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D1 ST 25 794 14 (Bacillus  velezensis) J& T 27 0
FF 14 J& (Bacillus) i — 4SBT Fl, 2 55 22 PR FH PR 474
M, WIRBATIR, K/ANR 05%(1.5-3.5) pm, W
A, TR T HARRAKME . 1 &
RLOMEPRAR . HikkERmE s mE gt g
Wr2F A i R Ruiz-Garcia 28 WA T PEF
Fr 4 (Malaga) 4 5 18 7K 5 /K (Torredelmar) 1 X iy
— 2545 0 DL SRl g (Vélez) (3] 11 Hr 43 B 1Y
W iy 24 A DL SIS 2R AT TR, 43 125 B PR RR: BT 43 1)
%"l CR-14b #11 CR-502"F!, JE4Esk, [EAAME X
DSRS0 2F F AT TR I i BOR R 22, SR AR
TEfE S A K . HPURIEE . BT RE
PE . MY o S A e L PO E AL 5
DI, ZRAEEYIPNG . Ak . B R
ATk N 5 5 T B A SR . RS Ak
D13 e 25 LA TR A 25 A TR Y — S Rl )iz
VE, T H A2 B A o 5L AN AR 2 7 v T TR
ARENI A B, A0 DS 2R /AT I 1Y
Oy . ST BT N A AR DGR | AR
FABLI LA K i PR 92 46 Iy T A T2, Sy D3
ZEIFF IR A RIS

1 PSR AT 3 B 43 s

D13 24 LA 121 A4 o 0 28 b A7 AR B 7 O
ZF 71 ¥F 5§ (Bacillus subtilis) . fi# V& ¥y 2 7 1
(Bacillus amyloliquefaciens) Fl 7 2% 4x 2F 4 #T B
(Bacillus thuringiensis)&s 2 fAT MG, DI ST 2
BB TLAE 1999 4E9i 5 5, HF) 2005 AE4 IR
Al AP UL ST AT T A A PR A
EA RPN OR . RE R kL . WA
. L-Bohofrll . AEIRF . ZF4E 0% D-SRHE.
T, . BRI LB, FLBE. EZ3EEE. I
#EE, D-H@M . % o-D-WFF . D-BbE. D-#
T KR . INBLER . FEME . YEBEREFN D-AME
FElR ;s VP 56 (Voges-Proskauer test), M55 |
TS PR R I 55 Ry B 5 BB /K A v By RIS 26 1 o
VUSEHTZEAIAT A CR-14b 1 CR-502" B bk A~ Ak 4 it

D-#A U, tRAE/KSRE DNA ., i 20 FintiiE 80,
AJEREWE /= A O-4BASJL 2K 3L B-D- ik e 2= FL b
(O-nitrophenyl B-D-galactopyranoside, ONPG)¥,
Ruiz-Garcia 250V % 3 U135 87 28 AT B 5 HAH UT Rh 7E
F A A AR RRAE b 0 X0 2 2% B RE 5 R b
B, FLBE. B3 o-D-WEITA D-ARFRE IR, ANEE
FIH D-Fa M7 12 ; X W ASBE/K A% DNA ., 13k 20
FinkJE 80, HHZAMRNUKff g A BAME:, (H2EREM ™
4 ONPG, TERE IR KEIE (tryptic soy agar,
TSA)SEFR 5L I, DU Hr 2R AT TR BB 08 B W 3L 1
o MRS . G AN ; £ TSB W ikR:
FRIP, WARERE ST N — 2 H B, RAANIE
s LN

Ze ML) 228 7 R W S VA BLRRAE | 40
BERLAT . 16S rRNA JEFJFS . (G+C)mol% 7 & il
REJi % F iR (fatty acid methyl ester, FAME)ZxfE L)
X0l R AT TR R S A O W b (4 DL SR B
JERUAT ). LS ZE AT B R 4 5 R AR
H PR ot R AELLIX 5y, BEE A A2 EOR
PR R R, R ST I PR B3 IR 4 40 R A A B
Iz T VSR 2R AT R A S . FE AT TR
b, T 16S rRNA JERE 7 HEAb /A 45 R 8.
N, DU AUFFE CR-14b F CR-502" Btk S
BZE A FF B RS B OE Rl (Bacillus  subtilis - subsp.
subtilis) . FFUER ZEFUFT B FIFET 43 2- AT 12 (Bacillus
vallismortis) i) % 2% ¢ & fe 5, J¥ 41 AH L 1 & 3k
99%, i TR S A R (E>08.65% %, (AL,
UG LE 16S rRNA FER A ASREARLIX 43 D13k
W ZE AT RS HARE R, TR, S 2R
LI PRSP gyrAL gyrB Fil rpoB AFEER G K
PE— 0 DL ST AT B A 0 o)

Bifi 5 0 P £ A i A A0 2R R ) REAIG
R T 2 B e S I A R A A, T
FE R 21 2 5 3k 43 B ) B A ) S 2% 06 R 8 T AR
REW . WRWREY RN LKL, A
DDH (DNA-DNA hybridization) #H {1 7 (>70%) .
ATy (<5 °C). 43K 41 (G+C)mol% 7 & 2 5+

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



3636 A 2 A

Microbiol. China

(<5%). 16S rRNA It [H— 3k (>98%) # & X k[l
— R BT, A R TR ST
Fi ¥ W. b (Bacillus amyloliquefaciens subsp.
plantarum) FZBA42" B bk BT 020 DL 3T 2 AT
B8 Dunlap 25185 1 AR 224 in silico
DNA-DNA Z52 14 5 1% DU 27 LA BT S HAR T
FEAT T 028, AN D3RI 25 F0AT TR AS 2 it T Ay
ZE AT B i i SR X 1 5+ 44 (@ later heterotypic
synonym) ; 3k H % AU ZF fid #F & (Bacillus
methylotrophicus) . i & ¥ 2F 161 FF B #E 4 3 A Al
Bacillus oryzicola J& DI SEH 2R fRAFFR 1 544 . AR
K, B EEVCHA R IR R ST N 4 3L
F, HrR A VE R ZEAUAT I . R AH DG I P 4 2
FUFT B (Bacillus siamensis) il U1 SERT 2E 70 KT B8 (2 25
Bacillus methylotrophicus . B. velezensis #1 B.
amyloliquefaciens subsp. plantarum)Z: i 12855 —
YA (clade 1), FFEEBCKE X 20 2R F0AF 1RV 28 Sl g
TR 3 KA AR TG B AR AT TR S 2
FITHY“Operational group B. amyloliquefaciens” 1),
Bl 2 AT B R R A e 5 RG22 A A . b a2
SRR T ) SR LA S b a3 28 N B Z2 44k
AL TS TR A P 3 S A 2 AE Y R AR, X
SO ZE AT R H AL 1 A A A R T g
X HCX AR

2 EEMEYIR KA AR ER
FRHEAEAK S BB o Er 2 5
AWM MR Y, B R
(bacteriocins) . 4l HL [& & (iturin) . R TEPE R
(surfactin) . —WEMRmiE R . JLT Bl . ZF4ER
Wi BV AR L BT R SR A R
ZETRFF B P A A 22 R T M RO B L TR R A R
G R IEIVE T, — R e R A G R R AR
fi o UL ST ZE AT BRI 2 B R AR SR
XoF 95 ST A RIAE T, e R R AR AN R L
WA AR R R E A 5 . DU 2F
TELFF V™ A R A DA R 2RI R B - BmbiAE R

(lantibiotics), KHSHWMFEEmMEAR . THEFEE
BRI PN S o Rk 1 S S i 5 4 P
MEEAFLAEAM . JLT TR -4 R
oy IR FEAREIEMER . AR R
R . Z# R (fengycin) . FFHI% R5; RS
Y%A Macrolactin, Bacillaene, Difficidin 4.
DSt ZE AT TR 7 A W0 TR AR ) B AR 4l G g
10T VAo Az A5 R FN AR ARG Uk . 2F
FELFT AR A B — 288 LA 910 B 0 1 ) 22 KB
HAR 22 JIGE PR AR 3, — R 12-50 4%
BRI WA S 2 GRS B
i, BRI SMSMER AR
Class 1 FIRZBHMiIANEZ Class 1117721,
ARG ORI F5 300 ) AR A R BT
(non-ribosomal peptide synthetase, NRPS)& LAY,
ZRAETHREAEREIEZG, @il NRPS U e
AR, B, Bikih . ik,
H AL OB AL S e A8, TR LB AR W T
(23 1 K2 AR A2 B A o AR 4 L 3% g 114 22
S AL A3 R RIAEPEAR . A, RL TR 2 Az R 5
SRFEWE, VUSGEAEE KL Maltacines &G4
S 7Kk $0 1 B (bacilysin) . #2 &F Z (rhizocticins) il
Amicoumacins #0221 L HIE TR | A B
EANZ HEREIE TR R, —fh 148
KAWIkEsE S 7-10 D2 IERR A B LATSE R s B8
A T SR A B BRI, g D B P ke D 12
FAEMR AN IS LI R NG Wi 5 ks % e 7 U A [a) )
TR TR G S IR P2 Horp | Bl 8 R AR
R R AL HUEEARLE R (mycosubtilin) |
Bacilopeptins FIFF %5 % (bacillomycin) L. D, F@%I,
DU S8 27 A TR 40 1 RS ) 5 14 5 S i
ZILFFEHI(F 1), Surfactin A R Y JE R 2 e
SIfABCD, £ 7 /MR, B tn 57 —Fha ik
FRIIRBIAGE &5 FENFE srfAB il & 3 M
Pe, srfC & 1M, srfC JEIA MR 4z 14>
11 AR EE R IE A srfD, L5 Surfactin B ERE ARSI
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*1 DUERATSFATEERRNE =& REXERER

Table 1 The gene clusters responsible for common secondary metabolite biosynthesis of B. velezensis

R acidn FHE Rl R KN HEPS Z23CHR
Metabolite Chemical properties Genes and gene clusters Size (kb) Control effects References
Surfactin fig k2% Lipopeptides srfABCD, tpaat 27.40  HE . 40 Fungi, bacteria [9,23]
Fengycin Bk Lipopeptides dacC, fenABCDE, yngL 3950  EE Fungi [9,23]
Bacillomycin-D JigJik2% Lipopeptides bmyCBAD, xynD 39.40  EF Fungi [9,27]

Bacillibactin SRIFAR Siderophore dhbABCDEF 12.80 HF, diE Fungi, bacteria [28]
Difficidin B2 Polyketides dfnAYXBCDEFGHIJKLM 7110 4R Bacteria [23]
Bacillaene R Polyketides baeBCDE, mutL, baeGHIJLMNRS 73.50 4 Bacteria [9]
Macrolactin A2 Polyketides mInABCDEFGHI, pdhA, ykyA 55.00 ZH % Bacteria [9]
Bacilysin __Jik Dipeptide bacABCDEFGH 6.70 ME . B, wE [23,29]

Plantazolicin ~ LAPs

pznFKGHIAJC DBEL

Bacteria, fungi, cyanobacteria
9.96 YiE . 21 Bacteria, nematodes [23,30]

Amylocyclicin - 2RjkE Cyclic peptides acnBACDEF 4.20 4l Bacteria [28]
Rhizocticin®  BARRZLALTIAEE rhiABCDEFGHIJKLM 77.70 B3 Fungi [24,31]

Phosphono-oligopeptide antibiotics

7E: LAPs: Linear azol(in)e-containing peptides; ®: Rhizocticin, 2 5EK$itE 2 (phosphono-oligopeptide antibiotics), 2% Al 241

243y

Note: LAPs: Linear azol(in)e-containing peptides; * Rhizocticin, phosphono-oligopeptide antibiotics, reference to B. subtilist

H KB AN, Surfactin (14 82 B BERRIZ I am
CWEIEEE RSB IE N sfp A, R ZE AT
168 FtRAY sfp FE A AR, W FBUXFEEARE
A R EEZEPD, Fengycin J&—Fh R g K24k
oY, HA MR fenA, fenB. fenC. fenD #iI
fenE LRIV fen BT, EA1/54005 5 R
KB (FenA. B, C. D. E), BT AHIREF—M 5
1-3 MEIERRFE I, B AT PR
FEWR TR BAH N kSR i 2 B2, Fengycin 194
MR FenC JFiR, sEiG b F4iess 1 i
55 2 (i EIER; SR 4a) FenD ., FenE 1 FenA 43
BTG 3-4. 5-6 F 7-9 (A ILIR; Fo)h
HUAT FenB St dIe )G — M ARk, JFHEA
TR BE g T REPA APt 2 28 J 3 o R IR 5 il
(polyketide synthase, PKS)-NRPS Z4& ik &4,

It AL B 2 A AL ituD . ituA. ituB Al
ituC LR itu TR A wIBEN S5E
SERRWIRRITE AT 06, DT 1 AR,

ituB Zf% HA 4 SRR IR TR 25 F I K5 1
fitf, TUTTLHEEES 2-5 & HEAR; ituC i a 24
PRATFRACEEAIR . 1 N2 ) S Tl 45 A S g

24,31]

SERIBRAG R A LR, A B TR IRE, JF AL TR
YHAEE 6 FIEE 7 (251 s ituD Fufid i IEaimg A
SEMENG, ATREAS R RN R, SRR E
B P W& ZE Bacillomycin D L FE K
bmyCBAD #1 xynD, 4%y 39.4 kb (£ 1) P,

Plantazolicin 24914 U 12 />3 PR 2H AUy BE A
ek, HLEEBE RN 10 kb BT,

Amylocyclicin J&—HE EEGUK ERIR, o 6 EEH
SRR R (2 4.2 ko), ZEHUFFEE VAR
W Bacilysin E—MAERHEARS B H N Kbk
L- PN 22 R 5% R C Ao L L7 (14 G L JR 8 L2 i,
ik, HA AR %N bacABCDEFG, H
bacA il AR AR . bacB Hfid 4/ & i
EREME . bacC At R B TR AL R R
. bacD Hutth & —FhiEHENG . bacE il 2K
PR Bk R B PERE . bacF ZmASEL & . bacG
ST E AT AL T BERY . 25 b, DU
FFE ST R T 1 A U2 i 2 R i, X
Wb IR B IR SR R A b B BT BT
T IR TR R TR, ks 2 B RS UL IR (%)
PR, MY A BORE S — A I RE
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3 FHHUMARIAE AL

FEBU LR AT R ™ 2B I B 1R IR 28 9 I e 08 1
AR R PG, BRI AR, RN A
YoM R KB . flhn . FRIEVE MR BBV
IR I 200 L T 2 P R s At e i %
REfE S AN M B A5, 8 20 P ) s i v, {4
MBS, HETTAFINE H R 24 %
i 28 AV L D 240 B R SR T 5K T, TR AL, AR
KR A 25 7 8 T, 38 23 TP R R 40 it A5 i
FRAMFET, ] B A B A T 3 4 B
Difficidin J&ZMEPiER, AT 4w & A
Bia e, R ANMI B R Th e, HA Iz hi A
B A R,

DL SR ST 2F 00 FF B 32 33 2 4 o g IR 2 b A=
R REZEAA AR R S A R AR
Chowdhury 2B 8 FZB42 Witk I1JE I
FMTZF AT, T IR TE S 5 (lettuce) M R AH BAE
A ok #2 g #% 57 4 Surfactin . Fengycin I
Bacillomycin D, Ak HAR ™ 4 g K2 70 2 i
Wy 5 AS A T B 7 46 ST K 22 #% B (Rhizoctonia
solani), & REf% A T 55 B0 B 4B M S g 5 T EL
FZB42 B 7= A: 1 Surfactin FIAEAZMEA S BT IR S
R PIRERS W& 1 = s BRI ZR 5L A FDF1.2 1)
Fikik, JUHURAE S E SRR R AR Y. FZB42
BIRR P4 AT B K Bacillomycin D Xt B HA i
FHNEIERT, RE U TR 22 RN 43 A 6 4t
RE DL B A B R A T A5 0 )5 1 4 0 i 0 3
WreF AP IE 3A3-15 RERS)™ A= SR IHITE 2R (C14-C15
surfactin AR, %A AR
REfS 15 AR TR I TR I T 22 K . Sl . 328
WRNE . TR 4R L R 2, AR
WEVERT, T EX 6 & A S s ik 93.2%, D
W ZF AR VA AR BE 0% 77 A PP RS TR R
Macrolactin A1 Difficidin 55, 1M HiZ#itk
A3 WA R AT B 40 5 RE 8 A VR % < PRI 1 (Aeromonas
salmonicida) £l A Ji5% %) 58 4% 14, 5 4 il 3% 1 AH B AR

A, MBI AL, dRaim amniall, n
S AT Y6 7 AR RS 5 (75 ng/mL)RE
BEIMTHI 2y 600 Y ELEHIE Tl &, Hrh ARG R
BN FL R A6 & R R I RIVE T, 12
AR RS BT PR, RS R WA
WY AR B T AR DU 2E AT 14 APL93 T
PRAERS 7L RIS L5 %) Difficidin, FHFRIBAMC
S dfD BRkZR S5, BRR AR AdfD X T R
(Pseudomonas syringe . Rhizobium radiobacter #7
Xanthomonas axonopodis 5) AN TG P e, i .
BRI AR AdfnD X 2 it 2 1 BRE R AT BT P ROCR
W\ Difficidin 2 VUSRI 2F AT R AP193 #1051 F1 A=
7 VE P S A g a2

DLSRE S0 28 AT R BB A% 7 A F PR 2R P
VIR, UNREE R A 20 M 0 JL T 5 A A SR T
S5 AT AN EE 43 0 DUSIIO 2F AT T C2 bk
REAL 7 AR AR I . JLT BUBEA B~ SROBH N, x4t
it BE A% [ i EL A A0 RO BE PP R A 1 BT . LTSRN
B-H M, TS F AR I A SR HURR B
T B DS 25 AP I RB.DS29 77 A 4L IR 4
FRHRAE AR JUT B - RS 1, fE
fi% W% P28 75 T (Phytophthora) 45 B T il 41 i B, %t
FUAE IR RS

UL 3 38 25 960 FF 11 BB 8155 A W) 7 AR R ST
PE, $EEEY PR T, R REGE AR W R -3- LR
(indole-3-acetic acid, 1AA), EFFHMAEK . S
FE DL A 2 AT B8 A B VR T A ML 2 —
WYyt R A BUR R . SR wbk . &
H BB A . A 22 0 i 22 WS R O
PR N IR N AR A 2 . AL . R AR
ARG . LT 5T RN 2 1 A8 A0 A5 B AR, T
T2 A 9 7= A2 5 3 & 48 P 7% (induce  systemic
resistance, ISR), H4sEAEMIAIHTRGRE ST, LA
R AR i, ZERUAFE FZB24%7 —Fi
o EAESEYPEE RS, kY r
Pk, AT LI i o W 22 2 e T 1 UK P9 Y i
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P YR R T 4 T (plant growth
promoting rhizobacteria, PGPR)®] LAt JA/ET 15
SMPETE Y ISR, TR A . dHMIBER)
sRAL . B S ) FRAR DL R B ) T 7 A A
F R A B P s, BE R T
DUSEHTERFT I FZBA2 Bkk™ & MR G &R
A A AR AZ AR S B IR A 7™ 1 7T 3 5t A )
RN I A A

1 TV E RIS ) B0, DUk 2 f AT A
AR T ) o 0 B A R AR G T T b, H B
SRR A B D A PR A IR IR . R A
EHPTR P CEE N () LI R . IAA G55
BAHIIE LA, I DL D1 3k 30 25 A6 w21 9 410 1
VEF B A B VE TRV g o e HTAE -IALEI W58 7
T, H1 T DLS I 27 J AT B o W 2 R A
Bi, BARBIREMEY B AEBEN ., BRI
FEM AR, WO AR 5GSBS B
WA BT ROR o U, A I W s DUk 3 27
FOAT 40 B ) Jo 1) 3 15 afi Ak S A T /R AL it
5, AR A BT E LB SR AR

4 DUSERT 3 AT O B
41 HEIW EMNEEA

AN —MEEN AN, eV A RUK M
EAM, EAMAAMRM, ZeRE ., rmAd—u
DIREIRSEIL S, T AT RS . K8 i
B BEZ L SREMA T AT o Y R
— PRI TG . 5 RS 4 R A Tl
S ARKE . R R, DS ZF R
TAHFEENEAMMELGERN, 0Kz
I USER ZEATE 157 WHMRE SIS R
M. ARRBENG . AR WA R A S E, Hp
UIEF 4 K0 B e, ZEBDRRA I . vk
F I s 4R 45U LA L 0 O P 5 1R B g T
5 4 L 2 i 18 T 43 B B A5 4 R DUSIERST 2R 4
FEB B9 PLL Bk B B A0 3 LA RTR E . B
Tl 7K e 0 RN 2T 4k RSP , R AE Tk A=

HA B RR R U0 eoh, R g w2
FIAF R (R VT8 T D 2784t i, R nl) F35 7
A BB TR RO B2 A B DR B R OR ATl
Bt AR TR K 4 d DL EPY, B gem
PR FBKL1.0190 73#5 A A RUR b, P
PG YR R . REGEE . 2T 4E R
RN A5 X e 3 A A Rl i) i B AT TR Y
TR, DU E AT SW5 HIRkAERS 45 jE
0% 1) R BT[], SRR AR 2E, v T
VR A 1A T R A T T
42 HEEVHRERERHNHE

AR, HFPUAER. HENSEhFEAY0
KA A, 2RSS 2w A e, o E
B E NERfERE . TER A, Ak R AR
WA AT ShAE Y IR TR X 25 ) 7 A T i 2, &
o B IAMERE S, ]I AR 2 5k B s g
e KR, BERTUE S . HEbiss AR i An D1 3g
Hr 2 60 AT A DR L EL A T e D L B e A T e
I RS KSR RE T T ARAE
Y. B& . KIS b . DU 2
TR R IR R, K, Y. 1
PR BRAI: R BERL . KRG, N2 oKL B
. BRHpiE., MpiE . YR EEER 2). H
T VUSRI 2R AT B AE A R AR B vh T2 A e, R
PEAT A P L R AR AL T RIFAY5510F, X
350 WY DSRS0 27 A R T e g 1 T i 5 o
421 HEEYHREIHIEFHEA

FERE YD T B 1, DS 2R FOAT B A 2R
BifEFRBUL R (3R 2). VI SEMZF AT #ifig
A AT B 2 T 5| AR ) B e, B
i, PAFIAR 7 i 1% el 25 R A 48 vh 23 2 B0 e
9% R (Alternaria solani) /K 5 9k IR B
(Botrytis cinerea Pers.)Z:Ag TR B4 DL 3 25 1
FIE S6, WM AR EAT TEMEER, Al
TR DRI 100 A5 RO 7 At H 9 9 114 HH [ B VR 4
AR 80.83%F1 64.88%!%), Sun 47\ AL pH
RIS 478 v 9 B 38— AR R DL A s 7 Je Y T Ry
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Table 2 The sources, functions and characteristics of B. velezensis

eS| BRIk = S IREAEE Z2 30k
Type No. of strains  Sources Functions/Characteristics References
HYFREE  E69 FKFEM F Colonization in rice stem epidermis, parenchyma and vascular [54]
Plant and Rice leaves bundles; inhibiting the Rhizoctonia solani, Fusarium spp.,
rhizosphere Botrytis cinerea, Colletotrichum gloeospoioides, Alternaria
alternate, F. oxysporum; effectively biological control against
rice blast and other fungal diseases
JS25R US == Inhibiting Fusarium graminearum; producing volatile compounds; [55]
Wheat spikelets effectively reduce the disease incidence and disease index
NRRLB-23189 =k Antagonizing Penicillium roqueforti, inhibiting the [56]
Pre-harvest maize conidiospore germination; reducing the numbers of P.
roqueforti in vivo in silage
157 FE A Bz Possessing various lignocellulolytic activities, e.g. cellulase,  [48,57]
Bark of Eucommia ulmoides XYlanase, a-amylase and pectinase; inhibiting B. cinerea, F.
oxysporum, Aeromonas hydrophila and Aeromonas veronii;
containing a total of 8 candidate gene clusters related to
antimicrobial substances
ZSY-1 o [ R - Volatile compounds from ZSY-1 strain showed antifungal [12]
Chinese catalpa leaf activities against Alternaria solani, B. cinerea, Valsa mali,
Monilinia fructicola, F. oxysporum and Colletotrichum
lindemuthianum
HYEB5-6 K EAG AL Exhibiting antifungal activities against Alternaria sp., [58]
Branch of the Euonymus Cytospora chrysosperma, C. gloeosporioides, C.
japonicus Thunb higginsianum, Fusarium solani, F. aesculi, Magnaporthe
oryzae and Rhizoctonia sp.; producing biofilm; possessing
glucan-lytic and proteolytic activities but no chitin-lytic
activity; effectively biological control against anthracnose
caused by C. gloeosporioides
SZMC6161J Z AR bR Inhibiting phytopathogenic filamentous fungi; producing [59-60]
Rhizosphere of tomato fengycin; the copper, nickel, zinc and cadmium inhibited the
growth of SZMC6161J strain; high concentrations of sulfonylurea
herbicides inhibited the growth of SZMC6161J strain
G341 B HE Antagonizing plant pathogens; producing active compounds:  [61]
Root Korean ginseng bacillomycin D, fengycin and (oxy) difficidin; containing four
gene clusters related to lipopeptides
PEB-99 SRR B Inhibiting Ralstonia solanacearum, Phytophthora capsici, [62]
Root of pepper Colletotrichum capsici, Sclerotium rolfsii and F. oxysporum;
producing siderophores and IAA
8-4 TLEAB2E Potato tuber Inhibiting Streptomyces galilaeus; effectively biocontrol of [63]
potato scab; increasing the yield of potato
RB.DS29 TRE AR B Producing chitinase, f-glucanase and protease; antagonizing  [44]
Rhizospherer of black pepper Phytophthora; strongly biological control against wilt disease
caused by Phytophthora fungi
KiEFEY)e  DH82 OV T T ) T v K Inhibiting Edwardsiella tarda; antimicrobial substances [8]
Water and Sea water of Western Pacific "esistant to protease K, pepsin and trypsin; the antimicrobial
sediment Yap trench activities could be enhanced by K* and Na®, whereas inhibited
by Mg?*, Ca?* and Fe**
V4 TEI K IR G Producing iturin, macrolactin and difficidin; inhibiting [5]
Recirculation aquaculture Aeromonas salmonicida; the antimicrobial substances
systems exhibited high thermal stability and broad pH tolerance, and
resistant to enzyme digestion
9912D eI ZR TS TR High spore yield; antagonizing phytopathogenic fungi; [64]

Sediment sample from
Liaodong Bay of Bohai Sea

containing six potential new lantibiotics, four gene clusters
encode nonribosomal peptides, and three gene clusters encode
type I polyketides of AT-less type, etc
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(83 2)
TCS001 o [ #e e Inhibiting B. cinerea, Ascochyta citrullina, Sclerotinia [65]
sclerotiorum, F. oxysporum and Pseudocercosporas musae;
inhibiting mycelial growth and spore germination of B.
cinerea; causing the expansion and deformation of the spore
DY-6 RS ER e Antagonizing Pseudoalteromonas nigrifaciens, Vibrio [66]
splendidus, V. parahaemolyticus and V. alginolyticus; reducing
the occurrence of sea cucumber disease

Marine mud from Bohai Sea

Sediment from ponds of sea

cucumber
135 S6 PRSI 2 /M) 3% Antagonizing A. solani and B. cinerea; the 20.1 kD protein of  [45]
Soil Soil from horticultural S6 strain exhibited high thermal stability and broad pH
greenhouse of tomato tolerance, and resistant to UV
Y6 1 F7 TR R 1 1 Producing iturin, fengycin and surfactin; iturin is the primary  [6]

contributor against F. oxysporum; iturin and fengycin are

related to cell motility and biofilm formation

GH1-13 JKF 33 Producing IAA; promoting plant growth; antagonizing bacteria [67]
and fungi; containing gene clusters encode non-ribosomal

peptides, polyketides and bacteriocin

NJAU-Z9 SBRABUAR B - 43 Producing IAA and NHs; inhibiting F. oxysporum and R. [68]
solanacearum; promoting plant growth

Rhizosphere soil from tomato

Rice paddy soil

Pepper rhizosphere soil

A2 +- 45 Degrading zearalenone; used as feed additive to protect [69]
Soil animals from zearalenone poisoning

DY3108 +-45 Showing aflatoxin B; (AFB;) degradation activity; the [70]
Soil supernatant exhibited resistant to heat and proteinase K,

whereas sensitive to sodium dodecyl sulfate treatment;
inhibiting the mycelial growth of Aspergillus flavus and A.
parasiticus; the AFB; degradative activity of the cell-free
extracts from DY 3108 strain was enhanced by Cu®* and Fe**,
whereas it was inhibited by Zn**
AR1 YA - 1 Inhibiting Glomerella cingulate; combination of the [71]
supernatant with neem oil and sulfur solution could improve
the biocontrol effect

Beach area soil

L-1 AU el K2 s - 338 Inhibiting Botryosphaeria berengeriana and six other [72-73]
Rhizosphere soil of pear pathogens; colonization in pear wounds; biological control of
orchard pear ring rot; containing several genes related to secondary
antibiotics
LS69 T H Inhibiting Pectobacterium carotovorum, Erwinia amylovory, [11]
Rice field Listeria monocytogenes, Staphylococcus aureus and

Clostridium perfringens; promoting plant growth and inducing
plant immunity
S3-1 AR o - 438 Inhibiting plant pathogens; promoting plant growth; [74]
colonization in rhizosphere soils; producing 13 kinds of
lipopeptide antibiotics
BACO03 LA BT b 1 - 45 Antagonizing Streptomyces spp.; producing IAA, ammonia,  [75-76]
acetoin and 2,3-butanediol; exhibiting
1-aminocyclopropane-1-carboxylate deaminase activity;
biocontrol of potato common scab; promoting plant growth
BU396 LA B A 2 -4 Antagonizing Streptomyces scabies and other plant and animal [77]
pathogens; antimicrobial substance showed stability with
thermal, protease, metal ions and wide pH value; reducing the
incidence of potato scab

Rhizosphere soil of cucumber

Soil of potato field

Soil with potato scab disease

DL-59 St A 458 Antagonizing Alternaria brassicae; DL-59 strain exhibited [78]
Cabbage soil good biocontrol effect on cabbage black spot disease caused by
A. brassicae
mEfzsfE  CN026 i 2 Inhibiting Escherichia coli, Salmonella enterica, [14]
Intestinal tract Chicken feces Campylobacter jejuni, Listeria spp. and Bacillus spp.;
and feces containing six gene clusters: three polyketide synthases and

three nonribosomal peptide synthases
(&9
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LM2303 HPHE A2 Producing antimicrobial substances; exhibiting a broad [7,79]
Dung of wild yak spectrum antifungal activity; reducing the incidence and
severity of FHB (Fusarium head blight) in wheat; harboring 4
gene clusters related to antifungal metabolites biosynthesis;
increasing seed germination rate, shoot length and chlorophyli
content of wheat seedling
Jw L 7T Antagonizing fish pathogens including A. hydrophila, A. [13]
Gut of common carp salmonicida, Lactococcus garvieae, Streptococcus agalactiae
and Vibrio parahemolyticus; enhancing the immunity and
resistance of carp to A. hydrophila; containing gene clusters
related to bacteriocins, polyketide synthetase and NRPS
LFo1 BAE 718 Inhibiting S. agalactiae, Streptococcus iniae, A. hydrophila, E. [80-81]
Gut of tilapia tarda, Edwardsiella ictaluri, Aeromonas schubertii and Vibrio
harveyi; antimicrobial substance showed stability with thermal,
protease, UV and wide pH value; enhancing the immunity and
resistance of tilapia to S. agalactiae
K2 A GE Inhibiting V. harveyi, Vibrio alginolyticus, A. hydrophila, A.  [82]
Intestinal tract of grouper veronii, and Aeromonas caviae; enhancing the resistance of
grouper to V. harveyi
ZY-1-1 e I B High xylanase and moderate cellulase activity; harboring 24  [83]

Larval gut of the scarab

genes involved in degradation of lignocellulose and other

beetle polysaccharides

21 B AR D S A A S0 T EA PR A P ) 45 e L
JH SRR I L-1 8%, AN REREE R 1 8
B, fESERERNZEIE S 11 K, XNRURLURET
R IRE] T 76.55%), 1 FLIZ R AESE S AL
EACE NG . o ALY TG T, SEZE N AR
R, IFEX AL S R, A R AL
il v B AT SR AR BT a . v A AR
AR v 43 15 38— B X 22 b 03 it o LA
FEPUVE Y DRI 2R FUFT T E69, TR RERE A& FHTE
IKAF LR K . RELH U o, i HX KA
IS5 1) PR 6 B8 S e i 85.97%. B
T84 (Curcuma wenyujin) i 25 H1 4358 51—k 2 AT
FEBUIG Pk B N A 4 0 DU 2R BT B B-11, XA
RBP4 TG . B-A R AR, [RIE ™2k
PHHEL R | Z R MR TENE R SE 3 FIAR AR
R, BRI AE A R R 1 R RN R R A
BARTIIE SR T ik 64%. RS\ L0 #
FE AR 7 125 H XAtk 7 B (Fusarium - oxysporum)
HARYUER B DU 2R AT ZIU-3, R AL
RBAE ™ A MG ME . 12 R A B E SR
KRG, mER=AmN R, HahR. £

KEMIAE R GHEYER, 2w R 248
HORG EA B R A KRR

UL, DS ZE AT R 0] Fh 9% 25 B8 A4 TR 5 |
R AE P WA RAFAERE- . B, Trinh
e T SRR B o 0 B o B T LA R I
(9 D1 ST ZE AT (RB.DS29 #E), X AU AR AL
HERHPAR, TERE AT RB.DS29 Witk iR
B VI B S R AT R SH B A R RSB T %
Cui 18\ T4 g 28 v 43 B 31— Bt 5| S T 44
SO A7 B 4 25 T (Streptomyces galilaeus) H AT 4%
SRAN BSR4 USRI 2R AT TR 8-4 bk, HHIHIALG 2
TR0 R L AN RE A S i S8 B e 1Y) &
W, ERENS B R R

LA F 57 2 B DL 35 Hr 23 6 A 5 X A 40 5 i T
HA RAFWEPUER, S000 s sl R g 45
WoRZRE X EY EA RO A BT ROR, Blanféit
PR . A RGN DL AR 5
% A SR 2E AT I FZBA2 TR
M ARR A R A P IR A 9 85 36 700 A A b 45
Tz A AR, FRT4 R 2R B
() D SRS 2 FRFF 7R i AR REAL . R AR R
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W, XS RAE S By FH o ) AR B RACR 1 g —
HHGIE. 1k 2019 4F 12 AJE, 7EH EAR 25 E B
(http://lwww.chinapesticide.org.cn/hysj/index.jhtml)
AT R A 2 B0 Bl b, B R SR
ZEFLFT B (PR E B 20 DU 2R AT R A 4 2500
3, WOR IR A R e sk, Hrh B
RUZERIFF IR LW-6 (BCiE'S . PD20181621) £ 21
IG%F G AT AR Itz e . B IV P ) B R K
FAA G SR80, it i sy . B SR
ZERFFR 9912 (BCiE'S: PD20181602) FZBiiA
PG R e N KB . Wi B o5 o TR Tt
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KA A e T TR K 5 e 21 0 2K
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R A I IR B A R PUEN L A
CNO026 B ik 1) K& PRI 20 Hh 5 A 22 Fh U B 490 Jo ) A O
FEPRIRE 3 I 75 12 TR X 90 87 8% ) 4 060 P o it T L
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Yi S\ i 43 B MRS B K
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FEESMT, NG T AR S W S B AR

AARRr e S, FRARE AR i il b 2 P8R R
o A B T TR SR R A S, SR 2
i3 TR ER A R B e 2
Fr B L I 04 S e Hh A0 s B — bk DSRS0 2 AT
DY-6, 2 i X {5 S B BT A1 22 Aol I 1 45 D T
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R o M8 g T ol A ) R AR 25 AL I S R . L
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A, 35 B O e 2 FR IR 470 7 . Thurlow
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(IS 9 Jra BT 70 B e A 5 PR UG AR W 58
W AT R bR B R W e e S R T T
PR B DL A T IR A SE N R GT A

5 B45RY
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