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Whole genome sequencing and genomics analysis of Bacillus
amyloliquefaciens BS-3 with biocontrol activity

DAI Liming LI Lanlan LIU Yixian SHI Yuping CAI Zhiying"
Yunnan Institute of Tropical Crops, Jinghong, Yunnan 666100, China

Abstract: [Background] Bacillus amyloliquefaciens strain BS-3 is an endophytic bacterium from healthy
rubber tree roots, and shows strong antimicrobial activity in vitro. The strain has the potential to be used as
a biological fungicide. [Objective] To analyze the genome information of B. amyloliquefaciens BS-3
strain, to help further study the antimicrobial mechanism and secondary metabolites biosynthetic gene
clusters of BS-3 strain. [Methods] The genome was sequenced using BGISEQ II platform and PacBio RS
IIT platform, then analyzed using relevant software for genome assembly, gene prediction and functional
annotation, prediction of secondary metabolite synthetic gene clusters. [Results] The genome is 3 870 130 bp
with average GC content of 46.88%, which might code the potential 4 161 genes; and the genome of strain
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BS-3 had 92 tRNA; 28 rRNA; 10 sRNA; 122 tandem repeats, 98 minisatellites DNA and 2 microsatellites
DNA. There were up to 2 875, 2 620, 1 885, 4 040 and 3 328 potential genes annotated with COG, GO,
KEGG, NR and Swiss-Prot databases respectively. At the same time, 10 secondary metabolite biosynthetic
gene clusters were also predicted, which might code the surfactin, fengycin, bacillaene, bacillibactin and
other antibacterial substances. The sequencing data from this article are available in the GenBank database
(accession No. CP060384). [Conclusion] This study provides basic data to analyze the internal causes of
the biocontrol activity effect of strains BS-3 at the genomic level, and provides reference information for
further understanding the secondary metabolic synthesis pathway of B. amyloliquefaciens. 1t is of great

significance to the further study BS-3 strains.
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Figure 1 The antagonism of strain BS-3 against pathogens

TE: A: RIESIHRE; B: WAURE; C: MU ZEAM; D: REEE; a: Wbk BS-3 MARAMBIHE M FPEN; b: W
Pk BS-3 XML B AT c0 Btk BS-3 X/MUIEEZ BAESHUEM; d: Bk BS-3 %R & (9 B
Note: A: Colletotrichum acutatum; B: Phellinus noxius; C: Pestalotiopsis microspora; D: Phytophthora heveae; a: The antagonism of

strain BS-3 against Colletotrichum acutatum; b: The antagonism of strain BS-3 against Phellinus noxius; c: The antagonism of strain
BS-3 against Pestalotiopsis microspora; d: The antagonism of strain BS-3 against Phytophthora heveae
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Table 1 Genomic features of the B. amyloliquefaciens BS-3 genome and comparison with other Bacillus relatives

Items B. amyloliquefaciens FZB42 B. amyloliquefaciens B9601-Y2 B. amyloliquefaciens BS-3 B. subtilis 168
Genome size (bp) 3918 589 4238 624 3870 130 4214 630

GC content (%) 46.4 45.8 46.9 43.5
Protein-coding sequences 3 693 4159 4161 4106
Average CDS size (bp) 933 890 832 895

Number of tRNAs 89 91 92 86

23.1 GO FR4ZR

WPk BS-3 M7 915 GO PR T L
XERGETT 5T, A5 2R AR D) RESE R A o A O . 2L
A 2 620 NEEFITE GO Bl FE P B Rl GO £
I8 242 BE 2 L 41 43 (Cellular Component) , Az )¢ 1t
T2 (Biological Process) . 4+ F I & (Molecular
Function) 3 7R & H T ERGER 3), AEY)
PRl AN S NSy INRE Y S04 25, 11 AN
104>, 23t 46 057 FEAMLL A, 2450 4~
FERAR RN RE, b 544 (Cell Part). 4l
(Cell) . 21 i1 #% (Organelle) A3 X i Hk K & B HH £t /=5 4
Kk, B4 914, 914, 198 4~ AWmiedsdt
5967 MEERBTRE, ¥ Kdw 2 B BE AL 5 A0 P
(Cellular Process). Uil FE(Metabolic Process)fi
K, KA 1464, 146615 7 THIRED 3L 3 271 4
RS R, H i Kim 2 WA 5454 (Binding) |

®2 EHBS3 ERNGEERKEESHIFR

Table 2 Database distribution of gene functional
annotation from the strain BS-3
Type Gene number
NR 4040
Swiss-Prot 3328
KEGG 1885
COG 2875
TCDB 459
GO 2 620
PHI 157
VFDB 62
ARDB 30
CARD 22
Secretory 80
T3SS 80
CAZY 137

HEAL I P (Catalytic Activity) . #5126 4 (Transporter
Activity) 5, 790k 1186, 1408, 236 1~
232 COG iB4%R

X BB BS-3 BEN A HA AW BB EE
i EER HETT COG {1 RE, S5 R BIILAT 2 875 4>
Mg SR B 2, aniEl 3 B, SRR ThRgTE
AR 2528, 230 1. 1, 167, 58, 306,
89. 248, 184, 131, 221, 283, 123, 202, 63.
117, 173, 95, 301, 210, 171, 31, 87, 2., 31,
2 AN EETERAYEF A-Z, Hrh S R K ia
(Amino Acid Transport and Metabolism)F) 1 45 S
o FE, 2306 4>, (HTEREEELEE 10.64%;
HK N8 LD RE T (General Function Prediction
Only)&: [, 4t 301 AR, SRR E S50
10.47%, %5283 AL, 9.84%). WR/KILA
Yy MR (248 3L, 9.88%). BHIE . A
SERAEDI A (221 D E |, 7.69%) Y 3 R o 15 ]
MR, WAMNEA 210 1N(7.3%) S BEAR A It
B, B adE— 05T
233 KEGG iRB4£R

Pk BS-3 5 KEGG K FEUEAT LA 437,
xR #] KEGG Pathway () 1 855 I[N & 4E7E
194 ZRACHEE R, T RAREED S 44.85%; Sk
PRI T4 T 20 RSHE S A 24 (3K 4). KEGG
EESHT BN, ABC ¥z 1(ABC Transporters) |
W 43875 2 58 (Two-Component System) . ZJi] T Y
FEARTT MM (Quorum  Sensing) e Fx F E Y
3 FRSHERS, 254 120, 107 F1 70 DEED 3R
gERL Ak, LS (Purine Metabolism) . #ZHHA
(Ribosome), MENESLHf(Pyrimidine Metabolism), A
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%3 HEtk BS-3 £EFH GO AN %
Table 3 Gene ontology classification of the genome of strain BS-3

Ontology Class Gene number
Biological process Biological adhesion 16
Biological regulation 516
Cell proliferation 2
Cellular component organization or biogenesis 143
Cellular process 1 464
Death 4
Developmental process 68
Establishment of localization 525
Growth 4
Immune system process 7
Localization 553
Locomotion 42
Metabolic process 1 466
Multi-organism process 49
Multicellular organismal process 23
Negative regulation of biological process 26
Nitrogen utilization 1
Positive regulation of biological process 15
Regulation of biological process 488
Reproduction 57
Reproductive process 38
Response to stimulus 275
Rhythmic process 1
Signaling 150
Viral reproduction 34
Cellular component Cell 914
Cell junction 1
Cell part 914
Extracellular region 23
Extracellular region part 23
Macromolecular complex 179
Membrane-enclosed lumen 35
Organelle 198
Organelle part 95
Virion 34
Virion part 34
Molecular function Antioxidant activity 11
Binding 1186
Catalytic activity 1 408
Electron carrier activity 1
Enzyme regulator activity 13
Molecular transducer activity 90
Nucleic acid binding transcription factor activity 203
Protein binding transcription factor activity 62
Structural molecule activity 61
Transporter activity 236
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COG function classification

A: RNA processing and modification (1)

B: Chromatin structure and dynamics (1)

C: Energy production and conversion (167)

D: Cell cycle control, cell division, chromosome partitioning (58)
E: Amino acid transport and metabolism (306)

F: Nucleotide transport and metabolism (89)

G: Carbohydrate transport and metabolism (248)

H: Coenzyme transport and metabolism (184)

I: Lipid transport and metabolism (131)

J: Translation, ribosomal structure and biogenesis (221)

K: Transcription (283)

L: Replication, recombination and repair (123)

M: Cell wall/membrane/envelope biogenesis (202)

N: Cell motility (63)

O: Posttranslational modification, protein turnover, chaperones (117)
P: Inorganic ion transport and metabolism (173)

Q: Secondary metabolites biosynthesis, transport and catabolism (95)
R: General function prediction only (301)

S: Function unknown (210)

T: Signal transduction mechanisms (171)

U: Intracellular trafficking, secretion, and vesicular transport (31)
V: Defense mechanisms (87)

W: Extracellular structures (2)

ABCDEFGHI JKLMNOPQRSTUVWXZ  x: Mobilome: prophages, transposons (31)

Function class Z: Cytoskeleton (2)

1306

(=3
o

300

1283

1248

250

1221

200 -

1184

1167

150 -

1131

1123

Number of matched genes

100 -

189

158

B3 E#k BS-3 EFELH COG HIEE Lbxt o #r 4 R
Figure 3 COG functional classification of the strain BS-3

k4 BEH BS-3 EAHE KEGG HiEEEERBHERE
Table 4 Main metabolic pathways of the strain BS-3 from KEGG database

Map number Map name Gene number (=20)
Map02010 ABC transporters 120
Map02020 Two-component system 107
Map02024 Quorum sensing 70
Map00230 Purine metabolism 59
Map03010 Ribosome 53
Map00240 Pyrimidine metabolism 44
Map00620 Pyruvate metabolism 33
Map02040 Flagellar assembly 33
Map00190 Oxidative phosphorylation 31
Map00250 Alanine, aspartate and glutamate metabolism 30
Map00500 Starch and sucrose metabolism 30
Map00270 Cysteine and methionine metabolism 29
Map00520 Amino sugar and nucleotide sugar metabolism 29
Map00550 Peptidoglycan biosynthesis 28
Map00970 Aminoacyl-tRNA biosynthesis 27
Map00010 Glycolysis / Gluconeogenesis 23
Map00260 Glycine, serine and threonine metabolism 23
Map02030 Bacterial chemotaxis 22
Map02060 Phosphotransferase system (PTS) 22
Map00630 Glyoxylate and dicarboxylate metabolism 21
Map00640 Propanoate metabolism 21
Map00564 Glycerophospholipid metabolism 20
Map00730 Thiamine metabolism 20
Map00860 Porphyrin and chlorophyll metabolism 20
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2 fX 14} (Pyruvate Metabolism) . 4 1k % iz 1b
(OX1datlve Phosphorylation )i i 5 T 4 i K 20 AH He
HA B A CE
2.3.4 CAZy hEED R

HERA T I CAZy B E A7 LT, 2B
IR BS-3 BRI AR 30 140 ASJE A 2 A% 14 8
SRR T CAZy KR, AdE 20 FEWHTT /K f i
GHS)ZRINET 49 4~
9 WHAT 5 A W S % 1) 25 F (Glycosyl Transferases,
GTs) 36 4~. 6 Z&hk KAk & ¥ 1g i (Carbohydrate
Esterases, CEs) 17 1~ .2 2R ZHiZ4f# fi(Polysaccharide
PLs) 31~ AfBhE 4 1. 3 KoKILEY
2t 4 4 14 (Carbohydrate-Binding Modules, CBMs)

Ao TIEPAETERYIIRERAR, X LRI I 5
() FEE BB A S, Mk BS-3 %
A 4 bt N U4 2R i (endo-1,
EC3.2.1.4) . B- % 4 ¥¥ 1F % (B-glucosidase ,
EC3.2.1.21). a-TEHEF(amyE, EC3.2.1.1)%: i ) 3t
AL, ANIEDAL A B2 3 i itk — 2 T g 1A Bk BS-3 1A B

(Glycoside Hydrolases,

Lyases,

4-B-D-glucanase,

£5 E#H BS-3EFH VFDB HiFETRER

YEFIHLEE
2.3.5 NR HUEFEEFN Swiss-Prot #1E E ) ERE

W TER BS-3 (10 D 51 B3 A R L 1) 2

JPl, 5 NR R b T Hoxt, RN Ay
4 040 NIENTE NR #dls B RIER, 743
B. amyloliquefaciens . B. subtilis. B. velezensis .
B. nakamurai. B. paralicheniformis\ Streptococcus
pneumoniae Fl Paenibacillus sp.iX 7 Y%, Hw
SRk 3 237, 1 599, 342, 36, 1. 70 #1314~
Swiss-Prot J&—MHE LAY 11 BT S B 1, Al
HEABIIGE ., 45k BB, RS E, W
tk BS-3 WA 3 328 AN A P41 D RETEIZ AR
i e A 20 T R TERE
2.3.6 HFHEFHH

Pk BS-3 YL 415 VFDB #ufla e 47 L
XA, FERMR BS-3 MEERIZ LB 62 -8 1A
TN, HARRIENN 1 168 bp, F/NEN N
56 bp, HARSERMNGE 5 Fron . XU K BS-3 A
A RERETCEE 1 DR R A s D R A A A

Table 5 The annotation results of the strain BS-3 from VFDB database

Gene _id Align length (bp) | Gene_id Align length (bp) | Gene_id Align length (bp)
BS3_GM000167 331 i BS3_GMO001595 303 i BS3_GM002704 388
BS3_GMO000364 156 i BS3_GMO001721 730 i BS3_GMO002705 148
BS3_GMO000444 305 ' BS3_GM001965 233 ' BS3_GM002706 389
BS3_GM000527 688 BS3_GM002234 65 BS3_GMO002746 251
BS3 _GM000632 493 BS3 GM002235 1154 BS3 GMO002747 215
BS3 _GM000664 147 BS3 GM002236 293 BS3 GMO002785 569
BS3_GM000708 149 i BS3_GMO002237 529 i BS3_GMO002786 116
BS3_GMO000730 571 i BS3_GM002239 253 i BS3_GMO002787 105
BS3_GMO000788 70 i BS3_GMO002390 253 i BS3_GMO002852 221
BS3_GM000792 420 BS3_GM002427 250 BS3_GMO002854 490
BS3_GM000797 199 BS3 GM002509 384 BS3 GMO002855 1168
BS3 _GM000804 217 i BS3_GM002543 200 i BS3_GM002919 396
BS3_GMO000805 78 i BS3_GMO002552 553 i BS3_GM003021 336
BS3_GMO000807 346 ' BS3_GMO002553 170 i BS3_GM003162 330
BS3_GMO000808 652 ! BS3_GMO002575 190 ! BS3_GMO003166 221
BS3_GM001060 301 BS3_GM002599 220 BS3_GMO003174 231
BS3 GM001153 197 BS3 GM002649 252 BS3 GMO003336 805
BS3 _GM001300 119 i BS3_GMO002651 56 i BS3_GMO003832 548
BS3_GM001301 265 i BS3_GMO002675 184 i BS3_GM004007 257
BS3_GMO001552 274 ' BS3_GM002680 357 ' BS3_GMO004103 284
BS3 GMO001578 192 ! BS3_GMO002681 284 '
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2.3.7 TWHEERDR

ik ARDB s R RS, $RF Rk BS-3 Y5k
LA 25 2 30 4>, W2 Pkn] & &R
(Lincomycin) ., % % % (Chloramphenicol) . 8 %
(Fosfomycin) . 7 % % (Penicillin) . #T & 4
(na_Antimicrobials) . ®E#(qa_Compound)., Z3EHH
1 (Aminoglycoside) . J3 7% % (Vancomycin) . H %
“RIE(Trimethoprim) . PU¥F 2 (Tetracycline) . #15 fik
(Bacitracin) . flii % 0 ik £k (Deoxycholate) . K I
fig (Macrolide) . %% %5 & (Streptomycin) . B % 55 &%

% 6 E#kBS-3 E£F‘H ARDB #iEE T BRER

(Fosmidomycin)Jt 15 Ffr, HAKZER M1 6 FiR .,
2.4 Bk BS-3 LR LR EE B F S5

DK ZEF0LFF DA J P9 R ) SR 2% 06 R, ANRBSR:
FH 16S rRNA FEK K 431 2E AT 14 & P Bl i E 4L
KR UAERARGE AT LA gyrd LR X 204 65 2E 0
MR 22 5, ¥ Btk BS-3 5 9 #k Bacillus sp.
R GyrA 2 TSI AR, K L H Bk BS-3
5 FZB42, UCMBS5113, Y2 RIEH GyrA HAEK
E—E(E 4), UEHHCEG X RIEEMHIE, FET
i UE R 2 AUAT IR

Table 6 The annotation results of the strain BS-3 from ARDB database

Gene id Resistance type Antibiotic resistance
BS3_GM000038 Imrb Lincomycin
BS3_GMO000196 blt Chloramphenicol, doxorubicin, fluoroquinolone, puromycin
BS3_GMO000246 fosb Fosfomycin
BS3_GM000318 bl2a_1 Penicillin
BS3_GM000350 bl2a_iii Penicillin
BS3 GM000461 ykke na_antimicrobials
BS3 GM000462 ykkd na_antimicrobials
BS3 GM000899 qac gqa_compound
BS3 GM000900 emre Aminoglycoside
BS3_GMO001037 vanrc Vancomycin
BS3_GMO001235 dfra20 Trimethoprim
BS3 GMO001373 vanrg Vancomycin
BS3 GMO001660 tetl Tetracycline
BS3 GM001965 vanrg Vancomycin
BS3 GM002153 baca Bacitracin
BS3_GM002189 mdtg Deoxycholate, fosfomycin
BS3_GM002337 blt Chloramphenicol, doxorubicin, fluoroquinolone, puromycin
BS3_GM002486 bcera Bacitracin
BS3 _GM002599 vanrg Vancomycin
BS3 GM002884 bera Bacitracin
BS3 GMO003174 vanra Vancomycin, teicoplanin
BS3 GM003488 mphb Macrolide
BS3 GM003507 Imrb Lincomycin
BS3_GM003543 mdr =
BS3 GM003613 vanrg Vancomycin
BS3_GMO003625 Imrb Lincomycin
BS3_GM003690 qac gqa_compound
BS3 _GMO003809 ykke na_antimicrobials
BS3 GM003986 ant6ia Streptomycin
BS3 GM004012 rosa Fosmidomycin

H: —:

Note: —: None
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94 Bacillus amyloliquefaciens subsp. plantarum str. FZB42 (CP000560)

88

Bacillus amyloliquefaciens subsp. plantarum UCMB5113 (CDG24323)

100 Bacillus amyloliquefaciens Y2 (AFJ60102)

BS3 (CP060384)

99

98

99

100

—
0.01

Bacillus subtilis strain NRRL NRS-744 (EU138658)

Bacillus subtilis XF-1 (AGE61875)

Bacillus subtilis subsp. subtilis str. 168 (CAB11783)

Bacillus pumilus strain NRRL NRS-272 (EU138655)
Bacillus licheniformis ATCC14580 (CP000002)

Bacillus licheniformis DSM13 ATCC14580 (AAU21651)

4 ET BS-3 Rif%# GyrA ZEASERFFIHEFLH

Figure 4 Phylogenetic tree reconstructed based on GyrA protein sequence to analyse the relationship between BS-3 and

its related bacterial species

e 355 TS HAHOERE B GenBank 85755 433 sl EIECT RN Bootstrap SCRF#; bR REIR 1%019)7 514k 22 5
Note: The numbers in parentheses represent the sequence accession numbers in GenBank; The numbers in each branch points denote the
percentages supported by bootstrap; The scale presents 1% sequence variance

#+ BS-3 5 B. amyloliquefaciens subsp. plantarum
str. FZB42 14 B I g7 T 3L Ze Mo, WS &
FERAZ TR A . SREFEE 5. M
B s sl LIE 1, 2 SRR AL, (BRAETE
B S ER N A EHE
2.5 HFEIMR
251 REKRGEMEREERES

B W) 2 A e — s AR KT, LA
WA W) AT G B — RN Ko F A KR
VI, FH anti-SMASH Xk BS-3 Ji PR 2H 7k
PR GACH =50 B, TASE] 10 SR EAR B ™
PIFEHFRER 7), R 4 A BURETEPER
Yk . Z425(Bacillaene), FJ5i % (Fengycin), JL
25 Wy B 0E £k K (Bacillibactin) 1 6 I 1% 7 Ak
(Surfactin), H:H, Cluster 3 5 BGC0001089 c1 3k
519 Bacillaene 15 B R FEABUTE R 100% ; Cluster
4 5 BGC0001095 cl KiifAY Fengycin G m{FE K 7%
FHME S 93%; Cluster 7 5 BGC0000309 cl A
AY Bacillibactin & %32 R AH L1 8 100% ; Cluster
10 5 BGC0000433 c1 Y5 1) Surfactin F il 3k [H

FME A 86%; Cluster 8 5 BGC0001184 cl A
AT TR 2% (Bacilysin) & B AR M R 100%.
FU X & BRI R BS-3 J K2 HHiR A7 7E 4 Fh I REAR A
HYFE A #% (Cluster 2. 5. 6. 10), H:H Lantipeptide
1 . T3PKS (Type Il PKS)2Z% 1 . 24 (Terpene)
2 Fh, X RBIE R BS-3 th A RELETES BUSIN B Y
FR SRR, HAT R A A2l v o

M 2.4 kR 3 RS gryA BT EERATIE
WP, XA E AT RE R R R T a T,
GEitaE RN 8 o, BR T E T A % (Butirosin) b,
HAhIE A LR A 344 BS-3 hEAMLE
Yy, T Butirosin 5k BGC0000693 c1 & it 3k
PRRAHAAEAL R 7%, 136 BH 32 5L R 7 1T g & BB i)
M@, AR EHE—P.
252 HMNEYR

MR EFRITFE P MREZAREA
(Alkaline Serine Protease)BEM AT IR IEL HL, [A]
I TER ZE AT FZB42 MR TER 2R Y2
FLAT DR IR TR AR S5 2R A RE 1, LR 40
Pk BS-3 H B 22 2R & I lF(BS3_GMO000172)
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mForward_chain m Colinearity Inversion
mReverse_chain ® Translocation = Tran+Inver
0 ! 2 3 4

. Mb
NC 0097252

vz | L LU0 N K

0 ] 2 3 4
& 5 B. amyloliquefaciens BS-3 5 FZB42 Wi & 447
Figure 5 Synteny analysis of B. amyloliquefaciens BS-3 and FZB42

®7T EHKBS3 RNRRGPIEMERR

Table 7 Gene clusters of secondary metabolite of B. amyloliquefaciens BS-3

Cluster ID  Nucleotide length (bp) Gene number Cluster type Ratio of genes show similarity (%) Most similar known cluster
Clusterl 41 245 48 Otherks BGC0000693 c1(7%) Butirosin
Cluster2 20 744 27 Terpene - -
Cluster3 102 705 52 Transatpks-NRPS  BGC0001089 c1(100%) Bacillaene
Cluster4 110 379 76 Transatpks-NRPS  BGC0001095 ¢1(93%) Fengycin
Cluster5 21 884 24 Terpene = =
Cluster6 41107 55 T3PKS = =
Cluster7 66 776 70 Bacteriocin-NRPS  BGC0000309 ¢1(100%) Bacillibactin
Cluster8 41419 47 Other BGC0001184 c1(100%) Bacilysin
Cluster9 65411 49 NRPS BGC0000433 c1(86%) Surfactin
Clusterl0 22 598 20 Lantipeptide - -
E‘E HE %
Note: —: None
x8 RFRGFE=MEREI LR SR UE R ZERAT I FZB42 12 LM K1 EARE

Table8 The comparison of secondary metabolite gene clusters VR 2 s
= H 3 [ REE BA /DR
Compound Bozyme Y2 BS3 FZBA2 Bsubils R, XULMIEMR BS-3 AT AEA HAT IR AR

165 HRE ).

Surfactin NRPS 1 1 1 1

BacillomycinD NRPS/PKS 1 - 1 = 3 i

Fengycin NRPS 1 1 1 1 R

Putative peptide NRPS = = 1 = Bifi 7 AN R PRk Jie , A 2 FH B AN TG o,
mofifipn RS 111 PR 2 A B SRER 5150 BOM A 78 0
Bacilysin/anticapsin NRPS 1 1 1 1 e . . I
Macrolactin PKS I = 1 — %#lﬂ@@{ﬁ%ﬁo %/E\-ﬁé\ ﬁé\ l%ﬁi*ﬁ“ﬁﬂ"]
Bacillaene NRPSPKS 1111 S5 DA O ST Forh 311
Difficidin PKS I = 1 = . TN . N ,
Amylocyclicin RPS 1 - 1 - BU TR K B 1645 i 35 B E 52 S — Rl 2e A 30
Milgsiat 1(_‘)1’: ) =10 = Tk BT TR TE A W B v U A E e 3 A TR
Butirosi t -1 - - o . .

T— = BRI A 5D | B
Note: —: None %%%‘J N (ﬁ‘}ﬂﬂ({%g&%ﬁﬁﬂlﬁﬁ@ﬂ}ﬂgﬁﬂq s
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11T 45 2 B T A & 5D

A 1A BAMAR S MR 8 23 29 3 1 — bk oA AR AT
BS-3, ZadH5Huili & BLE#k BS-3 XHAZ I #6 AR
WP . ORI IFIG T . NI B R
973 AT 11 2B K3 LA R A IR RO o A% S i S 56 N
ST ARME A T M AT 2T BT Y B, A
REFC M2 I BRI . S TIRASIZA
ABIEGE A A L PR 2 00 7 R0 A= A I 57 O3 Aok
33 THPE BS-3 RSP o, i AR R 4
K/NH 3870 130 bp, Fgmf LA 4 161 4>, [F]HT
PR AEIE S GO, COG, KEGG., NR Z##
PEHEAT HEXT 30T, S8 A RE BS-3 BE[AZH D RE 1T R
ARG TAE, IR grvd BEAHE T BS-3
(R 53 M, FF D3 A= W5 1 A BE PR 5 A TR AR
FH AT B A HEAE R BE A 7%

16S rRNA LK 741 &l @ 4506 FAH A R K
BT R BEVER 2 AT B ARG R 25 AT e
G RFARIN, RIESFHEA R 2B R, R
168 rRNA JE [ 381 Ju vk i [X 4304 76 5L K 41
WMFEZ 5, fANERE A VI ZmA% 3% R L K 41 24 BRI
fif 55 DR 43 1A 10 356 R T A IR — 2B 8 T R 4
KO X Hikk BS-3 M kAL Bt b, If
5 A 2 D00 P 1 3 % A U B 2 A T A, R BT
Pk BS-3 KPR ZH /N5 At 0000 3 P9 30 5 gk U 3 2
HUFF AR, GC Fr st AL Hkk BS-3
fRTERE A SV m A LR ) 8 11 91 S AR R i
AR, RIH S UER AT FZB42 Ffi
TERD ZFAUAF I Y2 SRS OCRAEE AL, [58 T e
¥y ZEHLFT I

R 22505 5 L D 240 R R 1 R o LT,
JUT R Re AL LT B MR i N-20 k2 L i %
B, WK LT 20 M RE A 2 Ah) S Bk, AT ) — L
FUHA T & 22 KPP A
BRILT Bl oh, A #IRMENG . SF4ER . RO
Rt 5L T B PR R VE T, A TR AR B

T RHFSE N RE BS-3 JEE 4L CcAZy
FIEM GBI 140 A, BFEMHT K AR BEZ % 0
49 A BT I AR 36 4~ oKL a1
BRlE 17 4. 202 0E 3 1. HHIEG 4 1~ Bk
EWHEAHN 31 1. X2 CAZy FIEEE T
B-1,3-H0 SR . JL T 0 TS5 24 B I il ) A G
L, HEM G PR BS-3 [ AR I 2L A 19 240 ff R Ay
IHEHLEEZ —

>R ] antiSMASH T H 00 B # BS-3 R AR
W P BRI, 15 2 IR IRZE R R 2 oA 3R AL R
10 4>, AdE 4 DRI Re R FE L L 5 AR 8
= LA R A L A % (Bacillaene . Fengycin |
Bacillibactin, Bacilysin, Surfactin)fl 1 MAHUE
IR 7%09 Pt A= K L A % (Butirosin) . Bacillaene
S — IO 2 TR RN L T A R A 2 R IE Bt
K, BEINRIEE A R ; Fengycin XA #0 JF EL 1A |
YR AL A BUbE, KDL AR B
SRR AT, Bacillibactin A5 445 A
IR v T D A A A A e T A 00 5 ) R PER
B, SRtk T B R A A B A R
Bacilysin 42 H il & K1 ZF JUFF T -G 045 14 fre 7 B IR
KPRYRZ —, M L-Z MR 2R Rl
L- N5 5 Y. Wu ZEHE BBk B. velezensis
FZBA42 j7HE HFF IR TR R AE R JL SR AL B, 03
ik 98.78%°1, Surfactin &—Fh ] TSI E YR,
A RS A F TS T, T ELBEBT B AN S SRR
Lopez 55T 41218 Surfactin 5 Fengycin [A] B4 FH
FTRE B FEAL, TR FRCKE A
P, Butirosin S — R LT RS, X
22 [RBAPE B RG24, ABiE 9 & B Butirosin
P FINFEE BGC0000693 ¢l il i f5 i A )
FEAN 7% , B B2 5L R PT e G o O A0 TR 4
AR5 e E—29E . BLAh, TRk BS-3 AFTFEK
e 22 5 IR A U iR AL B T 41 Uk B 2R F A T b Y
Bk 22 S 2R P BE S A RIR BB Y ) e
BS-3 S WM B 4 o R AN R AL Z —
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4 4w

AR AL Mlumina 555 = PacBio ¥
BHZE TR AR, XAFE BS-3 #H 74kt
BRIZHM Y, 155 TRtk BS-3 MR 4 7 5I1E
ol e REAME AR GyrA EHF
Y, #EFHFFE BS-3 SN R R TEN 2F
FOFFTR ; & BS-3 5L H 4 A7 5 Fh EE 2 ik gk
£ 7= A 3 B RR R — OB 0 Bt A R Sk R
(Butirosin), [AHF M BS-3 K[ 21 i A& B BE 05 [ i
9 DAL TR A0 L RE (1) B-1,3- ) SR . LT ST g AN A1
T2 (B 22 28 R 2 ) B RH G BE DY, T 7
BS-3 B LA Z RS PUE R A Y . A
BE 7K A B2 LA KA T 2 S B R ACR  7EAROI
J5 T HA AR K W 77 o
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