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B E: 57450 %E A28 KW E Verticillium dahliae Kleb.) 3| A2 69 —FF - it 57 £,
PR AIL R E QAN S BB R AF AT o0 Rez ki, 6] Fahi
FERHRIFRBE T L BATEL, AMETZROENG LY RAF TR, [FiE]1 XA
WA PRy B mE, AT R M B 0 5 A 0%, B AR A 29 A (LA FEF 168
rRNA & B 5 oA 2t 7 5 2 69 tm B AT B8, AR5 Kabds. (LR 060 & 2| 535 st
ARAEARBREAG@E, JFLRT 108 MBI mBA AT E 5, RELHLE T 4 L HHER
m, AW AR, A ARHFES 16S (RNA A B 5504, HFE BHZ-29. SHT-15.
SHZ-24 F2 SMT-24 53| %% A N 3 5 3047 B (Bacillus velezensis). #&3 3 04T 8 M K 254= T
# (Bacillus subtilis subsp. spizizenii) %5 % 304 B (Bacillus atrophaeus)F=%-3 3 384T # (Bacillus
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Isolation, screening and identification of antagonistic bacteria
against Verticillium dahliae Kleb. in Xinjiang
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Abstract: [Background] Cotton Verticillium wilt, caused by Verticillium dahliae Kleb., is one of the
most devastating diseases. Biological control has been drawn more and more attention in recent years
for its safety to environment, human and animal. [Objective] In order to expand strain resources for
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biological control of cotton Verticillium wilt, we urge to isolate, screen and identify highly efficient
antagonistic bacteria against Verticillium dahliae Kleb. [Methods] The bacteria were isolated by
spread plate method, the antagonistic bacteria were obtained by primary screening and subsequent
screening. Strains were identified based on morphological, physiological and biochemical
characteristics and 16S rRNA gene sequence analysis. [Results] 535 strains of antagonistic bacteria
were primarily isolated and 108 strains of them were further tested. Finally, four highly efficient
antagonistic bacteria were screened. Based on morphological, physiological and biochemical
characteristics and 16S rRNA gene sequence analysis, strains BHZ-29, SHT-15, SHZ-24 and SMT-24
were preliminarily identified as Bacillus velezensis, Bacillus subtilis subsp. spizizenii, Bacillus
atrophaeus and Bacillus vanillea, respectively. [Conclusion] Four highly efficient antagonistic
bacteria were obtained and the inhibition effect of Bacillus vanillea on cotton Verticillium wilt was
reported for the first time.

Keywords: Cotton Verticillium wilt, Identification, Bacillus velezensis, Bacillus subtilis subsp.
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spizizenii, Bacillus atrophaeus, Bacillus vanillea

B R e R ) A S, MR AR S T
SRR e E A —, U ER A TR
e\ & R R, TR AR . ARATIE
FH % i R BT 2 252 S5 R 1) R 2R {9 0 i A AL 1 28
TR & Ham B, a7 BRI pR kb
AR R LATCIs Y . ook . M AE L HER
A5 T SRR A I 2 SRS, R T S
FRRIFTE T AR A R I ) A 7 8 T A A e 2
W E WIBR AT B R EEN A, RSP LR
Z . oA AR putEsR AR AR 2
SR, SRR AR AL 2 A0 5 A D
b, O EAR 16 B 220 = S B 4 DR A AR 2 1Y
VPR A EEE L EFk, ENINETIRTE
WE LY A B A R Z ST . Erdogan %515
T 4 BREOG I TR B T T X AL B 2500 1 B
IAROCR . Tehrani 257170 B 2 MRZEAIFF AU AR
WEZNATEPUER, AR SRR 5
ARSI T —bRES LN Z-5, HWRmige
KR BABCRIEF] 76.05% . XTI BFT 25
AT ALT XA AL B SR A BTIARCR 5
] 77.1%. J U 8 i — RPN YUPP-10
XTHRAE E 2 M BIERCR =5 80.60%

A= IA 2 A AR B R B AT AU
2, RS PN R 2 FE AR ) 25 AR S SR B A
T AEAE G TR T R, AN RS R

AT T DR 7 B EL A 1 A BEL VS T A A TR P SR
ARG XT TR X 8 A RAESAES A | i
Y E TAERITTSE, DUATHE 1 X6 K A s i AT
B Ve RS PTAN A, SRR AL = A
VIR AT SE AR, R AR ST IS T R B E
BT 1 B it

1 #R5JE%

L1 ##

111 #iRREE RN E bk

KON 8 (Verticillium dahliae Kleb.) FlIFE
DAPE F BT sRAOL BL 2= BeAE P R AP B P fit
112 EHFHE

NA K:3#5(g/L): AR 10.0, 4-A% 3.0, §fk
#15.0, BIE 15.0, pH 7.3£0.1, 1x10° Pa K4 30 min.

NB }i7#3k(g/L): H R 10.0, 2R RR H B 3.0,
SALHN 5.0, pH7.240.2, 1x10° Pa K4 30 min.

PDA #5575 (g/L): H4%25 200.0, #i%HE 20.0,
Big 15.0, HR pH. 1x10° Pa K14 30 min,

TSA ¥ (/L) JEREIR 15.0, KEARJNEH
fifK g 5.0, FEALEN 5.0, Bilg 15.0, pH 7.3+0.2
1x10° Pa K% 30 min.

Czapek’s Hi##3E(g/L): NaNO;s 3.00, K,HPO;
1.00, MgSO47H,0 0.50, KCI 0.50, FeSO,-4H,0
0.01, HEWE 30.00, pH 6.5, 1x10° Pa K4 30 min,

PR SRR . B AR TR o LA
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R GAEETF W)
1.1.3  fiARekFl L4

RN AR S5 RS R
RIAREF 5w . BT /R ARG 2 R R sl o R 5 SR
2240 SR AL R AR T FH v 285 R Aok AR R S A A
HARPR 10 cm—15 cm (138, HHEAER L AR
T, HER 2 mm iR, B, RERA
FEASH, BT 4 °C A, MRET 6 °C 4
e
1.1.4 EFERXFIFLIE

Ezup #2040 EE 41 DNA Sl & . s
fiti . Premix Tag™ W4 4 4= T A=) TR H IR A AT B
o5l

TR HIAEE TR R R R R A, b
TR TR T A BRA R s PCRAY, HRE /T
IR w5 FRACREERE B R BT, b atTi
AN
1.2 A%
1.2.1 REEERAEENS S

KRB AT ALV B MRS LA B . v
BAFREL 10 g -HEREA R A G SBIHERFN 90 mL
JCHZKIR 500 mL =AM, = ME TR L
PL 150 r/min $%3% 30 min, fHRUZEYANEAHEL, B
B 30s, ELE 10 5 HRRHDE 1074, 107, 107
BT, 43 3IH 0.2 mL Rl A 7E TSA 5537
b, BAEHES 3K, #E 20-30 min, K5
BT 33 °C fHESEFF ISR, Hidk 24 h JRTE
TSA Kigdk FHRBCRRIE ST, faldifu/s
HEFAE TSA B RHATH, 4 °C RAFE
122 AERRHEERS B

KRB AT AL B N A RSN
FARRAOAR . 25 MR el i, SR 2560
TR, H 70%0) CESRAEEE 30 s, R 2%M9IK
ARRIVE R W TE 5-10 min, FHJCIE K ik
3-4 %, BT JPEARESL BT 0.5 cm—1.0 em A/,
B TIENLR R . BRI 1 g MyREJa AORESL T 0
Wk, A 9 mL CHEAI FAUHEITES S, &

Z2 10 AR RRHDR 107, 107, 107 WB R,
3 I EL 0.2 mL FR BRI AT 7E TSA H575E |,
FAMCFIES 3 K, #HE 20-30 min, RGHEIET
33 °C fHEES AP R IR . B59% 24 h J57E TSA K¢
B FPKICAFIE SR TR, Zad slifb )5 E R e
TSA RERHEF, 4°C PRAFEH-
1.2.3  KingtE FRa9 S
FIFLPRBOR I AL TR T DRI 26 200 mL
Czapek’s MRS 32519 500 mL =i, 25 °C.
150 r/min #RFHFE 7 do WL 0.5 mL & AR FE AL
102 F B, WL 0.1 mL Y77 PDA B35k I,
B Ay 5 D PR
1.2.4 FHEHAEBIVTE
UL PO S LA . 8 1.2.1 A
1.2.2 Hy B A5 S U AN B S A I R AL
ARG 5 A4, B BRE S 3 VK, FiFE 20-30 min,
BT 25 °C fHEE R 57 d 5 MBS A T B
Az, e AP T B A BRI D S R AR, W)
A BTSRRI TR
125 HEARNET
KA AR P VG RS AN T . K RS 2
FEPUANTR LA NA B F 5606 15 R0 T NB R 323,
33 °C. 180 r/min $EIRKTFE 48 h, HUAFEHLANGH &
TRV o [ OB A Dt TR RS R R 1A A A= HEAR e i
AFEFLANE KB 0.2 mL, FHAMGHES 3 K,
25 °C fEEE R 5-7 d o, M P0G 18 A4 BRI 140 B
G Ea
12.6 HIMAENEESEE
WIS M RAR AN ER AT K 100 mL
NB K557 500 mL = )i, 33 °C. 180 r/min
PR35 48 h ARV B A R BR B3 B 107
107> FYFR B 0.2 mL 2351 A 78 TSA K FR 4t |
SRIGEIE T 33 °C B FeM h 4595 24 h WA RVE LS
FRIE . Pkt TSA B3t FIMRETEI T L R,
WA N IS B AT S RHE .
1.2.7 HERAEMEBELEE
ZRARFHRE O A RS E T
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() XA HUA R A T A AR S
1.2.8 HERARMS FEVFLETE

(1) FEPTANEZERZH DNA AYHREL

K Bzup #ExX40 B2 24 DNA $hR 500 &
TPk RIBULRZ] DNA FHRIVEE . KR s 20
FEPUAT LA NA Ji RGP A obi R
ITETE A 1.5 mL .08, A 50 mg/mL H)%F
ARG 180 L AR, 37 °C K, Hhm
A 20 uL Proteinase K ¥k, #R¥AIRS), 56 °C Kiy
30-60 min ZAffI5E424f# , A 200 uL BD buffer
FEMRE], FIA 200 L Jo/K ZEEFE MRS o Bk
BT AR T, RS AR AR R W AT Atk
B AETIMA RS, #E 2 min, 12 000 r/min
B0 1 min JEEHICERE I R Tk e
W, A 500 uL PW solution, 10 000 r/min %
L 30 s R IR 5 B IR BT il [mDSC A, A 500 wL
Wash solution, 10 000 r/min 250> 30 s {2380 ; Bk
B REFHT A RICEEE ., T 12 000 r/min B.0> 2 min
F[4:5% B8 1Y Wash solution; BUHIR A, A—4
B 1.5 mL B8, A 50-100 uL CE buffer
FE 3 min, 12 000 r/min &[> 2 min, X4 DNA %
W RIBUH A DNA B T-20 °C {517

(2) 16S rRNA JE[H F Be i 44

PUFEHUAR T LN 24 DNA AR, B FHZ0TE 16S
rRNA R 514 27F/1492R § 1 H i B, 1F
514 27F: 5-AGAGTTTGATCCTGGCTCAG-3';
K514 1492R: 5-ACGGCTACCTTGTTACGAC
TT-3', 25 uL PCR AR R : Premix Tag"™ 12.5 uL,
DNA 47 1 uL,27F/1492R 5[#)(10 pumol/L)#% 0.5 pL,
ddH,0 10.5 uL. PCR W 45fF: 95 °C 5 min; 95 °C
45s, 50°C45s, 72°C 1 min, 30 MiEH; 72 °C
7 min, PCR F=¥)%5 0.7% BB WEE I Ha Dk A6 0
Hbr & 54 TAEY TR ()R O A RA
M .

(3) 16S tRNA FE K ¥ 41534l R G0 & BRI AA e

BTN 16S rRNA JEH 7811 H38 2 GenBank %
PEEHDAFE S, [FAT A BLAST #/45 GenBank

B VEA T RS O X AT, BEEU LA AL 55
f T Bk 1 Neighbor-Joining IE 4 R G K FH,
I/ DNAMAN 8.0 Z {587 1 A ARV
1.2.9 HIELEFAS

% Ffl Origin 2017, Sequin 9.20 . DNAMAN 8.0,
MEGA 6.06 SF X 5 21 T A BN 53H7

2 RS540
2.1 HEBREEEREMAENS B5FE

KRR B AT SEAGE XTI 8 AR S5 1
FERIET T, PR R REAS M TR L ahiAb 5
KRS IR RS BUAn R, ®IAE0iE T 535 Bk
XPHRAE B 2 HAA FE PR 40T, DA 535 BRHh
PUAHTR TP IERL T 108 BRI BRI RS ILA I . SR
FHA-EARIEA TR0, He R TR e B4R K/ INKs: 108 B
FEPUABE S0 5 25 S5 R, B BARLE 0-5 mm
M4 518k, 5 mm=10 mm (94 2 £, 10 mm—15 mm
B 11 8%, 15 mm—20 mm 94 36 #£, 20 mm—30 mm
(I 8 #k, LH I B G 1 e e B TRTARAN o L AT 1Y
7.4%, MEEERIRERRZ, & 47.2% (& 1),
22 HERTEERREBEBENARENHE

M\ 108 BREGHUAN A ik th T 4 BROLSSEHTAM
E(® 1), 9ld4 ks SHT-15. BHZ-29, SHZ-24
H1 SMT-24, ‘BEATTHIAN A BE EARMIKA 20.35.25.59,
22.62 $129.29 mm (3 2).

x1 108 KENMAENREEERHFRERONE
a

Table 1 Antifungal activity of 108 strains of antagonistic
bacteria against Verticillium dahliae Kleb.

T R AR HIREL Lt
Antifungal Inhibition Number of Percentage

activity diameter (mm) strains (%)

AR AR AR A 20-30 8 7.4

444 1520 36 333

44 10-15 11 10.2

+ 5-10 2 1.9

= 0-5 51 472

e b ARBR; e G e P+ 59— ARES.
Note: ++++: Very strong; +++: Strong; ++: Middle; +: Weak; —:
Very weak.
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1 4 A E MR E SR E I HIRER

Figure 1 Inhibition effect of four strains of antagonistic bacteria against Verticillium dahliae Kleb.

Note: A: SHT-15; B: BHZ-29; C: SHZ-24; D: SMT-24.

K2 AMBNARMNBERERFRARINEDR

Table 2 Antifungal activity of four strains of antagonistic bacteria against Verticillium dahliae Kleb.

Fre Rtk S il )] NER e AR
Number Tested strains Inhibition diameter (mm) Source of strains
1 BHZ-29 25.59+1.54° Bole
2 SHT-15 20.35£1.72° Shihezi
3 SHZ-24 22.62+1.98"™ Shihezi
4 SMT-24 29.29+1.84* Shihezi

T [SVEEE S AR PR IR 28 Duncan FOBT MR 22 4G INTE P<0.05 KV-225% 3%

Note: Values followed by different letters within a column are significantly different (P<0.05) according to Duncan’s new multiple range test.

23 MEBERTEERENMAENSEE
2.3.1 4 BRI E R SEHENE IR A (A
4 PRIBPLANEAE TSA Rk AR R,
BHZ-29 Wk ERIE, %5, REDGHE T,
FAEe, AEY, hEAEME, WIREFR, KN
9 0.63 pmx2.40 um, H=RYLEARATE, ZEANE R
5 SMT-24 H% R [BE , h48 55, HEANEY,
TR, PEA SRR, HERZEFFR,
K/NH 0.78 umx3.25 um, HE>2 FCYL @ FHE, 254

[AE; SHT-15 WiEhZ A&7, Rk, hna
MEG, AR, K/ANH 0.55 pm*2.34 pm,
YL EIAYE, ZFRFEE; SHZ-24 Wk ZRE, %R
WO, NERWETT, WEKEFR, KK
0.58 umx2.78 pm, #>% [RYL @AM, ZEMGIRDE
4 PRESPUAN A A= BUAEALRRIE AN 3 B . HRAE 4 fk
FEPUAN TR TR SRR AR A A B A ALARAE , 25 A AR5k
LU Cn AN R G E T D144 4 MRS bian
PR R 2R AT AR
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%3 H#k SHZ-24. SHT-15. SMT-24 #1 BHZ-29 5 HAXER FkZ 84 324 LEHERI LLAR
Table 3 Phenotypic comparison of strains SHZ-24, SHT-15, SMT-24, BHZ-29 and closely related species
i H Items A Strains No.

1 2 3 4 5 6 7 8
V-P i 55 V-P test 4 & + + T T o =
Fefpl 50 Catalase test + + 4+ +* 4 4 4 o
TERYKfE Amylolysis + 4 4 + + 4 4 o
FH 2T [ V. Methyl red test = + + _ _ i 4
M5 Wil 5 Indole test = = - _ _
HARELIA)R Nitrate reduction + + + 4+ 4 4 4 o
H,S 7= A% H,S production - = - — _ _ _ _
FriERE: Citrate solution test + + 4+ % i 4 i o
A LA Oxidse test + + + 4+ + + 4 .
%85 17K f# Casein hydroiysis + + 4+ + + 4 4 o
D-H #&## D-mannose 15 - 4 + + _ 4 o
D-H# % D-mannitol = + + + _ 4 o o
D-#i%HE D-glucose + + 4 4 + + + 4
D-AH D-xylose + + + + 4+ 4 4 +
L-BTHiAf 4% L-arabinose + 4+ = i + i _ o
BBt Gelatin liquefaction + + 4 + + 4 4 o
D-B$7 {14 D-arabinose = _ _
&2 R Tyrosine I - = - + _ _ _

KN R Phenylalanine - _

. 1: SHZ-24; 2. SHT-15; 3. SMT-24; 4. BHZ-29; 5: Bacillus atrophaeus JCM 9070"; 6: Bacillis subtilis subsp. spizizenii NRRL
B-23049"; 7. Bacillus vanillea XY18"; 8: Bacillus velezensis CR-502". +: FHMER I ; —: BAYER .

Note: 1: SHZ-24; 2: SHT-15; 3: SMT-24; 4: BHZ-29; 5: Bacillus atrophaeus JCM 9O7OT; 6: Bacillis subtilis subsp. spizizenii NRRL
B-23049"; 7: Bacillus vanillea XY 18"; 8: Bacillus velezensis CR-502". +: Positive; —: Negative.

2.3.2 4 ¥RIEIAE AT 16S rRNA EF 18

PAFEPTANE LN DNA fid, FIF40E 168
rRNA FEDU#E 51497 27F/1492R 9748 Hi B, PCR
FEIZE 0.7% BRI HEEERS VKRN , 76 WD-9413B
RIS BUS TER G P GO TR, 450K, 48k
LA REY 1 H 24 1 500 bp B B AR A BR(& 2).
233 4 KIEHAAE A 16S rRNA EEFFIH KR
R EZBERME

B 4 BRESPU4RE BHZ-29. SHT-15, SHZ-24 FlI
SMT-24 [#) 16S rRNA FEHFHIHEAE % GenBank %
i, PAREFESHN MG470759 . MG470679
MG470659 F1 MG470750, 43 5PKF 4 BRASHTANERY 16S
rRNA L 5511305 BLAST %445 GenBank i3 2¢
PEATARARL: LT 208, S IBORRM R o3 A R
(3 4), i MEGA 6.06 #{4-RkH Neighbor-Joining

bp
1500

M 1 2 3 4

1 000
800

600
400

200

2 5|4 27F/1492R 3t 4 BREHAAE A9 16S rRNA £
PCR #1845 R

Figure 2 Results of 16S rRNA gene PCR amplification of
four strains by primers 27F and 1492R

Note: M: DNA marker E; 1: SHZ-24; 2: SHT-15; 3: SMT-24; 4:
BHZ-29.
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F 4 ABRFEIRAER 16S rRNA £ E 7515 GenBank £ & 1 E b 48 X E bk F FUHR L IERT LA

Table 4 Homology comparison of the 16S rRNA gene sequences of four strains of antagonistic bacteria with those of other

closely related strains in GenBank

Rtk B T BIRh= AR BRI Z:7% 3CHk
Strains Accession No. Species names Strain No. Similarity (%) Strain origins References
SHZ-24 AB021181 Bacillus atrophaeus JCM 9070(T) 99.31 - [22]
JH600280 Bacillus mojavensis RO-H-1(T) 98.56 Desert soil [23]
JH600273 Bacillus vallismortis DV1-F-3(T) 98.56 Soil [24]
LBMNO01000156  Bacillus paralicheniformis KJ-16(T) 98.34 Soybean paste [25]
SHT-15 AMXNO01000021  Bacillus  subtilis  subsp. KCTC 13429(T) 99.11 = [26]
inaquosorum
CP002905 Bacillus  subtilis  subsp. NRRL 99.11 Tunisian desert [27]
spizizenii B-23049(T) soil
AYTO01000043  Bacillus tequilensis KCTC 13622(T) 99.11 = [28]
LPVF01000003 Bacillus halotolerans ATCC 25096(T) 98.97 - [29]
SMT-24  KF986320 Bacillus vanillea XY18(T) 99.29 Vanilla bean [30]
AJVF01000043 Bacillus siamensis KCTC 13613(T) 99.10 Salted crab [31]
LSAZ01000028 Bacillus nakamurai NRRL 98.83 Soil [32]
B-41091(T)
FN597644 Bacillus amylolique DSM 7(T) 98.83 = [33]
BHZ-29  AY603658 Bacillus velezensis CR-502(T) 99.22 The mouth of [34]
the river
ABQLO01000001  Bacillus  subtilis  subsp. NCIB 3610(T) 98.83 = [27]
subtilis
LECWO01000063  Bacillus glycinifermentans GO-13(T) 97.46 Soybean paste [35]
MRBLO01000076  Bacillus haynesii NRRL 97.11 Desert soil [36]
B-41327(T)

SMT-24 (MG470750)

65

Bacillus vanillea XY 18" (KF986320)

Bacillus siamensis KCTC 13613" (AJVF01000043)
39 Bacillus amyloliquefaciens DSM7" (FN597644)

BHZ-29 (MG470759)

Bacillus velezensis CR-502" (AY603658)
“— Bacillus subtilis subsp. subtilis NCIB 3610 (ABQLO01000001)
Bacillus vallismortis DV1-F-3" (JH600273)
Bacillus nakamurai NRRL B-41091" (LSAZ01000028)

r Bacillus subtilis subsp. inaquosorum KCTC 13429 (AMXN01000021)
55 Bacillus halotolerans ATCC 25096" (LPVF01000003)
Bacillus mojavensis RO-H-1T (JH600280)
Bacillis subtilis subsp. spizizenii NRRL B-23049" (CP002905)
27l SHT-15 (MG470679)
35" Bacillus tequilensis KCTC 136227 (AYTO01000043)
SHZ-24 (MG470659)
98" Bacillus atrophaeus JCM 90707 (AB02118)

| Bacillus paralicheniformis KJ-16' (LBMNO1000156)
100 Bacillus glycinifermentans GO-13* (LECW01000063)

43" Bacillus haynesii NRRL B-41327" (MRBL01000076)

—

0.001

B3 ETF 16S rRNA ERFFIE LRI SHZ-24. SHT-15. SMT-24. BHZ-29 5HHXE I RHE L B i

Figure 3 Phylogenetic tree of strain SHZ-24, SHT-15, SMT-24, BHZ-29 and other related strains based on the 16S rRNA
gene sequences

TE: WA S NIF S8 NCBLF SIS S5 332 FEGNE SR 1000 9 A RME; FRR 0.001 i TR 4.

Note: NCBI accession numbers were listed behind strain numbers; Numbers at nodes indicate percentage levels of bootstrap support based
on a Neighbor-Joining analysis of 1 000 resampled datasets; The scale bar indicates 0.001 substitutions per nucleotide position.
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BAPERGULEM(E 3), 7 DNAMAN 8.0 £ 1
BF AR ARRITE(E . 455K RW], Wk BHZ-29 5
Bacillus velezensis (AY603658) i FEAHML, AHMRIMER
ik 99.22%; Wk SHT-15 5 Bacillus subtilis subsp.
spizizenii  (CP002905) .
inaquosorum (AMXNO01000021) . Bacillus tequilensis
(AYTO01000043) =1 EARRL, FHRITESA R 99.11%:;
Ak SHZ-24 5 Bacillus atrophaeus (AB021181)5 &
AL, AR BT 99.31%; Fikk SMT-24 5 Bacillus
vanillea (KF986320) = BEAHL, AHAUTERIE 99.29%.
BT FE LA e 25 R, 2K bk
BHZ-29, SHT-15, SHZ-24 fil SMT-24 /35|55 Ky
DS 2R 04T B (Bacillus velezensis) . K& 2 fFT 1#
Wy {2 254~ WAl (Bacillus subtilis subsp. spizizenii), %%
48 2 KT 8 (Bacillus - atrophaeus) F1 8 5 28 {0 FF 7
(Bacillus vanillea).
3 WikESR

AL B 259K (Cotton  Verticillium wilt)f2 i K TR
YKL (Verticillium dahliae Kleb.)5|# Ay —Fp +1%
W, AR AT . AORTE R SRR
R, BPCRRRAER R, CRUCA T 2R A
b %2 J B S TN Rt AT R R
58, MRAEEZA A IR IA C O H ST 0 B
J7 R0 e LA R G SR FRBE LA R I A
S, AR £ B SRR E Y, AR K
(ORI R 22 ), 38 sk AS A k3254 w0
(R IR A ) G 5T T4 S A A B 2 A= By R
BAHEEE L ARSGELFRMR X 8 RS
rn AT O BN , e e 3] 4 MRALFSEHTANTE
SEARGTIRFSC IR A SRR, 4 BROULSESEHUA R XA AL
B A H A U RIS, e AR R A
YIBHIE A R AT IR, BAR P AROTIRE SE IR 3R I T
4 BRESHUAN G KN I ROR,, (B2l T
FEHT A TR 0T 8 22 T 2 N 2 e A 2 AR R
R ETERE S 2 RN R, Rk, g H
B A B 0 R0 B AR E MR R — 2 AR AR

Bacillus  subtilis subsp.

TR Ao

IR DA AR B B SR R AR B
Pt vEam . PR YL R AT D A Z R B
Joie 45 4OV ABE k7 L O S A S 2 B M A B 9 1 A
Mo 25 TV 1 ) — R B 2 AT B XA AE 3
0 R IR AR 56%, IR HA2 3k 20.00 mm.
TR HADE R T R, DISE
W AT B R I AR R HAT B R AR vE AT,
P B2 30 18.50. 16.10 1 13.60 mm, FASEIE
T SR A6 3577 X 0 4 P 23— Bk
S D R T AR R A EAT M A T A HS BUA
HIDBERE B AR A 15.80 mm, K %5 A ZE 45 2E FAT
o 5L EGERARN, A SOt e AR B 2 AT TR
Wi e 25470 Rl SHT-15 ., DSl 27 A 7 BHZ-29 Fl
UG ZFHUFF TR SHZ-24 XA AL 3 25005 B I 5 Bl B A%
SRR 2035, 25.59 F1 22.62 mm, L A EE
HE—PARER o A B2 AT DR A6 22 T 1 3
VE IR DLARE , AR SCf 18 1Y 75 7L 2704 T SMT-24
XA AE B 2 R I B Pl AR R ik 29.29 mm, J2
— R I ECRIORSIUANTE , X W AR A A A
AR AL B 22 i ) B IR, AR A B 2R
o AR IR R AL TR A TE R B

AWFFE M HTHEAN X 8 A RAF R AR i Hh 70 B 3]
4 MRS A6 B 25 05 T HAT B R A 4 T R F e 4
W o HITESEE . A B AL 16S tRNA Bk
LFE5AHT, K ERk BHZ-29, SHT-15, SHZ-24
1 SMT-24 735 % %88 Bacillus velezensis. Bacillus
subtilis subsp. spizizenii . Bacillus atrophaeus #
Bacillus vanillea, FHHEMALE RN EDBIARY
7T AN
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