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pH 5~12 BRI B 2345 5 38 43 16S rDNA FEF Al gy B K581 0 #F , %8 52 SF-18 T AR F I8 T 2E /AT 1 ) ( Bacil-
lus) s B IEH P AN T 5 T B R AR 480 ML S5 T Z R IE i A, 547 i fish TS e A0 5 i 55 55 T AR T
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14 4 55 K20 7 9 AR AS AT, 3407 9 EL A s D L
FEBUAE FH %) 240 TR A9 S 2 AR B, DRkt , ARG ity P 5%
Hh g3 B ELAG 0 BT B 19 2 %) R R TR R 2 T B E S
PG R A T, 2k R bR T AR
/4w E A ER AR 1 B2 IR AR 5w , SR O 1 R i
33005 hm*. #h + 4 b & £ 5 Ak | s i
AR, X6 Tk e 1 e R L AT
IRIERAIE S

AR 55 DA i B i 7 Bl it - A v 4 S G e A
15 1Rk HLA B A BRI A At 56 B ik SF-18, XHZ
PRIEATIF 9 oA S, W00 VL L R 3 b B T % A
R P10 TR YRR KT A T 2 S T ) 90 T 0 e R LR
FIFE 2 AR 3 AR 5 HE AR, ARAT 2 Ak 5 114 B TR 24
FEHI, A BT 2 B A0 B0 0 5 st A S, LAY
Z A R BRI I A 75 LA AR R A= B 3 T 0 A
— I & R 25 A
1 MRER=E
1.1 ik Ek

Tt £k B Ak SF-18, MU i B 5 5k Al it 5 v
T R VR AT AT 43 B8 AR AR 5 8 7R TRl 4 B (A A Bk
W (Staphylococcus aureus ) T AL T 29595 [ o8& RSN
AR (Verticillium dahliae Kieb.) o
1.2 EHEE

i e 1 7R . WERERY 10 g, IREE I 5 g, KC1 2
g,MgSO,*TH,0 2 g, Z&#7K 1 000 mL, J+45 pH{A %
7.0, 3R 1.5 /100 mL, A T 430k 3% 5% 1Y
NaCl il 5 = £ i g Jr #2 5k . 121 “CIE A K B 20 min
J& BRI
1.3 BE#HMSBS4l

R FH 10 A5 6 BERR RIS B H AR KRR 2 1077,
107, A BB B 1) AR BT 100 L, 43 511345
WA B TR 80N 3% .5 % NaCl ) =y 6 0 1k 15 7 3k
RS 1A, 37 ‘CIEIRREFE 2 d, WA HA KO . Bk
TLBAL TR 7 X0 2 4t AL T 4, S0 2T Al TR R 8 AR X
JO7 43K NaCl ) i e 1 7 3
14 BEHRMSFEE

ZEAUAT T & N 00 & R B) 5 % 00 R IR ALy
BT 16S rDNA J¥ 51 X LA S 53l 25 J6 4T 14 J@ 9 1) 4
gyrBFE (4t DNA 2 ERE B WAL ) & nl &
fR16S rDNA JFFI 1) R G0 & B AR, Al A 80 X 4 28 4
Fr @ R Z A A 22 552 0 ARYE PR SF-18 4%
DRI R 5, A UL oP 168 rDNA 5[5 il gyrB

)75, i BLAST #2775 NCBUEE 2 2 A 1)
Fe 50 b X, Bl A B ) VR M O A A AR 4 0k Ak R
(MEGA7.0.26 %4%) .
1.5 BEHREOIE MR

SR FH A AR T R TR AR A B PR RE L R
IPRELPE #k SF-18, # M T4 4 5 mL LB WA K 5%
L I B, 37 °C L 180 r/min tH IR AR ¥ 15 3% 12~
16 h, 15 PR . 5 78 DA 4 8 00 70 2 3R D 11 o A
FEWF B R 1054 /mL, B 0.1 mL 2519 #i LB &4
b i S O R IR b By I E N NI Y 53
HITE T, Y504 5K 3 PDA B 32 3P4 b AR 7k
D iR SRy 7 & R N T o B e Y N
A 100 pL B SF-18, K A BTl T 37 ClHE R B 57
FTh SR 3~4 d, MBI SR
1.6 EHRAIM ER 1%

fic il & R R4 B0 3%6.5%.10%,15% ., 18% .
20%0.30% NaCl (1) LB [ {4 5% 57 57 M, 45 5 78 Bk
SF-18 1 #fi & 2 4 #F 1 (B. subtilis) CCTCC AB
90008 (1E# LB [k 3238 X 1), 4~ 4b B 34
B LET 37 CHEER TR A B 75 2~4 d, WA K
AR
1.7 BE#HHNEBRBEEHRR

B AR 1R % T R 5 M T 9 5 B SCk (8 ]tk
o Jetil &M, BRM AR KMWRT
4 °C .12 000 r/min B5.0> 5 min, 5 &H A WCE G R
TR TR E TS

1) ik B 0T DA AR e T VAR M R S e BRUAR S
L7 R, R AT IR T AZ i A I A L Ak
43591 —20.20.37.60.80,100 °C, AL FEIF ] 4y 2 h,
AL FR R A AR BU100 pll AR BR S A ISR A
HAR T, B AL FRAS 3 AP AT ST R SF-18 % K
N 56 P (R 300 TR R, , R AR B T o

2) pH Xt B8 A & I R o MR RS2 R o BUOAS SC
L7 FEW, X HAEAT pH TR 32 BE F1 K6 , pH Ab FE
2.4.6.8.10,12 (LA L35 W R 4R pH b % i) |, b A
]34 4 b, Ak B2 5 8 5] 25 J50 A pH (2, R 100 pl &b
HRS 0 _F B AR AR R RS PR A 3 AT
WL Z2 TR P SF - 18 XoF oA T 6 5 A ) 4110 PR R0, A G
PLHRET)
1.8 BEHkSF-18 = E R AN F o

DR EAM P . K 7E LB IAE; R p i 5
F AR B 1% B R SF-18 B0 ISR TR AR, 4 BiCHL L [A]
7 DNA, Z4E MR (Genewiz) ARl U7 4L N 2H
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Wy, M 3F & 4 Tlumina Novaseq Fl PacBio sequel,,
Xof I - B8 AT A e A L R R HGAPA 3%
Falcon(version 0.3) #EATHIA2H 3% B4 8 451K B
18 AR Bt Lo ) 20 B 4551 I, A ) A Pilon

X AE R AT #E— P AR IE 15 B R A 52 B Y
Pe@iRF,

F TR AF Prodigal (3.02) RRAS X 2 % & [ #E 47
I 5 A Rfam (version 12.0) 4 J2E % AF 4 5
RNA, 41 rRNA tRNA .snRNA . snoRNA F microR-
NA & Z 2 A DB ) RNA S — 265K 1 ) RE 1Y
RNA S AT

2) BEThae . BEN DI REIE B ik SF-18 11
WA 2R P51, it BLAST #B)F 54E70aR & A
5% (non-redundant protein database, NR) | J
I BE %4 P8 %2 (Kyoto encyclopedia of genes and ge-
nomes, KEGG) . [f] il £ 1 7% £ P8 )& (cluster of or-
thologous groups of proteins, COG) . # #i& J# GO
(gene ontology ) B 7K Ak & 1 AH 5 (1 i £ 48 22 CAZy
(carbohydrate-active enzymes database) %5 %5 & ¢ #F
1 HOXT 53 A, 1 A e v 1) B X 48 2R (— Bk Fn
R YEIA=4020) AR DI REE AR .

TE P 3 http:// antismash. secondarymetabolites.
org Y& 52 TR Y 4 FE A 4 ¥ 41, P 5 Gk A G
P I TR R R R R 45 R 5 NCBI 8 P2
BLAST 25 R BEATERG 43 B, HE I 43 47 3 ik SF-
18 v st fih U AR 35 7 W 1 Rk DR A T i 1% 00 TR
Y.

2 HRE5SH

21 B SF-18X&HBHEBIKEMAMEHE
B3N 1E R
ASHIF 5T WA S0 T 7 5 6 i s - A w0 S e A

5 (AT R B PR SF-18, BT B, T L2, A
2.0~2.5 pm, & 0.5~0.8 pm, # % & YL (5 45 5 4 BH
PR, BB WSS, FL A 6, iR S e FH v, VP S
5B PE

FEHUILG K P, B bR SF-18 X 4> B (0 78 7 BR
IR 0 A PR 40 EL A Bt P P kA, 5 SR a1 1
7~ R BE B AR 4 I R (2.87+0.05) em Fil (3.4
0.1) cm,

A B ERAIRA; B KW AR . A:S. aureus;B: V. dahliae.
B 1 E#k SF-18 3445 IR BRIl 4E A
Fig.1 Inhibitory effect of strain SF-18 on
pathogenic microorganism

22 HE#HSF-18HMEH MR EABRMEERN
R NaCl T 32 5250 4551 (3R 1) o 7E 5
AP H3% 5% .10% Y NaCl &4 F , SF-18 W AL
R gE HA RKOR O R 4F, 5 8tk CCTCC AB 90008
(IEF LB AR IR 5L X B A9 AR KRB T 25 5 s Na-
CLFURE B0 1596 I, AR K2 2 d, 7 I
B2 s NaCl BTt 73 808 18%0 WA T R AE K
BAdHWERD R TALEL WK £ ;NaCl
[t 73R 2000 B AR B AR TR R B R A
BZEHUFT I (B. subtilis) CCTCC AB 90008 {7 fit
T30 .50 B NaClAcF T AR K i g H AR KRB

R4, B NaCl 5t 73 B0k, IR A AR

#1 HE#SF-18 %t NaCl{Iit Z 155
Table 1 Tolerance of strain SF-18 to NaCl

Hitk NaCl i ¥ JiF NaCl concentration

Strain Control 3% 5% 10% 15% 18% 20%

SF-18 +++++ +++++ +++++ ++++ ++ + 0
CCTCC AB 90008 +++++ +++++ +++++ 0 0 0 0

W+ ARKREAEERZ  ++++  ARREAREE S+ AARE HRED -+ AR BRS04 K,
Note: ++-+-++ : Rapid growth and abundant bacterial colonies; + -+ : Rapid growth and many bacterial colonies; + - : Slow growth

and few bacterial colonies; + : Slower growth and few bacterial colonies;0:No growh.

VAR T 6 5 TR A 48 7 TR, DN A Rk SF-18 & e
WA REAE R fRs e o, 45 R Kl 2 s . SF-18 Bk
B30 B 355 P ) R RE TR 3% — 20~80 “CHY IR 4414 (1
2A) FEILIE N, B 5 TR A T U IS A o R

K, (HANRETH 52 100 CHY Ml (Z5RRER) . pHAR
REVESE R 7R T TR bR A1) BT T AE TR 52 45 9 1) TR
BRIFEETER , 75 pH 12 A2 AF T 598 BA B i 3 sl
PR, 76 pH S Y F T TG MR R (2B).
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B2 Bk SF-18 RERPMEYM RN XmERENEIERANIEE S
Fig. 2 The stability of inhibitory materials in strain SF-18 cell-free supernatant against V. dahliae under
different environmental conditions

2.3 HEHSF-18IER AN

DARE SE-18 (3L R HI: T 1A g e fk IR
JFORE, 4L 4 K/ R 3 759 102 bp, EH GC &k
45.14% , M 45 5% 4 392 A~ FE 80 4~ rRNAL 82 4~
tRNA F 1157 9EZwfS RNA (neRNA) .

JE T Hikk SF-18 Y 16S rDNA ¥ 81 Fil gyrB 3L A
MHERGE R ER, 2R E 3R . 16S rDNA J7 4
FE X 25 5 s, bR SF-18 5 bk B. swezeyi DY 301

1 B. licheniformis FIAT-44717 B 1 —i2 , B 5 B.
swezeyi ADLO21 45 Z bR bR SR — 7% (81 3A) ; gyrB
FER 0 5 LR 25 L SR, T R SF-18 5 TR B B.
swezeyi DY301 BAIE— L, F-5 B. glycinifermentans
SRCM12603. B. sonorensis SRCM101395 . B. licheni-
Jormis ATCC 14580 25 Ttk Rl —# (81 3B) . it
SF-18 S J T 2 KT B J& (Bacillus) , 5 W4 B 2F
FFFR (B. swezeyi) SRR R .

30 Bacillus swezeyi strain ALP-280Q825011.1)
Ii|_|:3acﬂlus swezeyi strain S8-9(MW664306.1)
10 Bacillus sonorensis strain SCA-99(MT114612.1)

4 Bacillus swezeyi strain ADL021 (MK818780.1)

m SF18
£Bacillus swezeyi strain DY301(CP133085.1)
12

Bacillus licheniformis strain FIAT-44717(KU955686.1)
Bacillus sonorensis strain SCA-148 (MT125696.1)

A Bacillus swezeyi strain ALP-3 (0Q824987.1)

Bacillus licheniformis isolate SR7-26 (LN995452.1)

o Bacillus swezeyi strain WHS227 (MW642065.1)
IT'_:Bacillus licheniformis strain WHS223 (MW642063.1
20 Bacillus licheniformis strain C3(MK873893.1)

100

100
— SF18

Bacillus paralicheniformis strain SYN-191(CP120920.1)
Bacillus paralicheniformis strain NCTC8721 (LR134165.1)
Bacillus paralicheniformis ATCC 9945a (CP005965.1)
Bacillus licheniformisstrain ATCC 14580 (CP034569.1)
Bacillus licheniformisstrain ATCC 9789 (CP023729.1)
Bacillus sonorensis strain SRCM101395 (CP021920.1)
Bacillus glycinifermentans strain KBN06P03352 (CP023481.1)
Bacillus glycinifermentans strain SRCM103574 (CP035232.1)
Bacillus glycinifermentans strain SRCM12603 (CP129342.1)

99L—— Bacillus swezeyi strain DY301(CP133085.1)
Bacillus atrophaeus strain NS2 (CP103290.1)
Bacillus licheniformis strain TCCC 11148 (CP033218.1)

A:HTF 16S rDNA TP B: 2T gyrBJ¥ 4. A:Based on 16S rDNA gene sequence ; B: Based on gyr3 gene sequence.
B3 E#kSF-18 MRStk ix
Fig. 3 The phylogenetic relationship of strain SF-18

24 ERAFIIHINEEERER

H5 T 2] Y T bk SF-18 4% K N & RS, 5
NR.COG.GO .KEGG ,CAZy % Z 48l JE EAT He
XFLARAFINREVE R, 45 R AN 2 iR o NR Fdi JE
R REE B 2, L L0 4 39243 K 445
FERE 7 COG . KEGG I GO $¥i 12 73 A 3 733,

24391 A73AFEPARAT DI REERE , 43900 o B R B
) 84.99% .57.60 % F1 33.54 % ; 4 480 L 7E CA-
Zy BE PR ARAR TR SR AR S 8 A B gk
1IN D B E R AN BRI R B0 10.93 %6
1) COG #0481 R 45 4y B o Ak SF-18 vp
84.99% WIS HEEN (3 73343 ) 78 COG X
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R2 HIBEREKRSF-1ISEEEEERER
Table 2 The gene functional annotation of strain SF-18

in different database

peEE S FE R et/ %
Types of database Gene number Percentage
NR 4392 100.00
COG 3733 84.99
KEGG 2439 57.60
GO 1473 33.54
CAZy 480 10.93

PEEP AR ERE (F4),43 M 214 COG W2, Hidr,

LD RE B L R 471 4>, RAN T RESE I 3534, 7
ol B RS 10,7296 F18.04%4 . E4h , amino
acid transport and metabolism (22 312 iz i 5 0 |
transcription (¥% 5% ) | carbohydrate transport and me-
tabolism (fi /K AL & ¥4z i KAL) Al inorganic ion
transport and metabolism ( ToHL & F iz H S50 &
B BN P R LA, K SR 5 5 362
322,320 M1 232 4>, 73 il oh B 1 A B 8.24 04
7.33%6.7.29% F15.28 %

COG Function Classification

500~

400

300

200

FE%L Number of genes

100

BCDEFGHIJKLMNOPQRSTUV
IHE/ZE Function class

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

L: 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

4 THMESF-1SHERFEECOGIIREERER
Fig. 4 Functional classification of strain SF-18 genome in COG database

2)GOERE R M. GO ERE R D
7N, T Bk SF-18 K& PR 21 v 3k PR s 4R 3] 3 4 7 T Ak
1 4734~ GO terms H1 (& 5) . H 1, biological process
(W ad B 36 144500 30, Bk B2 2 530 A
metabolic process ., cellular process Fil localization 43 32
b SR R 2, 44 990,667 1 355 A3 K s mo-
lecular function(43FINHE) 1244332 347 3 046 4~
BEA IR REES i 2 19 34~43 S binding , catalytic
activity . transporter activity, 435> 1 4601 054 F1 236
AFE . cellular component(4IE4143) 84433 Fhit:
FE 2 992 4~ H M, 5 membrane part, membrane, cell
part A SRR SC R i, S0l 302,275 F12194

3IKEGG FEBAI R M. KEGG Budle 4 Xt 4y
Mr B, SF-18 S [N 4 rh b4 2 439 4t 2 11 i 4
B 6 KAAF 538 B 2 K 1 40 2R pg rh , 5 5L
SERY 55.53 %0, Horh 21 S5 A5 i iy SR R T 20
A (E6),Z5 metabolism (R 248 ) 3 #1143 K
%, UG F 5 A B AL PR 258 #% . 7% metabolism i
B, PR R 4 IR B 2 1 43 Il J2 carbohydrate me-
tabolism (B /K 1k WA ) , A 385 A~ L A 1 B 45

R .amino acid metabolism (ZFEFRICH) , A 283 3k
(R 9t 3 B DL % global and overview maps (4= J&) Fl48E
RS ) 8, A 280 A HE P T B4 AR s 7E AR B A
P2 %, i 22 1Y 1 R 4 R AR P fE membrane trans-
port (JEE4 1z ) A 153 4> HE R B Al signal transduc-
tion (55 %) Wk, A 136 MR FF . KEGG
S5 R UL R AR SF-18 th A 7E £ 5 B A I8 %, IR
A R EAT R TG BR AR HE 20
4)CAZy Tite . CAZy BdaPE X438 (£ 3)
7R T CAZy KRR E P B4 M 38 (6 K3E5]) 1Y
i i FE DR 7E PR AR SF-18 JE [ 4 447 480 4, o
208 A HE PR 2t 1) £ 1 i T 5 A8 i KR (glyco-
syl transferases, GTs) . 131 /™ J& Wi H K i B (gly-
coside hydrolases, GHs) % % .49 g i ik /K AL & )
fi it} (carbohydrate esterases, CEs, ) .4 4~ fith 4 Bl 4
A8 JE i (auxiliary activities , AAs) .8 g fith 22 4 54
fi#% B (polysaccharide lyases, PLs) 80 />4 fith % 7K £k
G W 45 A& B B (carbohydrate-binding modules,
CBMs, ), Horp e84 3L DR R0 5 L3 s 2 B
R B R B 11 (GTs) (43.33%6) FIME 17 /K fift Bl
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Fig. 5 GO annotation result of strain SF-18 genome

(GHS) R (27.29%) o X ik $ I P K kA 150 1 K
B, SF-18 LA th & A 4wfis JL T il (chitinase) [
FHN (GHIS .GH19,GH48 1 CBM50 55 ) | £F 4k % fiff
(cellulase) M FEH (GH5 .GH9.GHI2 .GH26 .GH48
S5 ), IR K SROBE (Y A OC G B R (GHIS. GH26.,
CBMY. CBM13 55 ) , W& fif JIk 58 W 19 AH G i 2k DY
(GT51.CBMb50%5 ) , [ 4 MBS (glucanase) AYAH
KW AN (GHI.GH3,GH9,GHI2,GHI6,GH48 .
GH51%5%) , UL X gmtih s T (lysozyme) 1) 4H G il
(GH23 .GH25%5) 55 DAt , NI LA Sy BEAREIN , A7
Pk SF-18 Vi 76 b FLA FEff LT It ISR WH (P4 R
AR IRNE IRIRMESEY) o 1Y) B
2.5 B SF-18HIRRREFT=YWERERKTT
H#R

ZEFLAT BRI 00 TR TG 1 2R B IR A )
KRS IR SF-184 16 MR AR
B (R L) ST A PUEE Y BT Rk
4% (beillaene) | schizokinen , T Ft & 2 (butirosin) .
PLEMFA R (mycosubtilin) . 3= i % (fengycin) .3
VIR (pulcherriminic acid) | JLAS B %4 W8 2k 2 (bacil-
libactin) . mersacidin . zwittermicin A %5, X 28R AT
WL B, R (fengycein) JLAS I IR
(bacillibactin) \HTE A 5 B 2 (mycosubtilin) i i 3F
BB R 4E (NRPS) &, 2 65 %) (beillaene)

i AL R R R (PKS) A E BRI 5
(mersacidin) J&E A ARIER (RS) A8
XX B BL PR 4T 23 A, 2 B Cluster 1, Cluster
14 F1 Cluster 163X 3/ B RE L 21 58 4 ALY &
Y LR, 0 3 5 TR B B. velezensis FZBA2 1 bacil-
laene & A% 3 A #% (BGC0001089) , Bacillus sp.
WMMC1349 4 bacillibactin/bacillibactin E/bacilli-
bactin F A A 3% K #% (BGC0002695) . Bacillus sp.
HIL-Y85/54728 ) mersacidin & ML 3 A #%
(BGC0000527) By AH L 1 ¥ 4 100%; Cluster 6.
Cluster 7 .Cluster 5 Al Cluster 103X 4 LR K5 B %
SE Y BE DR 5 5L v W AR BLPE L 40 Cluster 6 5 B.
subtilis subsp. spizizenii ATCC 6633 1Y mycosubtilin
A L £ (BGC0001103) HA7 50%6 (14 # Bl 44
Cluster 7 5 B. velezensis FZB42 Y fengycin & ¥ K
f& (BGC0001095) HA7 60%4 AR ; Cluster 5 5
schizokinen £ Jif, 1 Hl £ (BGC0002683) AH Bl 14
60% ; Cluster 10 55 cytolysinClyLl/cytolysin ClyLs &
R R (BGCO000504) AL A 40965 A 24~ 4
PRI 5 8 6 0 1) Rk PRI A7 AE — & B AR , B Clus-
terd 5 B. circulans ) T B 15 I & (butirosin) % A 7%
(BGC0000693) AHAUYE Ry 7% 5 Cluster 3 5 B. cereus
XL F (zwittermicin A)FEFE % (BGC0001059)
ARALPE R 2294 5 B Bk SF-18 Fhifs A7 7E — LL T RE R 1
A (Cluster 2.8.9.11,13.15) , 4 phospho-
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6 Bk SF-18HEREHEKEGG HEEETRER
Fig. 6 The annotated analysis results of KEGG database for strain SF-18 genome

R3 HEHRSF-1ISEREAF CAZySITER
Table 3 Statistical results of CAZy in strain SF-18 genome

AR A5 I P PR HEHE HE R Z (R R O
Carbohydrate-active enzyme family ~ Number of genes Gene subfamily (number of genes)
PR GT1(8), GT2(97), GTA(51), GT5(6), GT8(3), GTI7), GT19(1), GT24(1), GT26(1),
" 208 GT28(7), GT30(3), GT34(1), GT35(1), GT41(2), GT47(1), GT49(1), GT51(15), GT66

Glycosyl transferases(GTs) (1).GT961)

GHI(8),GH2(3), GH3(9), GH4(5), GH5(5), GHI(1), GH12(1), GH13(10), GH16(1), GH17
(2), GH18(6), GH19(1), GH23(10), GH25(1), GH26(1), GH28(6), GH31(1), GH32(11),

Gl ifhﬁgﬁﬁ?ﬁgi(GH ) 131 GH33(3), GH39(3), GH42(2), GH43(6), GH47(1), GH48(1), GH51(1), GH53(3), GH65(3),
yeoside iyarotasestas GH68(2), GHT72(1), GH73(5), GH93(2), GH99(1), GH105(2), GH109(3), GH113(1),
GH130(2)
T
. oKt YR . 49 CE1(1),CE4(10),CE6(2), CE7(1),CE8(2),CEY(6),CE11(7),CE12(4), CE14(9), CE15(1),
Carbohydrate esterases( CEs)
Aty Bl AL A T
Auxiliary activities(AAs) 4 AALL). AAG(D), AATOR)
2N Tl
8 PL14), PLY(1),PL11(2),PL12(1
Polysaccharide lyases(PLs) @ () @ ()
Ay e A
WAL A A TR CBM2(3), CBM3(2), CBM5(4), CBM6(1), CBM9(2), CBM12(1), CBM13(5), CBM32(2),
Carbohydrate-binding modules 80

(CMBs ) CBM34(1),CBM35(1), CBM48(2), CBM50(50), CBM51(2), CBM57(3), CBM63(1)
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Table 4 The encoding clusters of synthetizing secondary metabolite in strain SF-18

WD ke EMEH mmgern RGO B
Cluster ID  Nucleotide length ~ Gene number Cluster type similarity Most similar known cluster
Cluster 1 141 439 11 Polyketide-+NRP BGC0001089 (100) Bacillaene
Cluster 2 10 828 8 — — —
Cluster 3 80732 11 NRP-+Polyketide BGC0001059 (22) Zwittermicin A
Cluster 4 42 090 11 Thiopeptide BGC0000693 (7) Butirosin A/butirosin B
Cluster 5 15 466 10 Others BGC0002683 (60) Schizokinen
Cluster 6 75 887 42 NRP+Polyketide BGC0001103 (50) Mycosubtilin
Cluster 7 28512 11 NRP BGC0001095 (60) Fengycin
Cluster 8 21887 11 Terpene — -
Cluster 9 41104 48 T3PKS — —
Cluster 10 22002 21 RiPP:Lanthipeptide BGC0000504 (40) CytolysinClyLl/cytolysin ClyLs
Cluster 11 24996 25 — — —
Cluster 12 20 750 21 Others BGC0002103 (66) Pulcherriminic acid
Cluster 13 10 345 10 RiPP-like — —
Cluster 14 51828 47 NRP BGC0002695 (100) Bacillibactin/bacillibactin E/bacillibactin F
Cluster 15 20273 22 - — -
Cluster 16 23237 21 RiPP:Lanthipeptide BGC0000527 (100) Mersacidin

nate 2 filt \ififi 2% (terpene) 15 . T3PKS (type 111 PKS)
2 1 Fp RiPP-like 1 #f \RRE-containing 151,
2.6 HftiE#EXEF

PRk SF-18 REASTIZ 18 24 19 NaCl, J3Hr HAE K 2
A, R IRFEPR AL i AT 7= AR RS % (spermidine) /5
i (putrescine) & WA FE iz RGN IE N, DL S g
AR 1A A5 5 TR PR BB P 5 VIR DG Y R TR A
FHESIHERT EPEMECH A R CBEFLR A 1S
V7L 00 R 5 P R R, DA DR £ 2 100 W] T ok SF-18
RERS 5 aF B R Ptk . TER A b iE & A gt
FFREE (phytase) BYgmfth LA
3

ZEARAT TR T8 A0 TR QA B 2E AT TR L A T R 2 A
FETR | D13 30 25 AT B b A 28 960 4T 187 55V Sl 2E B
WA, BTG Z2 R R s 35 USR5, 33X S8 A 7 TR 22 B0
) R o 6 A 58 v R AT, AN [R) 9 2 F0L AT BT PR 11
Prai MR R A]

ABIFSE D s ] o 2 BB - A v 43 8 0 3 )
1 BRI £ 2F AT 3 SF-18, 28 16S rDNA J37 51 43 Hr ¥
U N ZEHIRT B (Bacillus) , 5335 B 2E A0 FT
W (B. swezeyi ) FE R R TT . W T M HIEN
W) 2R 4 0C R B , 7T LLR H 40 DNA 2 iE il B
MV FAAE 25 1Y gyrB R R4 o 2R T 4 T
JE2 DR, A T 16S rDNA RS M 2 T B bk

it

SF-18 1 R GL kAL | 38 3 gyrB 3 I PR B 5 T
SF-18 M RGEHIL K FR

B AR SF-18 £ [ 41 4 K 3 759 102 bp, ¥ GC
B R A5 149 SRS 4 392NN, ZEAUFT I A
Az B TS RE 114 G B PR 2R L A B A R R AR
Y)'2) | SF-18 JE N 4 v A7 78 KB 5 3 4 0 A A
KL%, 46 5 R L & ¥ beillaene  JLAS B Y
W& 2k Z (bacillibactin) . 2 B4 25 41 B & mersacidin %5
Yot 58 4 — BN A R RE  [REPE R i R R
(fengycin) . schizokinen , T % #fi % 7 & (mycosubti-
lin) 8545 B R, DA R R AS v i T It 7 &R
(butirosin) Fl zwittermicin A )& WIEH R . £ R
i & beillaene i AR 5 B & 1S (PKS) & A,
A ) 25 1 5 B0 B 28 %o 4 T R L T S s A
5 JLAS iy B g 2%k 2 bacillibactin i 1o JE 4% BEIK & 1%
(NRPS) & B, & —Fh Xk e 1 HA & R A pg
B A 3 2 X e TR A A R R A T e R
KBS 1 5 APV A T D v 1 A= A T A A B
. E BRI R FE mersacidin 13 AR £
(RS) A%, JE T Class [ JEMEEMINIK, RELS A lipid 1
X A TR UK SROME 1) T A, AR 4B AR B
FD-T3 218 52 200 ), DT BEL L 200 BT 24 it R 1 LA
RO EA D RER MR R, 45 & (fengycin)
FEAE T Z T 2F AT b IS E PR W e, o el AR
3 L TR A ) R 1) 45 ) 5 30 5 P 3 — 25 5 el g R 1Y
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FasE vE RN SE e T = AR I BV E Y s DU A R
Z (mycosubtilin) J& Tk 558 K Z G i PrE Ak,
R G i -NRPS 2257 &4 A, 38 1 52 i 210 i 5 )
S 4 P R A A IR ) 3 5 T | R T A A ST T
schizokinen j&— Pk EA , 52456 I FI HAMNE 5 7215
i TR G 2k 2500 561 s ) B 2 (pulcherriminic acid ) €
38 10 B A KBS A S SRR M AR Y T
H A & (butirosin) J& —Fp 2 E W HEPIAE R A RUE
FHTF V0T RS54 22 FO B T s WU & zwitter
micin A J& H SR SR Y 5 —FhoK s P 2 5 2 e/
SFPAER, R -EUE R, e B A AR AR IR
FITER R Z% A5 FRAE , % Z2 Fh i 2E 0 1 A RS 310 49 1 4
ST eah , SF-18 FE 4 a4 & 4 6 R Tl RE R S
AL DRI o T2 TR A R < €, ] A R 1 AR R T 8 i T
A T 35 2 T R X e R A E A R AP IR T
P JBAE DG T A ) £ i AS B A3 P Y
AEAEA T BEXTZ B AR A G A — e EH .

LA ANRE 22052 %, 2R AL T BT B-1,
37 RO TR RO (AR R AL IR B AR 4
P AT T R AN RE A L A AE TG Pl 0k
BN O E T, 20 M RE 4544 1 i R 2 5 S04 if o
A 2245 A A v e oS LT A LT R A A
PR K A 2B i 2- 2 1k A -2- B4R -D- ) % B
(GleNAc) , i SR WEREG 27 4 = B AR R 45 i 5 )L
T BT e O R AT, R T 0 L RE B A 1) S R
411 4] 25 PR T 242 1 A R R R 1 &, DTk 210 2
Wy R0, DRI, 45 e 20 R 4 A s k-l T 1
SR — T A A TR ) o ] T L BTG . R
Pk SF-18 K& A 4 i 3L 3145 480 4> CAZy Z % Y 4 15
HE, EARESILT I 4R KRR KRR
S I Pk R 455 R O P TR 1% 4 L AL O R
SF-18 3 jof £ Flvfite 7K Ak 45 10 i 2% 100 L [ 4 FH 3 fie s
Jir L 114 240 B R 2 LA B L 2 —

SF-18 BEME T 2 184 9 NaCl, % W) i 1 fiE
R MR R0 5 40 43 A 2 B R AR LA 77 A T
¥ (spermidine) /J& % (putrescine) & B FF% iz
RO HE A, DA i b AR A DG B B R AR
SR /IS S SR JeE R R 35 LA O A LA T
2w IR RIEIREE B T A0, W I N A 4
/N T KR SF-18 HA T 32 4% i PR B A RE 7, ¥ 58 1
DARRIE A A

TE B Pk SF-18 By 2L 24 v, i &5 A A i S BESL
25 W 5 £ e L IR TR I8 45 5 15 2 UM A DG i 5

PRI R B B2 UG W] BTk SF-18 REWS 15 5 %5 27
Ayt FEFEN A b 7 A A TR R Y o AR R
L TR 6 7 L TR I PO A FH T RT BA A L IeE 5  TR
(B WERRELR ) , M rp e it 1 ™ AR R il B4 ol A= 4, ANEL
] LR R A S R AR R A S 4 A R TR X A
LA ) f 9 002 A R 7 A T 3 T A e e
ARAL X PR I3 3 B0 75 2, BAT UG SRR )
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Biocontrol potential and genomic analysis of salt tolerant
bacterium Bacillus sp. SF-18

Y AN Chunlan, YU Fuyan, WANG Yifei, LI Xiaoxiao, PENG Xianfeng, CHENG Guojun

College of Life Sciences ,South-Central Minzu University, Wuhan 430074, China

Abstract The dilution coating plate method was used to isolate and screen a salt-tolerant strain SF-
18 with significant antibacterial activity from soil samples in Aksu saline alkali land , Xinjiang to obtain bio-
control agents with elite antibacterial activity from extreme environments. The stability of the antagonistic
activity of the supernatant of strain SF-18 cell-free fermentation was determined using the Oxford Cup
method , with the Verticillium dahliae as an indicator strain. The whole genome of strain SF-18 was se-
quenced with Illumina Novaseq platform and PacBio sequel platform. Data sequenced were used to assem-
bly gene, annotate the function of gene, and predict gene clusters involved in synthesizing secondary metabo-
lites. The results showed that strain SF-18 had a significant inhibitory effect on Staphylococcus aureus and
Verticillium dahliae , and grew in the broth containing 18% NaCl. The supernatant of strain SF-18 cell-
free fermentation had strong antibacterial activity at —20-80 “C and tolerated pH 5-12 environments. The
strain SF-18 was identified as belonging to the genus Bacillus based on analyzing the sequence of 16S rD-
NA gene and gyrB gene. The results of whole genome analysis showed that there were 480 genes of strain
SF-18 involved in the metabolism of multiple carbon sources, including genes encoding compounds related
to stress resistance such as spermidine and trehalose, and genes related to enzymes such as glucanase and
chitinase that can hydrolyze the cell wall of pathogen. The results of predicting secondary metabolites
showed that strain SF-18 contained gene clusters involved in synthesizing a various of resistant compounds
including bacillaene , bacillibactin , mersacidin, fengycin, zwittermicin. It is speculated that strain SF-18 may
achieve antibacterial effects by producing antibacterial secondary metabolites and related degradation en-

zymes , and has good application prospects in biological control of agriculture.

Keywords salt-tolerant bacteria; Bacillus; biological control; genomics; Verticillium dahliae; sec

ondary metabolites

(S R EL)



