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EERFHEMTE IN-36O NS ELE
K B INE Y R 7 47

B, MR, N A, KR, EEE X9

(1. R AL K2 R 220, KPD 4101285 2. AW R E AW F SR M 4 B m L=,
Kb 410128; 3. B MR [EAHT L, KV 410128)

o E: AHHRATRA THEORERREITBEKEHEROEGTARTR, RAHERA TR
H, B IRKAG S AT AT 24 T e RALMRE T P BRFT | AR mE IN-369, £4H
AFIR. AFAMNEZRZ 16SDNA F 3| 4 LA HATT S8, RA-FBAEERTT
IN-369 BARe9IPE 1, FmHME T IN-369 FAEL A M (VOCs). & @ AR B G KK
IR AT AGIR IR B AP HIVE R . 4R KA IN-369 HAkAH 4 K35 5F F0ATE Bacillus tequilensis
LA RAE A R FI R, x4 K egIrH R X 80.46% + 0.83%; ) B iZ B AR AT 4K
FRAIRIO R E « MBE IR E AR AEINE R E A R R AR F I A YA FIAER; 24k
WA R B E N R HE A 1 x 10° cfu/mL 89 IN-369 B &R & 69 LA M 24572 58 B
A3 A ROR KR, A4 F 1A 72.92% +3.01%, 1.454 mg/mL #9%& & KRR 4= 1.026 mg/mL 49
B ik & 3R B A 3 4G 98 8 T 449 49 1 5B A 24.68% + 0.80% A= 14.34% + 1.08%. LM, &
R IN-369 BLA — 52 69 & 5 R #-7)

KRR AP H; ARAE; FREFATE; IN-369; 2 BEE; WHEME Lhbs
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Isolation and identification of Bacillus tequilensis JN-369 and
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Abstract: In order to screen the resources of biocontrol bacteria strains for the control of rice blast
caused by Magnaporthe oryzae, a bacteria JN-369 was isolated from the healthy rice plants of the
susceptible rice cultivar Xiangzaoxian 24 by dilution plate method. And its activity against mycelial

growth of M. oryzae was tested by the plate confrontation method. The strain JN-369’s taxonomic status
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was identified based on morphological characteristics, physiological, biochemical characteristics and
16S rDNA sequence analysis. The antifungal spectrum of strain JN-369 was determined by the dural
culture method, the inhibitory effects of volatile organic compounds (VOCs), crude proteins and crude
lipopeptides from strain JIN-369 against M. oryzae were preliminarily determined. The results showed
that the strain JN-369 was identified as Bacillus tequilensis, with the inhibition rate of 80.46% +
0.83% against M. oryzae. It also had obvious antifungal activity against the tested fungi, such as
Colletotrichum gloeosporioides, Alternaria alternata, Phytophthora melonis, and the other plant
pathogenic fungi and oomycetes, while it exhibited no inhibition effect on the tested pathogenic
bacteria. The volatile organic compounds produced by 1 x 10® cfu/mL strain JN-369 had the strongest
inhibition rate on M. oryzae with the inhibition rate of 72.92% + 3.01%. The inhibition rate of
1.454 mg/mL protein extract and 1.026 mg/mL lipopeptide extract against M. oryzae were only
24.68% + 0.80% and 14.34% =+ 1.08%, respectively. These results showed that the strain JN-369 had
potential for development and application.

Keywords: biocontrol bacteria; Magnaporthe oryzae; Bacillus tequilensis; JN-369; isolation and

identification; antifungal activity; biological control

T dv & R FE I i (A PEEAR: Magnaporthe
oryzae, ToMEMAR: Pyricularia oryzae) 5| #CH]—F
S B KRR e Y, R e KRR
AR, P E AR P BHUR LY 445 900 7,
BN KB R B i P2 A e B P L R RS . H R AR R
I 2 R A DAYk D Bk A BN AT SR . IR B HE) B
T F = B A O RZ G DUORABEIRBE S5 A 4Ry K
il DL A 3 24 ) FH AL 27 AR 25 O il B ) 256 BT 7 R
W o Al S R T AR A B BRSO L, HE
TE 9 J5E B P 245 18 XS B ot A 78 A B3 AN SR 4k e
M) FHAR B4 Rk, AR 2T K AR
MER] T Rl kR, HuTEmEYw S Biia st
FARE R Z Y FEAFEIRAL R . Fw L&
B BRI 8 (Pseudomonas spp.) 1 HIAT
B4 & (Bacillus spp.) %57,

AT B A BRI A B A A DL 3B AR
YIREE, CRONE R KRR G, BRTFK
R BN EER I o & F R E B.
thuringiensis. 3KJE 2P fAF & B. sphericus. 23
a5 B. lentimorbus X H A& T #F#IFH B.
popilliae®™. 2004 4F, 2 R A K220 A E RO
K 5 35 [E R A 7 o BT (R R 2F f A R B
subtilis B9O8 W IR Hy 7)) A& rh [H 258 —AMEKFE B
BRME G T R 2 AT B A BT, R KRS SO 9 1Y)
Bl 2438 70% LA b, 0k M 5 R R R By &% AT A
80% LA L.

2006 4, Gatson Z51 5 M 55 P8 BF IS F TR
=N BB TR SFHIFT B B. tequilensis o
Pradhan S8 50K I, e 2R fOAF B CH AT I8
Tob 7 A DR % A A R T Y A R S5 D 5 R R R TR
PIAEDIIE, MRS ZHDEIE R, H B §OC TRk
P7 25 FOFF B BT A 4 TR B B, 2B
FEVRABAL T 2015 4 AR ZK R it A 50D 24 5
FR) i 5 AL PR 25 1 b O R SRS 1 MRS BT A A IN-
369, X HBEMBEAT 7EE, HFWEPNE T HAE
Wk BRI B M RCR E Y T,
B RGEHIF T IN-369 IR A B (VOCs)-
T A SR T TR S RH 2 2 %o i B ) 0 o)
EH, BAE NIRRT PURE IN-369 HIAEDT /114t
PR AR s A S e S Al

1 MR57EE

L1 kiR

L1 A& JERFEIR IR KRS S A 5ok 24 5
FLAIR R R R, RETHEBIHAERLEA
AEYTARAE A (28°42'55.56"N, 112°15'74.24"E).
1.1.2 Etk RSB SE A Bacillus tequilensis
(JN-369). F&IEIW H Magnaporthe oryzae. IKFEEL
F5IR B Rhizoctonia solani~ THEL 7% BRI Alternaria
alternata. %% K594 # Botrytis cinerea- BB
fRIE T Colletotrichum gloeosporioides~ HiAEHk
ZHI B Fusarium oxysporum-~ %) & Phytophthora
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melonis KFEGE W B Fusarium moniliforme. 4H
B PE 2 BE I B Xanthomonas oryzae pv. oryzicola-
T )4 B 14 Af BEE 1Rl Pseudomonas syringae pv.
lachrymans 7KF& A #5955 B Xanthomonas oryzae
pv. oryzae MR ETFH K595 B Ralstonia solanacarum,
I ORAT 1081 T A M K 2 FE 090 5 Ak A2 ) B FK Fe
FHLEE
12 REHE
12,1 HHEWLH. FHREEZE REBWK
e PRI LRl 24 5 @ R AR AR, AR rh oy BEER
FNAEANGE,  FFA FH RSO IRp v 29 e L 4110 T 2%
RIFHIFEPIEM (%8 IN-369), S/ WL
HSE T STHELSNE ., SHRHGHREN
0 7732568 JIT 4 5 LR PR 4 e R a4 A SRR
B A 5 . VE M K R IS . R A
V.P AL, MR R . B iAe . ik
B R SRR W s B I8 A B8 A WA 10 T AR
BAEALRRE AT 50 . A EE 3 K.

R AF I T B IN-369 #5402 NB R 7758 F, T
28 'C 180 r/min MMEEREZHIF 18~24 h )5, T
10 000 r/min F &0 1 min, 7 BiHW, fRE A
Mo FH 2 B R DR 2 HR OGRS 1R I DNA,  4H R
16STDNA FEHIGI¥4 27F: 5-AGAGTTTGATCMTIGG
CTCAG-3" fi11492R: 5-TACGGYTACCTTGTTAC
GACTT-3', LUEHUE R IN-369 [f) 3 K 41 R
BEAT PCR ™, 738 H] 1% Bl b v i F
VKA, AR AE Bl A T A E AT . 7E NCBI
iE1T Blast 5 GenBank A #% B2 £ 347 LX) 43
B, SREEIEIEYIR RS, A MEGA 5.10 B
RPN KRG B
122 Wk IN-369 BB 35 43 5l K FH AR
X URG 021 R RARE VAU 7 B AR TN-369 X A i
B BICRE B R R N I KRS P R
W M IR K AESOR 0 R BRI f R
JEL B8 S MR AE A 0 A 8 A R BB AON B, DA%
IKABAH TR P 2R BE B 7K FE A B s R
IR T 26 TG B A DX TR 4 s 4 R X )
AR . K EAA N 6 mm I YR 2 P AR R
g, HEE 3R FE0 R EAAE BRI EAS
3/4 LLERY, MEIFINR A MEE AR, 1% (1)
THEC B PR IN-369 3 Jif B 2B K 41 2 (1, %)

AAg—AA,

0, —
I7% = AAg—6

x 100 (1)

K Ady AXTRBARH A B (mm), A4 N
AL TR ZH TR 75 ELAZ (mm).
1.2.3 Bk IN-369 5 & M A 5L 4 B9 30 B & 0 €
KPR 2 o R EX 20 pL IN-369
BB S) AT T PDA AR E, 1715 — PDA “FAR
R N B RN 6 mm (AR R IR 6 B O, 5
T8 IN-369 BRI b, %, T28°C
PR R IR . DARHE IN-369 B B 1 HAE ot
M8, MAHEES 3 K. 8 1.22 355 E IR R,
1.2.4  HEtk IN-369 & 8 K4 6y 3= B HLANHE v
P E SRR IR A G R M VR R LR (1 2R
o FHEERPIIABREL—3K IN-369 Hitk, HM TG
50 mL ¥ NB K7 72910 100 mL #ERIE A+, T
28 C. 180 r/min #fF FHRFGHT 7% 24 h X HUEK
), RSP TR KR R IR AR R AR A
BN 1% BIHF B0 T 254 200 mL #7ff NB
FEW 300 mL #EJEEH, T 28 C. 180 r/min #&
DG IE 48 h, HAF IN-369 R (HARIRE N 1 %
10% cfu/mL); FiZEEH T 4 'C. 10 000 r/min &5
O 15 min, FFEAA, BEER: m_EERT I
(NH,),SO, % 80% 1HAIFE, #RGIRS, T 4°C &
HB48h, friHEAVIE: BT 10 000 r/min
B0 15 min J5, WHEDTE: FEBRSECHN 5% 1
PBS MR AT SRIF DU T IA A, BET
FEHTAS (8 000~14 000 D) H % A [ 4 25 (1)
PBS ZM UGB R EL, 4 0.22 pm 47 i yE 2%
U8, EDFFEERE IN-369 [ (MY, T4 C 1R
7. f#H Nano Drop £l & FIFE IR SE, HEEK
3R
AR R B S I . 17 PDA P
Wb N E AR N 6 mm FIRGRER E H 0, P
B g A TR 25 mm 4% T —EH A 6 mm [
FL, AN IN-369 & MY 40 wL (55 H
BIKFE N 1.454 mg/mL), LLIEM#F PBS 22 ik
MEFEATIE . FRAAFEE S 3R, T 28 C fHEK:
78 5d, MESIEEERE, R 122 ThETE
02
1.2.5 Btk IN-369 Jig Jik 2 4 i 9 3= BUR LA &
M R R T vE AN R 4 R v TR
BUERK KM . ¥ IN-369 I & T 4 C.
10 000 r/min F &> 15 min, FFEEAA, B EEWR;
FAERER VAT S pH H % 2.0, T4 C yliEid
A, 10 000 r/min F&5.0 25 min J5WEEDTE;
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AT HON 10% [ H B fREEECITNE 2 IR, BRIX
2h; AIFFERIY, 2 0.22 um 405 jEAR T
U8, RIS ERME IN-369 MR IKSAIEYD, T 4 C 8¢
20 C TRAF. MEIKSEHRE R 00 TR 37 1 I 5 7 ¥
F 1.2.4 T E A FHRW M BEEENE. 5
3 Ko

2 HR50H AW B Ik IN-369 AL I IR
A was the control; B showed the effect of the strain JN-369 to
2.1 HEMEHRASE. HERAERR M. oryzae.
Wb L B RS Rk 527 Bk, b IN- 1 Bk IN-369 SRR E A IHI R

369 ISR B O B2, HAN B8 2 1% 47.8 mm Fig. 1 Inhibition effect of the strain IN-369 against M. oryzae
(CK TR BAR N 65.41 mm), XFFGIEm B I 2
A KM R IE 80.46% + 0.83% (K 1),

2.2 Btk IN-369 BIE M4

2.2.1 IN-36O HHEFMARAERE st 1E
NA PR b, IN-369 W& EAMNIELE, L5
W, AFEY, fest, PEBeEEE. Uk
Bk, BRI, FEER, KA (0.6~
1.0) um x (2.0~4.0) pm, ZFAEMEEEAKR, K

05~10 lJ,m (lzl 2)0 H& JN-369 E,:J 10 I)ﬁélz@ét’fft 25kV x20, 000 1 pm 125 V158 SEI
FAIEWA 1, SR HRE e R KM S AL, w1 B2 kK IN-369 MIEIAIT G EE

B R ER . Fig.2 Scanning electron microscope (SEM) of the strain JN-369

R 1 EMR IN-369 Y EZE IR (LHFAE
Table 1 Physiological and biochemical characteristics of the strain JN-369

AR A AL IR 4R AR B A AL IR R
Physiological and biochemical tests Result Physiological and biochemical tests Result
&5 Hydrogen sulfide test - MR A J7 356 Nitrate reduction test +
A 46 R 36 Gelatin liquefaction test + FEMMEFAL Catalase test +
JER KRS Starch hydrolysis test + 5V LS Indole test -
2033 Methyl red test + 2K R I Z B SR Phenylalanine deaminase test -
V.P ik V-P test + SR Litmus milk test +
e 47 FoRPHME, -7 RORBAME.
Note: “+” indicated positive, “~” indicated negative.

IN-369 (MG004174)

B. tequilensis (KF036187)

B. subtilis (IN700194)

B. vallismortis (KM084861)
B. axarquiensis (HM753616)
B. velezensis (AY608741)

B. alkalinitrilicus (EF422411)
B. aidingrnsis (DQ504377)
B. permians (AF166093)

B. aeris (EF4510429)

B. soli (AJ542513)

222 HHRIN-369 MR THEYMFEEER XKW
Pk IN-369 [1] 16S rDNA FHIEA Ty, fFHKE
N 1462 bp. 1Bt DNAstar #4453 F3H 168
DNA #53-H 275, T GenBank #£47 BLAST [A]
JFHIKZ, FH MEGA 5.10 #fH [) Neighbor-
Joining Tree 1£#J % 16S rDNA R4 K B W (&
FE 1000 %), 45RFKW]: Htk IN-369 (FFiT:
MG004174), HHpEH ZF KT 18 B. tequilensis (&
K5 : KF036187) MIARBAEDY 99%; &S B. thuringiensis (GU984800)
B AEFRAARRAE, K B bR IN-369 % 5@ AR b 2F 3 Bk IN-369 K0 16S rDNA Gt % B

R E (E 3). Fig.3 16S rDNA phylogenetic tree of the strain JN-369

B. drentensis (AJ542506)
B. ferrariarun (EF451043)
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2.3 Bk IN-369 HOHNE L

PR IN-369 X (K 1755 ik B 181 % DIF B 34045 410
R, L A R R R ) A )RR o B
PN ZIE 80.46% + 0.83%; X H B 7% A2 97 B AR

RO ¢ JHL T R 1) 22 A 21 50.00% LA Fs {HXS
ARG A P S BER B KR AR B
il B A 5 T4 B A A B TR 4 e R 4 B U3
TAIHIER (£ 2).

2 EHK IN-369 JHEIR R B A HIHIRER
Table 2 Inhibitory effect of the strain JN-369 against different pathogenic microorganism

I SR A LIRS Iod JE TR QLIRS
Pathogen Inhibition rate/% Pathogen Inhibition rate/%
T3 T BIARUR A SIE T
Magnaporthe oryzae 80.46+0.83 Colletotrichum gloeosporioides 55.00+3.23
BN HRAEAN 20 1
Phytophthora melonis 36.20 +2.50 Fusarium oxysporum 34.52£0.73
] 4l KB TR IR B8 1 2% DA 1
Botrytis cinerea 33.33+1.31 Xanthomonas oryzae pv. oryzicola -
e AT
Fusarium moniliforme 37.04£2.62 Xanthomonas oryzae pv. oryzae -
R B TR Al B
Alternaria alternata 58.30+3.38 Ralstonia solanacarum -
IKAESH 3 B JIH 1A 2 B A
Rhizoctonia solani 38.65+2.96 Pseudomonas syringae pv. lachrymans -

VE: FTEIE R TIIE £ B2 (n=3); “— For eI
Note: The data in the table is average + standard deviation (n =3); “-”
2.4 ¥k IN-369 EAMSAELUNRERLFMAE
R B R R B AV HIHIE A
Rz 5 (B 4) B Bk IN-369 5 KM
AR B L 1 2R AT IR S A B X I e R 38
H—EMEER . Hed, 20 L 1 x 10° cfu/mL )
IN-369 B A 48 R M SR X A i o TR A 22

indicated no inhibition.

A KA EIE o 3, IR ATIE 72.92% +
3.01%, ESREFE 45d )5, MsZginTik 70% LA
5 40 pL 1.454 mg/mL {15 F A SEP I 401 2%
N 24.68% + 0.80%; 40 pL 1.026 mg/mL HIfIg k2
FHEZVI AN N 14.34% + 1.08%. F WK IN-
369 FITF=AE 30 B 90 B 5 RS T LB IR WP A=

E: ANTEAXNE: B C DARUCHIERIEANY . EAIHIRY LRI Y .
Note: A was the control; B, C and D showed the inhibitory effects of VOCs, crude proteins and crude lipopeptides against M. oryzae, respectively.

4 Btk IN-369 E L MBI R EE B LB 2R B TR R E A E S
Fig. 4 Antifungal activities of VOCs, crude proteins and lipopeptides from JN-369

Biva e .
3 Fr5itig

EYWAEPUREERE AN AR, LA
B Fe (80) AR 25 0 BT 5 R % i 2L R )
T SR T Ay R TE T, DRI AT AW B R RN
—RWMAEN . R, NN ER TUR PTG
T E B EYIBT iR T B OB 52 B R IF O
B FER R R A MR A B B AT

G8, F I HAHH EON B8 N A% W B Sclerotinia
sclerotiorum FANHINEM: 4RHT RS0 BEIATH)
FhEL AR CF-3 B AR IR R ) p- 2 2 Ik
il I P 22 0% £ A Bl 0] S 10 5 Cephalothecium
F HAMSIER: mMMEERRP RN, ek
LRI B. amyloliquefaciens B1619 1] 43k 3 Ff
JEIREFUER, KA EER L M35 ER 0 &
i 296 # Fusarium oxysporum f. sp. lycopersici 1]
A KB R A AR, T R T P R A A
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YERELS5; Chung SEP MK FE 43 8545 3 N A 2F
AT E YCT7007, FEAARSNRERS 5 UM S| £ 2K FE R
B R, W3 B TR Xanthomonas oryzae pv.
oryza W22 )£ ; Gholami ZEP MK Z AR H1 43 B9
AT 1 RN REIRIEE Colletotrichum truncatum
AT HIROR R B b 2 AR B s Li S PIT FE Al
B T RUER SRR B SYBC H47 Al p= A A B
BHER L. RIMEERSVINIS AR Aspergillus
niger. EARTEE W Mucor racemosus~ 238k J]
Fusarium oxysporum~ W& % # Penicillium
citrinum VA S A EEIRE Candida albicans W42 [1]
A WL, ZRAATE 2 RA S ARSI E
Vi, BT 5T AR, B
P, PN A FH R TR 0k, 2 — R
AR P A BT R R

AT FE AR FRIK FEAE IR 2 B4R 31 1 BRIk
e A T s B 2L B R A A A AR B PR TN -
369, MR FAKFIE. 16S rDNA JF 41 4 #7 fo A= 3
AR FR, W1 5 T8 % R R R R 2E A R
Xf FCAM B VAP L R T S A A 5 B WA g3 A 4
RRW: WK IN-369 XF 8 Pl WAEH ) I b 35 B
AAFIREEE R HEER, RIS PR E T,
i) o S St 7 R I T R 5 i S R R SR s
FRRIE R 3 FhRE 98 TR B 4 A P 2 i o

PR PR IN-369 REE 7 A S 1 iy R0 400 BT V7% 1 4
i, HhHERESAENIE SR BN R, B
TR A SR R AME, BRI R
W 770 ABSK T B AR B 7 AR T T R o 1 2 A
ML AR Rt L AL AN,
AR — M LM s R — R, AT RE 2
Z PP B U R T RO8E,  BAR /e sk —
MR SHRER. FN, BT FE LG R
BRLEH KM T REEH, (Al T 23 %M
BRI R B 52 m, AR B A WD AE A A e B
() 56 118 917 96 280 R AT AT A T 7 P A R X 3
(R A 25 R, JR BID N =5 P 380 H ) AR B SOR A A AT
TERCR 28R, FrbAE SR fR fEAS R 264 N AT B
PR IN-369 X F s 1) H R B 76 2 R k5, DU
T 77 ¥ B B AR P R S AR B O SR
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