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Fig. 1. Circular representation of the HAB-2 genome. Genome circular representation can fully display the
characteristics of the genome. From outer to inner circle: 15t and 27d circle mean positive chain gene and negative
chain gene, all genes in colour code according to their functions by COG annotation. 3™ circle means ncRNA (black
indicates tRNA, red indicates rRNA). 4t circle means GC content (red indicates greater than average value, blue
indicates less than average value). 5t circle means GC skew (GC Skew=(G-C)/(G+C); purple indicates greater than 0,
and orange indicates less than 0).
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Fig. 5. A: Phylogenetic tree drawn from the 16S rRNA of B. amyloliquefaciens HAB-2, B. subtilis
168, B. atrophaeus SRCM101359, B. licheniformis ATCC 14580, B. pumilus SH-B9, P. polymyxa
SC2, B. anthracis Amese, B. cereus ATCC 14579, B. thuringiensis YBT-1518, B. megaterium
NBRC 15308 ATCC 14581, B. velezensis ¥FZB42, B. amyloliquefacienns DSM7. B: Phylogenetic
tree drawn from the core genomes of HAB-2, DSM7, FZB42 and 168. Bootstrap values are

indicated in 26 of repetitions.




I EIRINEREEY Bacilius model strains and genome

Tablel Genomic features of the B.amyloliguefaciens HAB-2 genome and comparison with

genomes of other Bacillus spp

B. amyloliguefaciens  B. amyloliquefaciens B. velezensis B. subtilis
HAB-2 DSM7 FZB41 168
Genome size (bp) 3,894 648 3,980,199 3,918,589 4214630
G+C content {mol%a) 46.6 468 46.4 433
Protein-coding sequences 3,930 3,923 3.693 4,106
Average CDS size (bp) 880 880 933 895
Percent of coding region §8.8 86.7 88.0 872
Ribosomal RNA operons 9 10 10 10
Number of tRNAs 86 94 89 i)
Phage-associated genes 58 273 25 324
Transposase genes of IS elements 2 10 9 0
DSMT

FZB42

Fig. 3. The Venn diagramwas drew to analysis the distribution of orthologous gene families in the
genomes of B. amyloliquefaciens HAB-2, B. amyloliquefaciens DSM7, B. velezensis FZB42, and
B. subtilis 168. This analysis exploits all CDS of the genomes and 1s not restricted to the core

genome. The number above each part represents the number of gene families, while the number
below represents the number of genes.

To: 618520

Prophage region
- Prophage region From: 869860
- From: 3127689 To: 913633
- To: 3154425

Prophage region
From: 949583

Prophage region 1
From: 1215912
To: 1230276

., Prophage regi
region 4 Erom: 2060009

From: 2144356 1,: 2073556

o

1.88mbps

Prophage types

I intact prophage 1 incomplete prophage [ questionable prophage

Fig. 2. Prophage of the B.amyloliquefaciens HAB-2 and comparison with other Bacillus spp. All
prophage regions in different colours code according to completeness, a prediction of whether the
region contains a intact or incomplete prophageIf the region's total score 1s lessthan 70, it 1s markec

as incomplete (gray); if between 70 to 90, it 1s marked as questionable (green); if greater than 90, 1t
1s marked as intact (red).



I EIRIVERERE Bacillus model strains and genome -

Table2 Gene cluste:s binlw:)lve;d in dS).’nt;;eSis olf s;ntif;ng.al aI;;i Aal;lt;bacterial acting secondary *E :J?E ﬁ‘(“/f l ]Xj‘H AB 2 {IJIJ F? % / \*ﬁ
metabolites found in B. amyloliquefaciens -2 genomes. N 7 W
HAB-2 DSM7T FZB42 168 ﬁa /ﬂ ] tt Z—ch 9:,F ﬁJ $ T T —LIZ g, N :EjJ
l\jomp('): fld llf;?:; 163t2015 1 ;r ypet'd Sizz(l(;b) 95 Idel;t:y% 81 E/J j( /J\ $H *H /fJ\ F_‘ U\ & /f’h ‘LE:I‘ ké:‘: //TI ’
crsacidin antipcpudc .
Bacilysin 314409 355827 other 414 94 98 81 ﬁ fy_LI‘HAB 2 . *ﬂi El:l ﬁ _[/tl: y % 1;% ‘t .
Bacillibactin 855296 922092 bacteriocin-nrps 66.8 94 98 79 *ﬂiFZB 42 *H 1J\ E[/J ﬁ F? EJ *H /TJ\
Difficidin 1541606 1642045 transatpks 100.4 94 98 81 E T u ;[t i” 08-999%;,, 5 J] /\ 7[*‘% :EE
Unknown 1757680 1798771 t3pks 41.1 94 98 79 1;5[%]:) SM7T E](J *H ,fug Ejﬁ \]& ﬁ‘ %B /A %
Unknown 1862496 1884379 terpene 219 94 99 82 N 0 YOy HE H =
Fengycin 1909679 2047504 transatpks-nrps 137.8 92 98 80 T ’/\*B 1u E ‘E 9‘2 -2‘5‘}_/:.) ’ ﬁ/mA H[ﬁ T\E E
Bacillacne 2109637 2212296 transatpks-nrps 102.6 93 98 79 —‘ l ﬁl:l] El/‘J j:‘l:lj IEﬂ % ﬂ ‘/X ﬁ %B A j( ’ ﬁﬁ
Macrolactin =~ 2440918 2526808 transatpks 85.9 95 98 85 % jl:jl - /\ %EI] EI/J *E]‘ EF: %P:‘ }@ 1;:|: i 1 6 8 _i
Unknown 2825278 2846018 ferpene 207 93 99 78 1:5[% EI/J ;I:H /f J\ E /TjE [:[3 }BC /f EE T ;I:H /f J\ r ?’_‘
Unknown 2928806 2970050 otherks 41.2 94 99 76 79 85% . XA ﬂ:[ﬁﬁz‘/ﬂ ] tK Z-‘ch E/J ﬁj'_[:_‘bﬁ

Unknown 3201340 3242548 ladderane 41.2 95 99 82
| . AR 5 1A ffﬂ/aﬁﬂmfi’““ﬁ

Surfactin 3519488 3584895 nrps 65.4 93 98

lantipeptide: Lanthipeptide cluster; other: Cluster containing a secondary metabolite-related protein that does not }F J * H E/J j: ﬁj& ’ 5 H HU
fit into any other category; bacteriocin: Bacteriocin or other unspecified ribosomally synthesised and post- 1 I ] EI/J %/\ n /\
| s | Sy H

translationally modified peptide product (RiPP) cluster; transatpks: Trans-AT PKS cluster; t3pks: Type III PKS

cluster; terpene: Terpene cluster; otherks: Other types of PKS cluster; ladderane: Ladderane cluster; nrps:

Nonribosomal peptide synthetase cluster.




OH

N -y-a-pP

0 Fengycin
|

HM

8]

ChossCHCH,CO-E-LLV-DLL ., CHCHCOE-OYTEA  CriaaCHCHC0-N-YNPEST

Surfactin - BacillomycinD B
OH Bacilysin

Bacillasne 0 o 0
SHNAPS  Fen-NRPS ac- Hgh \[)J\T" b
H
Bry-NRPS 0 oH DH

I | - I
NAS-NRPS e HC-C-ooo- (@) HyC-C-0007(B) HiC-CH
/ \ HoGooo MG HsC
=]

8] NH
L|]H
i o A a o H C--iIJH
Primary o ol I
Sip metabolism 2% Pyruvate  2-Acetolactate  Acetoin |
1AM OH
Tip LL@. CH,COOH 2,3-butandiol
O p~ ok Dinyg
I™ oH
Dbe-NRPS

L= Min-MS

OH ty-DHE
g DHE o j
0 CH, HO H
o HLC o o
HO CH DHB-GW—T II*JGW-DHB OH
H
H H
HO QO CH3
Macrolact Bacillibactin

Secondary metabolites with biocontrol and plant
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B B A AR ) 3 B E I
MIBRE= A
(HWEREERER, ZERENFEMPEAR
ARG LR, AR S,
Q)AEZEBERIEE, HIEZREZ G K
g (NRPS) it “Z &b b~
7 AT E R, PPAERRREEER
(Surfactin) + FHREZR (Tturin) iz
2 & (Fengycin) . FRER
(Locillomycin) ZFMsIRRPLAEZR
(Chen et al., 2008; Strieker et al., 2010;
Luo et al., 2017 )



SN YE SR SiAEE A EEE The ke}f genes about ?ntibioti-

synthesis and regulation chenea
Table 2 NRPS and PKS gene clusters involved in synthesis of secondary metabolites in B. amyloliguefaciens FZB42 and B. subtilis 1682

Com pound Ernzyme FZBAZ2 Size (kb) Dependent on® E. subtilis 168 Identity %
Surfactin MRPS srTABCD, aat, 334 yex . Cyvex D, sfo yezE 3z2.0 Sfp srfAA AB AC AD vexA vex B.yvexC vexDd f3-83
BacillomycinD MRPS/PKS brmyCEAD a7 Sfp, YezE Mot present ]
Fengycin MRPS fenABCDE 38.2 Sfp Pp=sABCDE BO-65
Futative peptide MRFPS s ABCDEF 15.0 Unknown Mot present ]
Bacillibactin MRFPS dhbABCDEF 12.8 Sfp DheABCDEF &0-80
Bacilysinfanticapsin MRPS bacABCDE, ywiiG 6.9 - YwfBCDEFRG 824-93
Macrolactin PES rminA BCODEFGHI 53.9 Sfp, YczE Mot present ]
Bacillasne FES/MNMRFS bae BCDE ac o, basGHIIL MNRES 74.3 Sfp, YozE pksBODE acpK. phksGHIJLMINRS h2-83
Difficidin PES afinAYXBCDE RS HIIKLM o g | Sfp, YozE Mot present ]

aMote that lipopeptides and polyketides are not expressed in B, subfilis 168 due to a mutation of the phospho pantheiny| transferase Sfp. "Dependence of product synthesis an Sfp and the
membrane-spanning protein YezE was tested in mutants deficient in synthesis of Sip (CH3) and YerE (CH4) by bioautography, MALDIE-TOF mass specrometry and HPLC-ESI mass spectrametry
[see Methods).

R#E20074-Rainer BorrissfENature Biotechnology b i 1& i) sfp & K 7£ & FliSurfactin. BacillomycinD.
Fengycin. Bacillibactin. Macrolactin. Bacillaene FIDifficidinZs g Bk2¥ 5 b #3E A m] $0 1) 7F FH (Xiao
Hua Chen et al.,2008).

sfp Kl gmhd4” -BE IRV Bh a2t L 2 ¥ B8 (47 -phosphopantetheinyl transferase) (Lambalot et al., 1996),

& R IR RS R A R IR A S B R (Tsuge er al., 1996) o ZBRA% JTCIE 14 11 & RS MG 4
HEOEWAEEER 2T, BB, subtillis 168 BN A 5B AR & el AL A%, {H T -5 /K
JERY) i ) ARz B i@ A TR B il Bsfp e I, RHMEAA — MR RAR, I RES BUEMFIE Y (Nakano
etal., 1992; Tsuge et al., 1996, Z=M1%E, 2015) .
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Fig. 6. The gene cluster that directs surfactin. The above is the gene cluster of B. amyloliquefaciens m*@gu*&'ﬁm"ﬁmo

HAB-2. The following is the gene cluster of the model strain B. velezensis FZB42. Red box and

arrow mark the location of the key gene sfp and lapH?2.
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synthesis and regulation
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Regression

Time (hpt) equation

LCsq (mg/L)
y=0.258x-6.105

y=0.245x-5.479

y=0.224x-4.974
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95% confidence
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=N Synergistic mechanism

‘ Maget Dana%$(1992) & I £E IturinA H
& NN A T BT I surfactin 7]
DL s Tturin A IS4 CHIED
X FE A 2 IturinA Hlsurfactin P 2 A

H PR RIROR .

ey, REEERESPMER, B o
. e . Time (min)

EE Eﬁ ‘{E‘ ‘EE % 5 1 B % ’ 13& *ﬁ E: % 5 Haemolysis of human erythrocytesrl'ay the lipopeptides.

v v, n o iturin A (2 x 10-5 M); @ surfactin (2 x 10-5 M);
Yiﬁ%\“ ’ *B E L IETJ :[:/)j E‘ ﬁ = E]/‘J -IjJ‘ !surfactin/iturin A mixtur)el : 1 (4x10-5 M(); [] sequeniial
. addition of iturin A (2 x10-5> M) then suffactin (2 x 10-> M) after a
|§M’|§ 5, ﬁ%/@z :[i 9% )EI“ %‘ E]/xj il:ljl]—%‘?ﬁij] o time lag of 30 min; O sequential addition of suffactin (2 x 10> M)
then 1turin A (2 x !0 -s M) after a time lag of 30 rain. The arrow
indicates the addition of the second lipopeptide.

Haemolysis (%)
2
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