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FAEAY 64 7 KB B #R SF327 2R AG @ vt A6 % 69 B 06 % 71 . A1 R antiSMASH 447 30 # A& SF327
FEA ) R AR M. B AT P AR B 2B 54T SF327 5 2 ARAAAR IR B A T OF FoAT I a9 R R
B4k FZB42 #2 SQRO ¢4 F 4 % 4 . M A BAUR AR ZH o ABE. [4 2] B SF327
Bedl A A REDRI-LHK, T—HAAORERAR,;, SHBERAA. TRMERD. RREE
B BRI EAR . KIOFAAR A AL ARG IRAMER; CEA BEKGEart AR £
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Bacillus velezensis SF327, a potential biocontrol agent with
the functions of preventing plant diseases and promoting
plant growth
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Abstract: [Objective] To screen plant rhizosphere growth-promoting Bacillus velevensis and analyze
the biocontrol potential and genome characteristics of the target strain. [Methods] We screened out the
growth-promoting strain SF327 through the experiment on pak choi (Brassica campestris sp. chinensis
L.) and analysis of plant traits. The activity of strain SF327 against five plant pathogenic fungi and four
phytopathogenic bacteria was tested with the filter paper method. Through spray inoculation in paddy
fields, the activity of strain SF327 against rice bacterial blight was evaluated. We predicted the
secondary metabolites of SF327 using antiSMASH. Moreover, we explored the genetic relationship
between SF327 and the plant growth-promoting B. velezensis FZB42 and SQRY, and compared the core
genes and secondary metabolite synthesis gene clusters. [Results] The plant growth-promoting SF327
produced auxin indole-3-acetic acid (IAA) and antagonized Magnaporthe oryza, Fusarium oxysporum
f. sp. cucumerinum, Phytophthora capsici, Colletotrichum gloeosporioides, and C. acutatum. It had the
potential for biocontrol of rice bacterial blight. The genome of SF327 was 4.08 Mb which was
composed of a circular chromosome of 4 081 758 base pairs without plasmid and with G+C content of
46.49%, 4 033 protein-coding sequences, and 13 gene clusters for secondary metabolites. SF327 strain
showed close genetic relationship with strain FZB42 and SQRY, particularly SQR9, and they shared
87% core genes. [Conclusion] B. velezensis SF327 is versatile with a broad antagonistic spectrum,

which can be a promising biocontrol agent.

Keywords: Bacillus velezensis; plant growth-promoting rhizobacteria; biological control; whole-genome
analysis

A A7 N A 2 W R B AN B AU D SET 2E AT I (Bacillus vel ezensis)fE
N ZE A8 FF 1A (Bacillus spp.) o B M A B O —FET R A B ZEEAT R, BR T 2005 AR
(Pseudomonas spp.) ) I £ 5% 4 (Sreptomyces spp.)  Ruiz-Garcia 25435 T P HEF w355 & Hi il (Malaga)
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(I 4Em (the Vélez river) & /KFER, 7E 2015 F
2016 4, Dunlap ZF&ead ESERNA A4, E
WA ARG M 2 FAT B A 00 Fh(B. amyloliquefaciens
subsp. plantarum) I H 3t & 3% AU ZF
(B. methylotrophicus) A D1 3i Hr 25 T B A4 [A] F
SAE HL, BUTE R DS ZE AT B A 2R
BT R USRI 2R AT TR . R TE R 2F A T
) S A AR R Y 8 3R Y 2 AT T R RS
gy ic 3

TE[FIZE 0 DU 2R /AT 1A, FZB42 1E R
B PG PH AR L2 A B (plant growth promoting
rhizobacteria, PGPR)JIR B #E, FEBFHR . 12
AL B SEYPUELISE  I R IR A
O T TR R B e 41 A %) ]l 2 0 T S 4%
E AN P AN ¥ LNV S b  SIF:
AL R TR . PRI, FZB42 43
2 10% 9 Fr 41 b 1 28 /0 13 R I6 P T A=
OB PN R . AN . T AL B
IR AN R VR o s ey AR AR ) &
FAL$E 4 FhIRAE K (surfactin, bacillomycin D,
fengycin FIWEERZ bacillibactin), 3 Fj R4k
4 W) (macrolactin, bacillaene fil difficidin). 1 #
KAL) bacilysin, 2 R4 & (plantazolicin
F1 amylocyclicin) UL & 3% % 14 ) Jii (acetoin  Fl1
2,3-butandiol)Z:* 131

A i BRI T D1 3fe 07 25 96 4T 51 400 1 L B
e LA R EEAE AT, N FZB42 7AERY
surfactin, bacillomycin D # fengycin EWEET IR
H 37 A 22 % i (Rhizoctonia solani )5 | i it A 32 AR
JE ", Hirh bacillomycin Dt AEA &Ml 4L
.4 7] T (Fusarium  oxysporum) F1 7K 43 4 7] 7
(F. graminearum)!' "1 D1 330 460 25 FF B XA 4
o it 210 AT ) A0 S 4 P 3 5 e 1 2 AR5 R K
bacilysin #EA/EH. FZB42 j=4: 1y difficidin Fl
bacilysin fE AN HZKAE AR (Xanthomonas

oryzae pv. oryzae, Xoo) 45 Bt [ (X. oryzae pv.
oryzicola, Xoc)*"!, LA 5% /%, bacillomycin
D #1 fengycin X}F FZB42 Biif H 8 /K K
(Ralstonia solanacearum)3 | i (1) 3 #h & ik
FEAEAY, FZB42 tBERS M AL i [ 4L i
B G AR 25 2 B R bs b e AR, LR AR AT R
plantazolicin X 75 il f& #1 £k H (Caenorhabditis
elegans) A IARAER , (HXFA#44: Hi(Bursaphelenchus
xylophilus) JC il £ ' 24, S JLAE, Rl AN
FEPTH AR AR A, BT A DL ST 2R AT T A 151
un J17-42°7 NKMV-3P0120 Fz EN AP 4
TS E , BB TN WTRAZ AR, B
P A= B MLEE L AS BT 4 A AT

ARG TAEIRTS T 7 #RXF Xoc HA
GBS T DS 2R AR I . O T B X 2t
RS A AEVEN, AU = e A 1
BRI PGPR AFIER AT, T RES]—ARXT
WNERBEA B EREFEMNMNE K B. velezenss
SF327. i1t XX B MRAEBURE 0B - X KA
i AR BV 1 AT LA A L e D A 1Y)
A3Mr, TERH SF327 X /K R Ui 1 (Xanthomonas
oryzae) . FiJE % 1 (Magnaporthe oryza) . 1 i #t
Jiit 9 7% JH 14 (Colletotrichum  gloeosporioides) #ll
34t 5 JH. 1 (Col letotrichum  acutatum)#fs 2 A %5
R HNRIVE R, A 13 SR AR Yy gt 5L
R . X BEmff oY F B SF327 &— ik HLA Bl ik fie
AEIHRERI AR T, B B A B S T .

1 #RE5xF*

1.1 i EHRFEFREH
AT R TRIAE LR 1o 2R AT 0 RN AR
YIRS E T NA (PR E 3 gL, 28
EE 5 g/L, REME 10 g/L, BEERRY 1 g/L, Bk
¥ 15 g/L, pH 7.0-7.2)8; NB (NA A& A HE
FORi e, TR . AR A NS
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*1 AARETANERK
Table 1 Strains used in this study

Strains Relevant characteristics Sources
Bacillus velezensis
SF327 Isolated from rhizosphere soil (No. 176) of fruit tree from Haikou city in This study
Hainan province
SF305 Isolated from cabbage rhizosphere soil (No. 163) from Hute Saihan This study
district in Inner Mongolia autonomous region
SF197 Isolated from water spinach rhizosphere soil (No. 50) from Sanming city This study
in Fujian province
SF284 Isolated from rice rhizosphere soil (No. 130) from Haidian district, This study
Beijing
SF307 Isolated from Poria cocos rhizosphere soil (No. 165) from Hohhot city in This study
Inner Mongolia autonomous region
SF309 Isolated from cucumber rhizosphere soil (No. 165) from Hohhot city in ~ This study
Inner Mongolia autonomous region
SF336 Isolated from pepper rhizosphere soil (No. 176) from Haikou city in This study
Hainan province
2P24 Pseudomonas fluorescens [28]
RS105 Xoc wild type strain, Chinese race 2 This lab
PX099% Xoo wild type strain, Philippine race 6 [29]
DC3000 Pseudomonas syringae pv. tomato [30]
LS-2 Acidovorax citrulli This lab
LMG2196 Burkholderia glumae This lab
DH5a Escherichia coli This lab
Magnaporthe oryzae Causing rice blast This lab
Fusarium oxysporum f. sp. cucumerinum  Causing cucumber fusarium wilt This lab
Phytophthora capsici Causing pepper phytophthora blight This lab
Colletotrichum gloeosporioides Causing anthracnose on rubber leaves This lab
Colletotrichum acutatum Causing anthracnose on rubber leaves This lab

T LB (FEAM 10 g/L, SEAfkdh 10 g/L, BEEEH
5g/L, 3EK 15 g/L, pH 7.0-7.2)8# LB broth
(LB AN AR, FEFRIR B 28 °C;
KIGFFREE T LB 5 5538 E R 37 °C,
YRR EREE T PDA B (L5
200 g/L, #i%iME 20 /L, Biis# 15 g/L, pH
5.6+0.2 H1, KEFRIEEE R 28 °C,
1.2 DRETFHANEMNS S
ABFGERTA TAE A 31 M8 (S AR IX)
WA T 248 A EPIRFRFE, LIKRE 2 B0
A T Bk Xoc RS105 VEAFE/RIE, Ifiikddi
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Ik, FIH 16S rRNA FEK K 54 27F Fl
1492R™), LUIFEHU MR AYFE N DNA AR
17 PCR ¥ 3 A1 5 , MRS 7 bk DI 2R AT
4 : SF327 .SF305 .SF197 (T fir &4 J B. velezensis
504)1) SF284 . SF307.SF309 LA & SF336,SF327
MW4i5 A 176 S0 LR TR BERA, AT
2018 4F 11 F 8 H RAE B ¥R 44 1 111 i1 Vi )
T A bl SR el M ) - 3
1.3 TSEETZFEMAE PGPR £ S

X R Ar BRI 7 bk DS 2R AT A T
T #5 AR T RE AR, ALFE B IR . 2R
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REFEYE . JLTREEEYE . PR e . R
TCHLBE R LA R A A= K 55 PGPR OREPE ST HT

ML 471 B P TS U e B A R AP BRI T D
il 3 FIASFE AL 185350 A 10% (W)
REW R (20.0 g AEHI#I T 200 mL ZE18/K),
B: 3% (W\V)EEHRIAE (6.0 g BEIERNAT 200 mL
ZEMK) . B A BAMAE 110 °C &K 15 min,
A Fl B SRR AT B AR T o 1l e il
AR, A 50 pL FORFIN DL 3T 2 AT B T
W (ODge=2.0), FH'ET 28 °C IR FRF b E;
F# 1-2 do M 75 77 A K Sk P T L S 15 7
A= 1

2T 4t R IS I 2 R R T BE 2T 4 3R A
(CMC-Na)}i etk , K205 R EL RN
(CMC-Na) 20.0 g, (NH,),S0, 2.0 g, KH,P0, 0.5 g,
K,;HPO42.0 g, MgS0O,4-7H,0 0.1 g, NaCl 6.0 g,
CaCl, 0.1 g, B8k 20.0 g, pH 7.0-7.5. Fi4li
KRR, REERZE 1L, 121 °C EEKHE
20 min, 7E CMC-Na V-4 i Sl & 4= H,
A 50 pL 5 B % (ODgg0=2.0), B & T 45 °C %
FRPEFE 3dJH 1 g/L IIKIRLZE YL 10 min,
FEA 1 mol/L ) NaCl #hifs , WA A 375 B P 1y
HiE,

JUT Bt T3 0 5 SR FH R R 45 41 A A 3 -
JERJLT BT 15.0 g, MELERY 3.0 g, (NH4),SO,
1.0 g, Mg SO,+5H,0 0.3 g, KH,PO, 1.36 g, Tl
#15.0 g, pH 7.0 F4idoKEfE, REAERE
1L, 121 °C & JEKHE 20 min, HAEARILT B
FIBCHIANT « K 5.0 g 40k JL T i F 88 mL ¥
e, HJLT BB, 7E 4 °C #E 24 h,
IR IE B LT 4Eid 3] 500 mL £ 5 1k, [H
EHERE, B0, HHEE G, REinE s R
FKE KGR o AR P R A R,
T 50 pL FRFIN R ¥ (ODgoo=2.0), #tE T 28 °C
B R R 2 d, UL B KR TR i o

MERR R MY 2 R CAS (8% KRB FR 3k
Sl CAS A ¥ : 1 mmol/L CAS, 4 mmol/L
CTMAB (75 %edk = R L), 0.1 mmol/L
FeCly-6H,0; FACHl CAS B #i: 0.1 mol/L Rk
Zefi, pH 7.05 FHECHI CAS CE: FEME 2.0 g,
MR 7K i &5 11 3.0 g, 1 mmol/L MgSO,4 20 mL,
1 mmol/L CaCl, 1 mL, ¥ifg¥; 18.0-20.0 g, pH
7.0, CAS A W .B ¥ M1 C#%F 115°C.15 min
O3 K T, FRREREE 60 °C 247, £ 100 mL
CAS C Kl SEH b in A CAS A ¥ 5 mL fil CAS
B 0.5 mL, fnihZg+ sy, Bt
o TR b Yo & A4 H8, A 50 pL RRill
P (ODg00=2.0), HHE T 28 °C HiFRsfh G
2d, WEEEAEWREIE

FRE R B IR L DI BERR A5 A S e — U, 4%
43 H . Cay(POy); 3.0-5.0 g, HEBE 10.0 g,
(NH4),S0, 0.5 g, NaC1 0.2 g, MgSO4-7H,0 0.1 g,
KC10.2 g, EE#; 0.5 g, MnSO,4 0.000 4 g, FeSO,
0.0002 g, FifEH 15.0 g, pH 7.0, FHA K%
i, ZGERZR 1L, 121 °C &K K 20 min,
TESE R R AR AR, A 50 L B9 RRI
8 (ODgoo=2.0), ¥ H: & F 28°C 5 FEFA 15 47
2-3 do MR AR AR K A B AT LA R A A
Rk f W A RE T <

i PR B SR AL B & Ly R s BERE 100 g,
(NH4),S0, 1.0 g, NaH,PO412H,0 2.0 g,
MgSO,4-7H,0 0.5 g, NaCl0.1 g, BEEEK; 0.5 g,
CaCO; 1.0 g, ATy 20.0g BiigH; 15.0-20.0 g,
pH 7.2, H4EH KR, A ERZE 1L, 121 °C
o KT 20 min, 35 5B SRR 2R HAR, 0
A 50 pL B F5 I B (ODgoo=2.0) , i Ho & F 28 °C
WA SR 2-3 do ARE IR 7 AR K A BB T LA
FIW e 5 HA FEAR P Y BE

MRS YM B SRR R T EREE 5.0 g,
K,HPO, 0.25 g, NaCl 0.05¢g, BHE 1.5g, {0

http://journals.im.ac.cn/actamicrocn
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R 0.05 g, pH 7.0, FAFIKIER, MEER
Z 1 L. Kl R YM B3R E A RE
121 °C EJEKHE 20 min, 76 JCH &M F L4
— A AR, BT 28 °C. 135 v/min
M TIRESR 96 ho BELOERIER, SHAaRIE
A, TEEIR TS 30 min, AL @b, i
WA 1AA 74 7EPK N 530 nm 4bill& OD
B, ARHE TAA bRt 2 (TAA A i £ 0 i 15 -
BCEWRERSE R 1. 2. 5. 10, 20, 50, 100 (¥
IAA B3 AHIE, T4 530 nm 409 OD i, fHilfE
PRUEZE AP b th 26 A 3K y=0.018 4%-0.003 2)
IR AR TAA F i
1.4 NERBEYRMNZE

TE 50 fL/C BB R A T /ANE R T, 25d
JE B A A o PRECRE DU TR AR B TR VR B R T NB
B, F 28 °C. 200 r/min HIHE K PR 5
WG, BE B E A E ODgp=1.0, ¥
ODgoo=1.0 MY TR 5 1545 o B B 7
HERM R G B RCP IR AR 5 min AR R 78504
IR G B4R, BRIEHIKE, 30 d )5
A1 R A Rt 8BRSt B AT 4 o
1.5 SF327 EHREEE HIFER D

W alidb ) SF327 bk 2 [ A B 57 )
PR bt (P L, a0 HEAT R 5 (DR 58 4 5
CCTCC M 2022130), LA R it47 4 BA AL FEPE Y
ME . WERS XM GEN Il MicroPlates™
(Biolog, Hayward, CA, USA), & 7T 49 Ff
B IR AN 20 A AEARINE -
1.6 SF327 #nikayl &
1.6.1 fRIRMAEREIILHINE

W3R 1 B R 2 R A D v T TR AR
(X0o PX099* Fl Xoc RS105)F1 3 kA" FH %
[ 75 JI SR B T (Acidovorax citrulli) LS-2, T &
fI% B4 Jfl 7 (Pseudomonas syringae pv. tomato)
DC3000 F1/K A5 HAL % i (Burkholderia glumae)

<l actamicro@im.ac.cn, & 010-64807516

LMG2196 UL X K im#T i (Escherichia. coli) DH5a
) B TR T 4 o 1) 68 07 5% 7 B v (R L R S oY
JCRBERG R R 7E NB B gk, HAH R
PRI AR LB Hi3:5E9), T 28 °C. 200 r/min
REIR P R R, B W Wk AR
ODgoo=2.0. M 200 pL BN Z A e 4 2
55 °C iR AP ARG, HARR G, 78
T AT RV i i e E ¥ N S R S e N £
10 uL ¥R 8 ODgo=2.0 HOTF I B . BBk
RIS E 3 N EA, 28 °C [HIEE; 7 24-48 h,
DB AR B R /N L o A BliE . AR R R
1.6.2 REEERBIIZHINE

Bk 1 T 5 R e I I R AR e e TR
(Magnaporthe oryzae) . # JIA# 2555 I (Fusarium
oxysporum f. sp. cucumerinum) . B 5
(Phytophthora capsici) . 2 & # I8 8 s I
(Colletotrichum gloeosporioides) L K # i # 42
4 7% JH %% i (Colletotrichum acutatum), & T
PDA 5580 B3R, R K- ra)s, 4T
LA TE PG AT &, KRG W 2F
BRI —ATEYE, WL, A ED R PDA
R g, K SF327 BIETVEHANTE NB B R Jk
Hi, F 28 °C. 200 r/min MHRKRHEE TR,
FRK T = ODgoo=2.0, £ bR 3EFh5 5 BB
HIHEAR Y, RN BN 22 4 SCE IR AR (B
%0 8 mm, JEACHFEE Y02 20 mm), FE
AEATAIEAC R IR 5 uL SF327 Wik, EF
PN IELE A LN 5 uL NB 532306 Rt I
BT 28 °C iR P E B3R 5-7 d, B
WE3IANEL, WEMEER, mREIME R
1.7 SF327 BiA7k A M % B X B i

R HH B 38 7K e 1 i Al 182 56 4 kg 337 Ak
PRANIA T b BRS04 B 17 o8 SF327 il Xoo
PXO099" [ BRLIR VK 43 B PP F NB #3256, F
28 °C. 200 r/min FYFE IR G TR 17, o w vk
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JE i 2 ODgo=0.6 #& . Tl By &b 3 52 55 21
(SF327-Pre), EFEFEMME ODgo=0.6 1) SF327
PR S W A oK R B, 24 h SR
ODj00=0.6 [ X0o PXO99™ Tk #4715 25 b Fi ;
TBYT AL BRSCI 40 (SE327-Tre) , TE £ MK ODgoo=0.6
i) Xoo PXO099* BRIV 4 5] Wt 55 i 2 K Fe it |
I, 24 h J5H ODgy=0.6 B SF327 &K IEA 7
AL Sy EXTIEAL, [ ODeo=0.6 ] Xoo
PXO99" T i LA T Wi AL BE . WiZ5 45 FP 20 d )5
WEL KRG 0 RGO, Ge i EOF 7 58
G307
1.8 SF327 W& ERE AN F

¥ SF327 MYHATE VR 4y A HEFP T NB 1555k
Hr, T 200 r/min F 1) 28 °C H5 A Rl i s
F2J5 . LA 1:100 /9 b3 42 228 i NB B3 2k rp
B 3% 26 U (ODgoo /T 0.8-1.0 Z[H]), 7E 4 °C
ZF 6 000 r/min 5.0 10 min YR, 75 |
H, H 1xPBS 2t Py iiive , MRS T
B, LW, ZPREL 23K, HELE
B, BEReT B, -80 °C %fF, %£ZE LI
IR ARV BB A BRA WX SF327 #1745
2 /7 . ) F PacBio Sequel il Illumina NovaSeq
MFF5, RATACM = A AR
¥ Pacbio 2R15 19 N HLEE 1 1] HGAP #1 CANU
BT 5 A I B DR, ARAS
contig J¥4 o J&5 2 F —AREEXT = AEs L 4
B, A R BR8] pilon BREXT AR
contig Z5 i FTHrIE, mAPHERRIEETI,
1.9 &k SF327 5HM NEHFRTFE L
WEREER S

TE NCBI | F 8 DS 2R HIAT I FZB42.,
SQRY ML K T 4I{5 B 5wtk SF327
S e e PSR T e I <R 7R B S S 2
I35 A% antiSMASH6.0 #4735 R 5% 40t

iz [ BPGA #AEXF 3 4RI CDS (sequence
coding for aminoacids in protein)X #£17 [F] 514
VAN VTN S O e < ) e S S EAE e B 1 Y P B
T KEGG 7. iz H mauve FA4EXT 3 AT bk
Fr LRI o

2 HERE504

2.1 NEFREEE SFI27 WIFIEFIEE
AW AT TAENAE 31 A BiE
XUCHE T 248 i AR PR L4, L Xoc Y
B TR AR RS105 fEMFR/RE, DBt 3 4F
(2018-2020 4F), L AR1T 223 FRAN AL FE BT IE
223k 16S rRNA JE[H ¥ 41 ) 45 % DL & NCBI
BLAST [l Lot 23 A, PARDE M = T 99%
DL AP R oA e, 3RS 7 BRXF Xoc RS105
FEBUAE A B 2 1) DL SEHT 2R AT T (B 1A). DIAE
B15 ¢ A% 24l 14 (Pseudomonas fluorescens) 2P24
SRR, TR TG T, R 7 Ak
BT Xoc RS105 AFEHLTE TE B i i T 2P24.,
20N X SR R EA T B IR E  TERR R
REJT . BEMRICHLEE . FEARN DL AR AR K S
HE B A B P REPE AT o BRE IAG BoR X ek
PR AR EL AT ISR PO S 1, T B T 3 K
Rl A B K FE bk 2P24 (K 1B), Hivb SF327
PR REER R B RE SR (] 1C), (HAZ X SE R bk
HOAST= A LR e R AL T e, A HoA i
T A A BE 1 (P RER BR). /N 28 (Brassica
campestris sp. chinensis L) A2 AE I8 8K, AR
SF327. SF305 (7330 k#R)A I SF197 (LA T4
M B. velezensis 504) (B2 5 3k ) PRE T E 1L
WE/INTT 32 B B FE 38 (& 1D), SF327 Al
504 ft I RE /N S A B Z AR (8] 1E).
SF327 Rewg = A mg|g-3-Z iR (1H-indole-3-acetic
acid, IAMRAEKRE 1F), E20hdRe
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Figure 1

TUSRETSF 74T B SF327 B9 PGPR 45{E 94
The PGPR characteristics of B. velezensis SF327. A: the antagonistic spectrum of 7 isolates of

\ @

B. velezensis (SF327, SF197, SF284, SF305, SF307, SF309, SF336) and Pseudomonas fluorescens 2P24
against Xoc RS105; B: the extracellular protease activity of 7 isolates of B. velezensis and P. fluorescens
2P24; C: the capability of producing siderophore of 7 isolates of B. velezensis and P. fluorescens 2P24; D: the
growth-promoting rate of B. velezensis SF327, SF305 and SF197; E: the roots of pak choi (Brassica
campestris sp. chinensis L.) treated by B. velezensis SF327 and SF197 through root-irrigation; F: the TAA
production of B. velezensis SF327. Error bars indicate standard deviation, and the * indicates significant
differences (0.01<P<0.05), the ** indicates highly significant differences (P<0.01).

/i SF327 774 TAA B9 290 3.62 mg/L, Xt

GEIRRB, SF327 & — AT i MAR IR AR TR o
DRI i i Koy 25 B AT P R DL S 30T 25 B AT T 1Y)

16S rRNA J K 7 91 2A e i [R50, o 1
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% SF327 Wtk ERME, E— 20 i ikak
% v ] R B SR W DR O (DO #E AT 0 1R
P2 1 5 R A B AE AR AE L 16S rRNA FIHFER
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Wi 2R AT (S5 R R Bn) . AR BARE B s,
SF327 fefe A AT . mih . bE . THTEEnE.
FURS4E 18 FhaRIE = IR (45 Rk oK), SIRATHT
%5 1Y B. velezensis 504 (1) 4F B A= AL R+ 1F HA
B AR R
2.2 B.velezensis SF327 5L BY 2 4R

Y IR SF327 BB, TR 4 #RA
b E AR A T A 1R R TR (E. coli)
DH5o AT F AR BTGV . H5 50 BoR
SF327 (7K R ARG B Xoo PXO099* HAF #54it
VERT, $WEEZZH 75.92% (& 2A), 76 )ICREE
JRE (A citrulli) LS-2, T &AL (P. syringae
pv. tomato) DC3000. 7KFEFEAL % 7 (B. glumae)
LMG2196 LK E. coli DH5a #3A B0 T
(R AR BAR) . XFH SF327 X /KA HE 2 &
(Xoo Fll Xoc) A7 84 S A5 L iis 1 o

HE— 2P 5 BRAE P B AT RS B
%, KBL SF327 X FERE (M. oryzae). # K
A 2595 1 (F. oxysporum f. sp cucumerinum)., 3k
PUPE 75 1A (P. capsich)#F HA B B s EH , 1
BRI 60.91% ., 64.68%F1 58.57%; XTi%

(A)
Xoo PXO99*

CK SF327

75.92%+0.66%

JiE 4§ e #6 7% JF 14 (C. - gloeosporioides) L K 44 i
WA A 5 JELH 1 (C. acutatum) L BA FEHU/E
X ORI R FE LA A o I 2, TR
H67.42% (Kl 3). XEELEREH], SF327 HAf
BRSPS, X — L AR Y D A R
Y B R A B A AR
2.3 B. velezensis SF327 Bhia7kiEAM iR
B

A MR SR, VSRR 2EMFF I FZB42
%t Xoo 1 Xoc HAT 5 & MFEHi/E P A
FERTIA TAE G T DU 2F /AT T/ 504 MBS
T, HE BRI AR B T 0
PEALGE Y, XEoK e 20 B 3 10 B 3 2R B 1Y)
Az R AAER . S T BEE SF327 S5 HAT B
G KRS A 08 7, 7R K BB K A H A
g AR, B Xoo PXO99* 1 H SRR Yy it
R, RS S5 420 i 7 R PR HAE B SOR
L SF327 H Xoo PXO99™ 42 {ij 1 d M 2% Ky s b
FH(SF327-Pre), k. Xoo PXO99* 5 1d 555 N
AT AL H(SF327-Tre). 4%#0 20d 5, WL A
IR . Gt s IR BOBIaRCR) . 45
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Figure 2 Analysis of the biocontrol potential of B. velezensis SF327 to control bacterial blight of rice. A:
the antagonistic activity of B. velezensis SF327 against Xoo PX099%; B: effect of B. velezensis SF327 on
control of bacterial blight of rice. Error bars indicate standard deviation, ** indicates highly significant

differences (P<0.01).
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Fusarium oxysporum f. sp. cucumerinum

Phytophthora capsici

CK

Magnaporthe oryza
SF327

64.68%=2.60%

Colletotrichum gloeosporioides

SF327 CK SF327

58.57%+0.70%

Colletotrichum acutatum

59.72%+0.39%

SF327 CK

SF327

67.42%+0.54%

3 DUSRETGFAATE SF327 3 S MEMmEERMERIER
Figure 3 The antagonistic activity of B. velezensis SF327 against five plant pathogenic fungi.

e HUEEZE Xoo PXO99* (Xt AR, Zad
U RH A R ANA T AL B A H AR B K R 0 R 6 A
RIS B 3 B d AR e YRSl Ak 3L 155 48 B8
40.00, BFELZIH 60%, iAY7ALBE A 1 T8 Bk
12.73, Mgk 87.27%, 1697 SCR A BAL T
iR (B 2B). X % SF327 J&— K EA BhiA
KA 1 AR 0 7 T 169 A BT 1A
2.4 B.velezensis SF327 By & F 4R 4H1E
T HE— A BIER SF327 B AL AR B AL
il , ABFFES H AR A ST T, FHE
4% NCBI (GenBank: CP092383), Il 745 i
7N, SF327 ANEA UKL, YLtk iy o i
4 081 758 bp, GC TN 46.49% (Kl 4), Hfa
K& A 4 033 A JFik B 5 HE (opening  reading
frame, ORF), f175 9 4~ 5S rRNA #£ U1 | 9 4~ 16S
rRNA # 01 | 9/~ 23S rRNA 01 | 86 /> tRNA
PEULLL K 82 A~ HAAEgmAS RNA #8501 (R 2),
CAZy (carbohydrate-active enzymes database)fif
TGN, SF327 Jeafkrh & 47 BT K
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fi# i (glycoside hydrolases)JFE[E | 38 it
HHEEFLfi(glycosyl transferases)AYFEA . 29 /™4 id
WK AL A W45 & FH 5T (carbohydrate  esterases)
B L 19 A gtk K Ak S W) 45 6 A oG il
(carbohydrate-binding modules)fJ K [H . 7 4~
Yt A i3 B 35 4 B (auxiliary activities) ) J&
(Kl 5A). COG (clusters of orthologous groups of
proteins) /M &7, SF327 A 84.30%1) 5L K )
REFR 3 TR, FIERARMNES 5 RN,
A 272 4 HREZ 5@ AR iz A n)
AT 268 45 WKL G Wi FACH . dil ikt
A ) e A . TEHLES ¥ i ARG R R
B 227, 205 F1 180 >3 WHAEP I LY &
W s S5 90 4>, HAE 16 M5
K25 T — BRI 1T (Amp) 1967 5 13 2 il
MAEG R 6 MEENZSS TAZRAZ Ik
(& 5B) o GO Hidii o %t Her M ik« SF327
AT LT TREH(GO: 0004568), 474 Z i (GO:
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Figure 4 Circular genome map of B. velezensis SF327. The outermost and second circles of all replicons
indicate CDS on forward and reverse strands colored according to COG category. The third and fourth circles
show G+C content and the G+C skew in green (+) and purple (—), respectively. The fifth circle shows the
insertion sequences in red, putative prophage remnants in brown. The scale is shown in the innermost circle.

% 2 B.velezensis SF327 FMAIEAEE 2
Table 2  Statistics of open reading frame predictions
of B. velezensis SF327

Property Value

ORF number 4033

OREF total length 3632 124 bp
ORF density 0.988 genes per kb
Longest ORF length 17 706 bp
OREF average length 900.60 bp
Intergenetic region length 449 634 bp
ORF/genome (coding percentage) 88.98%
Intergenetic length/genome 11.02%

GC content in ORF region 47.30%

GC content in intergenetic region  40.00%

BERRE ) ; BARTIE M. & (GO: 0043934,
GO: 0030435)% 5 BAPRBTISPEAHOCI B 5 1Ah
SF327 i & A WEHER AN A B(GO: 0019290) .
BEARIH(GO: 0006793) 14 K % (indole-3-acetic
acid, TAA)G A Gy LB 03X 28 53 B I R
SF327 HAHL . PreEm . (bt A KAk
SHY R G YESERE
2.5 B. velezensis SF327 5HAil B. velezensis
B AR RY EL B B E 4H 7

T IR SF327 A5 4h 2 MR DL S 2F
fIFFE FZB42. SQRY JEBAFfEZESM:, AT
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(A) CAZy function classification (B) COG function classification
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Number of matched genes

abcecdefghijklmnopgqrstuvwyz

<o

Function class

Bl 5 DUREZFAATE SF327 Mkt & 18 (CAZY) M REIRB X EE R (COG)H 1

Figure 5 CAZy (Carbohydrate-Active enZYmes Database) functional classification and COG (clusters of
orthologous groups) functional classification of B. velezensis SF327. A: GT: glycosyl transferases, PL:
polysaccharide lyases, CE: carbohydrate esterases, AA: auxiliary activities, CBM: carbohydrate-binding
modules, GH: glucoside hydrolases. B: a: RNA processing and modification; b: chromatin structure and
dynamics; c: energy production and conversion; d: cell cycle control, cell division, chromosome partitioning;
e: amino acid transport and metabolism; f: nucleotide transport and metabolism; g: carbohydrate transport
and metabolism; h: coenzyme transport and metabolism; i: lipid transport and metabolism; j: translation,
ribosomal structure and biogenesis, k: transcription; 1: replication, recombination and repair; m: cell
wall/membrane/envelope biogenesis, n: cell motility; o: posttranslational modification, protein turnover,
chaperones; p: inorganic ion transport and metabolism; q: secondary metabolites biosynthesis, transport and
catabolism; r: general function prediction only; s: function unknown; t: signal transduction mechanisms; u:
intracellular trafficking, secretion, and vesicular transport; v: defense mechanisms; w: extracellular structure;
y: nuclear structure; z: cytoskeleton.

XX 3 AEARIEAT TR A . S RO RSO 3303, o5 BEPR 2 SO B R

) — R R B %, SF327 AR 40 RN T
FZB42 5 SQRY Z[u], ix 3 ¥R HA AHLLR GC
e, SF327 ST H £ CDS J¥HlER 3). 3t
&M MT BN, SF327 5 FZB42 . SQRY [H: A
AR TA] vy BEARRL, R o3 R I A el i B4
XN FR, (AWM . By A N A EHE
ME(E 6A). HOFEEHT /R 3 A BRI
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il 87%LJJ:, Horp 326 DNEEIRE SF327 MRS
£ (K 6B). #—# ) KEGG (Kyoto encyclopedia
of genes and genomes){fﬁ RN, TR
HRETTN 5 ShHERG 12 | BRI | a2 ieia AU
BRA 1. DNA B4 . WA P aEs e . 3
W REBIAM AR SET . itz sl Btk
BTG N | sk FE MR =8 Z M R 5E 4 —
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* 3 Z=HRNEETFMATE SF327. FZB42
SQRY By £ F H4H1E

Table 3 General genomes features of B. velezensis
SF327, FZB42 and SQR9

B. velezensis B. velezensis B. velezensis

General features

SF327 FZB42 SQR9
Genome size’Mb ~ 4.08 3.92 4.12
GC content/% 46.49% 46.50 46.10
rRNA genes 27 29 21
tRNA genes 86 88 72
Other RNA genes 82 4 5
Coding density/%  88.98 95.33 96.30
Protein coding 5 3 675 3 899

sequences (CDS)

B, PO S B SR A RO AT ) [e] s g
. Y SR . dEAE R A . DNA K
I 52 B [m] P I AR (1] 6C)

T Bl#f SF327. FZB42 F1 SQR9 7EVK‘E
R PR E FRR BT E R, AUFFREXTX
3 BREEATT antiSMASH 40#r. 45 R ER,
SF327 & A 13 MUAEA YR R %, Hob
15 3 g Bk surfactin . fengycin FI W 2k &
bacillibactin, 3 &R HiI2:L-E& %) macrolactin .
bacillaene A1 difficidin, 1 Fl — kb & 9
bacilysin, XEEEHALEG W IAFER BEIE R T
SF327 REWSH5 BT /K R B 5 H B (Xoo i1 Xoc) FI it
WOERR R LI, Aoy 2 A B9 B8 FBZ42
X Xoo #1 Xoc I AE M o difficidin FlI
bacilysin P [/ 7= A= PO XF K G OE
(Phytophthora sojia) 141 il £ F 3 %2 H1 bacilysin
EAEFRY, Btk SF327. SQRY fll FZB42 &4
11 ASHR TR B AR AR = P BE DR, 3 S R PR R
PRAFIERSRT, AL A O R (8] 6D).
FAL, SF327 S 2 M RILEE, 20 i
P14k ZE myxovirescin 1 mersacidin, Myxovirescin
DO e AV A R 7 = O S U ok /R L e
mersacidin - B %8 3 P & W A A Bk

(Staphylococcus aureus) (& 6D). X255 RH
SF327 & ZF A=Y %, HA
TRECE . BB R AN B A B D
3tk

AWFFEIFLER] 1 Ak DS 2EHIFF B SF327,
HAEE AR TAA, RN K, fE
R S P U A s AL, RS BOREIRR TA
B TR 2905 T . IR0 5 7R LA A e ) T 78
JHPE . R E, X KA. BB, IR
DA K R 35 1 A ) 7 I B AL TR B i A T
PR o BEDRZH DA K B 4 366 DR 4L 1 9 A T ke i) Uk
A AR B RS DR 19 43 A R I AR TR PR )
Rt TR,

WPk SF327 Ber AR SR G . MEERZR, (HE
ANREfRERE . RS, ANHAFAERGFILT
FITEYE . GO BdE ExT b A i /s SF327 &4
JUT JRBGEAAT e R FE N, (HJE SF327 &)
WA LT BT 4 R BTG . X R — L)
2 A TR 1Y 25 A2 T RE AT REAE BE 4k R T b AE A %
S, AL HA A PGPR AHKCRIERL,
TR 2 (A A FTREAXT I . i, AHEsE
Sy T R VISR ZE AT AR AR AR, H
SF327 J7AERBER R MBE Iyt , [HUE DU 2
TAT B BACO3 H1 QST713 HIA = A ik £ B2,
— AR IAA G H THEY AR, SF327 77 A 1
TAA WRIEZ R 3.62 mg/L, X Hb—LeREE A/
RESETRAS T 20 30 £ i, B2 WA i
i FP1761 7] 77424 92.2 mg/L B IAA, fE{EHE/)N
ZW AR DS ZE AP I BACO3 .
QST713 FIFZB42 43 5l 7= 4 21.3 15.2,19.5 pg/L
() TAAPY, SF327 RERSMEER . ff JCHLBE A HL
B, FTRL7E . B, BERER . XURRR0
22 S RE R A AR I RE R S, X SRR
BB . AR R, BRI
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B. velezensis B. velezensis
SF327 FZB42 14r

KEGG/%

B. velezensis SQR9

KEGG distribution

6 ¥ SF327. FZB42 1 SQRY Yy LA EEH 547
Comparative genomic analysis among B. velezensis SF327, FZB42 and SQRY9. A:
genome-to-genome alignment among B. velezensis SF327, FZB42 and SQR9 using a progressive mauve
software. Boxes with the same color indicate the syntenic regions. Boxes below the horizontal line indicate
inverted regions. Rearrangements are shown by colored lines; B: Venn diagram showing the number of genes
of orthologous CDSs shared and unique among three strains of B. velezensis SF327, FZB42 and SQRY; C:
comparison of the KEGG (Kyoto Encyclopedia of Genes and Genomes) annotation of B. velezensis SF327,
FZB42 and SQRY9; D: comparison of the secondary metabolite biosynthesis gene clusters of B. velezensis
SF327, FZB42 and SQRY. Colinear regions are connected by black lines.
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WoR, SEMZFAIATR FZB42 A K TAA,
REAE AL VEAE ) MAR (T8 B . 5 SRl P bt 1k G
‘@/%jk(reaction oxygen species, ROS)Hit %, [A]
i ROS W= AE il s T 1AA 74, B, H
REFRIH (3l b A AR 4 1 i S Fi ROS #idE:
PEMEUE T FZB42 fEHr I AR PR G 2 5 Y
SF327 WREfEUE/ N RAMIAYS 2, & E eI
TG G SO A i Tk — 200 A . AR a5 A2 T
R BRI 1 S A o R 1) 2 A A A
R a0 AL R . BB SR R
DUSEH 2E AT SQRY REMEL 15 B TAR A B 7
TE 1 35 AR MR A B (P, stutzeri) B[R]/ TR & &
AW R TE I B AR AR MDY, X R, D3k
Wy 2R TR R I8 A B 22 1 AR B T ) R AR AL A
GRECLE

Wit BT 1 DL 3ie S8 2 AT T AR AS W B 20 g
YoE, P2, DUSEZEFAF iR B AT 98
PIFEBLIE . wlhn, DU ZEAAT IS ALT R 1y
1A R IR 48 K B (Verticillium dahliae Kleb)5 ]2
AR AL ARG 2205 , XA AE B DR 322 i fengycin
EAEFBY, FZB42 H1 SQRY BEME T 1A Hi 4271 4k
JITE (F. oxysporum)s | & i) 85 K 259, F2EH
bacillomycin D #AE "7, SF327 X Xoo #il
Xoc HA i 2 WA EI1EH , e84 2L B 16 B Xoo
5B B KRS A o XS5 RS AT SE T ¢
F UM 2T 504 MOBFSE 4 R —, &
TTEWEIE BN, 504 BEMEAN ] 22 Fh AR 155 i ¥
HHE, YT Xoo MBI R B ED ., KT
FZB42 AT i , HERE A% B 2 1 il Xoo Il Xoc
JEPRIH 2B difficidin F bacilysin BRI AR R,
AT SF327 LR A =116 A N
) antiSMASH 43 #7 & 3L & 5881
difficidin F bacilysin £ Bk H 7% o 3X 7R SF327
X Xoo F Xoc (14540 & kAL A W) AT RE N
difficidin F1 bacilysin, SF327 RE &Il BAE

%% H# (Phytophthora capsici), ;X 5156 T FZB42
REAZ I 6 FhRE R i (AL P. capsici)AY 453
— 3, FZB42 %} K %7 9% %5 4 (Phytophthora sojia)
MR ] 35 22 bacilysin &/EHBY, ik Lepf
FEARHT, DU ZE AT PO F AN [) 2 1 g J
A (CELTA . 20 TR B ) 4l (S %) P T A
HEZREMRAENEPREER, HRHE—K1
T PEY B9 40 bacilysin BE[R] B 11 222895 5 1
CHEL 479 D ¥ P T 0 B9 TR ) o 45 TG 45 0 DL 3¢
W 2T B TK3 RESE I ] R AR A A R R Y
FATHIBFIE K L SF327 HEMS [a] I A5 BB ()
JE A0 A R R AR 0L i ST TR, 3k 9 T DL St 2
TELFF T P 400 TR 3 o

SF327 MRHRA & A ks, FRATHIH 05
() DL SERT 2 AT TR 504 S ki, Rkt
7R SF327 5 SQRY WAK A HEL K R —LE,
S IR A B UEA T H A FZB42 WA — 28, B4
3.92 Mb, SF327 47 4.08 Mb, SQR9 #7 4.12 Mb,
X2 ROl RE SIS AN &, Bh SF327
55 SQRY 4 T FE ML PR (1 L FEDY) FZB42
Ay B VG HEF S KR, R #4550 RE
T RS AR AR, BAR SQRY Il FZB42
H#EA TR 1R, AntiSMASH H943#r 2
7~ SF327 5 FZB42 —FE, &A 13 4k g™
YIRS % , (HJ2: FZB42 A 2 WRACIH Py KL R 7%
ANTEAET SF327 5 SQR9 i, — 4> %i i
plantazolicin, Jj— %t BEAR K AL AZ A
Z K4 W (non-ribosomal peptide synthetases,
NRPS). Plantazolicin -5 75 i B AT 2k A AR 2% Hy
A, XA I EI R, FZB42 Xt
WA AR, MEXMERYS
plantazolicin Jo3&, XERWTE FZB42 ik Ak
YE N R 5 IR B X, SF327 &
HHAMARLAWEE S, BH T E—2 00,
SF327 & A 4t Hi 4 2 myxovirescin {93 K 7% ,
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myxovirescin — & 7£ #5 {4 k5 Bk 7 (Myxococcus
xanthus) /7= Az, X PR B A T 15
FEPUIE PR, HED AT A2 B 2R R 5 T (polyketide
synthases, PKS)F1 NRPS 3t [q]{F F(PKS/NRPS)
A RAR R A0 SF327 Ay — AN DR FE G
mersacidin, J&TFEHibi4 2 (lantibiotic) L 7
C 2 7R BB 15 B 4 B 4,74 %9 2K 141 (Saphyl ococcus
aureus), {HJEXF 55 2% [% AP 41 B FN L A I A 15
Prid v, Myxovirescin £ B R #% 9 7778
JEARXS T SF327 i Fi 49) s t v BR i A A — 2
s J EL TR AT STk, WA R Tk — 2 A
Buift

Rt B Mo R Ak A 5 AR I A R PT iR
SARXR MG RIERAR . RIEKERA,
R BRI K il AHIR. KA FHHELH A
B SRR B AR AR 2P24 H Ak, Rt K F
MRF A FIBEFHINAE E R E, Bt EEREXR
R 5 A A I ST B AR S AR IR R T
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