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3929792 bp, % 3895 A~ FE, 5 B.velezensisJS25R A= B. subtilis 168 L4 3 445 A~F= 2 997 A~
Fl R A AR, TNz A B A 12 NRARS Z WS RARARK, NZAKRRRY T 455 E

OFPILHE L4, L 2 AN HIE S B4 K IR A B5 £ 414 % macrolactin D #= 7-O-malonyl-macrolactin A.
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Bacillus velezensis JJYY against soil-borne diseases:
biocontrol effect, whole genome sequencing, and antimicrobial
components
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Abstract: [Background] Soil-borne diseases are a key factor limiting the agriculture sustainable
development in the world and become increasingly serious in vegetables and Chinese medicinal
herbs in China, leading to critically continuous-cropping obstacles. Biocontrol of soil-borne
diseases, without causing safety problems to the environment and agricultural products, is a hot
research topic. [Objective] To identify the strain JJYY with a broad antimicrobial spectrum to
soil-borne pathogens, evaluate its control effects on major soil-borne diseases, and identify its major
antimicrobial metabolic products. [Methods] This strain was identified by a combination of
morphological observation with scanning electron microscopy, physiological and biochemical tests,
and 16S rRNA gene sequencing. Turbidimetry and mycelial growth inhibition assay were employed
to determine the ECsy of this strain against four soil-borne bacterial pathogens and five fungal
pathogens, respectively. Pot experiments were carried out to evaluate the control effects of the
strain on tomato bacterial wilt and other diseases. Illumina NovaSeq and PacBio Sequel were used
for whole genome sequencing of this strain, followed by functional annotation in PGAP.
Preparative reversed-phase liquid chromatography (prep-RPLC) and mass spectrometry (MS) were
employed to isolate and identify the metabolites of this strain. [Results] The strain JJYY was
identified as Bacillus velezensis. The ECs values of the extract of this strain against four soil-borne
bacterial pathogens and five soil-borne fungal pathogens were 0.940-1.092 mg/mL and
2.733-3.678 mg/mL, respectively. The strain showed the highest control effects of 80.00%—87.74%
on tomato bacterial wilt, Chrysanthemum morifolium root rot, and capsicum Fusarium wilt, with no
significant difference compared with streptomycin or hymexazol (P>0.05). The whole genome of
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this strain was 3 929 792 bp in length, carrying 3 895 genes. The genome of this strain shared 3 445
and 2 997 homologous genes with B. velezensis JS25R and B. subtilis 168, respectively. Twelve
gene clusters were predicted to be associated with the synthesis of secondary metabolites. A total of
9 antimicrobial components were separated from the extract of this strain, of which two were
preliminarily identified as macroactin D and 7-O-malonyl-macroactin A. [Conclusion] B.
velezensis JJYY demonstrates definite control effects on both soil-borne bacterial and fungal
diseases, with the genome distinct from reported B. velezensis strains. It produces diverse known
and possible novel antibiotics. Identifying the antimicrobial substances and deciphering the
antimicrobial mechanisms of this strain would facilitate the development of novel effective

biocontrol agents.
Keywords:

Bacillus velezensis, soil-borne disease; bacterial wilt; antimicrobial activities;

preparative reverse-phase liquid chromatography; mass spectrometry

A A S VAR AE - B v (0 i R AR )
MR El LR Y R B 5 R TR A
IR IR E U R, BE S 30% AT
= de, EHEBCEE 70% 1Y, TR EBE
PR A AR R R, AR TR R R A
P, RIEMERRATA) EE R NP A R R A
MZ, FEI M . A RS, DA
N EL TR AL F o3 A e ol )12 o AR P 1AL
E DU M E /R K (Ralstonia solanacearum)s | 2
B R R A e o, AT 50 ZAFHEY
200 ZFEYC, HoiiFMEY Z ERE, 4%
TR KR HE M AR e DL T
(Fusarium)s | A% AR J s T 2200 55 1 38 o ol ™
H, fEgE . PHMEEY LA, 1
BUAE 7 i 0 25 T B, JR IR e rh 2 04 1 i B
JrR BT, AR ENNTG R EE A
PG . MG . LB RS, tAERE = E
HI R = B iR Tt , (E R S b fif A 2k
2y, AT B I B A 5 R T B 2D,
117 L A5 6 it 22 A Tl B0 Al B 3=
SLAFEAREHTE S RD . AR R s =,
KK AR | T EE RS R Fas ih 4AL F
M RA, b D Edus s f iR h &A%, B
R AR S, SR BLPE S e MY, If Hik= 5

DU B RO AL AL AP B IR A A
s AR IR B 1 5 1051, R Bia AR,
POT ARG AR, Xf 135 | AKIRSETETS
Y, T EAEAR S rh AR B AN, P2 4
AP BSR4, FRHERERE7E
VEWIRR 2T A 0 A A S g AR,

b EIARIE BB S AEMITITE SR 120k, PR 1
PripeRs e Rk, AP IR R R AT

REF~AE B VER 2R, — B AEYIBG P S N E
R, HAPr 2wk, ARk 2RI . Al
ZEAUAT R AR, B BETE R A A 2 HAE A
b Hp Tz N . D3R B 2F LA T (Bacillus
velezensis) f& i 4F BT & B i — P 2R S AT 1R iR 21
B, HAMEEEL . PrEg T Sk,
DL ERT 2R AT TSA32-1 HERRBEIN I R4 4k )]
PR EEAR FRL A5 16 R A0 5 L B 22 AR R T,
DUSEHT ZEARAT R SF327 TR X AR 1A S5 it
B A KA R AE 58.57%—75.92%22 8], X} /K ARG 1
MRl B B TR] B R 87.27%2%, 4, DLl
ZF AT 1 8 BE 77 4 15| W 2 R (indoleacetic  acid,
IAA) SR, ATEIHEYER SRR LT,
UGG H R C Ik 2 R A 0 5 BT
B R8CR B UAE W T ik, (BT AL 5 1 B9

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



158 (YIS Gk

Microbiol. China

N2, ELAT A A% 95 i L T TR A4 TR A e T T 42 )
R /D, T H 2 EUR T B8ORS, R
A 53 HAA ROy AT AL, B 7
I FRSCRANEGE , TS 32 3 R

AR GE 53 1 ) — bk H A 1 O T M 1 TR
Ph, WA FIZ AR, AR A T
ESERORIE T e KA, IR 2 A
Illumina NovaSeq 5% 3 1t PacBio Sequel #1455
BN 3 e AR XX B SE R AT 1007 2 #r, -k
177l N RN 2 ) 2 DRV AT EL A AN LR AE AR
7 1 3 DR 2 4, [T AR FH S v SO A e
BT HAU R ZH 3 AT 1020 3 B AL E |, 4
LU A FEIZ R 0P  HL G R 58 2 A 7 T T
2 TR — B A B A A 24 B
JE R BLA

R

1.1 #eb
111 #HilREE

AT 4 Tl A A0 L 40 B 43 00 kg A il
EANR RN 1 5 EREMREAEE/N 4
T W N O R IR FF B (Pectobacterium
carotovorum) F1 4§ H ¢ #F & (Pectobacterium
chrysanthemi); 5 i A% st EL TR 73301 Ay 4 11 3
JiF K¢ B 71 B (Fusarium solani) . BT 5k J] 3
(Fsuarium oxysporum). 7.4 £ 4% & (Rhizoctonia
solani). #%#%H#(Sclerotinia sclerotiorum) 1K
J% 75 14 (Phytophthora capsici), UL M Fikk JTYY 2
AL A AR 25 T RIS O RAT
112 EZRFFINER

720 IU/mg $ 8%, iR AR R
o5l 30%MEEE R K, )1 E R B A R A
TruSeq™ DNA Sample Prep Kit, KZEG(HE)
Bl gs M AR /AF]; Smrtbell Template Prep Kit
1.0, Pacific Biosciences. —fCIMF{Y, K344 (HF

EOFF 2 AR A w L =AML, Pacific
Biosciences ; 37 & 1 i H 5% (scanning electron
microscope, SEM), H z.("FENHRAA]; Hiles
AR TR, ks | R ROR I, IR
B (F)AFl ;5 NanoDrop ¢, FEER G /REl
SR/
1.1.3 EHRE

LB 552 Rk [22)B0 ], PDA B33t
S22 R [22]00 ], PDB 1% 3% 55 0 AR N ig iy
PDA }iFRdk, TTC 537522 SCHR[23 100,
SPA 5537 5:5: 2% SCBR[23 100 ], SoHIE IR L (g/L):
T 12,5, FKTER 100, FAKIE 55, pHTS,
1.2 HEHREE
121 EEFEE

¥5—80 °CHIMERAFIITERR JIYY 7E LB °F
Br FiEAk, 28 °CCHAF T 1SR 24-48 h, WESHVE
FEA, KA Guo M rikiil & e 5 A FHHH
BEULEE .
1.2.2 EBENEE

ZHESCHR[251 (CF WA R e T ) PO
By RS i WRA L LlA Y A S =R ST E L Ry AN L N
V-P 35 AR ARERIA L TSR A
VKA. H.Oo W FUWE . TR K A S5
1.2.3  16S rRNA EEFH B 5 REIES 7

B I AN R S R S A
(cetyltrimethylammonium bromide, CTAB)%:?"
PREUH PR TTYY BK2H DNA, R 16S rRNA
K 5[4 27F (5'-AGAGTTTGATCCTGGCTC
AG-3")F 1492R (5-CTACGGCTACCTTGTTAC
GA-3)iE4T PCR ¥ #8408, il 578 NCBI W
F#EFF BLAST®HXT, F+F] ] MEGA 11.0 #04
KSR R G L TP,
1.3 KRG ~EE

K R LR HEBUE P R B R JTY Y AR

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



EBE F | DUGRETSF4TE (Bacillus velezensis) JIYY Bt L EREYRIFN R HE L EREBNF 247, 159

7Y, AR T 20 CCUKFIRAT
1.4 XTEAEFRIEE ECs ME

43 ) SR FH G 3ok 3 BRI T 22 A R i T
FERRIIYY PR CEREEHCIXT 4 ol A% 95 I 24
B 5 B A A% S EL AT Y ECsoo
1.5 Xf 3 MEERENBERRIEN
1.5.1 E#HREZERH &

=80 °CHMERFAMITEKK JJYY 7E LB 15
FeHk BIGAE 24 h, BRECREETE T DRGSR
28 °C. 150 r/min #Ri7H55% 48 h, JH#& IR
% 10%, 107 f1 10° CFU/mL %5
1.52 REEFIE

e A TR A 25 BL-80 °CH VS PR AT 1Y
EAEHIEAE TTC KigR25E %1k 48 h, Hkiich
(R . o B T R B IR Y 2Rl T SPA 557
Herp 28 °C, 150 r/min & ¥ 48 h, JAHE TR Ok T
% 10° CFU/mL £ M.

1158 T8 R i 0 TR A R TR R R A% . B
—80 °CH A TR AT B Bz 9k I 7 I #R 7E PDA 1%
IR LG4k 48 h, PRICHRTA K TR 223 T PDB W
I 28 °C. 150 r/min fR¥% 1535 72 h,
KRR V2 ICH P AT 08 , PRk 2
10”4 /mL.

BRI AR T B A2 TR i 45 - S AR
3 65 B ik ) A AL B RO A5 Il 107 A
f61-F/mL BRI A T TR A6 B TR
1.5.3 XIEMBHRHIESRAITEN

¥ 3 FORNE MR E W JIYY KW %
10 mL/BRE 2] 4—6 M HAF 0 B ALK, 24 h J5 Heph
5 mL ¥JE K 10° CFU/ML (&M b, S %
VERAFZG RN B, TCRKAE 2 I B,
PR 10 Bk, 3 ANEK . HECE TR E TR,
JEEE 30°C, 12hBHE, 12 h BARE. BEFh 15d)5
WMEL R PIE L, WAERIE R, Al e s
RARECIR . 0 2% TCREMR; 1 9 1%-25%

T 290 26%50%FEE; 39 51%T5%%=
. 490 76%—100%3EH
1.54 X1 FRE BB ZE/REFIEER
BN

B BRI 2 B SRR 4-6 iR
135 RN BT, AR - RS R vk B A T ik
JIYY R HE 10 mLAKBE AL AR, 24 h
J&, HEA 5 mL 107 AN fF/mL Ji 5z 8 0
TR (R F124) , B TRLR T TR 98- V7 T CHARL)
30%MWNERE R 1 000 5N BHPEXT IR, TCri ZKAE N
ZSPANR . BEANALER 10 Bk, 3 AEE. RERS
Fesb. R 28°C, 12hJGME, 12 h By, 4%
Flr 30 d J&, A3l R A A A S RO 1B 8 41

AR 56 A TR 05 0 1 48 B o A E A
0 Ze: MRIGEER; 1 % 1%25%0 7 kiZEAs
B 2 P 26%50%M H AL ZEARE; 3 2.
51%—75%M ARl ZE A8 5 4 . 76%LL Bl
SR UGS A AR EDIN R 0 9L
MR TERER; 1 P: 1%25%M A AhiZs; 2 9.
26%—50%M A hiZEs 3 9t 51%75%M AliZE;
4 9 76%-100%M FrAkiZs, FEHRIET .
155 BAUtEGE

a1 R BB B8ORS 9 A XA TR
Pith s =
(- BIRRB < A L HUE ) o

W B S x 4
Bl (%) =
(% U R AR — A EE )
2 I R A

% F IBM SPSS 19 & Duncan #1158 A 6]
b BRI R Ty 25 5 2k
1.6 R~ EFERE

2 BRIk S 08 A5 PV v SR SR ) 4 YR £
TEXT AR JIYY & AR EC A 70020 43 g alifk
it ISR 43 5 20 43 T 458 e T H sk A 7 i
A LU A 2 mg/mL, SR A= HEAR LD R o

100 ;

x100 ,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



160 A 2 AR

Microbiol. China

A5 B A 2 53 X6F T A T R 0 A P A TSI )
B 100 pL A ZAHAR, BAHSHEE 3K,
P Ay o B, A7 308 P 18 20 R R s 80 6
FHEAT3 0T MRG0 F T R ET.
LR AN SO R B R IE) SR 5508 , A7 R A O STk
TG YIRS E .
1.7 £EREBNFSHH
1.7.1 E[F4H DNA 2B

KAl CTAB ILPHREURE R 1IYY FEH4H
DNA, Jiif5 DNA i 1%3NEA&E I f Tk
NanoDrop {kil L 5e & PE R4, Mk G485
FHF 2 AL o
1.7.2 EFEENFSHE

IR RIS, MBI A TruSeq™ DNA
Sample Prep Kit I Smrtbell Template Prep Kit 1.0
il #& — AR = A P SCE . SR A FastQC
v0.11.75%9%} Illumina NovaSeq Ml 5 #6475
I, f# 1 AdapterRemoval v2.2.205 8 A1 i
H reads MIEL, KA SOAPec v2.03"I%} i
reads P17 ACIE, FRA5 = B EAY reads J¥41.
PacBio Sequel 34 f#i ] CANU v1.7.1"g17Hf
Bz, [ Pilon v1.18%f H5 £ 41 F| A [llumina
NovaSeq FHaEA THRIEAL 1E o BT S35 2R Fi Bk

173 £ EBRESH

K NCBI i A% KL [HI 40 1 B¢ T H Prokaryotic
Genome Annotation Pipeline XJ F#k JIYY FE[H 4
AT ERE . K MCScanX™XIHEHE JIYY 5
B. velezensis JS25R (GenBank % % 5 &
CP009679)F1 B. subtilis 168 (GenBank % 55}
AL009126) 47 3LLe 1 43 # , SR Mauve /1
SFEERPEAT A Ak . SR antiSMASH v7.0%14)
B R A A= ) R 7%

2 EREM

201 BEHRIIYY LEER
211 BEFLEER

PR JIYY 76 LB Kige it FAE KRV 5L
e, EEBPR, RmEa, BEEWE 1A).
FACFRR, KR 2.0-3.5 um (B 1B).
2.1.2 HEAENEELER

WP JIYY AR RS e A R L3R 1. R
PR LR . V-P RIS . AR . A
AU WA . SR . HOo W8 . FLBE .
VEMK AR . DREE . H . SRBER . R
FFF R R A FPAE , FJELT | AR A S B

1 EHIIYY EEMERE  A: LB IR LAYRTVE. B: WA B A

Figure 1
SEM image of cells of the strain JJYY.

The colonies and SEM image of cells of the strain JJYY. A: The colonies on LB medium. B: The
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x1 EHRIIYY WEBE USSR

Table 1 Results of physiological and biochemical
assays of the strain JJYY

Test item Result Test item Result
Gram stain + Proteolysis +
Methyl red test — Catalase +
V-P test + Lactose +
Nitrate - Starch +
reduction hydrolysis
Citrate + Urease +
Glucose + Glycerol +
Xylose + Fructose +
Mannose + Sucrose +
+r BHPERN; — BITER

+: Positive reaction; —: Negative reaction.

16S rRNA EFELELER
K8 B4 27F/1492R §7 484 bk 1IYY
) 16S tTRNA FEF KR 1 000 bp (GenBank %

S5 0Q749654), 7 NCBI 34 e k1 7 [] U5

2.1.3

PEF A& 2), PR 16S tRNA K7
515 B. velezensis GS-7 (GenBank &35 N
MT36511T)FHRUI e, 4 99.80%. LRETEARE.
A HA AN 16S TRNA FERISE 25 L RS
FE N DL ST ZE AR 1 (B. velezensis) Y'Y .
2.2 X3 MEERERNIEYR
22.1 NWEELERER ECs MELHER

FRE JIYY AR~ 9%t 9 Fl 44490 5 5 1Y
ECso MELE R WLF 20 XF 4 Fh L AL00 F 41 1)
ECso 7 0.940—1.092 mg/mL 2 [f], % 35 5 AT 1
[ ECso 5%/]M(0.940 mg/mL), SR SRR A= 275
i B (0.949 mg/mL) . # 8 b 8RR
(1.069 mg/mL)F13 7 5 Al 1#(1.092 mg/mL); *f
5 P A% R R 9 ECso £E 2.733-3.678 mg/mL
Z 18], X IEE K ik JT Y ECso #¢/1M2.733 mg/mL),
SRJE MR R AR08 T T4 (2.900 mg/mL) . FALEE
% (3.001 mg/mL)., i (3.377 mg/mL)FIST.
Wi 22 /%% (3.678 mg/mL).

%0 ’_|j Bacillus thuringiensis HTS-S-38 (KJ676099)

Bacillus tropicus 3TM-3 (ON000558)

100

100

Bacillus subtilis 168 (OP271780)

100

Bacillus cereus BC-3 (KF835392)

Bacillus pumilus fsznc-07 (MK878880)

Bacillus amyloliquefaciens DS-02 (OL336479)

Bacillus velezensis GS-7 (MT365117)

100

0.01

&2 EHkJIYY &T 16S rRNA EEFEFHEN RS L B

YT bootstrap {5 Fi AR IELIE ES

Strain JJYY (0Q749654)

S SAURRRIE K55 0304,

Figure 2 Phylogenetic tree of the strain JJIYY based on 16S rRNA gene sequence. Number in parentheses
represent the accession number of the strain in GenBank; The number on the branch point represents the
bootstrap; The scale represents the evolutionary distance.
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F2 BEHRJIIYY X9 M EREER ECs MES

Table 2 Measurements of ECs, of the strain JJYY to 9 soil-borne pathogens

Type Plant soil borne pathogens Host plants ECsy (mg/mL) Regression equation R?

Bacteria R. solanacearum Tomato 1.092 Y=0.529X-0.521 0.932
R. solanacearum Ginger 0.949 Y=0.724X-0.621 0.920
P. carotovorum Rape 1.069 Y=0.517X-0.495 0.945
P. chrysanthemi Konjak 0.940 Y=0.648X-0.536 0.944

Fungi F. solani Chrysanthemum 2.733 Y=0.157X-0.332 0.936

morifolium

F. oxysporum Pepper 2.900 Y=0.136X-0.299 0.929
S sclerotiorum Rape 3.377 Y=0.122X-0.335 0.951
P. capsica Pepper 3.001 Y=0.092X-0.170 0.932
R. solani Cucumber 3.678 Y=0.095X-0.276 0.945

222 XM 3IMEBEETEHFENHITHR
FAE JIYY XA Ah e . A8 A AR

TR 2296 Y B 5O L3R 3. 78 3 FiORIA]
W JIYY KESRACR A, L 10° CFU/mL 4B
XoF 2 At T A 1 17 4 £ 1K (10.83) HLB 2l i
=(87.74%), B 55 % R AR TG B 2
#5(90.57%, P>0.05), =T 10" CFU/mL 4bH
(84.91%), W& T 10° CFU/mL AL FH(69.81%,
P<0.05).

X4 LA AR IR B %, LA 10° CFU/mL
Ab 3 1 4 B AR (13.33) HL B R4 i 151 (82.02%)
HBRe s F 10" CFU/mL 43 (77.53%), 25
T 10° CFUML b FH(60.67%, P<0.05), i 55
AT G 8.2 25 55(84.27%, P>0.05).

&3 EHKIJIYY X3 M ERENIZHR

X PR 22 B %%, L 10° CFU/mL Ab
B TR B AR (14.17) BB 30 25(80.00%), H:
s T 10" CFU/mL AbFE(75.29%), ZEm T
10° CFU/mL AbBH(61.18%, P<0.05), 1M 5MEEHE R
ALFHA b TG 35 22 57+:(82.35%, P>0.05),

23 EERAMNFSHHh

PRPR JIYY JERIZH AP BREE R 241, =
FIMFIRE R 571x, FEHRAHAEFES 1 4
contig (Kl 3), ZEAFE[N4 (GenBank &85 K
CP122460)K/NA 3 929 792 bp, G+C &N
46.50%, ZIERUA A 3 895 A, 3 7774
g 741 (coding sequences, CDS), 86 > tRNA,
27 /> rRNA ZL[H(5S . 16S F1 23S rRNA £ 9 1),
5 /> non-coding RNAs (ncRNAs).,

Table 3 The control effect of the strain JJYY on 3 soil-borne diseases

Treatment Tomato bacterial wilt Chrysanthemum root rot Pepper Fusarium wilt
Disease incidence Control efficiency Disease incidence Control efficiency Disease Control efficiency

(%) (%) incidence (%)

10° CFU/mL  26.67+3.82b 69.81+4.32b 29.17+£5.20b 60.67+7.02b 27.50+4.33b 61.18+6.11b

10’ CFU/mL  13.33+3.82¢ 84.9144.32a 16.67+1.44c¢ 77.53+1.95a 17.504+2.50c 75.29+3.53a

108 CFU/mL  10.83+1.44c 87.74+1.63a 13.33+2.89¢ 82.02+3.89a 14.17+3.82¢ 80.00+5.39a

Streptomycin 8.33+3.82c 90.57+4.32a - - - -

Hymexazol — - 11.67+1.44¢ 84.27+1.95a 12.50+2.50d 82.35+3.53a

CK 88.33+1.44a 74.17+7.22a - 70.83£2.89a -

: G FSVEHRE S AR NG FRERIRTE P<0.05 KF- 2257 5

—: None; Different lowercase letters behinds the data in the same column represented significant difference at P<0.05 level.
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Figure 3 Genomic map of the strain JJYY. From the inside to the outside of the genomic map image, the first
circle represents position marker; The second circle represents G+C skew; The third circle represents the G+C
content; The fourth and fifth circles represent the positions of CDS, tRNAs and rRNAs, respectively.

WKl 4 Fos , BRI o 25 R R B
FiFk5 B. velezensis JS25R A 3 445 /N JalJHIL A,
AR JIYY i %L 91.21%, 5 B. subtilis
168 4 2 997 A ITEIER, (GTME JIYY gufd sk
K%L 79.35%.

2.4 EFEINEEERE

TE NR. Swiss-Prot % 5 N804 2 Hp % B A
JIYY BERIIRREREE R IR 4. £ NR £¥iE
RERERR I RE R g 2, dE 3 858 Mk
75 30 B, BB 99.05% 5 Hk R
Swiss-Prot ¥4, 13 533 AN IEHAGEIH R,
H R 90.71%; eggNOG ., GO 1 KEGG %
FEAY AT 3 355 (86.14%). 2 737 (70.27%)F

2 162 (55.51%) ™ FE A3 2013 B

KEGG FE[NIIREM 345 8 SRR
HIhREE (K] 5), Hid BTITE hierarchies £, 1% %
R 2 (1 413), HK metabolism (1 333).
not included in pathway or BRITE (413) .
environmental information processing (291). genetic
information processing (208) . cellular processes
(160) . human diseases (96)F organismal systems
(67). HE—or2e —RINREI, LA 47 &
KEGG —ZHhReZeon|, Hr genetic information
processing . signaling and cellular processes HI
carbohydrate metabolism i F#f % Y N E i 22
I35 563 (26.04%) 542 (25.07%)F1375 (17.35%).
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Figure 4 Synteny analysis of the strain JJYY with Bacillus velezensis JS25R and Bacillus subtilis 168.
Homologous blocks in each genome are shown as identically colored regions linked across genomes.

F4 BERIYYEFAEFAEARBEEFEIRER 2.6 MEROODESNMEEER

Table 4 Results of annotations of the genome of the BRE JIYY S 7= W28 I 1) ) 44 T A e, 3% 45
strain JJYY in different databases . B 30 414y, WA 6 B, b 9 A4y
Database Gene number Proportion (%) N s

RIBPUEMR G M, Of B BF[E] (retention time,
NR 3858 99.05 N

RT)/30 13.30, 13.65, 14.18, 15.30, 15.75,
Swiss-Prot 3533 90.71

WIS 16.80, 17.30, 18.93 #124.90 min, FHAM -k
NOG 3355 86.14 52 e g et ey .

cee 12 (inhibition zone radius, IR)7E 0.60—1.70 ¢cm Z
0 27 02 . MRS RV 4 (RT: 15.30 min)iit
KEGG 2162 >t KGNS Yy 227 nm; 264 nm, ESI-MS

m'z: 663.46 [M—H], 687.53 [M+Na]", F&71
25 RERBPTHDERERZIER BT E BB T 34934 . 367.36 Al
BT PR IIYY SENAAAE 12 DUCERM 38557, 8Mi%bamiT5h 664.46; 4155 8
PG BAENTR(R 5), Hdr 6 MHEMENTE  (RT: 18.93 min)f KL AMRIIEE K 226 nm;
A RLEE 2 100% , 43 5 & A macrolactin | 262 nm, ESI-MS mvz: 487.63 [M—H] , 511.53
bacillaene. fengycin. difficidin. bacillibactin I [M+Na]", IF & P 236510 349.44
bacilysin; 1 4~ surfactin G EERIFEARIE R 367.55, 13 HiZILE W5 T8l 488.35, X 2 Ff
82%, 1 -4 butirosin A/butirosin B H B FE N % A A W) TSR AE 5 SCHk[46]4 38 A macrolactin D
ALEE R 7% HEAh 4 DNMRAERE Y3 AR F1 7-O-malonyl-macrolactin A 1535 FIE 25
BRI AR, 2 BA a1 MIEEE a2, B W B HEWT ) macrolactin D
Wik 1EA P (lantipeptide-class-IT). 1 MIIEIZE  Fl 7-O-malonyl-macrolactin A, 7 4h 7 N2 43 A
Fiil 5 B (T3PKS)ZE I 2 M2k WO E A, AR aifb e,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



I F |

DSz fattE (Bacillus velezensis) JIYY BriZ &R EMRITN R E £ EEEMF 4.

165

Protein families: genetic information processing
Protein families: signaling and cellular processes

Protein families: metabolism
Cellular communily-(?mkarymes

ell motility

Cell growth and death

Transport and catabolism

Signal transduction

Membrane transport

Signaling molecules and interaction
Translation

Replication and repair

Folding, sorting and degradation
Transcription

Drug resistance: antimicrobial
Infectious disease: bacterial

Cancer: overview
Neurodegenerative disease

Drug resistance: antineoplastic
Endocrine and metabolic disease
Cardiovascular disease

Cancer: specific types

Infectious disease: viral

Infectious disease: parasitic

Immune disease

Carbohydrate metabolism

Amino acid metabolism

Metabolism of cofactors and vitamins
Energy metabolism

Lipid metabolism

Nugleotide metabolism

Metabolism of other amino acids
Biosynthesis of other secondary metabolites
Xenobiotics biodegradation and metabolism
Metabolism of terpenoids and polyketides
_Glycan biogynthesis and metabolism
Unclassified: signaling and cellular processes
Unclassified: metabolism

Unclassified: genetic information processing
Poorly characterized

Endocrine system

Aging

Environmental adaptation

Nervous system

Immune system

Digestive system

Excretory system

Function class

u.|
o
~

o

145
145

3

I )
B
-3
-
o
L

|
i ¥
el N o
-]
SICIN
E=1

w
b
o

s

qcﬂl‘
% 00
23

)
[
=
=
o

w|
-
b

=)
S5,

IIII
w&gq

563
542

[ BRITE hierarchies
Jl Cellular processes
Environmental information processing
[l Genetic information processing
[ Human diseases
ll Metabolism
I Not included in pathway or BRITE
[ Organismal systems

5 KEGG ERAREER
Figure 5 KEGG functional annotation of the genome.

200 400
Number of genes

xS JYY BHROE R IEEFTNER

Table 5 Prediction of gene clusters of the strain JJY'Y for synthesis of secondary metabolites

600

Cluster ID Type Gene-start Gene-end Most similar known cluster Similarity (%)
Cluster 1 NRPS 323410 387387 Surfactin 82
Cluster 2 PKS-like 924 057 965 301 Butirosin A/Butirosin B 7
Cluster 3 Terpene 1 050 180 1 067 588 - -
Cluster 4 Lanthipeptide-class-II 1188578 1217 466 - -
Cluster 5 transAT-PKS 1384 086 1471921 Macrolactin 100
Cluster 6 trasAT-PKS, T3PKS, NRPS 1691 450 1792015 Bacillaene 100
Cluster 7 NRPS, trasAT-PKS, 1 865 757 2 000 067 Fengycin 100
betalactone
Cluster 8 Terpene 2 028 705 2 050 588 - -
Cluster 9 T3PKS 2 113 906 2 155006 - -
Cluster 10 transAT-PKS 2282382 2376 174 Difficidin 100
Cluster 11 NRP-matallophore, NRPS, 3 000 878 3052 669 Bacillibactin 100
RiPP-like
Cluster 12 Other 3588979 3630397 Bacilysin 100

= R TIIEALL A FE IH A

—: No similar gene cluster is predicted.
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6 PESIIMEESTEHERMER  A: 4% 1 [RT: 13.30 min, IR=(1.30+0.10) cm]. B: £
4% 2 [RT: 13.65 min, IR=(1.43+0.06) cm]. C: ZH4% 3 [RT: 14.18 min, IR=(1.33+0.06) cm]. D: £H4} 4 [RT: 15.30 min,
IR=(1.03+0.10) cm]. E: £H4} 5 [RT: 15.75 min, IR=1.700.10) cm]. F: ZH4} 6 [RT: 16.80 min, IR=(0.60-:0.00) cm)].
G: #14) 7 [RT: 17.30 min, IR=(1.03+0.06) cm]. H: #14} 8 [RT: 18.93 min, IR=(1.53+0.10) cm]. I: 14} 9 [RT:

24.90 min, IR=(1.30+0.10) cm]. J: F kb3

Figure 6 Results of identification of antagonistic activities of isolated 9 fractions to Ralstonia solanacearum.
A: Fraction 1 (RT: 13.30 min, IR=(1.30+£0.10) cm). B: Fraction 2 (RT: 13.65 min, IR=(1.434£0.06) cm). C:
Fraction 3 (RT: 14.18 min, IR=(1.33+£0.06) cm). D: Fraction 4 (RT: 15.30 min, IR=(1.03+£0.06) cm). E: Fraction
5 (RT: 15.75 min, IR=(1.70+0.10) cm). F: Fraction 6 (RT: 16.80 min, IR=(0.60+0.00) cm). G: Fraction 7 (RT:
17.30 min, IR=(1.03+0.06) cm). H: Fraction 8 (RT: 18.93 min, IR=(1.53+0.06) cm). I: Fraction 9 (RT:
24.90 min, IR=(1.30+£0.10) cm). J: Methanol treatment.

3 WwE5&#

b A R AR Y T R R 4 SRR ) A
¥, PR RREEIR T 5, MRS R =
YArYy , 9 H32 2GR e AR W5 0
SAEAR [ S AR A R N B, S
TP T 2158 Ak 28, SOl 2550 o A AUk 5
ST, T LT By i i T R e 2 B 4 A%
VS A RIS P d0) Rle e o g S e (U S-S )
B AL A 2 YT, S0 B B e 3
. PRI YR i 22 AR H 4558 P00 1
fe=zpin s, AEPBnRa BA LU B A0 .
(1) A #i A= 10 R A MR 28 2 T i oAy S 1 o
GUEZSAL, FFRE ALY ERI I P A 3R, HIRA

R R AR Q) MEYfE e B
— I 1 BIHRE T, RE AR B ] A PR g — o A e
FERCR, P AR K S ST HRE NI AE
BRI R, (2R 21 5
PR T AR, Ok R R
FEL/INPOL BT JTYY S DA 3R g 3 i — ekt £
95 i ORI 1 DSR2 E AT B, IR bR
Xt 4 Bl AR ISR AN 5 Fh A LT B A K
HAG BERINHIVER , ECso 7E 0.940-3.678 mg/mL
ZIE(ER 2)o XS FATE R . A8 AR A
FRAURG 2555 1 TR B 3O e =ik B 87.74%, Sk
FRAVEHRNEHER LR EEREE 3), U
WIZ B R X 1A% 3 B B I R OR o H T
SCTRHE 1) D1 ST 2 AT B 22 BR X5 D B 1

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



EBE F | DUGRETSF4TE (Bacillus velezensis) JIYY BiiZE L EREYRIFNM R HE L EREBNF 2. 167

A B A R 0200 s o - A I
TR LA KR T TR R 240 AT 349 EL A v A A
T PR AR JIYY X 20 T AR T 187 ELA B0 ) 41 i)
R, VIR R B I A R B — AR 45 A%
FHHEWRGWET .

F B¢ 3 [ 4] 4y B IE SE % AR o B A
91.21%F1 79.35% At Hk X 55 BUAT 114 D1 3Rt 274
FFT JS25R FIRS FEZF AT I 168 [RITR (A 2), Bt
R T R i TR 2 5 B DL SRt 2R R AT 7 S HL I
GRS I 1 22 57 o DOZ TR AR S R A 4248 3]
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B IHT IR (R 5). 1 S ) il 45
FHETE BTG S BT IR T PR Y'Y 774 9 it
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