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T i B RES 15 A R 5 AR A 773 1™ LIRS o AL S2 R TR
FURIRIE ] 220 B AR ISR O™ AN, 2 ORUEAR YA 7 18 [ P 2>
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DX R IRAEA DR RE, R L SRR O VL T 115 2R A DURT 35 #k, I
PO IR 35 77 LA K SRR T VAT I LA FE DU, FFX U AN AT 70 1 %
. BEFARH], 70 AT B E BT 0 9 70 B 1 4 s T T > AR R 0 T
ARG ZITIE /N ZE AR EEI R AR SRR B B R B A R R L R L A
o A R S B 22 1 B R K AR B DL 5 bR NKL, KGR 9 X Bl
ROEF] 69.7%, HAEHMKTE 52 FX AT = 1 23.8%, 70 7 %€ 2AE
ONAEEESE AR IR o [R]I 075 328 S 796 s SR JES 0 A 35 Ak HDL, X s AR IR
TRIBIRGL R 58.33%, HAEMRTE 52 A AL 1 35.7%, 70 7%
SEZAM G N IE S TR AT . BT SR R AR DR R, R
NI R A B 2T R AL P R A TR

REEE: HYIRIEE TSP SR




Abstract

Plant pathogens can induce plant diseases which affect agricultural production
seriously. The long-term use of chemical fungicides has seriously impacted natural
environment. Reducing the use of chemical pesticides while ensuring agricultural
production has become an important problem to be solved. In this paper, 35 strains of
antagonistic bacteria were screened from soil samples collected from 5 districts of
Beijing by soil particle spread method. The dominant antagonistic bacteria were
screened by plate confrontation culture and pot culture, and the dominant bacteria were
identified by molecular identification. The results indicated that the isolated
antagonistic bacteria showed different degrees of antagonism to 4 Fusarium, including
Fusarium solani, Fusarium oxysporum, Fusarium graminearum and Fusarium solani.
The dominant strain NK1 which against Fusarium solani was screened by pot
experiment, the control effect was 69.7%, and the dry weight of the plant was increased
by 23.8% compared with the blank control. The bacterium was identified as Bacillus
subtilis. At the same time, the dominant strain HD1 against another Fusarium solani
was screened by pot experiment, the control effect was 58.33%, and the dry weight of
the plant was increased by 35.7% compared with the blank control. The bacterium was
identified as Bacillus methylotrophicus. This research enriches the resources of
biocontrol fungi for plant diseases and will provide powerful materials for the

production of Fusarium biocontrol agents.

Keywords: Pant pathogens Antagonistic bacteria Antifungal activity
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T T s AR P AR = iR R I E R R —. —H UK, 1
FARGHEABTIR YR TR E BT, LA i 2] T 2 OCHEERER.
bEE AR R A, R Pty SR IR 1) ) 2™ 2, AR 2% AR RE bR AR )
DRI R L A2 A 2 (A A S O 9 DR B L AR AR rm B 2
P2 H AR RS # . @RI, AMOPEGHEN BEE, @5t
MNATT A A A7 1) B SRR SR AE ™ By o AR, PEBE A TR ER & 2 1
BGAC, WNEARZ R ARG N, C203RE K H RIS R | ™
SOM. 2018 4F 4 H 25 HARRAHRHIFH kA2, i) HHEREA AL AR 2454
PRI, i D P AR 24 93 5 336 RO i s 0 o2 3 L R b oK R R e 1 7
M.

H AR F A R A AT DA R R A0 R R PP AEAE . B AEAE A
B RN (8] 1 56 4 A FH DL R8s SR A 7 A s TR 0 0 S AR S BN
Y T AR [1-2). MR AERT A =28 AERTantE . AR 5 A AR BT
2R TR - 5 25 B BB R B AR EL, A B AN A B I, 2 T R
FB AL I 224 S BEARI0 )5 B A 2 7= AR BU M S RE i, TR 12 B TR0
FHHAEYIBTIR[3-4]

AHIEFE LLRAE B AL 5 AN IX ) R Akt T 3RO A V5 O 12
TETRFE DA G, FRid 206k S8 50 iF AE B B RV R B 8, s 5 11 AR

B i 3 it B

1. MR 5 7
1.1 SRRl
111 LR

ARV AE K ZET, R WU (HD). B°F (CP). X (SY).
B (NKD. Astl (SIS) HEEFEA (5-20em 22D 547, BETENA
SRAT o FRELEIBREA 10g B T KB 5 BHER b 78 20 B, s L ek R A
TR PURE 17 5
1.1.2 BP0 5 B B




K EMRJEH (Fusarium solani) A& A4 2 (Fusarium oxysporum) HH H [
PNV R Bt i A8 S TR A, /N SREERS (Fusarium graminearum) AR &
MBI (Fusarium solani)  H A LR MV B2 B fEY) R B 78 AT f 41t
1.1.3 EZEH
JREE AR BEREREY) . Bk WAL RS E AR AR EIR AR .
NaCl. K2HPO4 F1 MgSO4. KMy, @M. #/KEE. BEERAN. JoK ol WHEIk
T TEFARAF: LA Taq Bl LA Taq buffer, dNTP Mix: J¥JH TaKaRa;
DNA 7 F & marker. 4P &4 DNA #8H0RA&: WA RIRAEMEF AL A
FRAW] .

1.2 ERTTE
1.2.1 H Al i

LB B 75 (WA 4 10g JEEEE AR, Sg BEBESEHUA, 10g NaCl ¥ f# T 800mL
MK, B pH 2 7.2, BMEBESRS 1L, mERBHRKE (121°C,
20min), #%H.

LB £ 755 (44D 5 10g R AR, Sg I REHREEY, 10g NaCl ¥ f# T 800mL
MK, HEGAR pH HE 7.2, KIEWUERE] 1L, IABEH 20g, &EiR
POK@E (121°C, 20min), fFFRiA i 2 =iREIASSEFRMA, 7 HEE S 4°C
RIS H -

PDA #5755 GRAAD: FREX 200g L8 ZE ) /ML, K& H 30min 5138,
Al JE VR I 20g F AT RS, 2R TRKH IR VEHUE B 2 1L, MR K E (121°C,
20min), #H.

PDA #5755 ([E4A): FREL 200g LR ZET) /ML, K& 30min J5 198,
SR I 20g B AERE, FHZACH BRER e R Z 1L, AL 20g, &
JEIBHCKE (121°C, 20min), fFEFRibd#I 8 SIREARFRILA, FrHLEE G
4°C fRAEEH

BRI UK G PR B (5XTBE): FREX 54.0g Tris base, 27.5g WL, AfdT
900mL ddH20. [ FH: FF i\ 20mL 0.5mol/L ) 2, — % VY 2.2 % % pH {E £ 8.0,
FHH ddH0 A Z 1L, =R

I FL VK R T AR ddH20 Kt Fa ik SR B (5XTBED FikE A




1 A5 Ry F K 2 ) AR
1.2.2 R JE 1T o HL TR ) 4%

WS GARJE IR T ARG R | /N 22 7R DR S AR s £ s i B e o 3
PDA PR E, 28°CHEFF 48 AN/INIF o o) A7 T TR 22 4R PR RE 05 it B~ BN
TR O K, O AR A0 T T R B
1.2.3 R 404 B 1 20 25

FIFH 3R A% (soil sprinkle technique) 4 25 H5 45 L 40 [ 5-6] -
¥ 100pL P 127 FRAE 420998 I B A 7 7 B 50 1A T PDA [EIRRE 775 |,
FURNE The WESEMAREADVFE THREL L, HREBRR R R L%
A, M H IR E S HE A0 )5 B (1) PDA [ /AR IR FE 3K 1, 28°CH; 7% 48h.
TSI LE PDA “PAR b= AR AR P, PR AR IS BU s, IR =X K
LT HAR AT 70 A, BB HREE . MImiEe R bt T LB
WARRE AT, 30°C 180rpm & %3577 48h, WGBS 50% ) H Il S AR R
5], fRAFT-80°CUKHH .

1.2.4 HEHURANE B E

W ARG ZE A R S SRR B /N2 IR B AN K SRR T B e T
P D ASPAE, T 28°CHAMF NEEFR. R KRR S, FBERA S
mm FTFLERFT AL, 2 H RIS DB pR B A& LB B 97 &, 30°C 180rpm
RHTR 48h, BOWCERTEAR, JFHITCEKECHI B 10% cfu. mL™ OB, &
H.

1.2.5 ARG I RE 9%

FHFT FLAS A2 AT 96955 S B B 22 1K) PDA PR E3T4L, #8% IR w0, %
Flo BRI 1B R T PDA TARINIALZE, MATARIE = (Sahh
M E| PDA #5350 O B ARED, &% 20uL, LAUGEKIEAXTIE, 28°C
B 9% 24h. K& MEDFE TS A HEPUR K PDA HRierhy, 28°CHigt 7
K, BAEES 3 R MR EEKRE, F R,

IEE (%) = (R-1) /Rx100
R: B3 e B 5 35 50 B R AR R — 000 J5 1 1 22 e KK
re BRIk b0 B 5 A BT B R A T B 2 B KK




1.2.6 FEHUBE RT3 5 A0 K AR 973 1105 25 28R B AR

1) FE 74 B AT 5 B H P ) 2%

FRIFE TR RPN T LB MR BE 72 5L, RS HEFR)E, K 108 cfu. ml™! 1B
WA SE SRR G 8 B 40 | e T PDA W5 7751, 28°C 160r/min 4k
5% 72h, AR 106 ml™! 99 JE B T

2) Fpf 5 kbR

S SR G F R AT B 7 R T 55 3 7085, TR/KI s =1k, Bk
PTG T #ORE MG A 3R A R (20D WIESh . S33% 5 kL f5
HHEM BRI S, SR IRE KA 3 .

3) EEAhAb

WIS 7 A (DLB WA B 75 3 23 O IR (BR300 R B 77 30 mls (D
JETE + RIS PURR: (OBEERF IS IR MR L 4 A0 BE . b, o IR + 15
ISP MRAAL BT DR R B AR IR M 1d J5 . F 40 ml fpllles
PURMRIGERE, 58 7d BEAT S8 Z IRAr IS DU BRI DS . i T e b, FIS &
ToTE LB B IR0 . [AbHE 3 IRER . WA . 30d J5, HAERIERE
MR AR T2, FRohS0m F0H 2. R FHZE (%) = (A—B) / Ax100,
Horpre A NP IR BRI, B BRI S5 B AR A B B

TATETRE: 0 gL 2R EMRIZY: | H: ZHSMEFRATED BB,
2 % R MR L, ML G ZRAR AT 25~50%; 3 -
ZEHETRAN AR BE 2 BBOR, SRPERI AR 5 AR AR 51~75%; 4 9. 2
FAR B EHRPE SR TE RS IR, EMRRIFARILT: 5 &% M.

1.2.7 DNA $2H1
AR K 2 DNA S B0 AI G IS B DNA.

A, BEERIEDUR aaaaa T LB AL, 30°CTEAL 48h, BHiFAL )G M5 PR H4 3
50mL {4 LB ¥ 77dkrh, 30°CH; 7% 48h.

B 10mL B, =M T 12000xg &0 Imin, £ L.

4 200uL ZZMH GA A BIFAARDTE T, HEFEMA.

] B E VB HF N Proteinase K VR 20uL, FE78407E 5] .

TN 220ul 221 GB, 743 TR AT 15 sec, T 70°C/KIE 4R F i E 10min,

m o 0w




M.
N.

R AT 20, X — R RTE T, BRI B O BB HEI K 2k
I 220p1 TooK L BE, IREdRG 4R TR A 15s, %R ] Re e M B8R VTTE
o B 2500 2 R BRE TR K B

¥ EIRFAT RV I BIL S AE CB3 H, K NIRRT N, 14000xg 55
0 30s, fRIFUSCERE PR, JFR IR B A s Rl R R v

1 500 pl ZEH GD EIWR S, 14000xg 250 30s, 313U 85 HH 1 RV
AR LR QEILE e

TN 600 ul EZEHei PW B A, 14000xg 5500 30s, {RIFi e 8E 5 o ()R
W IR A R S B A v

HE E—PRERAE,

R B R B, 14000xg BS540 3min, (RIFR . K5 B BT
TAEE ATCE 10 7050, SRR AR I E BB RAE K -

RS AT 2 B — AT B O R, BTN 200ud BB TE 0%
bR A A2 B, ZEIRCE Smin, 14000xg B0 3min, VA TRICEE B0
i

FIFH 2 4843 66 BE HH I 5E ODaso 1 ODaso, 2 R K120 DNA )& B4l
-20°CRjE DNA £ i

1.2.8 B[R P31

K 51 P05 Rk ) 16STDNA ZEK HEATH 3, 51 Hln .

FyESIY: 5 AGAGTTTGATCCTGGTCAGAAC 3’

TI#51%: 5 TACGGCTACCTTGTTACGACTT 3°

PCR [ AR R U1
EBF/K 152500, dANTP Mix 4L, 10xLA Taq buffer 2.5uL, cDNA #%

B 1uL, RS 1ul, LA Taq &8 0.25uL (TaKaRa). PCR SV [1)
ZHUN: 94°C AR M Smin; 94°C A5 30s, 54 iB K 1min, 72°C ZEf# 1.5min,
ASDIEIEIA 35 IR #e)m 72°C ZEAH 10min.

Fe 1.5% M B IR SRS, #% DNA marker 1 PCR F=4) s N il £ 1 1R 35

RE Wi &R o 1 JE HUKAY, TE 150V BERIZ4E T, M 25min. #R¥E Marker
TR AL E, B R H IR B RN,




1.2.9 fREL

L.

R RAR B AR B e DNA. [BICti) &xt H b ity 2EAT [

B AE CA2 TN v, IRl R B AE AN 500 pl ~F#77 BL, 14000xg
B0 Imin, FERICEE AR, R TR A R I B

FFAR T /NOY) T BEERERESER A H ) DNA 2717, TN T35 14 50
i, PRE.

) B0 W IDAN R PN TR (e & 0.1g, UM 100uL PN ¥
WO 5 £ 50°CoKHTAE 25min, H[E]AN TR BS O, MR OREEIR 56 i i .
PSR BRI UM B — R A CA2 H (W BN IR E D, il
JBCE Smin, 14000xg B5.0» Imin, FEdsiUSCERE IR, JEHE IR PRAT: 33T Rl
WsEE

I I B AR Y IN PW IR 600 ul,  14000xg 50 1min, FEIUEEE N R
W FEN R B A R R

HE E P IERAE,

P R BRAE A B B . 14000x g BS540 3min, (RIS R . 50 BAE B T
TAEGNE 10 08, (ETREF R AR SRR A IR &, B kB B 1
EEGRIBON J5 BRI IE BN I I RS

LR BFAT 2 B — AT B O b, BN 150ul Pl g2 i EB I
B FEE PR o R B, SIS Smin, 14000xg 550 3min, KA TR CEE 2 B0 4
i

FI L M3 66 BE T 5E ODago F1 ODaso, i 2 AU £ DNA & & A4t i

1.2.10 ZERE T1 #4E

R 1l 1 T1 BARZEIMAR] 4pl BZEMG=Prh, RiiRS) . 25°C%F T

N 30min, KMNEERE, BHEOEHEBEIKE,
1.2.11 A 405 1852 25 41 i

A.
B.

T B2 SN E T 0K BRI
X 50wl WM ) S B2 AS A NN B B 6 P2 Wb, 32 53R 20, B 10K L 30min.

C. 42°CH#H 45s, HEE T0K I 2min.




J.

N 2000l Witk LB 56353, 37°C. 200 rpm 24 FHEE 1h.

# 4ul 1M 1) IPTG ¥R 40ul 20mg/mL [¥) X-gal 182), ¥EIMRAAE SR
W Z LB Pk b, Z=iRBCE 40min.

R AE 1500xg 264~ &0 Imin, FF Bi.

A0 AN 150pl JERK, BFHETREAE, HBSRA T 8A IPTG Ml
X-gal FJFAR Lo

KPR E T 37°CHI A FREFF 12h.

TS TEG AP A g, R T 500ul &A R R IBA LB #5357
M,

£ 37°C. 200rpm [F 214 F 15 5% 4h,

1.2.12 FHME v B s

2B /K 15.25uL, ANTP Mix 4uL, 10xLA Taqbuffer 2.5uL, F & 1uL,

ERWESIY (MI3F A1 M13R) % 1uL, LA Taq & 0.25uL (TaKaRa).
PCR NS HCR: 94°C AR Smin; 94°C 4814 30s, 54 iE/K Imin, 72°C
JEAH 1.5min, APERIEIA 35 X: #xefm 72°C LE# 10min. PCR ¥4 1.5%
B IR Fe bk, R BEK/INTE 1700bp 2245, UABHE e b . K BH 4
e W B VS 2 R AR A PR = D

1.2.13 KRG E MR

e FE T T PR e 45 R AT BHE RO, ARSI PP 45 5RO query

FI I NCBI _E/J blast #1E%F GeneBank %48 [ Hh 8 55 1) Fe F1 3047 EL T o 43
T Hr A MEGA 6.0 ) MUSCLE T2 F7-K 4 47t 1 R0 [R5 16 bk 6 e 71t
TS, B HEXT 515\ MEGA 6.0, F i Nighbor-Joining (NJ) (K5
R RGO, AT X R TE 2 R B E .

2 SEWER

2.1 AR ERIR

CAREYIR B N TR R R R SRR A I, T RO AT o) 2 21740

B AR AR DU AR . R BLVE AL A I DOREE B IR A RS 35
HRISPLER GR D




R 1 FEPURR S T FERIR

SEEANESEY S RAEHh SEEANCSRY S KEEHh
HDI JbntigE SY1 B 73154
HD2 Jbntite SY2 AL S
HD3 bt E SY3 =79 154
HD4 Abntite SY4 AL S
HD5 Jb i E SY5 FB 3T X
HD6 Jbntite SY6 AEHIG S
HD7 bt E SY7 =79 154
HDS Jbntite SY8 AL S
CP1 JE B SY9 JE3E
CP2 bt &1 NK 1 AE5TE H
CP3 JEH &Y NK2 AL M
CP4 bt &1 NK3 AE5TE H
CP5 JEH &Y NK4 AL M
SY1 [y /158 NKS5 et
SJS1 Bl Ep=ll NK6 AL M
SJS2 Jesta sl NK7 AE5TE H
SJS3 Bl Ep=qll SJS4 Bl Ep=qll
SJS5 v Eh=qil

2.2 FEPLE AR EE A

BB A B AR P RO IR RS IR S, A5 ARR M (R 20 B D, ARl
FEDUBRE T IR A A9 [ 8 B 22 A TR I — e S PR - ARl B S
HRFE 905 PR A0 TR 80 36.19 %6 ~62.31 %6 5 3% 7 il 22 95 T 410 11 %5 0 40.59 % ~64.7%
X /N AR BT A 2N 33.01 % ~51.72 % , X K S AR G 97 B 31 R4 39.01 % ~
62.19% .



B 1 S5 BTREARXT 4 Pl i o B 22 A K i F i 4 A
A: XEMREE B: KERBEHRE CHEMMEWE D NEREWE

R 2 FEPUATE S UM R SR R T 22 A K R (%6)

EEANEEYS S ARG I FHMZIRE  ADNEAERE  KRERER
HDI 57.65% 62.158bede 51.33¢ 60.812b
HD2 52.97¢fehi 54.11¢hi — 39.624f
HD3 47.05"mn 59.972bedefe 42.93bed 46.584
HD4 54.96¢deteh 56.66%" — 62.19*
HD5 40.21p9 40.59™ 51.14° 50.55Mk
HD6 62.31° 63.24% 38.220fe 62.19*
HD7 47.93kIm 61.750bede 38.420fe 50.61"Ki
HDS 45.63"m° 49,981k 41.01% 47.814




CP1
CP2
CP3
CP4
CP5
SY1
SY2
SY3
SY4
SY5
SY6
SY7
SY8
SY9
NK1
NK2
NK3
NK4
NK35
NKo6
NK7
SJS1
SJS2
SJS3
SJS4
SJS5

52.67¢defeh
47.72Km
47.59Km
53,31 defehi
47.91Km
56'33bcdef
36.19°
56'35bcdef
52.93ehi
47.64™
40.01"
57.19bcde
39.989s
55.61bcdefe
56.020cdefe
57.27°
58.332be
52.018hiik
44.68"m°
59.83%
56.39bedef
48 72km!
4290009
37.77°
4258009
57.52bcd

43.82!mn
42 741mn
55.16%
56.99¢defeh
48.014
57.59°defe
42.60"™n
61.1 labcdef
58.95bcdefe
57.62°0dcfe
56.98¢dfe
60.05abcdefg
46.72Km
61.997bede
58.9gbcdefe
56.23¢fehi
63.128b
65.63°
55.01¢h
64.42%
56.99¢defeh
57.87°dt2
48211
45 2pkimn
62.592d
61.372bede

48.982b¢
49.39°
33.01¢"
35.87¢feh
47.68%
35.97¢°feh
34, 58¢feh
37.89dcfe
39.59df
36.53¢feh
36.02¢fh
50.00%
43.15%d
37.01¢feh
36.74¢°%h
38.00%¢f
48.12%¢
37.720¢fe
34.0]¢feh
38.50dfe
37.38defeh
34.99¢feh
43.01¢
51.72°

55.30¢°fdh
40.25™
53.31fieh
55.484cte
50.521k
57.360cdet
39.01°
49,8 7¢tehi
53.631ehi
58.44adee
44,650
57.77abcdef
45.62™™
56.27°df
60‘03abcde
62.31°
61.53%
60.02adee
53.27fieh
593 labcde
59.932bed
58.77adee
41.29mme
39.25°
4]1.24mme
59.93abed

2.3 FEPUBRX SR E AR GAR TR o 105 = R B 2 PP

96 FRUR 33 2 AR 0 A0 K S AR 0 1 96 0 R A X B ) e A o T 3R AT R S




5, WG FE B A RO . N LR S, B2t B A B K AR S
TRFISE GARFEIRINTE 3 G bl b (R BRI THAR 5 2 AR AR 50 % LA
B, HEMAKEAN (B2, 3),

TR RRIE T4 R L], NKI. NK3. NK6. SY4 Fl SY7 F5471 @ Hoxt
KGRI BIITE 55% A F, Hot NK1 M8, ik 69.7%, Hid
PR B L TG J5 R P 1 2 X AL BB 5 T 23.8% (% 3)., HD1. HD4
A HD6 F5HT B o K AR BB BOATE 55%LL F, o HD1 HB5 R4
i, I8 58.33%,  HLAEAKT H L JOH SR B B 1) B AR BRI T 35.7%

(X4,

B 2 FETR MO K AR IE I BB 6 ROR
AR R B A AR C: B SR A S PR IR R DS PR 1
3



B 3 S BT RMRON Si AR I B i OR
AR R B A AR C: B SR A S PUR IORE R DA PR A

Pk
3 FEPUBE NS KGR R 7 R ] 2 SR R A A PR 5 )

Ab P i (%) MEHRTE GO/ O WRFE Gf/ HO
HD1 51.52¢de 1.482 bede 0.433 abed
HD4 48.48 9 1.240°¢ 0.204 cdef
HD6 33.33f 1.128 ¢ 0.271 df
CP1 15.15 ¢ 1.315 % 0.317 bedef
CP3 52.52 cde 1.378 ode 0.449 abed
CP4 0.00" 1.150 0.268 °f
SY1 42.42 ¢ 1.212°¢ 0.237f
SY4 60.61 " 1.561 abcd 0.374 bedef
SY7 57.58 «d 1.822% 0.458 2
SY9 51.52 cde 1.943 2 0.504
NK1 69.70 % 1.722 @b 0.434 abed
NK2 9.09 & 1.532 abede 0.589
NK3 60.61 " 1.458 bede 0.357 bedef




NK4
NK6
SISl
8JS5
7 D0
P T X

18.18 ¢
57.58 «d
33.33f
53.52 cde
75.76 *
0.00"

1.520 bede
1.799 ¢
1.837
1.54( abede
1.389 ode
1.278 ¢

0.410 bede
0.446 =<
0.362 bedef
0.363 bedef
0.426 Pede
0.379 bedef

R 4 FEPURRS S SR (1] R S AR R A S i

b E N E (%) ETE 8/ RTE G/ 5
HDI 58.33® 2.088 0.901 *
HD4 58.33 % 1.859 bed 0.528 b
HD6 59.33 1.592 < 0.568 ¢
CPI 45.83 be 1.433 ¢ 0.352°¢
CP3 33.33 cde 24332 0.672
CP4 20.83 < 1.749 < 0.417°¢
SY1 25.00 df 1.961 0.524 b
SY4 29.17 cdef 2.328 % 0.676
SY7 16.67 ©f 1.646 4 0.511°%
SY9 41.67 bed 1.496 ¢ 0.382°¢
NK1 12.50 T 1.751 < 0.519 b
NK2 46.83 b 1.933 abed 0.483 b
NK3 3433 cde 1.968 d 0.566 "
= HX IR 75.00 1.5324 0.552°b¢
P B 0.00¢ 1.463 ¢ 0.451 b

2.4 RABPLIHEKEE

FIFH 40T 16SrDNA &I 1) 75 v 065 A0 35 A8 5 1 vk NK1 A1 HD1 #E 47 45 7€
FEr AR, SR 4 FE S fin. g5 3R NK1 S5HE ZEAU 3 5
B —4, VB NK1 5A AR oE o8 RilD, 1 HD1 e R %




W, HD1 S RGL T S R o fAT 1

29 | MGT57948.1 Bacillus sp. strain JHAR
KU383819.1 Bacillus amyloliquefaciens strain S$1585
KU551169.1 Bacillus amyloliguefaciens strain L51
KXB22615.1 Baclllus sp. strain BAB-5941
LT223629.1 Bacillus i M; ille-AAD03T2
MG421008.1 Bacillus subtilis
98 L Kx827606.1 Bacillus subtilis strain SPMS17
KU551243.1 Badillus subtilis strain RS51
3 | KUS51250.1 Bacillus subtilis strain Y551

411 KU551232.1 Bacillus subiilis strain DS52
MG593944.1 Badillus amyloliquefaciens strain AMY02
MGB39278.1 Bacillus siamensis strain DY3123
MG573218.1 Bacillus velezensis strain AAB15
MG583946.1 Bacillus subtilis strain LAPO4
LT714163.1 Bacillus velezensis strain Marseille-P2575

MG584985.1 Bacillus 15 strain WYZ
KY357293.1 Bacillus amyloliquefaciens strain JB2
KXB22617.1 Bacillus sp. strain BAB-5955
K¥357290.1 Bacillus amyloliquefaciens strain CPa2
94 KY357289.1 Bacillus amyloliquefaciens strain CPal12

HM753630.1 Bacillus amyloliquefaciens strain WSM-KSUI301
NK1

24

KF482856.1 Bacillus sp. CZB13
JO229807.1 Bacillus amyloliquefaciens strain 1Y018

KX871898.1 Badlllus amyloliquefaciens sirain NDS7
KJ002400.1 Bacillus methylotrophicus strain zzx25
481 KCT90265.1 Bacillus methylotrophicus strain PY1

i}

I— KU512900.1 Bacillus siamensis strain EN18

MGE14023.1 Bacillus sp. (in: Bacteria) strain SeqPW10
KU512897.1 Bacillus siamensis strain OR7

67

MH211387.1 Bacillus mojavensis strain RHPR20
661 MFB03671.1 Bacillus sp. (in: Bacteria) strain IMALIG1009

K ANK 1 4657
26 HQ317150.1 Bacillus sp. DYJLT
_|‘° I MH188056.1 Bacillus amyloliquefaciens strain W9
2 HQ317199.1 Bacillus sp. DYJL-H

_ﬂ?.l Bacillus velezensis strain T49
0 40 KF818633.1 Acinatobacter Iwoffil strain 262XY6

_?‘Il KX137853.1 Bacillus amyloliquefaciens strain JR20
k 1 Bacillus sirain GD4da

0 JNGE1E99.1 Bacillus jens subsp. p strain NK3-15
0 —za|_| KR811367.1 FX2 16
Fe)

MHT725633.1 Bacillus velezensis strain KD1

23y KU359247.1 Bacillus amyloliquefaciens strain HD-5
45|_| KC417346.1 Badillus amyloliguefaciens strain MH71

JF926531.1 Bacillus subtilis strain EGE-B-1i-6

MHS521169.1 Bacillus amyloliquefaciens strain B3
1] 0 32| ) anyloligs
KJ152102.1 Bacillus sp. RA-19

3 JFAG0736.1 Bacillus ok subsp. strain Ks2-17
N T‘—I— KCB92163.1 Bacillus amyloliquefaciens strain ML361
34 MF502832.1 Bacillus sp. (in: Bacteria) strain ADG7

KF482862.1 Badillus sp. CZB11
0 2V KC752450.1 Bacillus amyloliquefaciens strain JM-21

JX200193.1 Bacillus ammyloliquefaciens strain GM-1

KF831377.1 Bacillus subtiis strain 2612G6
—l2 T
7

JF899261.1 Bacillus methylotrophicus strain Hk-21
,I I KCB87095.1 Uncultured Bacillus sp. clone AT39 163 ribosomal RNA gene partial sequence
£

MF148426.1 Bacillus sp. (in; Bacteria) strain Q-64

JNGE1700.1 Bacillus methylotrophicus strain NK3-32

23I JX081245.1 Bacillus amyloliquefaciens strain T6
1 Bacillus ique: subsp. strain SZLY3
41 HQ831410.1 Bacillus methylotrophicus strain Ns6-20
2 HQBE53018.1 Bacillus amyloliquefaciens strain FXHT3
2 MGE22731.1 Bacillus amyloliquefaciens strain 4
7 KF811047.1 Bacillus mathylotrophicus strain 262AY7
46 MGB22730.1 Bacillus amyloliquefaciens strain 3
e

SHD1 #4577
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AU AR TR 2 AAG 2 T+ /0N 22 R E 0 TR R R S AR 0 i
TR, R LSRR VAR AL 5T 5 % 3 DR &R I L AE KR 45 470
WREAT 78S, TIEAFH] 35 MR IE PN TE .

I TR P R R NS U B R R I, U U 45 B B 2R B R xS DR D R R

(Fusarium spp.) i J5 B s i TR0 FH R BRI« B kb= . /NE

IR FE 9 R OR R T 903 1 A 22 250 st o xR A 4 ) R R B B S 0
BEAT RSN, 45 SRR W FE U 7E AN [RIRE A0 s 5 kS B4 i A E
Forp NK1 A1 HD1 PRRRIE BT 23 700 %0 R 2R FE o A AR o A7 L0 1R g
BRCR, [FIHIFFUIE K ER 73 B35 504 B vl Be g A ERE PR B A 4G AT AR
KETH IS R 730 2 P AU =), W] e AR M R 45 HE RS 22 1R B IR )
i, #EmfEdE T ER A

PR E TR NK1 A HD1 #4770 7258, KIUXIAE TR 700 5
Fili B 2 SRR B AT Y 7 SR 2 AT T SRR A — 0, IR I 0 e T
AN o T BT IZAFE T B, R RIS R g
HIE S A, K 28 AT A R B PR & 9 A2 A R FBiia i)
i FE[7-10].

25 LATR, AN FUE 0 b T X 3 AR RS B 1R 20 28 L i
PRI A DTk, AL RE A ROt R & L, JF HBE i sty A4
K, MR AEIBa SR T H BRI,
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