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Antagonistic activity and application of Bacillus velezensis
strain Bv-303 against rice bacterial-blight disease caused by
Xanthomonas oryzae pv. oryzae

LIU Xia#, LU Zhexiao#, MA Zicheng, YU Tingting, CHEN Haotian, WANG Lu,
CHEN Xifeng

College of Life Sciences, Zhejiang Normal University, Jinhua 321000, Zhejiang, China

Abstract: In this study, a new Bacillus velezensis strain Bv-303 was identified and its
biocontrol effect against rice bacterial-blight (BB) disease caused by Xanthomonas oryzae pv.
oryzae (Xoo) was investigated. Cell-free supernatant (CFS) of strain Bv-303 under different
growth conditions were prepared to test the antagonistic activity and stability against Xoo by the
Oxford-cup method in vitro. The antibacterial effect of strain Bv-303 to BB disease in rice were
further analyzed in vivo by spraying the cell-culture broth (CCB), CFS and cell-suspension
water (CSW), respectively, on the rice leaves inoculated with Xoo. Additionally, rice seeds
germination rate and seedling growth under the strain Bv-303 CCB treatment were tested. The
results showed that the strain Bv-303 CFS significantly inhibited Xoo growth by 85.7%—-88.0%
in vitro, which was also stable under extreme environment conditions such as heat, acid, alkali
and ultraviolet light. As tested in vivo, spraying the CCB, CFS or CSW of strain Bv-303 on the
Xoo-infected leaves enhanced rice plant resistance to BB disease, with CCB showing the highest
increase (62.7%) in disease-resistance. Notably, CCB does not have negative effects on rice
seed germination and seedling growth. Therefore, strain Bv-303 has great potential for
biocontrol of the rice BB disease.

Keywords: Bacillus velezensis; antagonistic bacteria; rice bacterial-blight disease; biological
control
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Characteristics of the morphology and colony of strain Bv-303. A—B: Colony of strain. C: Gram

staining (100x magnification). D: Spore staining (100x magnification). E: SEM microphotographs.
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Bacillus mycoides strain Gnytl (CP020743)
100 Bacillus anthracis strain Ames Ancestor (AE017334
Sl R

Bacillus cereus strain BC33 (CP072774)
Alkalihalobacillus clausii strain 088AE (CP031128)

100

Brevibacillus laterosporus strain DSM 25 (CP017705)

————
0.05

Paenibacillus polymyxa strain YC0573 (CP017968)

2 ETHMUAFIIEMER Bv-303 Bk ARG L B K

Figure 2 Phylogenetic tree of strain Bv-303 based on multilocus sequence analysis. Neighbor-joining (N-J)
phylogenetic trees showing relationships between strain Bv-303 and the strains of Bacillus and non-Bacillus
based on their 16S rDNA, gyrd, gyrB, rpoB and purH sequences. The nucleotide sequences of the genes
could be retrieved from GenBank database (https://www.ncbi.nlm.nih.gov/) by the accession numbers
(genome with annotation) in parentheses followed the stains names. The sequences of the five gene amplified
from strain Bv-303 were deposited in GenBank, and the accession numbers of the nucleotide sequences were
OM846541 (16S rDNA), ON409668 (gyrd), OP254184 (gyrB), OP254187 (rpoB), and OP254186 (purH).
The percentages of the replicate trees in which the associated taxa clustered together in the bootstrap test (1 000

replicates) are shown above the branches.
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Figure 3  Antibacterial activity of the strain Bv-303 CFS against Xoo in vitro. Antibacterial analysis using
different Xoo races: PX086 (A), PXO71 (B), PX099 (C), Zhe 173 (D) and C2 (E). Statistic measurements of
the inhibition zone in different Xoo races, and different letters (a and b) indicate the significant differences
(P<0.05) calculated by analysis of variance (ANOVA) (F). Morphologies of Xoo race PXO86 under the
treatment of control (G), 50-fold (H) and 10-fold (I) of the diluted CFS. The arrows indicate the abnormal

morphology in Xoo.
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Figure 4 Antibacterial stability of the strain Bv-303 CFS against Xoo in vitro. Effect of different cultural
medium (A), fermentation time (B), growth curve (C) temperatures (D), pH values (E), UV irradiation times
(F), preservation times (G) on the antibacterial activity of strain Bv-303 CFS against Xoo race Zhel73.
Statistic measurements of the inhibition zone in Zhel73, and different letters indicate the significant
differences (P<0.05) calculated by ANOVA.
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Zhel73

Mock CFS CSWCCB

i s
D 25_
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16 PX086
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Lesion length (cm)
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I I I I
Mock CFS CSW CCB

Zhel73

-4

HH o

Lesion length (cm)

1 1
Mock CFS CSW CCB

5 TEKFERA Bv-303 BRI A HEm BB AR

Figure 5 Control effect of Bv-303 strain on bacterial blight disease in rice. Rice var. Zhonghua 11 leaves
were initially inoculated with Xoo strains PXO86 and Zhel73, and then treated with CFS, CSW and CCB of
strain Bv-303 and water control (Mock) respectively. Disease lesion development on rice leaves two weeks
after inoculation shown in A, B with bar stands for 2 cm. Statistical analysis and ANOVA analysis of the
lesion length on rice leaves (C and D), in the inoculated leaves (C and D), different letters indicate significant

differences at the P<0.05 level.
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6 Bv-303 Eik & EERXKFEMFIAA SEKAFZMIER
Figure 6 Effect of strain Bv-303 CCB on the seed’s germination and growth of rice. The seed germination
rate (A), above ground seedlings length (B), seedlings root length (C) of rice var. Wu-yun-geng 7 and
Nan-geng 9108 under CCB treatment. Data were analyzed by ANOVA, N/A indicates no significant
difference. ** indicates significant difference at the P<0.05 level.

B ZE AR TR A A UE A 2 AT B A0 AR AL PR
ik 99%, i TR R A HERE 1 B, AR
K, M ZRENFBEKGWHERT LT IHT
Wy A 1 T 3 SR A P 1 A S S AR AL T
(9 B3 MR T 16S rDNA B — KL A fi4 1) il
YOE, ZENERA 43Ik RE % T W] A LB O R
WA s . AR g, RATEL LSS
MPRSFFHE 16S rDNA | gyrd . gyrB . rpoB . purH
AR RS LB, A B D3
ZETFT TR A 3 28 2 P TR BB TS TR S
TEFE R g 5, I 20552 Bv-303 hy DL 3EMT
ZEALFT IR

7 el S PRV e B — dk DL S T 2F 46 R
SF327, ARG R Bon, X KRS
AR TR Xoo PXO99™ HA HEHU/E T, I K2y
R 75.92%. AWIE R Bv-303 KB 24
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