section of figure A is figure B.
RS2 s Spe g s
24 HIEERERERERERET

HIPCR J5 2450 1 K5 50R fghm-13 45 % AR Ik
KPUEEMW ituC. ituD~ fenD R srfAB FEDH, 4
Rkl 3 Fross

WD P48 B AE NCBI _E43 593647 BLAST [A
WA, LEXTEEREK M, sifAB 4ifY surfactin
B L 2, ituC Wt iturin A SR C, ituD
Gl N IR AN A WL, fenD Ynhd
fengycin & . HH it C Rl ituD & BY iturin A,
srfAB 45 1 surfactin, fenD 4 % fengycin.

BMEMEEE

7E NA #5770 b, F5P05 fqhm-13 £558911
WRFLA, [JE, RERIEE; HR50E
TR, PO, 2ahrmk. wmkE
FRAR, H R B, R B R IR R 1 A 2R,
B2 PG A

2.5

Marker ituC srfAB ituD  fenD

250 bp— |
100 bp—,

3 TREGHEEREL Bk MR E fqhm-13 & RUASEK
REREE PCR 4
Fig.3 Agarose gel-electrophoresis detection of PCR products
for lipopeptide antibiotic biosynthesis genes from

antagonist fghm-13
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PERUVEARIRPRR NN 2 R AR, 3 - BIERELME . GE R R, WA ER

A FBRELRIOR Y 2 MR M Bl e 2 R 0 T o VAP ke AR £h S AR IR £R 34 Il . ey
AR WG . AT R . DRI . AL . BT A CRIARE . LB, H 3D
TR A 2 T 25 A8 D BH

B PUA fqhm-13 WAE . BERAEAEPAGRE S (A IR w252 T AT 1,

W HN ZF AT E )& (Bacillus spp.) .

#2 REHE fqhm-13 £ B4 LIRBER

Table 2 Results of physiological and biochemical experiments of antagonist fghm-13

i H 45 4 i H 45 4
Item Result Item Result
Pefih R0 Catalase test - H EE ¥ MR Mannose fermentation +

TR LA JsLik 38 Nitrate reduction test +
WP A PR £ i4 J5Ui 30 Nitrite reduction test +
JER KRR Starch hydrolysis test +
V-P {5 V-P test +
FPEIRIAE Citrate test + W= FIH Malonate utilization
WREFHRL: Urease test +
finft%l Hydrogen sulfide +
WA IEMR  Glucose fermentation +
4

3 - Wi FLHE 3-keto lactose -
HE % Pyocyanine -
N[5 Indole test +

7= Ammonia production test

WAFREEFIF Tartrate utilization -
FHIELT Methyl red -
ARINE IR 2 B 5% Phenylalanine deaminase test

FLBER#f# Lactose fermentation

Ee o+ MR, — B

Note: + means positive, — means negative.

¥ fqhm-13 BFE 16S rDNA Fil gyrB [¥51155 GenBank J3 81 3E47 LLE, SRATFHHIT 14 28 MOAT 14 A

TERIFRI 16S rDNA Al gyrB JP41, 153 fghm-13 SZASCHERIECERE BOOF @ R Gk B W (& 4,

Kl 5).
4G 16S rDNA Al gyrB JEHIAHMIYE > 8T, i fqhm-13 4 AR €K 2 MO AT & ( Bacillus

amyloliquefaciens)

4R MBS Bacillus tequilensis KCTC136227 (AYTO01000043)

i £ 2R M Bacillus halotolerans ATCC25096" (LPVF01000003)

MR ZEREAF & Bacillus subtilis NRRLB23049T (CP002905)

FRIE R AT Bacillus amyloliquefaciens DSM7T (FN597644.1)
fqhm-13

FEYEHMATE Bacillus atrophaeus JCM9070T (AB021181)

SHANFERFFE Bacillus pumilus ATCC7061" (ABRX01000007)

RIBEF IR FERBFTE Bacillus sonorensis NBRC101234T (AYTN01000016)

D iR R HATE Bacillus swezeyi NRRLB41294T (MRBK01000096)

MERTZFHMUATE Bacillus haynesii NRRLB41327T (MRBL01000076)

B IR ZEMATE Bacillus pakistanensis NCCP168™ (AB618147)
4‘—5 e AT E Bacillus oryzaecorticis R1T (KF548480)
YK AT E Bacillus aquimaris KCTC3903T (CLG48663)

WEFE N AT Amphibacillus marinus J1T (NR108711.1)

0.005

E 4 ET 16S rDNA FHIRERE fqhm-13 REXEHRNRAER GH

Fig. 4 Neighbor-joining tree showing relationship between fghm-13 and related strains
based on the 16S rDNA sequence
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FRIER ZFHUFFE Bacillus amyloliquefaciens BCRC141937(DQ309309.1)
fqhm-13
S RUFTE Bacillus velezensis BCRC174677 (DQ903176.1)
i FE 55 R ZE MUAT S Bacillus methylotrophicus NCCB 100236 (KC608571.1)
BB HEMATE Bacillus siamensis KCTC 136137 (KC608573.1)
FEUEFERIFTE Bacillus atrophaeus BCRC17123T (DQ309296.1)
FEUFERIFTE Bacillus atrophaeus BCRC17530T (DQ309302.1)
M B RATE Bacillus subtilis BCRC17366T (DQ309299.1)
L 5 RS AT Bacillus vallismortis BCRC17183T (DQ309298.1)
GBS Bacillus mojavensis 171247 (DQ309297.1)
GRS Bacillus mojavensis BCRC 175317 (DQ309303.1)
[ 5% SR FEVE 2 BUAT B Bacillus axarquiensis CIP 1087727 (DQ903177.1)
B RERAFE Bacillus malacitensis CECT 56877 (DQ903179.1)
5 K EEEE Kurthia gibsonii DSM206367 (KM670918.1)

0.1
B 5 ET gyrB FIIMERE fqhm-13 RIBXERNRFREH

Fig.5 Neighbor-joining tree showing relationship between antagonist fqghm-13 and related strains based on the gyrB sequence

3 e

T BORTG Z M 2F IR B BRI 22 Bl 3 2L B IO RS DU, XL R 2
KUE TR AR Pr 138, MR K M AAEARAA N BKREE 4%, 2007; £ff %%, 2010; Liuetal., 2011;
Wang et al., 2016). B. pumilus SQR-N43 Get 155 F LA 22446 (Rhizoctonia solani) Q1 P42 K478
TE» 4 B Ty 6L % KRN 4 o vttt i o 7% 1036 26 B, SQR-N43 REWS FRAIK 3% R. solani 11140 & (Huang
et al., 2012). B. licheniformis N1 il 5] ‘%2 AR F GHALIK S AR 2 K B0 0 R 2R, RO T4 24K
7, I HAFREEE (Lee et al., 2006). FEAWIILH, B. amyloliquefaciens fqghm-13 GEE I K
T 2 0 R A R S TR S, DR A AN R S KRR R R A, T o IR R R T R, (R
PLEE i 7k — 9T

T8 3 WA Uk AR ARG 7 P AR o B SR R R S T, 2 IR R BT A A A e T e L T A

(Touré et al., 2004), J=AHUEIGTED LI fE 1 FZHLE] (Leclere et al., 2005). ZF Mt R
PR RINRIR TR B A PR YE, SEYMA N ARSR R I A A T R A Ak
R BbAh, NEISEP) e FARSAT T B o fift, S IREE LT (Baysal et al., 2013; Hamdache et al., 2013).

Surfactin B A —EFEZ RPN EAEN], AS B PUELBEEPE, R AR 2 iturin 9T
HREWEMER B R (Pérez-Garcia et al., 2011). Surfactin 14 GEE 34 B B AT FEL AR 586G 20E
BT BRI, R RIS G520 S A 12 ¢ (Bais et al., 2004). C13 ~ C15 surfactin A FIEF
B i /E 2% subtilosin A2 Aifi B 2F UAF 1 fmbR 77 B EHTR T Ok 45, 2006).

P B TR 2 AT DR T M, AFURIR TV 1 3% AN [R] PR 6 TR 40008 S S TR A s Ak L, R 2
HOR B0 I RER G A R 2L RS B, (RGP AP UR EEEME (Stein, 2005). A Al 2 5
(W) N AN PE B. subtilis BAT 4317 A2 1] iturin A, B8 525 0 FOK/NBEWG B 1) A2, i alifh )5,
IR R0E 64.2%, BT EH T (Ye et al.,, 2012). Caldeira % (2011) A LC-MS Rt G A4S
MGG T IEH Y 2 T B. amyloliquefaciens CCMI 1051 A5 AL SR 25, AN TG AT HE 4k,
IR T (R RN T iS¢

AR, FIH B. amyloliquefaciens fqghm-13 Ko 3G B VA Z i RS B2 905, R TR,
JOE R A R IRPTAEF . BB 2 M AT B A ™ AT AR T va AR T 5D o ANHIESE O L
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AT BRIATA: 2B v6 A A SR SE IR B3R L T 27 o MRS A2 52 2 R R 35, X AR AR S EsE
B AT N RS R N RCR AN B A S Y AT LA T4 AU fghm-13 % B3
WY surfactin A A1 iturin A 2 B 96 78 i 2R S ACEEI SRS Ja 78 i IO AP R A0 17 KL 1K) B RISt
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