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Abstract: The antibacterial activity of the fermentation supernatant of Bacillus velezensis 21.-1 against
plant pathogenic fungi was determined through toxic medium method. The control effect of strain 21.-1 on
sesame stem rot and sesame Corynespora leaf spot, as well as its growth-promoting effect on four crops,
were determined through pot experiments. To clarify the biocontrol effect and mechanism of strain 21.-1,
the enzyme activity during its antagonistic process and its growth-promoting characteristics were tested.
Whole genome sequencing and prediction of secondary metabolite gene clusters were performed on strain
21.-1. The results showed that in the toxic medium method, the inhibitory rates of ten times dilution of
the fermentation supernatant on pathogens of the sesame stem blight and the sesame Corynespora leaf spot
were 91.51% and 83.78%, respectively. This strain can secrete cellulase, protease, and xylanase, and
has the characteristics of dissolving phosphorus and producing siderophores. No activities of glucanase and
chitinase was detected in the dish. In the potted experiment, the control effect of this strain on sesame
seedlings was 45. 37% when it was inoculated before Macrophora phaseolina, while the control effect was
29.71% when Macrophora phaseolina was inoculated before this strain on sesame seedlings; When the
strain inoculates sesame seedlings before Corynespora cassiicola, the control effect was 25.82%, while
when Corynespora cassiicola noculates sesame seedlings before the strain, the control effect was
33.64%. The 1 X 10° cfu/mL bacterial suspension of strain 2I.-1 had a significant promoting effect on
the plant height, fresh weight, and dry weight of the tested crops. The plant height of the tested crops
increased by 26.52% to 36.26%, the fresh weight of the aboveground parts increased by 71.43% to
113.64%, and the dry weight increased by 50.00% to 128.57%. Twelve secondary metabolite gene clus-
ters were predicted in the genome of this strain. It can be seen that strain 21.-1 has potential applications
in sesame diseases prevention and growth promotion.

Key words: sesame stem rot; sesame Corynespora leaf spot; Bacillus velezensis; biological control

mechanisms; growth promotion
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Fig.1 Inhibition rate of fermentation broth of strain 21.-1 on eight fungi
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Fig. 2 The normal morphology of pathogenic fungi and the
morphology of pathogenic fungi under plate confrontation method
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Tab. 2 Control effect A of strain 21.-1 on sesame stem rot

355K RWGRS Vs WHERC PRARCR/ %
Wbk 211 96.67+£2.89a 44.17+144c 45.37+1.30Db

H AT B 7] 100.00420.00 a 49.58+1.91b 38.674+1.86 ¢
LR AR ] 98.33+2.89a 32.501.25d 59.774+1.55a
B X6 18 100.00£0.00 a 80.8340.72 a —
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Tab.3 Control effect B of strain 21.-1 on sesame stem rot

AbF Ty KIHS % TR BIARCRE/ %
bk 2L-1 100.004-0.00 a 59.1741.44b 29.71+0.51 b

H AT E ] 100.00420.00 a 60.42+1.91b 28.1843.49b
L R AR 100.0020.00 a 41.254+1.25¢ 50.964+2.27 a
FH X A& 100.00+0.00a 84.17+1.44 a —

PRI 211 X 22 bR R B (1 TR R
PARE 21 -1 A PRZ B RCR 25. 82 % (ILER 40, JRIT
BRI P IBTRCH 33. 64% (LK 5) . XAl REZH
T PR A R, Ja b T pE A A R
AT 9 A6 Bl B Bk 2= 25 30, 5 8O B RCR AR R YT

4 PR 211 BRI BERS 1 DA ROR A

Tab.4 Control effect A of strain 2L.-1 on sesame Corynespora leaf

spot
LSRN R 0 FRTERL  BRARCR/ %
Rk 2L-1 100.00£0.00 a 47.83£3.01 ¢ 25.82£1.93a

W AP 77 100.00420.00 a 60.5043.04 ab  6.1541.74 ¢
L2 A BRI 100.0040.00a 57.67+42.75b 10.53+2.28 b
F P % R 100.002£0.00 a 64.5043.97 a -

HS MR 21 X2 R AL SRR B BA SOR B

Tab.5 Control effect B of strain 21.-1 on sesame Corynespora leaf
spot

VISEYEe V-aE g FRTEERL  BRARCR/ %

Pk 2L-1 100.00£0.00 a 40.17£2.75¢ 33.6441.02b

AEEZERIAF R AT 100.00420.00 a 49.83+2.75b 17.63£0.85¢
L2 RANBPER A 100.004£0.00a 31.50+£3.12d 48.02+2.35a
FEE %o 100.00+0.00 a 60.50+3.28 a —
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R 7 O P 1A= By R E S

A By T AR P AR B L AR | I R 22 b
Az A R B BE R B BE ) R R A B RCR Y
KEEPER . BTLL, Al DL 42 Ay H. 2 U0 i i ik
2L-1, $RTFEbR 2L -1 REFE L, DT = B8

2.4 BEHR2L-189R & BESME

PR 2L-1 BFRAERCR 2, (IR B bk
I 26.52%~36.26%, Hb Ho-aEE I IN71. 43%0~
113.64% , FHEHN50. 00%~128.57% , #ERME
KAZEAH AN 24. 249 F1 25. 64 %6, Z AR
81, 08%, THMIHN133. 33% (WK 6), Hitk2L-
1 AR A= B ) 55 DU 2E A0 B BMIFO3 AHY , 2814
Tk BMF O3 B A & e 4 Ab BLIS , 8 JIA G ke vs 286
21.74% , ZEHMIIEAN 17.07 %, i b 3436 = 44
130.51%, Hi F#oTEH96. 85%6%" . X EEH A
PR 2L-TAEXTAE AR A iR S, nTVEN AR
NERER A Az o DSR2 AT R ] i o s
B A | SRR I RO IR A K
P YI R PE RE, T E R A
2. 271 AT, TR 2L-1 BT REAE 1, Rl ARk
FHABRAR Y AERKE, Bl A 2R, X e
ff il ANMA S5 0 IR I 21, 550 FR A
g S L TR S e A SRS SR, 80T FE R 4
A AL ST YT E SRR, 45 F B XA
PSR, w7 ISR A R
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Tab.6 The growth promoting effect of strain 2L.-1 on four crops

1EW Bk /em 252 /em B 5 o s Mo BT E/g HUTERMEEE /g HL RS TE/g
TN R 20 6.35:£0.29 0.3340.02 2.36£0.27 0.3140.03 — —
T 2 8.274+0.19" 0.4140.03" 4.6240.49" 0.640.06" — —
T kxR 2 45.89+2.78 0.3940.02 22404 0.2140.05 — —
ORI AL 58.06+3.67" 0.4940.01" 4.6540.44" 0.3940.02" — —
INE X HR2H 23.554-0.78 — 0.2340.02 0.0440.01 — —
INZE A HZH 32.0941.57" — 0.48+0.07" 0.0640.01" — —
2R IR 2 3.0340.32 — 0.07+0.01 0.00740.001 0.03740.01 0.003+0.001
ZRALHA 4.0340.35" — 0.1240.02 0.0160.004" 0.06740.01° 0.0072£0.001"

2.5 BEHR2L-12ERANF R HEXERE=Y
EFE R

I 4= 3 R AL B 1 gyrB 1), X B ik 21.-1
YE R DU 2R FAT IR . R PR 21-1 2 BE A 791
- f£ & NCBI GenBank % #i& £ , % & 5 &
JAVHYS000000000, #F H:5E PR 2l i, 26903 4

124 R AR (W3R T, W4 AL 46 2 5
% (fengycin) | 11 i V£ & (surfactin) | FFEHE A R
(bacilysin) il bacillibactin &5 417 il 95 I 7 A= < /9 1%
MY, Hod, EJR 2 (engycin) 158 1w 15 1 R
(surfactin) iz i 5o A% WE A IR G 1l A1 AT 1 110
PRI BRZE ) 5T, AT B DR A TR L TR Y 40
JEE A5 A8 A FEA TR G P, b W] DA A 1w EA AR
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RGPUHE, R 2GR T TR R AL S N
W (Phytophthora infestans) 55 LT/ A1 N B 2 A T
TR0 RGP R T 5| & A W T RN o B
7R AR & (bacilysin) J&—FP AR AR 5 A%
1) RRPUAE R, 5 e 4 R RE AR 6 A R 20
BRI . BRI B A9 A2 K255 bacillibactin ANl 13
55905 I TR S A R A T, R B A A TR
PRSI T DLGE I A R0 Ak 1 e R AR A )
AR TR 21L- 1 W] R i SR G ALY R
N TR 2 ) Jox K TN It I % (maacrolactin) . Hi A
P T (difficidin) FIZEXUsT A (bacillaene) , jX 28 ¥ it

SRV RV RE W N I T e S SO
A, ZTE R 4L AL R B 2 K (lanthipeptide)
LR, FB NS T RS BOF B S B
ik, 1T 283 B 22 Ik 9 X2 2 K ) Jo e it
B4 1 J5T 1 A 410 i) 2 J B ) 2B 5 K, B
240 i JE LAY R RO R SR A TR, SR B T T B
2L-1 A PG 20 F B 1o BIbR 2L-1 B [N 2]
BT S RE RIS e A A S PO AR
REAH G A UG - W B IR A, W] T R bR 7
L T B T A A T T AR LIS TV T

TR 2L LR GACHE Wy S R L T

Tab.7 Prediction of secondary metabolite gene clusters in strain 21.-1

HEHRR [ E-SOp eS| ] AHABLEE/ Yo P33
1 41245 PKS-like Butirosin A 7 B. Circulans SANK 72073
/butirosin B
2 17 409 terpene - — -
3 28 889 lanthipeptide-class-ii — — —
4 87 836 transAT-PKS macrolactin H 100 B. velezensis FZB42
5 100 566 transAT-PKS, T3PKS,NRPS bacillaene 100 B. velezensis FZB42
6 137722 NRPS, transATPKS, fengycin 100 B. velezensis FZBA2
betalactone
7 21 884 terpene — — —
8 41101 T3PKS — — —
9 93793 transAT-PKS difficidin 100 B. velezensis FZB42
10 51789 NRP meg‘iﬁgfgi ANRPS. bacillibactin 100 B. Subtilis 168
11 41419 other bacilysin 100 B. velezensis FZB42
12 65 408 NRPS surfactin 86 B. velezensis FZB42

1. PKS-like A RENA BRI ;  terpene NiiZE;  lanthipeptide-class-it iy I XETBHLNK;  transAT-PKS A AT 5 KR
A, T3PKS K YRR A ; NRPS MIERMH AL IS betalactone J 8-TiE; NRP-metallophore MR A K 42 8 #fk; RIPP-
like Jhy HoAh A8 WA (A BAR A BB S BRI AK =) (RIPP) #%; other MHAh;  “—7 Fam R A0 2 2 AR B %

3 & i

ARSCHRIE R, BERE 21-1 B B i i B I
P, R 2R 25 KU 9 7 16 S5CR 0 2 JRR e £
TERR 1 BT 6 RO AT, X HE R 2 B W 1Y
PELEAE T . IR RERE )™ AL 2 Pl G A A TG 1R
Jit, HLHC S DR A v R B AR A T REAH
R UPA =W 2 PR, 76 2 b 3 B v A
Py fie A= Ty 1l BAT T R NP ST o ANBE IS T A 22
DIRER A W R B AL T AR TR, X 2R T
LR RA R
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