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DISEERZF 74T & LF01 R E B FH 54
R EA =489 5 1E B

KEEY, \EKS, WAWS, ITLEY,
® #®7, zHERY”
(L 5 AP R BEIBEBR K DI, el b 0 P 26 0 QUL 05858, %% 1 5103805
2. K BT S BB PBE IR, | AR K A e R LA SRS, 1A M 510380)

WE: H oL WIKS FAAE LFOl HHREBRM A& Rl X EE, TRAEHFATT
AREEANF S 54, FEEIFNT LFOL B3 fua i iy A 4 =22 W & & RSk
#F = R Nanopore Il /7 & xf LFO1 B #k #8472 2L F 410 57 4047, 6 AR &£ & F A% B,
5] J7 £ (ANI) fr DNA-DNA % s (DDH) 44, DA R Ak B 40 35t o (U o 2 1% B Pk B 9 26 5 3
fr; i@ it antiSMASH 7 4 247 LFO1 X W A+ sy W M A R X B %, R, T
CAZyme # 4% B - LFO1 B Ak %t 8 26 4 T 89 K % 66 7o LFO1 B Mk 5 370 4 J 18 T JE i 7E 4
WA, RMAGEZZFa L anEEE, BRANARREZFEEIFNE AN
ERMAR. £RER, LFOL WAL E A2 KA 3974023 bp, GC & & 4 46.56%, & &
3843 Mg AL L H . LFO1 Bk 5 I 3 F AT E # ANI Fz DDH 45 =97.66% F1=80.10%,
Bl AT SNP# T Br, ZES NREFRAERA -, XY LFOl HEEEA
ST AT EH S ok NUEH F AT H . LFO1 # #4& 4 7 bacillaene. bacillibactin. #F i &
% D(bacillomycin D). ¥ #F & % (bacilysin). difficidin. = # % (fengycin). macrolactin H.
plantazolicin 7 3% & 7& M & (surfactin) 2 O N M EF %, 4 5 £ H 42 K8 8.83%.
LFOl B EHAT AL 5% %, ¥4 F. R LT R RIEK. KEERHR
YEWEMA XN CAZy B XA X k. LFOI W ERM M AR ZF a2 AAREN L
2, MAFRRREZZ Foa B L ReEA LI ARENIR Vo % L fo, LFOL
BHREARERFNOMEREEE, HEROTEARGNEN T2, FHREAREES
DERBRZFEEWHIE A, KW LFOL B 3 040 A& K7 o0 #4081 Mok 0 W9 B 45 7
HEH BRI KN %

KB MM FHATE; XEANF; FHDHR; EHEA

HESES: S9423 SCRRFRERS: A

i EE: 2020-10-15  {EEIHHA: 2020-11-30
FUMIE: E K Em KR (2019YFD0900102); [ REUAR A P M4 AR 4 & (CARS-45); 1 [H K= L 50 7L Bt
Fh R 2 25 MERHIT B T AR B 45 2% 5 350 (2019XN-003); | R B BEL BF & R % 01 (B HL K &

@ =

F ) (4% 2019B8) ®
FE—1EE . s (BT, ANFKP= BP0 P FH B 78, E-mail: zhangdefeng08@126.com \ :/
BIEEE: A8, NI EREREVIS, E-mail: renyannj@126.com; ‘\\ /"

FAER, WK ED 7, E-mail: shicunbin2006@163.com
https://www.china-fishery.cn R E K224 F 7/ sponsored by China Society of Fisheries


https://www.china-fishery.cn

24 TR, S DRI LFO1 SE R 4731 047 B HAR ™ o i A B /R 197

SEFTE (Bacillus spp.) HHAL R A BFER,
FEARM A 7= R R 5 AR . DUSIE M 27 14T
B (B. velezensis) E hy 2F AT & J& 1) — > B A 1,
W EA R SN RE R . A R
FKET . PSS EPERRCR . B e
P RAFAEPL A2 BN 2 Y, DU 2R HAT I8
AN 7K 7 Bl s Jt B AN g K BB B (Aeromo-
nas hydrophila). 4K M E (4. veronii), iR L
% A8 QW (Edwardsiella tarda). W 4E I 9N &
(Vibrio harveyi). B IMYEINE (V. parahaemolyti-
cus). JCFEEBREE (Streptococcus agalactiae) X it
JKEEBRTE (S. iniae) 55 BA 0 A5 BTG X5
FE W3 I LT, AN | kS B T WK B 1Y) K e A
(Botrytis cinerea) . | 0¥ JIN & Ak (19 76 S 5¢ — 41
B (dscochyta citrullina) . 5| S Hi AE A 2295 1 92 76
BRAL T (Fusarium oxysporum) . 5|77 FE M B 1Y
FHEAR B ME (Pseudocercospora musae), 5|7
TR BT 9a ) IR A 2 46 . 5 | dES R A AL 114 e A 7
JH B (Colletotrichum gloeospoioides) F1 3T 22 #% i
(Rhizoctonia solani) “5 22 F{vRe ) BC TR 14 5 i th HL AT
R PPN EEET HeAh,  DUSERT ZEFRAT O AR
VEYDIR IR AR e ™ . SRR KA
WS A B RAF ) R B SOR s FIR, I
FEIK = B 90 3 B 4 5 T LA ) R A A 7
Aist, BN (Carassius auratus) WK< IR
W, e B HEf (Oreochromis niloticus) W) JCFL5E
BRI, 238 A B (Epinephelus lanceolatus $XE.
Suscoguttatus Q) 1) W 4E G BE U BE SR il
(Ictalurus punctatus) F) 02 FE4E [ (E. ictaluri)™
S D O T A S BLE K R T .

DU ZE AT IR RE A8 53U 2 PR BAR ™40
HA R = LA MERCREER . 2R FF
AR EGE A 2 A BGR R AEM R Y B, WA
WA AR RN T B L R AR R i S
WL 22 BRI BT o H P AR 5 IR 5
WMAE R ; ARG BGRR ™ 4 M Bt 3=
BRI EG Y . RIS . 2L E
PraER 20 B 2 RIS BRI ot DR R EL A Ak v
FOE . PUAE) . A R 2SR S A A2 B
25 ROl G R, U A B IR
FERYE RO R . BFSERWT, DS 2 AT I A
PR L . LT B R B SR M T S Al A
00 ) 2 R T T B AR T DL SR 2R A
REHS 7P DA A R . AR SRMERG . AICHE . Ve R
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HIAR Wi 25 2 PP, A B Sy e e i) e )
A, TR S SRR LR, e sh P R R
T4 S50 R % 2 3 A1 il v 3 25 31—k L
ST ZF AT IR LFOL, RS bk AT JE By B A 2
HBEEE, R RA T ISR OK™ 5 WL R A6
PE, AR RAZA S BES 3 R R B B AR M x e
FLEERR A B0 S, ARk, BEE DT AR
BT LA RN e 2 P REARR R B 22 14 DL St 25 AT
B AL B A, XA BT B DI 24t
FFER G M 0 45 B A8 LI B2 i (4 T 4
TR Yo AR SCH N itk — L b LFOT BRIk A
WIS R RS, SERRA R AT T 4
SENHM P, FZHRBACH =PI, s
FEMALH B Heftl . R, ABFFEN T LFO1
ARSI OO R B B AR B R B, AR
TR AA A LFO1 AR A =P de i 1438

1 M TE

1.1 E#EFEEENF

S P RR A DU 2T I LFOL, DR T
TR T W R R R L, PR G5 GDMCC
60344, LFO1 BRREFRNE LB B 3p3krp, SR8 3%
EXPHCERW, R, FRBOLEF 4] DNA H
FaLHAM T b, B AR YR
£ BR > 7] 3T Nanopore Il ¢ 5 RS- 65 1T 4 L [H
AR5

1.2 EFBEESFIITH

A E R LFO1 B &k 59 I 75 e 51 8
Canu v1.5 8" #4775 41%¢, R A Pilon "
FEF Tlumina Hiseq I3 25 5 30F— 25 XoF 20 25 1) 56 [
HIATMEE, ST BN B S R AP 1

L ) Y fith L X 38 3:F Prodigal 2"
PEAT 0 5 9F g 5 3L R AnF% 32 RNA (tRNA) i
tRNAscan-SE #E47#i gl , {87 F Infernal 1.1 % {42!
FEF Rfam Fd 2212 10 38 PR 2 v i A% 0 R RNA
(rRNA) DL &R T tRNA Fl rRNA 22 A1 Y H Al IE 4
iy RNA (ncRNA)., i i GenBlastA B4 kb X,
TEREAZ EFRIEEE, BRI GeneWise #f4
A R IL R 3 2 p PR AT LR B T A A, 18
FfEFEH (pseudogene).

1.3 EFBIhEEFR
F TIN5 3] B 3 K 41751 5 COG. KEGG .
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Swiss-Prot. TrEMBL M Nr %% I §8 2 18 )& i 47
Blast tEXF0Hr, 192 HEIIREE RS R . LAk,
X COG. KEGG Ui i w5 454 . GO DIfigs
LM o R T AS B (0 8 R A S s A
AR (TCDB) . HiA:RyHHEF WL (CRDB) .
B S PR I (VFDB) 25 I RE 4 5 3£ 17 Blast
FEXFA3Hr, A B0 A R A TR R .

1.4 EEEFHLSH

SERFHAL  FEIRAFRRIEIEME (average
nucleotide identity, ANT) J& 4§ 2 /& K 2H 2 [a] [] 5
FED B AR o 38 H A R —Fh s A: M1 8 ANT (.
T 2R B 95% LA B SR T i — 2D DS 2
FAFFER LFOL 7328 Ay, AR A H BRI 4 3 5]
F| FHAEZR ANI (https://www.ezbiocloud.net/tools/ani)
S3 BT LFOL T B (19 7> 28 %4 Hifi. . DNA-DNA 2% 58
(DNA-DAN hybridization, DDH) J2:4& H A T 45k
J¥31 1) DNA 43, 0] LA i 3 X) 22 (] T ol St
GRE AEEIX . FIFH#EZ DDH (http:/ggde.dsmz.
de/ggde.php) 43471 LFO1 Bk AYDDH i, it — 21
& H M A

ARAEAAHN KT LF01 SR, K
DS 2R AF I M75 JE A 2 2% 7 51, X
ATCC14580, DSM7, MT45, XH7. KH2, str.168.
FZB42, CC09. G341. LS69. S3-1 il LFO1 B #k
HEAT SNPAGI o XFfg—HR AT, 4% REORH ] 08 5 5
JITAT SNPAHIE , 5 RAFAH IR LAY fasta 15 20751
SCHEVE o di A SO o fifi FH PhyML (version 3.0) 4k
P9 SR B RAPSR T (maximum likelihood method,
ML) 143 R G

L5 FEMBRAXERKES

i i antiSMASH # {4 (version 5.1.2) TE £/
Briseil LEO1 ik 3 PR 4 rh B B 0 o 5 R G 3
R o ARG AE LRI 0 P B 45 5, 43 30 2k iz
PIBCR P T OAE DGR, IR A T8 — XT3 T,
T E LFO1 BRI 40 rh (s o DRl S 1 & AR i 2R 1 28
A% WeAh, ARSI B BT A DG R Y
G, Sy BT AS P BTG R DG DA A o R KA T 8
EaNilEA I

L6 WKL EYEIEEE (CAZy) RS

CAZy ¥ H D1 68 7 25 3 B A1 45 1l 7 K it 1
(GH). WEILFERLHEE (GT). ZWH2LMRESF (PL). BR/K
L&Y EREE (CE). 4 Bh S Lk R B (AA) DL S
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AL T KL B A5 S (CBM)., T
WAL A0 15 VE B )72 CAZyme, ) hmmer
AR BT AR OK AL S P R I T Re e R S
éj\*)rlto

1.7 HiYRNWENRZ SN

LFO1 Bk EE A 2 0 LB 1355k vh 37 °C i
W, RIGHEIE 1 10 (RFREL) B BN 2 S L
B LB ¥i =3, $EREFFE 48 ho 10 000 r/min 25
D FIBW, A 1 mol/L AR, 15%% pH=2.0,
4 °C e . BOWEETITE, A 40 mL JCHE
K, P pH=7.0, Zr%E B ICHPEMIE T (2 mL/R),
RIG AT 2B R T . AR TR R3S P o
FLEEYIRAT T 20 °C KA 45 .

FREULFOL B bR 4550 9 BORLEE 9 T 83 in A
JC T W TR £ 22 vh % W (PBS), & % 1. 5 #1110
mg/mL {FH . 4 AIWE 10 uL 5509 B S
SR E IR AR -, BT 37°C ¥53% 24 h
Je WLEE VA TG P o LFO1 B8 RR 45 BT o i 51 (3
ANV BE 2 ) 3 I s 3 B A B 2SR (24.5+5.8) g 1Y
RB PR, BEREES 0.1 mL, B4l 20 B, %R
40 (20 ) M B vE S 0.1 mL i JC I PBS. 4
2, DR E P B HE R ARRE R FET - 0
FEBUY) T S (3 VR B 21 ) 43 ) I s 3 S i
WD, (Danio rerio), 20 uL/EE, &4l 20 &, X
R ZH G s T S AR AR R JE I PBS. #2825 2 JH
TSR BRE I RAE PR LA BT 10

1.8 AR E R 1ER

RO RER  ERMEREE P PR
i %)) [(24.5£5.8) ] WEBL /X B 2 4, AE41 90 B
GAEE, BANEE 30 B), FRBCERE
R, A TR KB, 5w E e
B % Ak fa g A UKL IR BE (20 mg/kg), BT 20 min
JE RN . SEE A (ET) Je % % A fa i 5 A 45
B ERE s R IR (CK) B4R ARG 25 R FH Y
TCHEK, BT 20 min 5 PG 1AM . SO0 2 AN R
A Je B Bk fa A H R Ry R ) 3%, i
SR S do

ATRFERE M SdFEME 8 /it
TR P N TR 080 . JoFLEEER TR WC1535
PREZFP 2= BHIWR RS 35 E X BRI, IR
TRZTE T JCI PBS . I A EE HLV B 3.0x10°
CFU/mL, SZEL FIX} IR e & % Al fa 43 ) N T
Js v S CFL B BR B R 0.1 mL/RE . 25 1 % B ZH AV
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21 ol fEEE, 5. DISEHTZEAUAT R LFO1 L4 F

G AT B AR = 4 A Bl VR 199

TR C B PBS., WEF D e B Bkt
B & E AR DA S BB T8 . AT R [H], @it SPSS
22.0 AL e B B AN TR 5 B A A7 4k
JF2K H ONE-ANOVA J7i% 50 #7 2 2 18] BFIET
RIES

2 4R

21 FIHERSEER

LFO1 BEHRIFRTS 128 288 A RUFHI%L (clean
reads), JLHT NSO KR 13 822 bp, FEH 4 K/
43974 023 bp, G+C &N 46.56%, LFO1 A
HALE 3 843 P gmAHE A | 19 MEEE A (pesudo-
gene), 27 1 rRNA. 86 > tRNA F1 79 > ncRNA,
HILPH A B E A 1 s . LFO1 B Ak 3 B 4 1
GenBank %554 CP058216,

COG Bl PEsrtrai R s, FHA 2 887 M4k
KR D RE R, Hh E R IR s AR . sk
KA & Wiz AR . ToHL S % s S ARt
2 L /R R A A 0 L R R L AR 5 A R
WG ARG I B R T B R, TR R SR
Bk 350, 303, 254, 212, 179F0 160 (& 1),
T JE K 33 B 1) TCDB %8l e 19 L R AT 247 4~
TR E VFDB S04 2 (1 56 K R 4954~ eAbh, X
s Pk ZF AT TR R UL B R ) A OC BRI g il R
BL L[ (hblA/B/C/D) . AE¥ L1 %5 R NHE 3

(nhed/BIC). WHTFE THMHA (beel). TR
K 3 A (eytK) M WX 7 2 (cereulide) F A (cesd .
cesH. cesP. cesT. cesB. cesC Fl cesD)FJ kb Xt 43+
Préti R 7R, LFOT TRk A HE PR 21 rh A 5 ik S g
JIEE, RINZEABA RIRAH T T 1 #E
77, WE/RAESE A KF % A i S0 7 4k 559 8k
ANHAZ . LFO1 BRI PR 20 7 B B Hi kL A
$ii 2 (ARDB) B4 Py S R AT 54>, 203 A FF
PR KT 255 K (bacd) . BRI Z5 5L (fosB) . Ak
LR R 253 (ImrB) . VU PR K i 25 3L A (tetl)
MZ M 255 F (mdr). SR, LFOL B AR BR T XF
MRRT 5 R o R RO A KO FF R K 25 6, XF 2 R
25 HURT, TR BT IX SR 24 B RO R G
ST 24 HE PR, XoF TR R T 24 2R B A 52 e A B o

22 FERMNSIREHEL

BT ANLEL g5 R R, LFOL bk
U133 2F AT B B ANT{E A T 97.66%~99.73%,
{HJ2 5 VE M ZEFAT 18 (B. amyloliquefaciens) . #i
HLERAT I (B. subtilis). A ZEFT A (B. licheni-
formis) Fl W ¥ ZF fFT B (B. cereus) B ANI{H <
94.01% (& 1), IXFRIH5ZEBIE 95%, & LFO1
BRI AR -5 DUSIERT ZE AT PR I SR R R T . i B
i DDH {EZ5 5 7R, LFO1 B Ak 5 DL S 2R 1 AT
# ) DDH {4 T 80.10%~98.30%, & T-FhAy/32%
[ {H 70%, #R1M LFO1 B ¥k 5 i 0E By 25 F AT 7

5%)71% chromatin structure and dynamics (1)

4% energy production and conversion (178)
Y44, YetafksrE cell cycle control, cell division, chromosome partitioning(34)

d transport and metabolism (150)

L cell walymembranefenvelope biogenesis (179)

. M posttranslational modification, protein turnover, chaperones (100)
norganic ion transport and metabolism (212)
FE HOERRIGH  secondary ites bil
3l general function prediction only (459)
ion unknown (296)
ignal transduction mechanisms (147)
JAFNFENLIZH intracellular trafficking, secretion, and vesicular transport (46)
efense mechanisms (59)

extracellular structures (0)
lear structure (0)

is, transport and ism (123)

B2 cytoskeleton (0)
og: AJEFE not annotated (956)

1 DUEHTSF#4TE LF01 #kay £ E L B E

N ZESN, 51BN GC-skew; 2 2 [l GC & &; 28 3 18N t(RNA (i () Fl rRNA(%fh); 28 4 BN E R F51;

55 6 BINIEEE BRI 55 7 BOEE R4 MOER R

555 BN EE B

Fig.1 Circle map of the genome of B. velezensis LF01 strain

From the inside to the outside, the first circle is GC-skew; the second circle is the GC content; the third circle is the tRNA (blue) and rRNA (purple); the

fourth circle is the repeat sequence; the fifth circle is the genes distribution of the negative chain; the sixth circle is the genes distribution of the positive

chain; the seventh circle is the scale of genome size
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#Fz 1 LF01 SEMBXMHERFELHA ANI F1 DDH &

Tab. 1 The values of ANI and DDH between the LF01 strain and its related species %

LFO1 Btk

HiFk (GenBank/¥%15) LFO1 strain
strain (GenBank accession no.) AN DDH
TSEM R B. velezensis M75 (CP016395) 99.73 98.30
TUEWTE AT B. velezensis G341 (CP011686) 97.66 79.90
VEM AT B. velezensis LS69 (CPO15911) 97.74 80.10
TUERTZEfUAT B B. velezensis FZB42 (CP000560) 97.73 80.10
fRVER ZEAFE B, amyloliquefaciens ATCC23350 (NC_014551) 93.96 55.40
fRVER HHFTE B amyloliquefaciens MT45 (CP011252) 94.01 55.20
Wit AT B. subtilis str. 168 (NC_000964) 77.17 20.70
WA IR B. licheniformis ATCC 14580 (NC_006270) 72.60 19.60
HRE AT E B, cereus ATCC 14579 (CP034551) 68.17 34.20

WAL ZE AT I . MO A ZF AT 7R . R 2R AR AT TR Y
DDH {54 T 19.60%~55.40%, H1{ET 70%, #F—
2R LFO1 T Pk 5 DS 2R FAT R A SR % X R
il o

FT LFO1 AR 2% WAk I SNP 14 2 R 48
REW, 45558, LFO1 BRkS USET 2F AT i
M75 Bh—3, 5 IS ZHEAT R FZB42. CCO09,
G341, S3-1. LS69 FRHEN—DRIIIH, 5
Fif VE K 2T TR . Al 2 AT B R b AR 2 6T 7R
BN/, FW LFO1 BARAERE N 4K
5 DU 2 AT R RGO R I (81 2)o £ Bl
BT 5rF7KF LFO1 B IE 2R DS 24T 14T .

23 HERMRERERE

i it antiSMARSH (version 5.1.2) ¥ F 78 £k 43
B, 4558k P LF01 £ K 24H & bacillaene. bacil-
libactin, #T % % & D(bacillomycin D). & T & %
(bacilysin), difficidin. {Z ¥ & (fengycin). macro-
lactin H. plantazolicin 13 [ 1 £ & (surfactin) 45
LR Y BTG R R, 2D X X S i B
R BEAT O 43 HT R B, LFO1 B4 T I
9 FPPL B A R R (K] 3), b 3R
RA B HFE R T yekE . yexC Fl yexD,
BEAMIFFEN, X 34K IHAELE surfactin &
BRRH DG A 0 BE R P DL 30 S PR A A 0 3
o BOR/NR 3501 kb, 25 BRI 4 KK 8.83%.

24 CAZy BEHIRFLEXTER

LFO1 F R4t (1) CAZy B IL N Z A 160
A, 49N GH (44). GT (39). CE (32). PL (4).
AA (8) Fll CBM (33) JEH K%, Hrh GH Rk,

https://www.china-fishery.cn

AN B R 27.5%, GT IR Z, 214
24.4%. TEXEEILHZIE T, SRR
Wfi A 2 ry F2H GH5. GHI1., GH26. GH43.
GH51 Ml GH53 55 ; S UE M /K il AH G ) 2 F
GH13 Ml GH126; S5JLT iR A A GHIS,
GH23. CE9 Fll CBMS50 455 5 A 5BH B i AH OC 19
4 GH43, CEl1. CE3. CE4. CE6 #ll CE74; 45
T B i W 2 AH & 1) £ 22 GH43. CEl. PLI,
PL9 45; 5 ARFMEREAAAHCHA GH23 FIGHT3 455
58 R HEE IS A G4 GH3. GHI16 Fl GH30 %5
(#2). XEH LFO1 bk HAPRMEF YR | et
Yo vER . LTI, SRIE . IR RS
YT T

25 ERMMRBNENREM

LFO1 T A 45 470 490 J3T 178 4 1M 175 7 S 96 245 2R
N, MUY W EE S 1R S mg/mL B, TE]
A MG T, AR MEE P T B 10 mg/mL
BE, B TR IS (K] 4), X EW LFOL #EHi4
O P AL 3% 1 i R g 7

LFO1 B AR TS BT Bt Je 2 2 3 fa R ge o fa
AP Z et s R s, 761, 5 F1 10 mg/mL
It BE S, MRS Y JE B B R ORI BE T £ 7
WLEE I PS4 At BRAE T, i EL S 56 £ 2 R e R i
A S A I PR S REAR A LFO1 R RFS P o 7e
Il T 10 mg/mL A5 &L 2540 X e % % AR FIBE
MIIAEE, BARESNEY LM, f—2it
ST LFO1 FERERSHLY 0 e % % AE f i 22 4 5
IO <40.81 mg/kg (FEHTH BT #3 /e B B ik
Fiit).
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100

VU 2 fAT B
100
320 VUSRS AT 1

C U R A AT 1A

100
by e s
° {miﬁﬁﬁﬂﬁ
o] VRIS AT

100

B. velezensis FZB42
B. velezensis CC09
B. velezensis G341
B. velezensis S3-1
B. velezensis LS69

B. velezensis M75

B. velezensis LFO1

B. amyloliquefaciens DSM7

2.6 FEHMRIERERRR

YL L R R, LKA (ET-subl/2/3) B Z %
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26
loo| \fAVER AN B. amyloliquefaciens XH7
fRVEM FHFFIE  B. amyloliquefaciens MT45

W ZESAT I B. subtilis str. 168

L FHELSERIFT B, subtilis KH2

WA AT B. licheniformis ATCC 14580

0.1
—
. . s P
El 2 ET LF01 B#FSEENK SNP EN ARG L ER)
Fig. 2 Phylogenetic tree of LF01 and the reference strains base on the SNP
R B[R K/Mkb
antagonistic substance gene cluster size
o YwfG bacD bacB YwfA
bacilysin T KITTTTaEaaEK <o 7.1
bacE bacC bacA
. ptnE  pinG ptnl ptnD ptnB ptnL
plantazolicin - EROECOENED—— ST OED- 8.8
ptmF  ptmH ptnJ ptnC pmK
. . ald  mbtH dhbB dhbC besA bioYB  pepA
bacillibactin  —EBDI NG G KD 11.6
yukJ dhbF dhbE  dhbA  yuiH hisP
surfactin e 400 OG- 360
yx01ninhxIB hxIR srfAB srfAD  sfpyckl
. . ynfF bmyC bmyA yxjFscod
bacillomycin D 43.5
xynD bmyB bmyD scoB yxjC
yngG
. yngE~ yngl yngK fenE fenC fend
fengycin -~ EMECOEK G G 484
yngFyngH yngJ yngL fenD fenB dgc
. phs24 pks2C pks2E Pks2G phs2l
macrolactin H I OIS D D— 543
pks2B pks2D pks2F pks2H  pdhA
difM
difo difk dift difG difEdifCdifA
difficidin —K s <K | G— X 69.3
difN  difl. difJ difti difF difDiifB
baeD baeH
. -pK A e
bacillaene baeB  acp: baeJ . baeM baeR 71.8
bael]‘ baeG baeL baeN baeS
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B3 LFO1 EHREEEFH 9 MEPIREREXERER
Fig. 3 The gene clusters of LF01 strain for the biosynthesis of nine

secondary metabolites related to antimicrobial substances

Ik RABE TR V-3 36.67%; 1 X iR 4 (CK-
subl/2/3) Je & BRI RBBET- A0 90.00%.
X RIS DY UG B R R m e B B R

https://www.china-fishery.cn

LFO1 $5 504 i ) e Je % % 4 1 5 19 N T


https://www.china-fishery.cn

202

K=

46 &

oAk

2 DURHTZFHATE LF01 EEH P CAZy BEREFE KK
Tab.2 CAZymes families in the genome of B. velezensis LF01

CAZyRERF
CAZymes families

H PR W A A

no. of gene subfamilies

PEFFKf#EE  glycoside hydrolase, GH

PEILEEFSEE  glycosyl transferase, GT
KA YIERS  carbohydrate esterase, CE

ZFEZLRESE  polysaccharide lyase, PL
MBhEALIEJERE  auxiliary activitie, AA
AR MEE SR carbohydrate-binding module, CBM

GHI (3). GH3 (1) GH4 (4). GH5 (1) GHII (1) GHI3 (4). GHI6 (1)
GHI8 (2). GH23'(3). GH26 (1)« GH30 (2). GH32 (3). GH43 (4).
GH46 (1) GH51 (2). GH53 (1), GH68 (1) GH73 (3). GH76 (1)
GH109 (4). GH126 (1)

GT1 (3). GT2(15). GT4 (7). GT8(1)» GT19(1). GT26 (1) GT28 (3).
GT46 (2). GT51 (4). GT83 (2)

CE1 (8). CE3(2). CE4 (7). CE6 (1), CE7(2). CE9(2). CEI0 (4).
CE12 (2). CEl4 (4)

PL1(2). PL9 (1), PL22(1)
AA4(1). AAG6(2). AAT(4). AAIO(1)

CBM2 (1)» CBM3 (1)» CBM6 (1)s CBMI2 (1), CBMI6(1). CBM26
(1)» CBM37 (1) CBMS50 (26)

(@

(b)

©
4 LFO1 BB RS IMIE S

Fig. 4 Hemolytic activity of the antimicrobial

substances of LF01 strain
(a) 1 mg/mL, (b) 5 mg/mL, (c) 10 mg/mL
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KX R e B B AR AE 2 d Z NISET: Rt
TS (B 5), mHEEERR AT S,
HAGWRER . RERZEW . $T58 . JE0R . RRER
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3 e

DUSRHT 28 f AT 1 P BE R 5 pU 2 M sl i i
JEE, mHAEA AR, Efol, Tk, B
2y BRI FREHL AR SURARA . H
BT, USRSt 28 FFT B8 1 A 06 3 1) 2E By 5 2
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3 I 71— 1, CK-sub3
5 10 | f— CK-subl
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I A)/h
time
B 5 SCIGAFIXIRRLER T T ik Rk
T T SEBRE S 00 P2

ET. GRS Hi i i se g2l CK. X #E4H; PBS. 5 40
Fig. 5 Survival curve of O. niloticus in experimental
and control groups after being infected with S. agalactiae

ET. experimental group fed with the crude extract; CK. control group;
PBS. blank group

LI R T BMIRA MM, LRk E R 17 5]
TRVER B BES 2T SR, TEAK A shiie E i 4E
T, DS 2R FAT BR 0 A DGR S 38 M55, IR R
RAMIE o AIFGE R T 3k — 25 fff b7 UL 3307 25 f AT
W LFO1 RS PURZE B VR, 2 40 B 1) 42 3 R 41
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kol 46.56%, i1 ANI Al DDH {H 4047, 255
75 LFOL V) oy DI 337 27 9 FF 187 5 AR A% 2k [
SNP ZEAL A, 2 — 2 W] LFO1 B Bk 5 DL 3k b
ST [FE — 03, JF H LFO1 B dkS5 DUk
AT M75 BRGOC R it . MT75 RARA )
s I EL TR LA BRI RS OIS v, R R 91 O3
BrgR L, S A RSN HEHOE YY) B & A ¢
B, A bacillibactin, {Z R . RIMIGEER
bacillaene . difficidin, macrolactin H., % fT I8 & Fl
mersacidin®™, AU, LFO1 B #k A9 5L K 240 &% A
bacillaene ., bacillibactin, bacillomycinD . EFFEZE .
difficidin, 2 % 2 . macrolactin H, plantazolicin
N T 1 2R SE T W 5 UM G BE DR i . X R
A5 M75 BEARAI L, LFO1 T8 B 72 28 O 35 e i I
TR BEEE AN F e

R IRZE AL A Py AR AR P AE S 253 S 3R T
WPER . AR K (turin) A2 9 R 4% 3 KK,
XS o ) B M B R, BB A2 T A
APUER, W2 2000 ARG, RIAT
PER B APURTE . PranmiEve, E28A W 50
PUELTRTEPERY, (B T Y R T A ik
JET 2B LS. A58 &3 LFO1 #5414
JEAE v R B — @ s s v, XA AT e
HRMGEHERNEA L, ZERBA BRI
LA TR P R S ) A o AR R SRR S AL
& ¥ln difficidin, macrolactin I bacillaene %5 X 4f]
R BRI MDY AR R R A K,
BAT Tz AW ELE A AT P, Bacillibactin
1 plantazolicin X 2 p& HAG #1751 H. bacil-
lomycin i HA7 4 ] FL3 B9 5 PRl T LFO1 B4
PRAVIE K20 h &8 DL Z M5y B & i sE R %
KL AEA T Z i g iG vk, A
A D RV D, G TR R M
— W IIE, MeAh, RSN SRS R R, LFO]
W RTETU BT R T A X W K SR A L 2 R
MIB . JCFLAERR A FIIE K EEBR T 1 MIC 5351k 64
64. 64 Fl 32 ug/mL, FRILHERAINEEE, W
ANIZ RS PO BT 7K 7 S0 ) 240 e s T B 44 T T
ARSI R,

CAZy B 45 SR R, LFO1 B AR R 4
Hh S A W L TR AT R RE B LT BT RS A
R BT AR OGRS, 3R B2 TR 0 g 5 L B
A—EBFEBUER . [REE, LFO1 JER A F A K
wHAYER . RAgER . . LT RREE.
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Genomic analysis of Bacillus velezensis LF01 strain and the
biocontrol effect of its secondary metabolites

ZHANG Defeng '?, GAO Yanxia >, KE Xiaoli >, WANG Yajun 7,
REN Yan ¥, SHI Cunbin "*

(1. Key Laboratory of Fishery Drug Development, Ministry of Agriculture and Rural Affairs, Pearl River Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Guangzhou 510380, China;
2. Key Laboratory of Aquatic Animal Immune Technology, Guangdong Province, Pearl River Fisheries Research Institute,

Chinese Academy of Fishery Sciences, Guangzhou 510380, China)

Abstract: Bacillus velezensis is a novel species in the Bacillus genus which exhibits a broad spectrum of antimi-
crobial activities because it produces various secondary metabolites. The current research on B. velezensis mainly
focuses on its use for the promotion of the growth of animals and plants, for antagonizing pathogens, and on
investigating its gene cluster which plays significant roles in biological control, drug research and development,
and food fermentation. The aims of this study are to explore the gene clusters related to antagonistic substances of
B. velezensis LFO1 strain based on the whole genome sequencing, and to evaluate the biological safety and biocon-
trol effect of the antagonistic substances of LFO1 strain. In this study, the whole genome of LFO1 strain was
sequenced based on the third generation Nanopore sequencing platform, and its taxonomic status was identified
based on ANI and DDH online analysis, and the genetic evolution at genome level. The gene clusters related to
antagonistic substances of LFO1 strain was analyzed based on antiSMASH software. The hydrolysis activity of
LFO1 strain to carbohydrate was analyzed based on CAZyme database. The toxicity of the antagonistic substances
of LFO1 strain to Oreochromis niloticus and Danio rerio was evaluated by intraperitoneal injection. The biocon-
trol effect of the antagonistic substances of LFO1 strain to O. niloticus was evaluated by artificial infection after 5 d
of feeding O. niloticus. The complete genome of LFO01 strain had a total length of 3974023 bp and the GC content
was 46.56%, and it contains 3 843 coding genes. Compared to B. velezensis, the ANI and DDH values of LF01
strain were =97.66% and =80.10%, respectively. Furthermore, the genomic evolution analysis showed that LFO1
strain was clustered with B. velezensis. These results indicated that LFO1 strain was identified as B. velezensis at
the genomic level. The LFO01 strain contains nine gene clusters related to antagonistic substances, including bacil-
laene, bacillibactin, bacillomycin D, bacilysin, difficidin, fengycin, macrolactin H, plantazolicin and surfactin,
which accounts for 8.83% of the total genome sequences. In addition, LFO1 strain contains a large number of
CAZymes related to the degradation of cellulose, hemicellulose, starch, chitin, pectin, peptidoglycan and glucan.
The antagonistic substances of the LF01 strain showed high biological safety to O. niloticus and D. rerio, and they
significantly enhanced the resistance of O. niloticus against S. agalactiae infection. In conclusion, LF01 strain con-
tains a large number of gene clusters for biosynthesis of secondary metabolites related to antagonistic substances.
The antagonistic substances were found to be safe for O. niloticus and D. rerio, and feeding O. niloticus with them
significantly improved the diseases resistance of fish. Therefore, the antagonistic substances of LF01 strain have a
broad development and application prospect as biocontrol agents to improve bacteria diseases control in aquaculture.

Key words: Bacillus velezensis; genome sequencing; antagonistic substances; biocontrol effect
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