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Isolation and identification of an endophytic and antagonistic
bacterium from rice roots

HAN Ru-Yue LI Rui-Rui YANG Fan LI Hong-Yu
ZHENG Gui-Ping GUO Yong-Xia~ JING Rui-Yong"

Heilongjiang Bayi Agricultural University, Daqing, Heilongjiang 163319, China

QIAN Yong-De

Abstract: [Background] Endophytic bacteria in crop roots are beneficial to fix nitrogen, secrete hormones
and produce resistant substances to pathogenic fungi. The isolation and application of endophytic bacteria
in roots has become one of the hotspots in environment-friendly prevention and control technology.
Although the rice planting area in saline alkali soil is increasing, the isolation and application of
endophytic bacteria from rice roots in saline-alkali soil are still limited. [Objective] To isolate endophytic
bacteria from rice roots in saline-alkali soil in Daqing, to screen promoting-growth bacteria with
antagonistic effect on plant fungal diseases, to investigate its bacteriostasis and promoting-growth effect,
and to provide the bacteria resources for further studies on bacteriostasis and promoting mechanism.
[Methods] Sterilized the root surface and then grinded the rice root, which were used to isolate the
endophytic bacteria. Screened endophytic antagonistic strains and determined the ability of endogenous
bacteria to secreting indole-3-acetic acid (IAA) by using confrontation culture method and modified
Salkowski colorimetry method, respectively. The taxonomic status of the strains with broad-spectrum
bacteriostatic effect was determined by using morphological identification, Gram staining, physiological
and biochemical analysis, phylogenetic analysis of 16S rRNA structural genes and srfA/ituA/fenB
functional genes. [Results] The SM13 strain was an candidate of endophytic bacterium isolated from rice
roots, which showed broad-spectrum bacteriostatic effect. The bacteriostasis rates for Curvularia lunata,
Sclerotinia sclerotiorum (Lib.) de Bary, Magnapporthe grisea, and Fusarium graminearum Schw were
59.38%, 78.13%, 53.12% and 37.50% respectively, and the ability to secrete IAA was 5.56+0.41 pg/mL
(n=6). SM13 strain was identified as Bacillus subtilis by morphological, physiological and biochemical
tests and phylogenetic analysis. The strain grew well in NA medium under pH 11.0 and salt concentration
10% condition, so it had higher salt tolerance and alkalinity tolerance. [Conclusion] The rice roots
endophyte SM13 has the ability of tolerance to saline-alkaline, promoting-growth and biocontrol. It could
be used as the material of microbial pesticides and biofertilizers.

Keywords: Endophytic bacteria, Antagonistic bacteria, Identification, Bacillus subtilis

IKAE TR E EER AR, KILOR, I E
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HHEFSF KT 2.5-3.0 A5 AL 253 B 1 A
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WA 5 BT A A SR 2 ARV O TFE PR, Tl
RGAREFIER . PR . ZeIUE . A b
PESFIE R, RO il 822 42 J0 T A = R OR
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DX ) 25 Bl AR AT AE ) 25 - vh 43 125 149 P A TR A T
J& SS1. SS5 Fl SS8 FKIL X i Ak 22 TH Ve
o Akbaba 2517 A fidt 5 SR 41 40 P40 B A A1 5
P B I A R SR A IR . B T
AT i AR AR IR ) PR A A TR 5 1 v 2 )0 e
WA TSP ERII TR, Smhil Rl 62.16%.
27 SC A B TR A v 75 35 P — ok P 78 5
ZEAUAF T WE-3 X8 8 I JEL 0 T Y B 16 A5CR
66.48%,

BEARMOKRE . BN KGHE SR ARHEY)
S1 e B S A RSB E N A R i HOETR 2
(B ARG K AR A AE 4 B AR GBI R S AT 0
WA 5 LA K DR R b 7K e AR P A4 4 A7 R A 90 0T
R, KRGS IR e BAT RN I ERY
TS G ERIR I K AR N A SR A A, BT R4
PRAPBTIE, e A T AR B B RN BT I Y T A S AR )
BRI & 25 e LA, DASRT G TR B RO & T
NEIZY . BRI B SIS K
1 RS H 3%

1.1 IR

KA RAROL . A TRV R £
— A3 X 48 (46°40'42"N, 125°7'40"E), + %A
i IR SR 175.0 me/kg;
AL 26.5 mg/kg ; HAHH 90.6 mg/kg; AHLET 3.0%:;
pH 8.4,

S FOKFEE (2017 42 7 A 12 H), B
(2017 4£ 8 A 24 HHYBUKFEMR &R o HARERAE M FEHL
B 5 BRAEDIAE S AR 2R IR B TR A UK G 1 5250 %
FRIUAE, HFATRIEDE, 530017 4 °C AR 25
L 2d NArE R R NAEAITE

A Y e R L . R4 ik ) 19 (Fusarium
graminearum Schw). £ K H 25 4 7& (Curvularia
lunata) . K5 A% [ Sclerotinia sclerotiorum (Lib.)
de Bary]. FHJ&EJ% i (Magnapporthe grisea), Hi g
TN B2 A 2 E B AR g B s i = it .k
Az P A= AR B T AR R A 18 (Escherichia coli)

BRI VTN 4 B2 AE Bl 2 R 2= B il
SR PR
1.2 FERFIFUFERIEFE

SR AR BRI, R, demR
ARG RITHEA ] 1B|%E-3- 2, (Indole-
3-acetic acid, IAA). L-tryptophan, | HFEE E Y%}
HABR/ ] ; EasyTag® DNA polymerase, JtaT4=
SHEMHEARAR A 51 HAERIEER A A
Hee s o brat .

AR, BRI TR A BRA R 4
BRI, iR ERA A F]; PCRAY,
HRE AR e 3 A

NA i (g/L): 4FIRE 3.0, AP 10.0, &
1b4H 5.0, 35K 20.0, pH 7.2—7.4; PDA K 353(g/L):
THEARE 200.0, HZHE 20.0, I8 20.0, pH AK;
LB #:553(g/L): BREEAMR 10.0, BERRH 5.0, §ifk
B9 10.0, BEIEHS 20.0, pH 7.2, AFRA AL B4 E B
R SRR 2% CF LA R G5 E ) 1
1.3 R TE
1.3.1 REEKRE

K Z - TR A K Ty k%t K R AR AR
AT 2 T R+ FH G R K W RS i e /K R AR 2 1
TCHR UL K4, SRIGH 75% L FEiZ3 5 min,
- 0.1% HgCl, 3231 10 min, &5 FHICHE K s
6-7 WK, JCHHIEAUN T 24Ky, BURfF—IRIGETE
TIHRERTRIIK 200 pL WA T 1/10 NA 3553 AR
b, KK AR KB R RCR, R AR IR A0
W) AR R T BR B A 52 42
1.3.2 NEMERHENERE®RS BRE

SR RV 0T M 04 A 21000 52 A R PR A 440 7
Bt K 1 g F K A K REARAE F G TR BY 1 59 A%
1 cm—2 cm /NE, TEME TAES N T RE PR 7
AYRRES R AR T A KRR A A S RD AT 9 mL TG
FK, RGO KRR RGBSR B R 107"
1072 1 107 BRI o 40 ] BOAS [ TR ) T A Uk
200 pL A5 T 1/10 NA FIL F, AR 3 1k
A, 30 °C 557 7 do WFFETEEE 30-300 Y[l
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PSRRI TIRTE T8, PR 3 IRE R T IRATE 2L
BT, A B, BRYE K/NERERk
BRI AR, 76 NA WA s alifk, Kralife)s
HRNZE AN R NA R TR SR, 4 °C YK
1.3.3 A% ERBIFIE

SR FH b ey % 7 9 2T 52 43 18 3 A5 B4 1N 2 4
RV AE 8 I EL TR AR SR RE ) o KA s i L R
0.6 cm WPHET PDA BigRiFArrde, gk
3.2 cm AbSEPRES AR N A TR R 2 pL
(MK 1.2x10° CFU/mL), 3 REE, VITCHIK FXT
HR, 30 °C 1EIRR TSR, FREXd BRI B PR T 1 LA BT
5 PN R AR em), HETEINE R, IR =1
A PRV BLAR 6 BE TRV THLA%) > 100%
134 RERNEEKRTFE

Kk B Salkowski  Fb a3 s #R15 19
A R R R I TAA RYRE ST o S G B 25 Pk
TEAL A K AREAR P9 AR B RE T 40 uL JCRK IR ETR
53, BISRAEI G AR PR o BCREI A8 10 uL F
1.5 mL B0, BAIA 1 mL & 642 500 mg/mL
) NA ARG R AL, BRItk ES 3 I BL10 uL
KA 1 mL & E2IR I NA W gL P e
TR, 30 °C. 180 r/min JR¥%EFE 7 d, WEERRIK
10 000 r/min 2.0 10 min, B 3 100 pL A
Frbr, FEAINA 200 pL Salkowski H (8, EEGHR
BN 35 min, {8 RTINS A5 U B BRI Y
ODsso fH, T4 3 UK. FIFH TIAA b2kl s
BEIRRF= AR TAA WREE
135 TRERMHNESFEEREREE

TS ML F AT WA M EE 22 [
pea g gt g, WEE sk, B
0.3%BUIEWERYT LB 5 9e Pl b idk 2 pl WA
(10° CFU/mL), BT 25 °C ¥3544 24 h, WELHEbE
VR IR/ INVEAY,, TRTE AR KU I 4 B HA HEE Fliz
ik, 2 TCHIE . AR R kS R
LA ARG YT ) U, MRG0 i
TR TR S

1.3.6 16S rRNA EFEMINgEEFELE

YT 16S rRNA EEA A4 385 9 LR SR
(Surfactin) . PAG B 2 (Iturin) f1 3 A Z (Fengycin)
X 3 AL RS 1 LR 1. 51 ek
BRI F 5

16S rRNA JE K F 3 N IhHESER %€ /) PCR [
J3 1A R H5R FH 50 uL {A % « 10xBuffer 5 uL, EasyTag®
DNA polymerase (5 U/uL) 1 uL, dNTPs (2.5 mmol/L)
5uL, b, Fi#514(50 umol/L)4% 0.5 uL, ddH,O
36.5 uL, FRINEEAWE 1.5 uL.

16S rRNA FEL[A f) PCR JZ i 25 1F: 94 °C
5 min; 94 °C 1 min, 55 °C 1 min, 72 °C 1 min,
30 Mg 72 °C 5 min. 3 PIIREFL ) PCR 474
441", 94 °C 5 min; 94°C30's, 55°C30s, 72 °C
40's, 30 MEH; 72 °C 8 min; 16 °C 5 min,

16S rRNA SERFHIMIE . I oA G atife
PCR “#)5 , 5 pEASY-T1 #ikiEH: i 4L % E. coli
Trans1-T1 Phage Resistant 24004, %75 LB
WAl 37 °C 557 18 h I, FH X-Gal A ik &4
i A DNA R B aiier, ARmEAE8kne
HAGEYET 12 uL TR/KH A e Stk Lok
MR 514 MI3R (5-CAGGAAACAGCTATGA
C-3")F1 M13F (5-ACTGGCCGTCGTTTTAC-3") %
E5Y), PCR VAKZR0 pL): 10xBuffer 1 pL,
EasyTag® DNA polymerase (5 U/uL) 0.2 uL, dNTPs
(2.5 mmol/L) 1 pL, MI13F/R (10 umol/L)4% 0.1 uL,
ddH,0 7.3 puL, TFMEAER 0.3 pL. PCR v 5444
XPEI] b, S ) P e Rk 2

&1 PCRIEFASI
Table 1 Primers of PCR amplication in this study

Primers name Primers sequence (5'—3") Sizes (bp)
27F AGAGTTTGATCCTGGCTCAG 1 500
1492R GGTTACCTTGTTACGACTT
srfA F CTGCTCGCCGCCTATTTGTA 418
srfA R GGTGAGTTTCCCAGTATCCC
ituA F CATTCGTCGAGGTGGGACA 545
ituA R TCGGGCAAGTTCGTAGCG
fenB_F TCGGGTTGACCGTATGCC 408
fenB_ R CCTGAAATCGGCGGGAAG
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FESNRIIENE 73 KD F A2 16S rRNA K
WP H1#E5¢ GenBank -5 [F] I /¥ 41 14T BLAST Lt
X, A MEGA 5.0 fy i Rat i 15210
I 68 B [ 7 %1 7E W 3 (https://www.ebi.ac.uk/Tools/
st/emboss_transeq/)_I- B2 HIRF 415 5 GenBank
HY AR S T BLAST HX, FI MEGA 5.0
P R G AR

2 FREHH
2.1 RAEHEHENE

PR AR RAR PR, /5 —IK
THUAR R TR AR LB B2 A0, RO R T
PRIAE N SE 4 . TCH/K R R W BB RR IR A 1T
B, 255k BUKRE AR N A AT R SR A0 R A R
1.6x10" CFU/g e 5, i YT /KRR P4 A4 FT 455 5 400 1
Bl 1.1x10° CFU/g B, 2RI B ali b A0
AN K AGHR 2 rh 3k alifl 74 #Ranp, Hob i
48 PR, BUH] 26 PR, S5 HRRWIKAEHLZR N AE L0 1
2.2 FEIAEEKRATEE

SRR IRE B F52 3%, X EL A 5 1Y 74 BRAR N
A AR TR DU R TR, B 43 8 AR P AR 2
PR 28 /0 o) — S I B AT S PSR i A TR A
24 Bk, HEEEURD 32.43%, A @dEbt
BIRIECRA 10 #R, 5 SRS B ARSI (1Y
38.46%; M MITSPIRMRECEA 14 Bk, SR
B TR ARG Y 29.17%. TS 2/ SM13 AR XS
4 FRE S IR B 2 HA B R VE T, R
L3R 2 FifE 1,
2.3 REREERATFIE

K Salkowski 24 K Hb (0 e 25 TRk s R
Salkowski FLEIRIT ODssofE, £ TAA FruERMZ
Y=0.025 7X-0.000 1 (Y & ODs3 ffi; X Hy IAA ¥J¥,
PANER pug/mL)HRASHIRAR 7 TAA IRE T 25
REIR, KRB R IAA, (B530 TAA 1)
REJI 220K, ZHRRR (55 #R)7™ TAA BE A T
1-10 pg/mL Z[A], (7S BSmERY 74.32%; SMI13
PRI TAA BIREIZIN 5.56 pg/mL.

&2 SMI13 EHRRVINEEM
Table 2 Bacteriostasis activity of SM13 strain

AEL )97 T L T Ve A B RS
Plant pathogenic  Radius of bacteriostasis  Bacteriostasis
fungi circle® (cm) rate (%)
Curvularia lunata 1.9+0.06 59.38
Sclerotinia 2.5+0.20 78.13
sclerotiorum
(Lib.) de Bary
Magnaporthe grisea 1.7+0.10 53.12
Fusarium 1.2+0.06 37.50

graminearum Schw

et PR N A B AR 2
Note: *: The arithmetic mean+standard deviation of the radius of
the bacteriostasis circle.

1 AEREIRMEAE SMI13 3R EREENIEER
Figure 1 Antagonism of antagonistic endophytic bacteria
SM13 against different pathogens

W A KREWEWRE; B: EAHALHE; C: FRWRE;
D: REHETIH.

Note: A: Sclerotinia sclerotiorum (Lib.) de Bary; B: Curvularia
lunata; C: Magnaporthe grisea; D: Fusarium graminearum Schw.

2.4 SMI13 FHAIFESFEMERBEUWLEE
BEREEAT ) M AR RO RRBE 0 TAA W
SMI13 FRBRIEAT %, 2% IR YL (o 25 TR S
BRI 2 frs, SMI3 Bk LR
B, 2REMENE SMI3 BRI/ A
(1.38-1.63) umx(0.62—0.79) pum, 45 E A%
PR, B 2C KA 24 h (RS EhMESE Ry, W
SN VR AR K, #W SM13 Wtk aiashtk, iE
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2 SMI13 FEHREIFLSHLE
Figure 2 Morphologic observation of strain SM13

Note: A: Gram staining; B: Transmission electron microscope observation; C: Flagellar motility test.

*®3 MRS IEE CHHE

Table 3 Physiological and biochemical characteristics of antagonistic strains
Test items Strain SM13 E. coli

Gram stain
Amylohydrolysis
Voges-Proskauer test
Citrate test
M-R
Catalase
Gelatin liquefaction test
Nitrate reduction test
Anaerobic growth test
Ammonia production test
Indole test -
Litmus milk test Acid coagulation Reduction, Peptone
Growth in different concentration of NaCl (%)
0.5
2.0
5.0
10.0
15.0
20.0 = =
pH value
8.0
9.0
10.0
11.0
12.0
Acid producing test of glycolysis
Sucrose

R T S e e
|

o+t o+ o+ o+

I+ + + + o+ o+ o+ o+
| I+ o+ +

4
4
—

Glucose

RS
+
—

Mannitol
Only carbon source test
Sucrose

B8
4
—

Glucose
Mannitol

+ o+ o+ o+

Only nitrogen source test
(NH4)2S04
KNO; + _
e o+ BHME; - BAME; 41 PRRHME

Note: +: Positive; —: Negative; +1: Positive and producing gas.
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HIHAME, % 3 THEEESRHIEMA AL %
FEZE IR, SM13 TR TE K3 K fift i 56 . V-P iR 5
FPEER SRS . B R4 . i EAE AR . W
WSS . EIRER IR R . A IR S
FHE, SMI13 B AR AT ZE pH 11.0 FlE: ¥ B 10%HA9
NA B A K B AT, TEE U 15%0) NA JE 5
Ferp el A, HA B AR ot . LA g
B EF U], SMI3 WY H B T2
¥F 4 & (Bacllius)
2.5 16S rRNA EF%LFE

PIANTA 16S rRNA JERE F5 (4 27F/1492R M
SM13 TRARY 341 PCR =424 1 500 bp (1 3A),PCR

A

SM13

M bp

1500
1000

500

B
1 2 3 4 5 M

PRSI, TERE, EICNEIFAME SERER A BR 1
WY/ 7 (] 3B), 43— 350 PR s e 2l 775
| 1 510 bp &ZATERTH . FrllF412es BLAST Eoxd
SN, SRRTER ZFEFTTE Bacillus amyloliquefaciens
FZB42 (GenBank %:3%5- 2k NRO75005)FIA & 2 AT
Bacillus subtilis 168 (GenBank &35} NR102783)
HIARIE B, 0k 98.92%F11 98.72%. # SM13
FAKRY 16S rRNA JE[K 7415 GenBank 4555 1) — 4
AT AR B U T ST RE R BB 4),
K SM13 RS Bacillus subtilis MH25 #1 Bacillus
amyloliquefaciens FZB42 T 4 B 1) [R] Y5 P 30, {H
HEAL IR B RS AF 25 5

bp

1500
1 000
500

3 SM13 E#kAY 16S rRNA E[F PCR EiZ(A)F BsuR I EgHIEIL(B)
Figure 3 16S rRNA gene PCR profile (A) and BSuR I enzyme cut profile (B) of strain SM13

e 1-5: PHPETEEE; M: 100 bp DNA marker.
Note: 1-5: Positive clones; M: 100 bp DNA marker.

60

78 [ Bacillus mojavensis NBRC 15718 (NR112725)
Bacillus halotolerans DSM 8802 (NR115063)
Bacillus subtilis RB14 (F]263381)

Bacillus subtilis 168 (NR102783)
— Bacillus nakamurai NRRL B 41091 (NR151897)

Bacillus vallismortis DSM 11031 (NR024696)

72

Bacillus atrophaeus NBRC 15539 (NR112723)

Bacillus nematocida B16 (NR115325)

— Bacillus amyloliquefaciens NBRC 15535 (NR041455)

Bacillus siamensis PD A10 (NR117274)
Bacillus subtilis MH25 (EF488103)

SM13 (MH479064)

65
52

—
0.000 5

FF 16S rRNA EEFFIREMN RS L B HLH

& 4

Bacillus amyloliquefaciens FZB42 (NR075005)

Figure 4 Neighbor-Joining phylogenetic tree based on 16S rRNA gene sequences
T 25 WAFHH GenBank BSRS89 FHES 1 2 AR AR ; ArRFURKER 0.000 5 R Bk,

Note: The GenBank accession numbers of aligned sequences are shown in the brackets; The bootstrap values are shown at the node; Bar

0.000 5 means the nucleotide substitution rate of 0.000 5.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



A 2 — oK AR AR DUAN R SMI3 1973 8 S M

1037

2.6 INEEEELEE

SM13 AR 3 DIREZE PCR § 3 45 5L I
Kl 5, & 5 A4, PCR ¥ GRS ituA SEH Y
H g2, sifA il fenB AP 14452 H i H BEK B
(4545 . B ituA SEIK PCR P2 v b . I 75 3 1
545 bp FE 751 Bl A2 LR 5, SMI13 TR PE ituA
LR 7E 2 KL K °F |5 Bacllius subtilis MH25
(GenBank % 5% 58 ABY89498)fY — F M i ¥
(98.82%).SM13 F kR ituA KPR 7E 24 SE/R K F
KRG ILE 6, SM13 HHES Bacillus
subtilis MH25 B3, {HiF bR B ms A7 25 57 .

M 3

M  bp

1500
1000

500

Bl 5 SMI13 EHREITIREEE L

Figure 5 Functional genes pictures of strain SM13

H: 1-3: orfA.| ituA, fenB Z£[X PCR ¥4 1&3%; M: 100 bp DNA
marker.

Note: 1-3: PCR amplification profile of srfA, ituA and fenB gene;
M: 100 bp DNA marker.

3 WieE%R
8 3 R A A D Rl o K R AR P A 40 R Y R
BTSRRI, KRS B AR PN A 4N o = R
[ YL I e S | RS A NI | S B/ S
RN LE AN RO (4 R — 2k, ATRE T AR 4T Y
Fom ] AR AR | A R IR N Y A Rl
(AR A AL R IR DR R A K R AR R L 1
PR LB I, TS TAA BE TR AR Py R
2N TR AR B R, SXRTRE YRR [ B
A AT, BRI AE KR, 5
R EER R, BN IAA RE e, 81T
e IAVEY O it 2 A K K BRI 2 A B A KT
K, FTLAANEA 530 TAA BB 1A FIr T RE, T 24
AN E AR BT, TS PR S 2
FATIOKFEHR P9 7 e K AT — FRBR BE 200 TAA
SCREPI AR A6 R LR e A TS PR fR SMIL3,
SMI13 BEMREA ISR, X E K0 H S
PR KRR . RSP . AR TR P
RIHH59.38% ., 78.13%. 53.12%. 37.50%. LR
IR HE TSR] A B 2R AOAT (B, subtilis) .
fRTER 2R AT (B. amyloliquoefaciens) ., #if: Ik 2540
FF# (B. cereus) . &/NZFAEFT I (B. pumilus) . 2K
FIFF B (B. polymyxa) Fl -6 FF P I Ff (Bacillus sp.)

itud SM13 (MH979423)

Bacillus subtilis RB14 (BAB69698)
100 A>

Bacillus subtilis MH25 (ABY89498)
78 61 Bacillus subtilis ATCC 55079 (KU170613)
Bacillus subtilis ZK0 (KT781920)

| Bacillus amyloliquefaciens VB8 (AHW81984)

100! Bacillus amyloliquefaciens VBT (AHW81983)

— 97u

0.2

6 ET ituA ZBEERERKT LWENREL iR

Bacillus amyloliquefaciens SQR 9 (AER41025)

100 |' Bacillus amyloliquefaciens MBCUS (AHZ45102)
Bacillus subtilis ZK8 (KT781919)
Bacillus amyloliquefaciens S20 (AFP20618)

Figure 6 Neighbor-Joining phylogenetic tree based on itUA gene sequences at amino acid level
H: Z25H0FIH GenBank #5358 TS Jp S Abbriify ARRME; FRRPT/R KA 0.2 ZAERR B

Note: The GenBank accession numbers of aligned sequences are shown in the brackets; The bootstrap values are shown at the node; Bar 0.2

means the amino acid substitution rate of 0.2.
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SETT A AT R BT LR A A 20,
HR P A 20 TR 1) 53 B8 D I AR A R], MR it R 4 b
AT 2ER . AP BRE SR A R BERGRH X,
I3 ES Y SMI13 R AT E pH 11.0 FIERIKEE 10%9 NA
RSP AR K RAT, RURIE 15%I1) NA Bigrdkb
AR SRERSEPOIR S R, FEPUEATE P25
FEMRTESL YL BN 2%-10%. pH 5.0-8.0 I 1fE
K, B DOHr P K B, i B (R 2
FF# ZQX8 HI7E pH 7.0-9.0 F1 0.5—-1.0 mol/L NaCl
W N R AR K, SMIL3 B RES P-25 B BR AT ZQX8
BRI MR A HE LA 5 e B TR B, ZEFS BRI RRD 20>
B R DL TR R R B T TR G . SMI3 TRRE S
Patel 251 Akbaba 2517 By AW s sl
LRy B, BATIEMEMEEN, 58
T WA P S B AN AR L, SMI3
BEIRRAREAS 20 TAA, SMI3 B FEZM I TAA HIFRE
4 5.56£0.41 pg/mL (n=6), AN[EIHEE 4K RXHEY)
WAEREHAARN, RkERFRAER, @ik
JEUARIAR R A Ko 2R R P T 5 2 A Ak
[ TAA (0.05 pg/mL F1 0.5 pg/mL)AERSAE HE R & &
FRARK MR &2 . Chen™WFFE%H] 0.3 pmol/L
1) TAA RERSIEHEMHEE BY-2 A0A AR, X il o
ZOTTCREM, TEAX RS R TAA VREETR , 432
Jbke, T A R A 2 B . 2 RS — AL
J&5 SM13 73 TAA BIfE IR 0.20+0.015 pmol/L,
M SM13 BEEATfE KA, HARFE—4
Ik .

A BRAE AN 1A 02 A SR BE X SML3 g
177508, MAEIA AR 5 T AT 5808 0 AT I )R
(Bacillus), 7 FA= W02 % A B 2E AT 1(98.72%)
B ERTER ZE AT (98.92%) . TEI 3 MA[EITHAE
SN — L AR ZE AT R, 5 Bacllius
subtilis MH25 AHALE 5155 (98.82%) . — IR, 16S
rRNA B S ARRIE R T 99% AT LLA K J& T [F]—
B, FIPER 95%—98% AT A K& [ J& ARl Flr, AH
APETE 95% LA F AT LA N J& F A [ Jg 20201

SMI13 FFEM 16S rRNA H K fi g AL K F
98%IM/INT 99%, FTLAN A SM13 Bk Z —HfAh #
ZEAAT TR (B ol

FIEETER . ORI ER 3 MhiE R
S B 2R AR B 2 AR AT AR B R AR A 1Y
— BB, R AT A A S
B, AR EDY, AR R
IR NG AT AP, Ambrico 2517
WM, AN ZERIFT I ET-1 Al P A Al s
Xt F AR 14 2o (P dligitatum) F1 5 4% 1Y K B9 (B.
cinerea) iRl 1K 68.6%F1 74.1%, PAHELE R
AN B2 088 . DGR R B T
o S BT BT L P AT A vA S R . Kumar ZEPOF 5%
B, FARTERS 2R AT B RHNK22 77 2R ORGSR
A A MRSk ik (Spodoptera litura) it 23144k
M o-VE R A AL, MR IR AEE U PER .
SM13 FFE) PCR ¥ 45 UK ituA JEA, K3k
BAPAIEN, s R SRz I g R —3,
SM13 BHRTAT BE/3 I Tturin 2BH04E 2, RY 1 srfA
F1 fenB JER A I HEII AT 3 BPATRE: (1) SM13 §
FRIEAT Surfactin Fl Fengein BY& LR ; (2) SM13
PRREA FHOCIE R, (RAS S50 v B B ) B AR A 7
PCR ¥ 3 38O A S BN AR 34 45 (3) SMI3
PRIGAHSCIE R ZEA R AE K B BeE BN TR], R 87E Sk
A K Beh R 3k

AR AEYI s H A5, SRR 5 1)
WAL AT RS & R BT A, BEFIR B
TR E RSP MR A P PR 0 G, L,
RS PURR B AE B I R B TS AR e T 1Y)
— P | BRI . AHFIE KB AAR H
53 5 B — AR SR K R AR N A= 5T 40 SMI3,
WA M 5 A 2F AT 1 (Bacil lus subtilis), /K AEAR
WA A 2 fgs Ak, i AR Bl K Feft 4 b
a3 B AT PR A N A TR A F 9 A iR
i AHIEFE ARl K R RS DA BRI T R
UFIIBAFP TR, A DR RN A AR 24 I ISR B At
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