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SAM, WG, WEA, RER, WG, TRY, KE, KDL, ATH

i sGE R AN S Y B, B 200240
FE. [ B ] N T kDT 1A /KRS 4B (bacterial leaf streak, BLS)AIZER AN . [ 7 1 LIKRS S B
P4 (Xanthomonas oryzae pv. oryzicola, Xoc)HEUE#E RS105 K #bRE , RAEAH BN ERETL, M
250 SRR PR - i R B — PR XS RS105 HAHEHUME AN MR 504, @B AR
J 16S rDNA Fil gyrA J3 50 Hr Xt B kk 504 47T 17550 o A A HAFREIIE 504 X AE Y00 b 8 S I o 1)
FEPUEPE K TG & TS UG P AR e PE . alad PCR U3 TN 504 4fid & BUAg IKZS PR ER2E L 54
B A BRI R o SR B 01K R 1 B2 B SRR K R 1 21 504 XF Xoc BIFEPTIGtE. [ 455 1 BEkk
TELE SRR 504 S VUSRI 274041, 444 Bacillus velezensis 504, #5540 7k, B. velezensis 504
S 45 BRI T I 1 AN T LA B OB T KR I AR TR (X oryzae pv. oryzae, Xoo) FOSHTAIR i
WF . FETmSE R B S, B. velezensis 504 545 fenA. dhbA. sfrA. bmyA. beaS. dfnA & bacA %54
BRRZS FR BRI S W 0 JE R 5 . LTI TRT 2 T R )3 M0 SO v Y R B I A e, ELAST SR R
SEAR, 7E pH {4 5.5-8.9 B/ H A Fa & iOFE PTGk . 76 S BOK g AP R FE 5 |, B. velezensis 504 %} Xoc
TEKAE M g 1 K BHER B B iR . [ 4518 ]B. velezensis 504 BEAEHF: Pk A Hi e FLAI I
T ERLRL TR 5 | RS %) 20 TR M B 0 A W 7 3 R A B R 1 T T
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TEFR R Tk R X, AR50 B s KR L
S 4 KE , AR UK 10%-30%, ™
ik 60%° %, ENEE LB, 1EEAH KRR

IR AEAEDT Xoc BIKAF AL RN, RABX Xoc HA
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(SRR S T R A 2 N1 231~ s it L 4
Ec22b LD DR Y g 112 NA SR 7 82 N B = e
SRR, AR, BEE A YIBE
St %) S PR, e RS B W ke By R K AR
SR ISRUN T W) WP QL I ON L YN

FRT, I 22 1 A2 By T S35 2F A i
(Bacillus spp.). fEHLHEFT IR (Pseudomonas spp.).
%% %5 14 (Streptomyces spp.) LA Kz Hifth — 2645 35 20
B, R ZE AR B AN BRI . SRR
CAAETESR . KM EEERE S, 2T
YR FE R AEYIBG, @l M E P SR
KA R JLAE B VE RS, BN, bR 2E A AT B
(Bacillus subtilis) F3 figfg ™ A= —Fi i Ak i s
i# (Monilinia fructicola) A4t i & 110 i 4E 25 1
FF 7 (Bacillus cereus)BE i xf B4 & B I (Altrnaria
alternata) Fl1 Mt A% 2% 2% & (Penicillium digitatum) =
AT SR A T R T SRS RS P e T A 2T
FF B (Bacillus amyloliquefuciens) i i /K F& 25 B0
Bkl 60%L 10,

DU 25441 14 (Bacillus velezensis){f h—
BRI A BT 2RI R, i Ruiz-Garcfa 48 & 3w
#08 CARRGE Bos, DU ZE AR TR B g X
FiAE #2595 1 (Verticillium dahliae Kleb)* | 3¢
M BES B (Alternaria brassicae)*® . i K B 1
(Botrytis cinerea Pers)™ | >~ #¥ k%% 14 (Fusarium
oxysporum f. sp. cattleyae)” | i %% i 25
(Fusarium oxysporum f. sp. fragariae)™® | 25 24 &
T (Pythium)* 2L Kz 7Nz 4>l T (Gaeumannomyces
graminis var. tritic)??45 22 Fivi W0 R R LA R T
VEF o DUSREYT 27 FO AT 11 7 A 0 A AR 7 ) 2
FLAERR IR AR IS, AR IR AR 261k
EWIA I REFLNA srfAA, bmyB | ituC F1 fenD
U HRT, ST DUSERTZEMAT R Xoc HAHY
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HiAE AR D

AN A O SRR o B e S 1 bk
XF Xoc HA W EREHEMMAER B, %E g
WrZFfFFTE, fir4a B. velezensis 504; BI#f 1%
RXF B PR R LA R SR RS B T DA B RS B
Y AR E M WA T T R R P AE R AR
FHOGEEIR . X BB 5 A 7K A 2R B 14 2 W B i 4
BET B RE SR, N e S AL A R 5 2E
TSR

1 BR R

1.1 BB

DUSEH 2R 4T & B. velezensis 504 MR ZEE =
A T GV B VG R S PR A 25 0 SRR B L g e 4y
2. iy Xoo Hl Xoc B N A S I AL B M
BB KA o3 B 5 AR ) )5t B B 1 h
ARSI E A ER(EE 1), XU E T NA FI
NB (NA broth) 3535, 53 28 °C.,
1.2 F5$HL Xoc HEMES

I HSREED:, WNAE 14 M AIRIX
GRS HAEIRBR IR T 107 £ L4E, M
T RERE AL BT Xoc AT . By T AEFRI 10 g,
BT =MHEIHA, A 90 mL KE KA E4K
Pk, 28°C. 200 r/min k%15 5% 20 min, EiRHHE
20 min, AR . W 1 mL AWK,
B 107, 107 A1 1070 3 M EERL EE A I HL 100 pL
B, ISIIRATE & RS105 H AT NA B 5%
I, 28°CHigR 24 h J5, WA E DTE AR, Bk
Xt RS105 HA MR TG TER TS, alifb R B pivs .
PSR 2 NB B f, 28 °C. 200 r/min 47
ViigE 12-24 h, JEEERRME N ODgo=2.0. Fl|
FAZEHERREE, A 50 uL @&, 765 RS105
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Table 1. Strains used in this study

Strains Relevant characteristic Source
B. velezensis 504 Isolated from rhizosphere soil of spinach This study
X. oryzae pv. oryzicola, Xoc

RS105 Xoc wild type strain, Chinese race 2 This lab
HNBO07-3 Xoc strain isolated from Hunan province This lab
RS85 Xoc strain isolated from Jiangsu province This lab
HNB3-17 Xoc strain isolated from Hunan province This lab
HANB12-26 Xoc strain isolated from Hainan province This lab
ZJB01-25 Xoc strain isolated from Zhejiang province This lab
HANB1-19 Xoc strain isolated from Hainan province This lab
JSB1-39 Xoc strain isolated from Jiangsu province This lab
AHB3-7 Xoc strain isolated from Anhui province This lab
HNB8-47 Xoc strain isolated from Hunan province This lab
AHB1-58 Xoc strain isolated from Anhui province This lab
YNBO1-3 Xoc strain isolated from Yunnan province This lab
X. oryzae pv. oryzae, X00

PX099” Xoo wild type strain, Philippine race 6 [21]
YC2 Xoo strain isolated from Yinchuan city This lab
AH1 Xoo strain isolated from Anhui province This lab
YC6 Xoo strain isolated from Yinchuan city This lab
YC11 Xoo strain isolated from Yinchuan city This lab
YNO04-1 Xoo strain isolated from Yunnan province This lab
LYG46 Xoo strain isolated from Jiangsu province This lab
JL3 Xoo strain isolated from Jilin province This lab
8569 Xoo strain isolated from Yinchuan city This lab
YC18 Xoo strain isolated from Yinchuan city This lab
XZ35 Xoo strain isolated from Tibet This lab
YC7 Xoo strain isolated from Yinchuan city This lab
Xanthomonas campestris pv. juglandis Causing black spot of walnut This lab
Xanthomonas axonopodis pv. vignicola Causing cowpea bacterial blight and pustule This lab
Xanthomonas campestris pv. phaseoli Causing bacterial blight of bean This lab
Xanthomonas campestris pv. vesicatoria Causing pepper spot disease This lab
Xanthomonas campestris pv. malvacearum Causing cotton bacterial angular leaf spot This lab
Xanthomonas axonopodis pv. vasculorum Causing sugarcane gummaosis This lab
Xanthomonas axonopodis pv. allii Causing bacterial blight of onion This lab
Xanthomonas campestris pv. musacearum Causing banana bacterial wilt This lab

W NA BEFREE B, JER AT P 1) O 07 S B TT IR B PG AR PO A 25 O SR Br %
TRAFIM G AR KT 40 mm BTET, HHAT7RZE 1.3 504 EHRAISHHILE

PRIGEESE o TRtk 504 MG 50 50 I ERERRIREE 9 31 JyAcin sk BA ARAS AT BOAM « BRI 5 1 504
Pk, HRET 2018 4F 2 1 21 HOREEAMAESE = ppkit 2 o [ s B ey (5 b0 (1, 2800)
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PEAT TR 245 24 LB A0 A PR AE AR A Mk A 22 o AR B
CIAZS N % E T ) P30 O LA BE 2R G %
FM) PO 504 PARRA . FEEERRAA L B
FER R . PR 2 MRS . W5 Wk 55 A 3
A AR PEEA T LA 3T o
1.3.2 S FHEYIFEREE : R0 5K 4 R
ECEE, PETTM), JREUER 504 (LA 4
DNA, LIZHH 16S rDNA R AVEEFYES 1Y) 27F
(5-AGAGTTTGATCCTGGCTCAG-3') il 1492R
(5'-TACGGCTACCTTGTTACGACTT-3") L M i 5%
I gyrA 8951 % GyrA-F (5'-CAGTCAGGA
AATGCGTACGTCCTT-3")#l GyrA-R (5-CAAGGT
AATGCTCCAGGCATTGCT-3") k4T PCR # 34,
PCR W AZ (20 pL): 1 pL #itk DNA, 2 pL
primers (F/R), 2 uL dNTPs, 10 uL buffer GC, 0.2 uL
Extaq, 2.8 uL ddH,O., PCR #1414 K. 95 °C
10 min, 95°C30s, 56°C30s, 72°C90s, 354
fiE¥R; 72 °C 10 min, PCR F=#¥p&lifb )5, & =4
AW AR (FE ) A BR A w AT B, AL
NCBI Pl BLAST LREXS Frilll i 16S rDNA Fi
gyrA JEHIHEATRIIEPE S0, e R KRR, B
{81 ] MEGA 6.0 #/:1#) Neighbor-Joining %)
RERKEM
1.4 504 FEMEXS B B B FE HUIE PRI 23 B

SRR A AR I 22 B R 504 Xt 12 #R/K g 43
TR 12 BROKAR LR TR Sz 8 kA v B
o TR RS HUROR o B 25 il B bR B B T 0 3 4
T 3 mL NB };523rf, 28 °C HikigE 24 h, 7Y
PRI VR R ODego=2.0 WRHX 200 plL f4 8% 5
WINAZIAHI 2 45 °C 22471 NA K 3krh IR G
¥4 TEFARA o FCE TORE B A EAR, w4
BRI 50 L () 504 K EER, HAAEEEE 3
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ANEE, DIKEACHAEX R, &F 28 °C HiskF
24 h, MEAGIH IR EE KN, Bl Excel
2010 FI SPSS 22.0 3K F- #4741 537
1.5 KFSLHL B 504 XF Xoc HIFEIE M E
& Xoc 1 JF F= A L RS KAk R
=, AR 2 A KRR TR S .
IR 504 F1 RS105 HLE AR 2 5 mL 1) NB 1557
Jhrh, 28 °C HiE5FE 24 h, TRk 504 BRI N
ODgoo=1.0, RS105 [IEIKHE A ODgo=0.3. KH] 2
PR =, MEEAIIE 504 XF T RS105 AT
Mo JRIT AR EERNL . R JCER Sk A SRR
RS105 A BRIRTE ST AJKFER e, 2 h SRR Rh
PRk 504, TRHACIRAHANL:: SERIFIICEH L TE
SHERR 504 BETRGEST AOKFEM B, 2 h s PR
Hefh RS105 Pl B IAHERRYY 30 dkith,
HLE T d WEKBURIRBEIE AL, SoiRBtny e
TGO S5 i R RO B e AE ) DA B 5T BT
FACTE AR, 7 d 50 SRBERBE AN, HARA
2T EIAYT AL BT A PRI B RCR
MR (%) =

X BRADR B — AL PRZH B
X R ZE R TR

1.6 TETE MY TR E o

W Rk 504 #:F0 T 3 mL 19 NB 35350h, 16
28 °C #E K (180 r/min)H 1535 24 h, 152 & B
£33 10000 r/min B0 5 min, U BiE. ¥ 3G
WAL UE I (FLAR 0.22 pm)iEA 73 g, SRS To A
R . 5% SCHR[26]FI[27] 04 77 1 43 SR I 12 ke
504 PAFREPE | FRIIER A M RS e M o K &
U1 504 TR AR A JC A KRR 5 E T 7 DA R
Ji#(40. 50, 60, 70, 80, 90. 100 °C)AY/KiréeH,
K 30 min JE L BN B E IR . A A E

x100% ~3(1)
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AN [ = A B S TG TR K RO RS105 R T 4
25 0 IO R 2 R AL FI(25 °C) Y TC T K BRI,
AN HAR . TETCH AL R i pH [
6.63 &+ F, 4331 1 mol/L 4 NaOH #1 1 mol/L
HCI 5 WA pH B, #7955 pH B0 2.29,
3.37. 456, 5.53, 6.78, 7.12, 7.95, 8.91, 10.15
11119, FE 3 ho WME AR ER I AL BS JC
REERNT RS105 M &1, VAARTREE pH {E(6.63)
() JCBR A TR N 25 I R, I B AR 7
AR 504 JCR R AR A MR A . B
PG AN G K, BRI 2R E N 1 mg/mL,
37 °C i 1 h, e ARl AL LS Ttk 504
JCHA & WO RS105 M ERTE 1, AT TG
R R TR R 25 G B, DU P T e LA

1.7 HiAFAMERER PCR K4

R4 McSpadden ., Arguelles-Arias 25253 5
BT T 11 X EPTAE R A GRS 1Y, 15 pb
PCR WK% : 1 pL £tk DNA, 1.5 pL primers
(F/R), 1.5 uL dNTPs, 7.5 uL buffer GC, 0.15 pL Ex
Taq, 3.35 uL ddH,0. PCR #"## £514:: 95 °C 5 min;
95°C45s, 58 °C 1 min, 72 °C 2 min, 35 MEH;
72 °C 10 min, H 2 pL A4 PCR P=#yuEf e 3k, a1k
HLUK 50T, 8 A A D EOR (B A BRA w4 T
W, D45 R AE NCBI B 2 iR b4 T HEXT 28T

2 HERFH

2.1 Xoc HEHIHREM B E

BT THEREAEIH Xoc A, WA 14 4
B E BRI T 107 4314, LA Xoc AR
Rk RS105 SHH8/R AT, i3 S AR R B A1 I A
JETETL, A 50 iy A A 1R 5 66 HRIEAT
BAEPUSCR A R . S E TR, Tk

504 Xf RS105 MyFsHLlE AR Bk, e r-F
AR 1k 40.66 mm (B 1-A) 7E NA JiF% |,
wtk 504 JERFL v, RIEHEE, S A
W AFEH(E 1-B). TR R E, 45R5RH
SyFEVER, RAFAIR, REME A, SRANIRIE
UL (1 1-C)o WS . i [R) A Al ™ iR 5
A PEARARRRPE BT R, TEIPR 504 AT LU AR HoS |
CMEFR LI, REr M HE, AR A= malme (R
2); ATLURESEARORE, AResfuanl . HiEs
[N TR A = s N | R U R N 2
3); REMSAIAIH . agwl . RME. HrERw.
FRlE . LA 17 FRRIR(ER 3). MR (A
% ) PR R AN RGeS T ) B
BEAT AR, X e AR PR AR PR 22 R B TR 2
FFF B HA BRI AR

N T W TR 504 By rSRHLAL, K 504 Y 16S
rDNA J¥5I7E NCBI Hr 4T BLAST 4347, KB
5 Bacillus velezensis CR-502 (AY603658) . Bacillus
siamensis KCTC 13613 (AJVF01000043). Bacillus
NRRLB-41091 (LSAZ01000028) .
Bacillus amyloliquefaciens DSM7 (FN597644) .

Bacillus subtilis subsp. subtilis NCIB 3610
(ABQL01000001)55 R # Y 16S rDNA [m] 51k ik 5]

99.24%., ARGk BEWLEER BN, 504 5 Bacillus

Bacillus

nakamurai

siamensis  #1  Bacillus
amyloliquefaciens 4 F[al—4~43 32 (Kl 2-A). i#f—
AFIH gyrA BLRFSI7E NCBI Hiff4T BLAST 43
Mr, 455 2R H 5 Bacillus velezensis ) gyrA J& [
P ECARML, [RITES 98.91%, R4 K B WL,
R B 504 5 Bacillus velezensis 4b T [a]—/~43
(K 2-B). Zify BIREERELHE R 504
Bacillus velezensis, iy 44 & U1 ST 2E #0418 504 (B.

velezensis 504),

velezensis .
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L1
1. BI#k 504 BU4FIE
Figure 1. Characteristics of the isolate 504. A: Antagonistic ability of the isolate 504 against the Xoc strain RS105;

B: the colony form of 504 on NA medium; C: the morphology of 504 under microscope (1000x).

F 2. FEILERK 504 A AFEERE. IRRIL)
Table 2. Physiological and biochemical characteristics
of the isolate 504 (enzyme activity, carbon source)

% 3. FEIIENK 504 & A LR A RIRER)
Table 3. Physiological and biochemical characteristics
of the isolate 504 (acid production using carbon source)

assimilation Subtrates Results Subtrates Results
Substrate Enzyme Results CK - Esculin +
O-nitrobenzene-  B-galactosidase - Glycerin + Salicyl alcohol  +
galactoside Erythritol - Cellobiose +
Arginine Arginine double hydrolase - D-arabinose _ Maltose +
Lysine Lysine decarboxylase - L-arabinose W Lactose +
Ornithine Ornithine decarboxylase - Ribose W Melibiose _
Sodium citrate Citric acid utilazation - D-xylose - Sucrose W
Sodium H,S production + L-xylose - Trehalose w
thiosulfate Adonol - Inulin -
Ure Urease - B-methyl-D-xylose - Melezitose -
Tryptophan Tryptophan deaminase - Galactose - Raffinose -
Tryptophan Indole production - Glucose + Starch -
Pyruvate 3-hydroxybutanone produces + Fructose + Glycogen -
acetylmethylmethanol Mannose + Xylitol _
Kohn gelatin Gelatinase + Sorbinose _ Geraniol _
Glucose Fermentation/Oxidation (4) - Rhamnose _ D—turanose _
Mannitol Fermentation/Oxidation (4) - Dulcitol - D-lyxose _
Mannitol Fermentation/Oxidation (4) - Inositol + D-tagatose -
Sorbitol Fermentation/Oxidation (4) - Mannitol + D-fucose -
Rhamnose Fermentation/Oxidation (4) - Sorbitol + L-fucose -
Sucrose Fermentation/Oxidation (4) + a-methyl-D-mannose  ~ D-arabitol -
Melibiose Fermentation/Oxidation (4) - a-methyl-D-glucoside W L-arabitol -
) . o N-acetyl-glucosamine — Gluconate -
Amygdalin Fermentation/Oxidation (4) - )
b Oxid Amygdalin - 2-keto-gluconate -
Arabinose Fermentation/Oxidation (4 - .
“) Arbutin W 5-keto-gluconate -

+: positive reaction; —: negative reaction; W: weakly positive

reaction.

actamicro@im.ac.cn

+: positive reaction; —: negative reaction; W: weakly positive

reaction.
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(A) Bacillus fequifensis KCTC 13622 {AYTOO1000043)
Bacillus subtilis subsp. inaguosorum KCTC 13429 (AMXNO1000021)
Baciltus subtilis subsp. stercoris DTXPN1 (JIICA01000027)
Bacilius halotolerans ATCC 25096 (LPVE0O1000003)
Bacillus mojavensis RO-H-1 (JI1600280)
Bacillus subtifis subsp. spizizenii NRRL B-23049 (CP002903)
Bacillus subtilis subsp. subtilis NCIB 3610 (ABQL0O1000001}
Bacillus nakamurai NRRL B-41091 {LSAZ01000028)
Bacilius vallismortis DV1-F-3 (J1600273)
504
Bacillus siamensis KCTC 13613 (AIVFOT1000043)
Bacillus velezensis CR-302 (AY603638)
Bacillus amyloliguefaciens DSM 7 (FN397644)
Bacillus atrophaens JCM 9070 (AB0O21181)
Bacillus altitudinis 41KF2b (ASJCO1000029)
Baciitus xiamenensis HYC-10 (AMSHO10001 14)
Bacillus safensis FO-30b (ASIDO1000027)
Bacillus australimaris NHTL 1 (1X680098)
49 + Bacillus changzhouensis DW3-4 (JOTPO1000061})
731 Bacilius pumilus ATCC 7061 (ABRXO1000007)
Bacillus swezevi NRRL B-41294 (MRBKG1000096)
Bacillus sonorensis NBRC 101234 (AYTNO1000016)
Bacillus paralicheniformis KJ-16 (KY694463)
Bacillus licheniformis ATCC 14380 (AE017333)
Bacitlus havaesii NRRL B-41327 (MRBLO1000076)
Baciltus glvcinifermentans GO-13 (LECW01000063)
Bacillus aerius 24K (AJ831843)
_|_— Bacillus orvzaecorticis R1 (KIF548480)
99 Baciltlus vietmamensis 15-1 (AB099708)
Alievelobacillus acidocaldarius DSM 446 {A1496806.1)

66

98

99
56

87

(B) Bacillns amyloliquefaciens CWBI1577 gyrase subunit alpha gene partial cds (KC462185.1)
Bacillus amyloliguefaciens partial gvrd gene tor DNA gyrase subunit Astrain NAU B33 (FN632788.1)
Bacillus amvloliguefaciens L-H15 complete genome (CPOL10536.1)
Bacillus amyloliguefaciens L-S60 complete genome (CPO11278.1)
Bacillus methyvlotrophicus B25 genome assembly chromosome:BAMMD1 (LN999829.1)
Bacilius amyloli quefaciens DNA gyrase subunit alpha gene partial ¢ds (KU 143926.1)
Bacillus velezensis M75 complete genome (CP0O16395.1)
Bacillus velezensis Hx(5 chromosome (CP029473.1)
Bacillus amylofiguefaciens B-4 chromosome complete genome (CP031424.1)
Bacillus velezensis 131-4 chromosome complete genome (CP028441.1)
Bacilins velezensis CMT-6 chromosome complete genome (CP025341.1)

Bacillus velezensis 8-2 chromosome complete genome (CPO28439.1)

30‘(Baciz'ins velezensis I'7-1 chromosome complete genome (CP028440.1)

361504 e .
Bacillus velezensis CCTCC AB 2018188 GYRA

100

2. H¥ 504 RELER
Figure 2. Neighbour-joining phylogenetic trees based on 16S rRNA (A) and gyrA (B) gene sequences of strains
504. Numbers in parentheses represent the sequences accession number in GenBank. The number at each branch
point is the percentage supported by bootstrap. Bar 0.5% sequence divergence.

2.2 B. velezensis 504 FEHIEYIRIF B BMETEE W TRBOSER 4T, &P B. velezensis 504
] X ik 2 P AR ELA H U (81 3-A, 3-B), X Xoo

3 T WA#4 B. velezensis 504 - fghg i eptds WARIISEDUEMIWI R T Xoc witk, FFBlEXT kK
KR # B 7 L REER 12 Bk Xoc FIBRAT 12 ¥k Xoo  FVERJITITGY 8569 F1I YC2 Faitk, M EAE 5

http://journals.im.ac.cn/actamicrocn
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(A)

Xoc

(B)

Xoo

©

Other
Xanthomonas

3. B.velezensis 504 X B i A FE L IE

Figure 3. The antagonistic spectrum of B. velezensis 504 against Xanthomonas. Inhibition zones against different
strains were shown. A: 1-12 are Xoc strains. 1: HNBO7-3, 2: RS105, 3: RS85, 4: HNB3-17, 5: HANB12-26, 6:
ZJB01-25, 7: HANB1-19, 8: JSB1-39, 9: AHB3-7, 10: HNB8-47, 11: AHB1-58, 12: YNBO1-3. B: 1-12 are Xo0
strains. 1: 8569, 2: YC2, 3: AH1, 4: YCB6, 5: YC11, 6: YNO041, 7: LYG46, 8: JL3, 9: PX099”, 10: YC18, 11: XZ35,
12: YC7. C: 1-8 are other phytopathogenic Xanthomonas. 1: X. campestris pv. musacearum, 2: X. axonopodis pv.
vignicola, 3: X. campestris pv. juglandis, 4: X. axonopodis pv. allii, 5: X. campestris pv. vesicatoria, 6: X.
campestris pv. malvacearum, 7: X. campestris pv. phaseoli, 8: X. axonopodis pv. vasculorum. Black numbers
denote the inhibition zone and SD (mm).

actamicro@im.ac.cn
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62.25 mm ([&] 3-B-1)71 49.83 mm (/& 3-B-2).

E—D e 8 M vE B B Y A0 TR A T R BT
YERY M, & FH B. velezensis 504 X7 £5 40 B T
2 EiE]
P BB A (X. campestris pv. juglandis) . 515 405
PESET B (X, axonopodis pv. vignicola). V4740
PE A9 18 (X. axonopodis pv. allii) . 3R &5 0 7
(X. campestris pv. vesicatoria) 13 &2 B 28 1
(X. campestris pv. phaseoli) EA3 B B iFEHT/ER ; Xt
FaAC A0 PR FABERG I (X. campestris pv. malvacearum)
FIH HE I RS B (X. axonopodis pv. vasculorum)fy
FEAERES S PLE R (B 3-C). ik SEZ5 IR,
B. velezensis 504 X X 22 0ei 5Ll 1 & 1) 4l o A
BAFEHER, 4T Xoo MFBHISUR i B -
2.3 JKFELHLH B. velezensis 504 X} Xoc #HIRR
I

S T5E B. velezensis 504 X%f Xoc 4%k
R, FAEE Xoc MY A=K R, SR 1 A9
TESHEERN L, ZE/KAEM R b [R] 48 B. velezensis
504 il RS105 Mk 481 2 d J& , B A= BRI TR Ak RS105

#i9 E (X. campestris pv. musacearum) .

\56%.@ %\Q \Q \Q‘\ AN Sﬁ 5@ >
X S /Y LN %\
ST ERT BT BT

FEJR I R F BRI A K BRI BE (K 4-A),
2t 12 B. velezensis 504 i B 4k 3 (504/RS105) F1iG ¥7
b FE(RS105/504) ) J5t 4= it 7ESH 3 RA EIIM
SRR BORIRBE (8 4-A), %ELE 5-7 d HMELLE T
7R, RS105 7E{ 41 T B. velezensis 504 1)) F 4.
M g AR S AR A (8] 4-A FiE 4-B). T
B b FR A R g 75.95%, TG A0 BRI B R
FoH 72.65% . X % B B. velezensis 504 #1545 (14
BIEPEY A K RS b e A 5l Xoc (4R
K, BREKBREBE Y
A2 2B B DG R A
FFH 11 Fh 25 FA B vh AT I BTAE 3R 8 U O
LB 51 9% B. velezensis 504 f) gDNA iJEfT
PCR ¥, Z53RE /5K 5)REUEY 15| Fengycin
A A EIE fenA. Bacillibactin 4 8 AH 6 LA
dhbA . Surfactin & B FI LA sfrA | BacillomycinD
A MR bmyA . Bacillaene & 8k ¢t A
beaS. Difficidin & mAHICHE A dfnA & Bacillysin
G RAHKIEE bacA, HUZBAT KM Ry | 2,4-
T LT T S v AR TR R S A phzFA

(B)y 45
40 +
35 +
30 F
25 ¢
20 +
15 +
10 +
5t
0

2.4 B. velezensis 504 $t

Lesion length/mm

#% £

RS105/504 504/RS105

RS105

4. BFIKXIHN B. velezensis 504 3 7k 7 51w = RO B E 1%
Figure 4. Effectors of B. velezensis 504 for suppression of rice bacterial leaf streak in pot under glasshouse
conditions. The lesions length were observed at 2 d, 3d, 5 d and 7 d after infiltration (A). Representative lesions on
rice leaves (A) and lesions length at 7 d after infiltration (B) are shown.
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Inhibitory rate/%
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B. velezensis 504 14 E & B EF PCR R
Detection of antibiotics biosynthesis genes in B. velezensis 504 by PCR. M: DNA marker; 1: fenA; 2:
dhbA; 3: ituC; 4: sfrA; 5: bmyA; 6: beaS; 7: dfnA; 8: phzFA; 9: bacA,; 10: phID; 11: pltC; 12: non-template control.
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Figure 6.

The inhibitory stability of the cell-free supernatant of B. velezensis 504 against Xoc RS105. The

inhibitory effect of B. velezensis 504 on Xoc was detected under different temperature (A), proteases (B) and pH
values (C). Columns marked with asterisks indicate significant differences (Student’s t test, P<0.01).
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WA, 5 B. amyloliquefaciens FitJAE ALt 45 i 1281,
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amyloliquefaciens 1%} Xoo il Xoc HA FEHLiG 1k,
FEHUIEPEY R Difficidin 1 Bacilysin 7, A58
FIF 11 FpiA: 25 LR 951975 B. velezensis
504 fFE[N4] DNA #E4T PCR #°3, REAGINZ
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Isolation and identification of a Bacillus velezensis strain against
plant pathogenic Xanthomonas spp.

Shengzhang Li*, Ying Chen”, Ruihuan Yang, Cuiping Zhang, Zhao Liu, Yilang Li,
Tao Chen, Gongyou Chen, Lifang Zou™
School of Agriculture and Biology, Shanghai Jiao Tong University, Shanghai 200240, China

Abstract: [Objective] To obtain biocontrol bacteria to control bacterial leaf streak (BLS) of rice caused by
Xanthomonas oryzae pv. oryzicola (Xoc). [Methods] A bacterial strain 504 with antibacterial activity was screened
from water spinach rhizosphere soil by agar disk dilution and inhibition zone method using an Xoc model strain
RS105 as target. Strain 504 was identified through morphological, physiological and biochemical characteristics in
combination with 16S rDNA and gyrA sequence analysis. Antagonistic activity of 504 against some plant
pathogenic Xanthomonas spp. was measured and stability of its sterile fermentation broth against Xoc was analyzed
by Oxford Cup method. We predicted the genes encoding the synthesis of multiple lipopeptide and polyketide
compounds by PCR amplification. Antibacterial activities of 504 against Xoc in the leaves of rice seedlings were
evaluated by injection inoculation method. [Results] Strain 504 was identified as Bacillus velezensis, named B.
velezensis 504. B. velezensis 504 showed specific inhibitory effects on some plant pathogenic Xanthomonas,
especially on X. oryzae pv. oryzae. The secondary metabolites prediction showed that B. velezensis 504 contains
genes such as fenA, dhbA, sfrA, bmyA, beaS, dfnA and bacA encoding the biosynthesis of various peptidoglycans
and polyketose antibacterial compounds. The cell-free supernatant showed stable inhibitory effects against Xoc
under high temperature and by protease treatment, however, there is no inhibitory activities when the pH value of
supernatant is beyond 5.5 to 8.9. B. velezensis 504 exhibits significantly inhibitory effect on water-soaked lesions
caused by Xoc in the leaves of the high susceptible rice cultivar Yuanfengzao. [Conclusion] B. velezensis 504
exhibits the broad-spectrum antagonistic activity against Xanthomonas spp., and has the potential as an effective
biocontrol agent on diseases caused by plant pathogenic Xanthomonas spp..

Keywords: Xanthomonas oryzae pv. oryzicola, Bacillus velezensis, biological control, antagonistic activity
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