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WE  OWIFR 22 EM A NBmelon-1 94 A2 £ HLE] , R H =X PacBio M B AR 47 4 3L K 40 0T,
G BTV AE ) Ty £ 2 DR LA B TR0 G A 35 40 ol 5 R 52 467 8 0 411 1 2 2 AR DG BE TR 119 238 1 O 5 R DAL AR Py 4
BRI B 0 00 DA A T 0 R A, RS R IR A AR AR W Oy, i — 2D BRI AE B L o 25 R R, AR SR A
NBmelon-1ZEFK/NK 5.7 Mb, GC & HEh 45.68%0 , & A 4 984 At FE [H] 5 FE R4l P A7 4 K it 5 A it
P IR S ) A A e B R DR, LT 5] 54 g IR AR 7= & LR R % 5 SR FHBR UL TE 75 M NB-
melon-1 355329 ' 43 B AR AS (0 R B2 0 %) 22 Pt IO J L TR EL A B Sl O B i e DR L ST B . fie e
IR R WHZ AR RR S & A KR TAA BUR TR RARRE ) P IR AT R . DL RE5 R W] Ak
NBmelon-1&—#kZ DA B , HAG T W P & 0 A=

KR SRR AL AR s BRI

RESES QI33; S476 XHKFRIAEG A
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BRE.

22 KT 8 (Paenibacillus) 40 & VF A + 3 1
FEP A 25 A BRI RE , B Pk s, B R AP A By
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M ¥ AT P. polymyxa SC2 Hr B A 1l J) fig
)53 AR 13 894 A Jk PRI 3 6 AR 1) & A A%
M fiE i T Z AN SRR R IS . EE TR TR A
DRI TCAR PR 0 28 11 1K = 8804 B I8 P polymyxea
NBmelon-1, il if =A% (PacBio) il ¥ £ A | 3R45 1%
PR IE R 1 JEE R 2 P 91, 425 4 S 26 R g 1A, ot
UREAR I 77 ) 18 DR 5 5 3 ok I 190 U 12 N IR Bk
TUVE 1 X410 T 490 ot a6 A 7 REL 4 B, 400 20 B 0 1 ) o
A3 5 [R) B X 2 TR R AV A R ™ Bl 7 A e, LA
R 5 B FE Y8 A B LT LA S Tl A6 & 25 e
FHenlt.

1 HRS5HE

1.1 #hkar

PR B A% « P. polymyra NBmelon-1 i #7714 T
WAV R £ A5 BE R TG 43 B A7 it
JIAG 25 905 W (Fusarium oxysporum) | 2 y5 AR & %
(Monosporascus cannonballus) . % i % B (Stagono-
sporopsis cucurbitacearum) FJEE (F. solani) H #r
VLA T AL B F BT BE 85 5 T AR AT

PEIAHE IR  NA B R 3L \NB 5 77 5k PDA Ji 3¢
Fe DL AU SR AL A LR R PKO G
BB 32 2L 15T CAS Kl 3% 35 3611 2 1 WK W Ak

BERIENT AN [ A FR TS ROA B IR NS o
Y Z WL B R R

250 - R mR T R 24 A A AR A
FRAWR . - R A A6 R R A
FRAF] . Salkowski btk W FH A i A YR A
PR
1.2 EEEANF

¥ P. polymyra NBmelon-1 % T NB #5324 ,
28 °C . 180 r/min ¥4 3% 24 h )7 8 000 r/min . & .0> 5 min
W AR TR A, % A 3 DL S R R AR R AR A BR S w) i AT
W o G b 356 D55 3 5 S () g R 50808 J22 320 A7 1
B AR R A (GO) [AIRE F#E (COG) aUHT
FHHFSEHFA AR (KEGG) KA Y1 P
¥ 2 (CAZy) i 5 3 3 7 BB+ 8080i 2 (VFDB) &
FIH antiSMASH v7.0.0 XF R AR 7= 9 il H 7
HEAT A
1.3 PCR¥ i

HR A O 2R 2 28 MOAT T B D A P i IR AL 5
G SR A DGR B R BT (R 1), LA P. poly-
myxa NBmelon-1 3 [H 41 DNA R 8t #47 PCR 4™
. HU5 pL PCR 4T 1.0 Y6 i B o6 i v v
VK FEEERE AR R 40 AR ZE BRI IR

#=1 PCR3I#FE7F

Table 1 Primer sequences used in this study
H s 514 31 HBEK /N bp
Target Primer Sequence (53" Size
. . . PMXB-F GGCGAATGAACTCAAGGA
Polymyxin B biosynthesis 524
PMXB-R AACGAATTGCCACCCAAC
PMXC-F TACACGGTCTTTGTGGTCATC
Polymyxin C biosynthesis 1234
PMXC-R GCGTACAGTCCCTTCATCTTC
) ) ) PMXD-F CTCGCAGGTTTACTTCGTTT
Polymyxin D biosynthesis 621
PMXD-R CCAATGCTGGGATTCGTTAT
CEL44C-F TTTGGTTACCGCATGGGGTG
Protease 2600
CEL44C-R TTTCGGACGGAGAGGAGAGTGT
o ‘ FUSA-F CAAGGATTCGACCGTAGGTG
Fusaricidins biosynthesis 1564
FUSA-R GTAGGGATTATGGCTGACCG
CELSA-F CTGCTCAACCTGGTCAACG
Cellulose A 1076
CEL5SA-R GCTCAAGGGCATTAGTTCTC
CEL5B-F CTTGCTGTTGGCATTGAGC
Cellulose B 1438
CEL5B-R CCTTTGCGAATCCATCTTTC
PIT-F TACTAATTGCTCGTATATTTTACCCA
B-Glucan 750
PJT-R TTGCGAATGTGTTCTGGGAACC
. ) TAA-F GGGAATTCTTACTCGTCCCCCATCAGC
TAA biosynthesis 1749
IAA-R CTCGGATCCCCAATGAGTGCACAAATTCC
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1.4 HEY BUER Y § & R iE RN

D@ iEY . B NBmelon-1 TG 5 & Bk , FH
6 mol/L. HC1# pH &£ 2.0,4 CF#E 12 hJ5,4 C,
12 000 r/min £5.0> 10 min, B ITIE R T/ i HEE (8
R B ) v, ARASBR O ER 4, 0.22 pm AL B RS A U8
J& —20 CI-AE

2) Wi R B DL TE %), B NBmelon-1 JG B & 1%
W, BB IMAB R L2, 4 CTF e 12h,4°C,
12 000 r/min &0 10 min, F R & & B 1/10 (< FH7
f0.02 mol/L Tris-HCI(pH="6.8) ¥ f#t ULt , 315 &
FIRLEEY) , 0.22 pm SALUE BE L U8 J5 — 20 CLR-AF .

)IMB IS o B TR 2206 TR R AR B 1A
R R ARJES R B0 B R RP T PDA 5 3R 37 AR
T 3 AN HEAR T SR P Al L T 200 pl
FLEER . LATCHE K | FR R Xt R, A B S IR .
28 CT 555 3~5 d, M 41 T Bl B A
1.5 (RFEYERKEERFFEZBEENNE

D) #ERE J1 o U5 pl gifb J5 ) P. polymyxa
NBmelon-1 B PRA W , 73 33200 2 A7 HLBE F T L%
BRIk, F 30 CTBI'E ISR 3~5d, A IE KB B,
T 26 B H LA VA RE ) o I i3 P P LA R T VR L
7B F .

2)fRANRE ST . LS pl AlAk R R TR A T4 AN
BRI [ A 35 3, T 28 OIS 1595 3 d, A AR = Ak i
AP, D 5% B L EL & f R RE ) o 0k i P B AR R
TR AR A

VBT ARE S BUS pL 4l ik B bR B I R
T CAS KI5 72 2L, T30 CHI B 5 32 5~7d. #TH
5 i PRl AR (0 P ) 3R B TR L A e kB R
AT W Rk A AR B ELAR RNV AR T
A HAE,

4) [ERAEST o BUS pL 4l Ak B bk 2 i 42 Fl T Bl
DL R R, T 30 CRIE 5 3 d. A REIEH 4
K, MR B8 A T

5) FZ NH, B8 1o B alifb i T bk B A T 5 A
5 mL 2R R AR RS FR 3 108 b, F 36 ‘C T #5397
24 ho A Kovacs i F )5 , 27 2 R BLLL A, WA FH
PR, B L B4 77 NH, fig 1) .

6) 43I Wk £ R (TAA) BE 1 o K5 4lifb 5 B ik 42
FiF 100 mL 19 RoA (& 8 2 2 ) i 85 32 B v, F
28 °C 180 r/min #53% 24 h. HU# B 50 pl 7 & H
AR b, IR 50 L e i . LA 83 P o
A 50 pL 50 mg/L #9 TAA TG R KA Xt BR 4L . 7F

ZER T BEOEHCE 30 min J5 , WELH (A A8 4k . B AR
W21 R BHE , 3R REAE 73 WA TAA .

TP YERIERE ST o F 5 pL sl R bR
Fiv T 4R 4 Z MR 205G 95 5L b, T 30 (O8] & 85 57
5~7d. #TE W R, W) 3% B L B4 7= 4R 4 R 1Y
e 7o I3 I P LA R B 8 AR TR LA

2 FHR5HMH

2.1 HE#k NBmelon-1#yE E A4

P. polymyxra NBmelon-1 J& K 4 K /N Ry 5 765
142 bp, GC 75 45 4 45.68 %0, 31 4 984 /> {4 4 i) 3
Ot LD B SR S K 9 85.63 %0 (81 1) 5
AL A 106 4~ tRNA L6 4> sSRNA L 14 4~ 58
rRNA 13/~ 16S rRNA 14 4> 23S rRNA . 34> CRIS-
PR-Cas; [l il 2] 233 N EE 751 (£ 2)

1 COG IifgERE . P. polymyra NBmelon-1
AP A 4 071 a8 L E R B 428
COG Tt , e 73 21 NIE2K , ot B A 2 ) £ 11 S 1A
[ 81.68% (&1 2) , B2 £ T ZL Dy RE TN ( general func-
tion prediction only, 14.32% ) ik /K fb & ¥ 5% iz AL
i} (carbohydrate transport and metabolism, 11.83% ) .
53¢ (transcription, 11.49%) (& 3R 19 5% iz 5 00
(amino acid transport and metabolism, 9.58 %) FIJCAHL
B T 5%32 510} (inorganic ion transport and metabo-
lism, 6.60%4) ; A7 1Rk AR HI DI RERYFED 3224, i
S 3 1 LM 6.46 00

2)GOERE. P. polymyra NBmelon-1FE K 41
A 3 483/~ gty 1 R PR GO TR, h B g
fith JE A 1 68.88% (& 3) o 5 43 F Ui fig (molecular
function) F I FERIECN 2 7344, EE S 5 ATP 44
4 .DNAZE G SREF46%. 2547 (bi-
ological process) I BRI 2 5434, Hirh 2 56 5%
P45 (regulation of transcription, 1.80% ) [ 3 [K % i
% . YIS (cellular component ) A ¢ (1) 3 BRUECH
1 6384, iZAMKT 25 I 4 iy S EUE T GO
iRgiEBE T HREZ W, WA, 56 5FShOEM
I B, b A B A it 9% P A ) A D T
PEAE 5 5 7 5 0 D A 240 L BE 7K A A DG PR, Tn 2 4
FR T T R RO B PR A 5 R B A AR A A R G
A mAERKEA NS, DGR R 2R EAN
WSS PR A A e

3)KEGG {F ¥ . P. polymyra NBmelon-1 %
ZH AT 2 5454 g A 1 R PR VE B 31 KEGG 248
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1 P. polymyxa NBmelon-1 & E A E
Fig. 1 Genome map of P. polymyxa NBmelon-1

£ 2 HtkNBmelon-1 £ F AR E AT
Table 2 Basic properties of the genome of

P. polymyxa NBmellon-1

Feature Number
Genome size 5765 142 bp
GC content 45.68%
Protein-coding genes 4984
tRNA 106
sRNA 6
5S rRNA 14
16S rRNA 13
23S rRNA 14
CRISPR 3
Number of repeat sequences 233

1) 6 KIS 5 27 ZACHHE 1, o5 8 R A5 3L 5 Y
51.06% (Kl4) . Hrh SRR R 2, 4
& AR KA A PR (carbohydrate metabolism ) Al
& K% L35 (amino acid metabolism) %5 12 £ L i&
. KEGG & £ i & W, % WA AR BE % 5 B
Ji 1 8 & (vancomycin) 4% 8 & (streptomycin) 5E 41
AR AW A S A B, Be TR i g R
BE H 85 TE R R E AR DT AR 55, BRI P poly-
myra NBmelon-1 7& 4l & F1 {2 £ J7 W £ 1£ — &
wii.

KA EWIE R . P. polymyra NBmelon-1
S 20 A 450 A i A 1 2R I JE T 6 2Bk
B WG PEBGE (CAZymes) (181 5) , Forr, 189 > [A]
I i A 7K f#% i (glycoside hydrolases, GHs) . 109 />
FL [R 2 i M 5% %5 1§ (glycosyltransferases , GTs) , 70
A5 N g ik K AL & PR (carbohydrate esterases,
CEs) .39 >3 A gt 4l B 48U A0 8 I 1 (auxiliary activ-
ities, AAs) 304~ Jk PR i i ik K fb & 45 G LA (car-
bohydrate-binding modules, CBMs ) 1 13 />3 [l 4 fith
% Wi %4 f% B (polysaccharide lyases, PLs) , H 1,
GH43 . GH5 . GH30 %5 15 £F 2k 22 712 £F 2 2 R i A7
K GHI3 5 e B i K fig A7 &Y s CE1L CE3 Al
CE7 5 AR RMEREARA 26 s CE4 . GHI8 5 kB W 1y
FfieAs 520 CBMS0 3 H 45 4 GHs B JL T sl ik
B HK W P. polymyxra NBmelon-1 1] fig B 45 W4 1%
LRAER TEN LT BRI BESEY) BT e

5% I F . P. polymyra NBmelon-1 & [K 41
A 23248 3 B F (virulent factor, VF) B,
o 5 40 08 94745 (immune modulation) 8 56 3 K £
%, 0 801, Hyk J& 8 7%/ 4Kl (nutritional /metabolic
factor) F1A= PR (biofilm) , 4351k 31 F1 231~ (52 3)
Pk NBmelon-1 Hra] 8 B A A Ui AE HI B 88 1 K 32
BEEREME (pilR) \J3 i 258 (essC) AL R (hlyB,
cYIR2)H 5, YW P. polymyxra NBmelon-1 1] 8 Rl
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M Cellular processes and signaling B Information storage and processing

D: Cell cycle control, cell division, chromosome partitioning
Y: Nuclear structure

V: Defense mechanisms

M: Cell wall/membrane/envelope biogenesis

T: Signal transduction mechanisms

N: Cell motility

Z: Cytoskeleton

O: Posttranslational modification, protein turnover, chaperones
U: Intracellular trafficking, secretion, and vesicular transport
'W: Extracellular structures

J: Translation, ribosomal structure and biogenesis

A: RNA processing and modification

K:Transcription

L: Replication, recombination and repair

B: Chromatin structure and dynamics

C: Energy production and conversion

G: Carbohydrate transport and metabolism

E: Amino acid transport and metabolism

F: Nucleotide transport and metabolism

H: Coenzyme transport and metabolism

I: Lipid transport and metabolism

P: Inorganic ion transport and metabolism

Q: Secondary metabolites biosynthesis, transport and catabolism
R:General function prediction only

S: Function unknown

2 P. polymyxa NBmelon-1£ [ COG i #
Fig. 2 COG annotated map of the genome of P. polymyxa NBmelon-1
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3 P. polymyxa NBmelon-1%RE 4 GO i &
Fig. 3 GO annotation of the genome of P. polymyxa NBmelon-1

B TR T4 05 S R R AR R
22 RERHFWEREREEK

i i antiSMASH il i Fk NBmelon-1 5 4 54>
PACTH P W6 LR R 7%, ELIZCTA 2 A 1) 5 IR AR
WP ¥ i NRPS i 12 4 i (& 6) o Cluster 2 Al
Cluster 5737l J& B A 30 78 15 7E 19 IR AR AL & 9 (i

decaptin M) F1 Z 4 14 2 (polymyxin) i A B3 K 7%
55 R TR R R TR B AH X R A R DL AR B E 34 3k
100%. 1fi Cluster 1 il Cluster 4 55 FLA7 41 1 1% 14 (19
A B &R B (fusaricidin B) F1 1+ = K B 2 (tride-
captin) F 4= )5 J0 S R A A — 2 B9 ARARLAE , AFARLEE
53 9 A 37% K1 40%. Cluster 3 5 € 1 &
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R 38 ¥ 73 2% Pathway categries

WAA:Auxiliary activities

Cell growth and death|

Cell motility|

Cellular community-prokaryotes|
Membrane transport

Signal transduction|

Folding, sorting and degradation
Replication and repair

Transcription]

Translation|

Cancers: overview

Drug resistance: antimicrobial

Infectious diseases: bacterial

Amino acid metabolism|

Biosynthesis of other secondary metabolites
Carbohydrate metabolism
Energy metabolism|

Global and overview maps
Glycan biosynthesis and metabolism
Lipid metabolism
Metabolism of cofactors and vitamins
Metabolism of other amino acids,
Metabolism of terpenoids and polyketides
Nucleotide metabolism
Xenobiotics biodegradation and metabolism|
Agingp
Endocrine system

Environmental adaptation

. Cellular processes

[ Environmental information processing
. Genetic information processing

[ Human diseases

B Metabolism

. Organismal systems

C"—--.

100 200 300 400
K%L Gene count

4 P. polymyxa NBmelon-1 £ HH KEGG i
Fig. 4 KEGG annotation of the genome of P. polymyxa NBmelon-1

W GH:Glycoside hydrolases x3 P polymyxa NB melon-1 E_jj E%%g&ﬁg&

[ CBM:Carbohydrate-binding modules =GT:G1ycosy1 transferases

I CE:Carbohydrate esterases PL:Polysaccharide lyases Table 3 Classification of virulence factors of P. polymyxa
NB melon-1
BAHFE LA
VF category Gene count

HPEPETT Immune modulation 80
% H % /1R Nutritional/Metabolic factor 31
§ AP Biofilm 23
S iz ik Motility 19
§ HhEEZ Exotoxin 18
e {558 $ Regulation 18
SRS Effector delivery system 15
Pt Stress survival 10
ZiBHE Adherence 7
AA CBM CE GH GT PL Ha51EF Exoenzyme 4
ek Class U /SRS ,

5 P. polymyxa NBmelon-1 £ [& 2 CAZymes Antimicrobial activity/Competitive advantage
Fig. 5 CAZymes in the genome of P. polymyxa At Others 4

NBmelon-1

BGC0001728 Y Peanilipoheptin £ i 3 PR #5E45 — 5 AH
R A 11% (R ) o DL ESERE X kEE

fie i 14 ) & W Polymyxin 4 4 5 3k [ PMXB
PMXC ,PMXD, Fusaricidins i) i 5K FUSA , B-#
RME O Gt FE K PIT UL Ko UTAA Y i BRI, HL

% 7 1 BT 1T A IR A 1, A RO

AP TT

23 MEREEXEENPCREN
MR 22 K2 2 FAT B I TR A M 3L R T R IR I T 98 Ty, [ I 32 TR AR PR 4 v 47 1

eSS AT Y 3G % B P. polymyra NBmelon-1 by 55 B AHAIL il kH 5638 DRI A AH DG IE A

Zealr 5 W K/NMEFRF (B 7) , £ W] P. polymyxa NB-
melon-1 HA5 A i Polymyxin F1 Fusaricidins iX 2 Z& 1
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NRPS
A
| () { B D (I ) @ B B ) L0 —
120 000 130 000 140 000 150 000 160 000 170 000 180 000
NRPS
B ]
D b , D ) Pa® D B 0D
2520000 2525000 2530000 2535000 2540000 2545000 2,550 000 2555000 2560000 2565000 2570000 2575000 2580000
- g fr— 1EE 0
NRPS
C { ——
L - —@ , m L : : o)
2705000 2710000 2715000 2 720 000 2725000 2730000 2735000 2 740 000 2745000 2750 000
= L
NRPS
D L
— A R I @ @ e B 1+ @ B
2840000 2845000 2850000 2855000 2860000 2865000 2870000 2875000 2880000 2885000 2890000 2895000 2900000
NAPS
E L —
—@ & L 0 NRewl 0wy d
| . B T T - ' ' T T T
4950 000 4960 000 4970000 4980 000 4990 000 5000 000 5010000 5020 000 5030000 5040 000
A—E: 43524 Cluster 1—5 Cluster 1 to 5 respectively.
6 P. polymyxa NBmelon-1%:E Ak R B =& E %
Fig. 6 Gene cluster of secondary metabolites in the genome of P. polymyxa NBmelon-1
&4 P. polymyxa NBmelon-1 X &5 7= & R E E 7%
Table 4 Synthesis of gene cluster by P. polymyxa NBmelon-1 secondary metabolites
fr AR I /;ng T 'i“,\‘- 0
SEPRE D SR R S /bp ‘U\EW»ETF%HEE%IZ]& ' ﬁﬁ?(ﬂ/ﬁ )/ %
. B . Secondary metabolite synthetic Most similar known cluster
Cluster ID Cluster type Size L
gene cluster ID (Similarity)
FIRMEEDB
Cluster 1 NRPS 72917 BGC0001152 . T%ﬁ@?
Fusaricidin B (37 %)
“REEM
Cluster 2 NRPS 66 152 BGC0001843 . t H#m%‘%
Tridecaptin M (100%)
=Y Y | AN
Cluster 3 NRPS 50 934 BGC0001728 HFI.HAA%.F' o
Peanilipoheptin (11 %)
RRSV/N: ES
Cluster 4 NRPS 64 317 BGC0000449
uster Tridecaptin (40%)
Cluster 5 NRPS 98 006 BGC0000408 5*&{%?
Polymyxin (100%)
2.4 MRMIMEESE SEALLERE T HEATINE o AR IR AR TC R i

3 TR UCUE VA T AR 2 A 0 TR P 53 A i PR 2 4
Yy, B R e AR RN 0 VE T AR AT B A0 TR ) B R AR 2SR
Py, ke Al A, B AR SSEHLER 1 RE T 4
il D L B P AR T AR 2SR AR A 0 T W A BT
R (B 8.2 5) , & W P. polymyra NBmelon-1 g ik
W R KR RO EZ Y
25 REFMRAHEREEGE

Xt P. polymyxra NBmelon-1 77 TAA | 1% A1 fig 40

W (K 9B.9C) f#40 (& 9D) Fil= NH, (18 9E ) A1 1
YA B TAA RS H SRR SO, 7E CAS 1
FRILRENS - A A v (R 1B, T S Sk B 1.75,
7] B 7 ] R R 0 R REAE IE W AR K, R B P poly-
myra NBmelon-1 A A& A K E TAAEI9A) 1K
SRR EAR (B 9G) Ko E 3 LA T 2 (K 9F ) Y
877 o XL ZF A R A BUAR T A, S5 R R
P. polymyxa NBmelon-1 N E25 7 £F A R I RE )
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M:DL2000 DNA Marker; 1~9: PMXB .PMXC .PMXD .FUSA .
IAA .PJT . CEL44C .CEL5A ,CEL5B ¥ 347~ %) Amplified products
of PMXB, PMXC, PMXD, FUSA,IAA, PJT, CEL44C, CEL5A,
CELSB.

B 7 P. polymyxa NBmelon-1{I &€ &
HEXERSFRIELER
Fig. 7 Molecular verification results of genes
related to inhibition and growth promotion
of P. polymyxa NBmelon-1
NelkZetisetyy  mu 2oty pag

Lipopeptide crude  Crude protein CK
extract ) extract

o
LESIE] O
Fusarium [0
oxysporum |

R

Monosporascus
cannonballus |

LR A
Stagonosporopsis |
cucurbitacearum §

o AT

Fusarium |
solani |

B8 P. polymyxa NBmelon-1 i E ¥ FiE i
Fig. 8 Antagonism test of antimicrobial substances of

P. polymyxa NBmelon-1
3 it #

e A T R R I T e JRE 1 Y T A
Z— IR 2B (BB X R DR R A
FA, ZIIEZ BT A% B BRG] , AR P B R
e TSR R)) 2R . R AT R
— R H AP AR PR AR 1 Rl B AR B R Ry
BE 3, T AT A T D R A R B
TEVR L i A S TR B 23 B 153 14k P. polymyza

RS 2FHERMINE BRI L
Table 5 Comparison of antibacterial effects
between two crude extracts
JRIKZEHIEEY  REAEHEEY
Lipopeptide

. . Crude protein
Pathogenic bacteria b

crude extract extract

Fusarium oxysporum + —
Monosporascus cannonballus ++ —
Stagonosporopsis cucurbitacearum + —
Fusarium solani + —

I Note: ++ : M #8144 >10 mm Inhibition zone diameter =10
mm; -+ : R B 142 7~10 mm Inhibition zone diameter 7-10 mm;
— . R#ME No inhibition.

NBmelon-1, RIS R EFIZAERE S . IR
A BV A A TR R T HIL TR, AR 0F 5 ok 4
FE PR 4 AR, 3R A5 NBmelon-1 58 %% 1) 3 K 41 7 51)
SRR WL AR B K /NA 5 765 142 bp, GC &
Il 45.68%0 , 3 4 984 AL HE R . GO ERER I
Pk NBmelon-1 5& R 41 R A7 78 55 S PU A G L A
s A ALY B AL (SOD) (i A ALY (CAT) 55,
SOD F CAT J {474 9 40 i 5 32 IR 175 Al )
APOEE TRl & BT B R 4 P AR AE S DR
A 24 7K fige ) A G R, U 2T A 2% 6 R A SR B
. KEGG HIRevER: B, 5ok b & R A
BRI R BE B H b F 5 L 5 COG R4
RWpG o TR RS TE Ay R A 25 22 b s
i %, Ui B NBmelon-1 g F|H Z Fik R A K A F
A BT 4 B IR R s 4B SR B ) RE B .
Wb R TR Z AR Y6 BT A R, 3X 7T BE 2
NBmelon-1 GBS 55T 2 i It B I T TR AL
WKL A PG PERE (CAZymes) &4 B R FS DLW
Jir T 1) — S 85 WA B 1, TR D TR ) A L BE
Fa B AR ol CAZy B0 2 3 8, s 3 450
A CAZy FIGHSIE R LE P. polymyra NBmelon-13%&
PRI 20 v e 500 75 3], HE G0 45 £ 4 2Kl LIRS
JUT 5 il 5 5 240 e B 4 3 DR DG iy 6P . JLT oL
Tit T AT ROK i JUTJ5 B VA it L TR AT B 45 A4 1Y)
SEREE NI RSP B A K 0 5T 4 R A SR
Tit P11k SR W T S5 5 LT o e AR B ) S50 D 40 R
RO R Y (E G T A A R B RS, R
WIZ A B 7 A 4E X R 7o A, 900 7R ik
NBmelon-1 nJ i i3 5 JC Pk SRt LT Jo il 55 [ i
ity , T R O T 0 B e 2 A ke LR AR G . B4,
& BUH Bk NBmelon-1h &4 23203 /1 4, Horpn]
ReEA AR VE I ) 1 25 5B (pilR) 3 W
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944 %

A7 TAA TAA production; B : % A #LB% Dissolved organic phosphorus ; C; % JG LB Dissolved inorganic phosphorus ; D : f# 4 Potassium ;
E: 7 NH; NH, production; F : [# 4% Nitrogen fixation ; G : /£ #%{% Iron carrier production; H: /= £F 4 Z i Cellulase production.

9 P. polymyxa NBmelon-112 #4814 4 & & 7= 4T 4 H B Rt

E

Fig. 9 Determination of the plant growth promotion and cellulase production ability of P. polymyxa NBmelon-1

F 5 (essC) FIAM 55 E (hlyB. cylR2) A X Ui
NBmelon-1 7] 8 38 ixf i BF 5& K 3547 2 58, JE iAW)
FEE LR AE 5 52 B 9 A AR 5 3 43 A B 2R T 40 5L T
P22 366 S5 () A5 328, 55 A L T A LA AE o

Z2 RN JE SRR TR B A B 0 D B OB T
AE % 7 A8 0 B R AR = W) o P. polymyxa NB-
melon-1 Fr it (1) 5 IRER G AR 7™ 2408 i A%
IR (NRPS) & %, AT FEGR (A BT i B 25 0 & Rk
AT IR EEEAEH . Polymyxin J& — 28
PHES IR IR PAE 2 446 A B.C.D S RL43, X 4
T EA TR | G 2 B T A SR S
HIFEA, Fusaricidin & —2 3R Ikt A4, £ 52
X o 22 T BH P A T A 2 A TR B A T
PEO L AR R R R TR E BB IR, TR
X THE 20 D0 s D T e 0 TR, B R A R B R AL
H51 Peanilipoheptin & — i A 1 i b IR vk 2%
IR =7 bk BB F B BK Tridecaptin i 1o 47 i
20 i USR5 8, 5 A TR A i, DT X 22 o 5 2
FCBAE R A M EROR . W9 8 Bk NBmelon-1
B0 B 42 Jo, Xk A TR 5 R R A 7 0 B i, I 4 B
BHEEY . 45 R % & A A A Polymyxin \Fu-
saricidin A AH DG HE PR 5 38 o KL 45 4 3% MR L g, i — 2P
WIHA 12 A R SR AR IR T, bR 4 SRR S
DRI ZH 00 235 SR T S

22 R 288 ZF FLFT A A 4 A ) A K 32 R A o [
R AR BRI S T =X 4 R A3 i R WSOR)
L ULRGE o WA SR R AE R R E . P

polymyxa NBmelon-1 HA7 H58 (7 B AR FI A HE )
FEHEEOTR AR ST o 7 TAA M E 45 58, AN
FARBERS 3 TAA . TAA JE—FhmIe R A AE KR
T PR B T T AR A A A IR R AT e £ S A e
24 s A0 A 0 5 R bR AR R
WEA R e R K Ee

2i LRk, P. polymyra NBmelon-1 24 [ A .
ST AT TAA SR ), AT R A, A it
PRLZH Iy 235 SR 3R B i P A b & 2 IR
W W O R, DL A A R B A ) B AT | 3R
W it | IR 2R W il 45 22 P G Y g B R . R W] NB-
melon-1 BEWE 53 W4 5 A 410 B % M 9 I A8 7= 4 #n
ok fipp Tt BBCOR R D T 0 Y BE 5 AL 7 A B S O
IR B BRI T RBCR b R SRR T & Ry Ak
Py R A Y . RORBTES & HPLC-MS/MS
B, b — 20 B2 R R B 51 L TR S B2 A A
EEEIINE
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Exploration and verification of biocontrol mechanisms of
Paenibacillus polymyxa NBmelon-1 based on whole genome
sequencing and analysis

DONG Wenjie'*, HAO Fangmin',ZANG Quanyu', MA Erlei', DING Weihong', WANG Yuhong'

1.Ningbo Academy of Agricultural Sciences/ Ningbo Key Laboratory for Quality Control and
Resistance Breeding of Characteristic Horticultural Crops, Ningbo 315040, China;
2.Zhejiang Wanli University, Ningbo 315199, China

Abstract  Paenibacillus polymyra NBmelon-1 is an efficient biocontrol bacterium isolated from the
roots of sweet melons. The third-generation of PacBio sequencing technique was used to sequence the
whole genome of strain NBmelon-1 to study the biocontrol mechanisms of P. polymyra NBmelon-1. The
potential functional genes were analyzed and clusters of genes involved in the synthesis of secondary metab-
olites were predicted. The expression of genes related with antibacterial effect and promoting the growth of
plants was detected. The antagonism test of crude extracts was used to identify the main components of an-
tibacterial substances and validate the potential of the bacteria to promote the growth of plants, further clari-
fying its biocontrol mechanism. The results showed that the genome of P. polymyra NBmelon-1 was 5.7
Mb, with a GC content of 45.68% and 4 984 coding genes. There were a large number of genes involved
in inducing plant disease resistance, hydrolytic enzymes, and promoting plant the growth of plants in the
genome. A total of five clusters of genes involved in the synthesis of secondary metabolites of lipopeptides
were predicted. The crude extracts isolated from NBmelon-1 culture with acid precipitation method had sig-
nificant antibacterial activity against a variety of pathogenic fungi from melon, indicating the presence of an-
tibacterial substances. The results of growth potential test showed that the strain was capable of synthesiz-
ing growth hormone IAA, producing iron carriers, and providing nitrogen elements for plants. It is indicat-
ed that P. polymyxra NBmelon-1 is a multifunctional biocontrol bacterium with broad prospects for develop~
ment and application in agricultural production.

Keywords Paenibacillus polymyxra; whole genome sequencing; secondary metabolites; antiblastic
effect
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