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Disease-preventing and growth-promoting effects of strain B-6 on
tomato and its whole-genome sequence characteristics

ZHAOQ Jingyuan, YANG Pingge, WANG Lei, LIU Haixia, LU Xiaohong, WANG Chunwei,
YAO Yanping, WANG Meiqin”

Shanxi Key Laboratory of Bioagent Utilization and Eco-pesticide Innovation in Agriculture, College of Plant
Protection, Shanxi Agricultural University, Taigu 030801, Shanxi, China

Abstract: [Background] Ralstonia solanacearum-induced tomato bacterial wilt is a major
soil-borne disease in tomato cultivation, and effective control strategies remain limited.
Screening antagonistic strains and developing biocontrol agents have become primary
objectives in combating this disease. [Objective] To elucidate the growth-promoting effects,
disease-preventing efficacy, and biocontrol mechanisms of Pseudomonas aeruginosa strain B-6
through laboratory and field trials and whole genome sequencing. [Methods] We employed the
root irrigation method to evaluate the control efficacy of strain B-6 fermentation broth against
tomato bacterial wilt, and then employed the seed soaking treatment to assess the
growth-promoting effects of the strain on tomato seedlings. The second- and third-generation
sequencing technologies were integrated to reveal the whole genome sequence of strain B-6.
Gene functional annotation was performed via NR, Swiss-Prot, KEGG, COG, and GO
databases. [Results] The results of laboratory and field experiments indicated that the control
efficacy of the fermentation broth of strain B-6 decreased significantly as the dilution ratio
increased. The 50-fold dilution group exhibited over 60% control effect against tomato bacterial
wilt and could significantly promote the elongation of plumules and radicles. Genome
sequencing showed that its total length was 6 456 367 bp, with the G+C content of 66.37%,
containing 75 tRNA genes and 12 rRNA genes. Through combined annotation using multiple
databases, 5 994 genes were successfully annotated. Among the 16 secondary metabolite
synthesis gene clusters, 8 were completely matched with the synthesis gene clusters of known
bacteriostatic compounds such as pyoluteorin, L-2-amino-4-methoxy-trans-3-butenoic acid, and
pyocyanine, which suggested the molecular basis for its bacteriostatic activity. The coding
region coding sequence (CDS) was predicted to be annotated to 5 865 genes, with 247
carbohydrate-active enzymes (CAZyme). [Conclusion] Strain B-6 demonstrates promising
biocontrol activity against tomato bacterial wilt and promotes tomato growth. Its genome
contains diverse antimicrobial metabolite biosynthetic gene clusters, which underscores the
development potential of this strain as a high-efficacy biocontrol agent.

Keywords: tomato bacterial wilt; Pseudomonas aeruginosa; disease control effect; whole
genome sequencing

TG, W AN EgEsRE, BH  MREAA 60%-100%, 62864 r= 1 1%
i H Al 57 /K I (Ralstonia solanacearum)f2 4 P EZ —2 R —MTEIER, 8
s, b EMEFEMEERSE S, EEE B E R SR/, & IR AR T
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B, M EIRME AR I AR 2R, R AR
¥, BEUIE FF5 AT 0 e s o i
2 175 R P

HET, £ BB 30w A 04 i e 45
e F T Fh i AR VE DA AL B AR H AR
RORGE, (BAER GRS AR5 S8, b
24500 0 T A A B VR ROCR A BRMO, Jf H K
Wit 2 0 3 A P2y s a7, ik e SR
IR RG O, A, KR A — B
FRSNER A Y, S E AR . A
o A E ARG AR s . BRI BRI, R
T PR B TS e 5 B i A ) il

A 87 I R W 3 2ok 5 LA g U P
W, B TAERNE, HX B A,
AN N K ORIARTEG , WARTEAR T S A
AEREEL, AL, X MU YRR S
P R ARG L TEVEYIAR R0 S8 iUAE P B
s DA BH LE 5 i A A e O DL R e B
FHOCHE R 3k 55 7 AR THE bR . ftt
AL, SR AR AR PR A TR S HAE i ), 2
— Tl i 280 HLON PR B8 A B 1Y) 2 A R e B 4R T
B ARSI A N B AR B 1 43 2 i 8 3|
1RO 507 A 5 2K R A e 410 ) 1 FH ) 0] 1
it 7 (Pseudomonas aeruginosa) B-6 (GenBank
oS PV687383), M EA2 A F] 13.8 mm,
I BESCRAR T 408 i A AR 2R B B T, A
A0 B o A2 A= 50R S 4 B DL A T 9 A 7 bt
g%, W Br Hk AR RO Y A R R i, I
I L 3 35 DR 2 43 i HE R RE 4 /R FBIL I B2 iz
W, DU R — 205 RS2

1 #HRE5rZE

1.1 H&H

WPk B-6 il & A 55 /K [K IH (Ralstonia
solanacear um) ¥4 > 5 F L1 P4 A b 27 4l 1 s B
SeahE ., AR AR ey 2 5, I E &
b b B I LA R A AR A AT
R FE, Ik ARLFFARAF . A/

SPF /NG, GRS S 56 s A BR 23 )
1.2 EHxE

LB }iff bk . B IR BUEE R (nutrient agar
medium, NA)FIE A7 5537 3 (Nutrient Broth
Medium, NB)Z: % SCHk[ 141 il
1.3 FERAFIFNF

2% TR K, YL PR A
S 4] DNA $#2BGAF &, 4 TAY TR
B A BRA F o AT LA e, R
M ABRA A PR, BRI HAS
D+ AR A R
1.4 BEEB-6 M BF S/ RIKEEF R
&

WEHL 50 pL B RE B-6 BRI FIH 75 A 95 7R [
W B R RN T LB [BARR SR EER T, T 28 °Cif
R TR FRRRTEIE RS . TG RE HeAh R Pk Ui
RIPATE YR ) PRI AR R NA BiRIE,
F£F 28 °CHAF RS SR 24 h, il & s FH Bk

PR PR B-6 FH T A 57 /K [ I B A 75 40 3
AP T NB 575, 28 °C. 180 r/min & F
P55 24 h, RS UET- AR VR T EOL I 2
WEE R 10° CFU/mL, KH. BT 4 °CHH .
1.5 BE¥k B-6 157 & T & Hn S MR A9
0 I8
1.5.1 #ZFRAE

TR RS : VRS SR, AR AA
[ Ab P2 R 6 h, EEBRELZT,
3 d Ji R AR HEAR A R 5 4 57 K [ o

BTN AR A AR AR U Rk
HA ST R ICH , 3 d JEbsAS TR Ab BRA R ARV 5 75
FARTES 7 2SR A2 A 30 mL.

A3 SN T BT R 3 YA I I I A o EA T
Pk B-6 B3R AL BR, e A K —3 6-8 1
IR AR, PR B-6 B3R 50, 100, 150,
200 fEHE FRAL R, Ab2f ) BE ok 296745 75 25 2 /KGR
(B 1000 £%5), 25 XA R3E 7K, BRLHALEE 10 #E,
EE3W, 25 d)E, SAXEERIES,
ZIRSCHR 16142 2~ (D) -Gyt B bR it 4
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BRI
iR R =R IR MR JE A SR < 100% (1)
I3 15 8 BU= (45 B TR B0 6T 1o s 20 550)/ (e K0

GBI RS %100 (2)
B7 Y63 A0 R = O6) BE A 93 175 48 00— A B 21555 175 8 250/
X B 2H 95 175 8 £0< 100% 3)

1.5.2 HIERE

FH TR0 36 1L 75 48 5 Hh i R4 X A B
VAT R R R BB, BRI RR B-6 BRI
50, 100, 200 f5FBE4, B4 4 IREE (30 #E/
W, 3L 600 BF), XHHRZYH] 2% E 5 & K
1 000 F5, /KA 2s (AT RE S 40 37 1 3
FIFAE A HER 1 R ARG 5 30 d FI
45 d AL, FA/ DX A TS, 275 3CHk[17]
SRR BT B TR RO
1.6 F#k B-6 IE 7 BT T MM F L FHY
=AU

FMMTFRWEEE, T 28 CA&M M2
24 h; BULELS FPFIERPE B-6 KRR
1 30 min, 5B T KEIEACY RS ML
% 5 0LV JE) e AT G T 7K B4 K TR A A6 AR T
26 °CH557 72 h WIE) I AR 28 5 AR B, 15
KEFAR PG KR WAL FRAE R 23 (% IR (CK)
¥ NB Bi R SRR R AR B-6)4% A1 [A] 5% 14
(28 °C. 180 r/min #1557 24 h J5 K #) il &4
LW EF R IWBEMFINC), HRDE Sk
B-6 R IR AL PRI —3K . AR 10 RiFhF, 3k
G-I
1.7 BE%k B-6 X/pRAAM SR

W AT 2 VR AR HE R A W B4 A R
PEAT /N R 2Pk MR, sh s2 i 21 P Ak
WK% SRR R SHE, SN
SXAU-EAW-2024M.GB.010019318,. % 12 H /)
RARE IR RS HET, R4 SPSS HA-FlitL
A BB TR AN R 2 A, DLRR R TRE B 1Y
Jr XN R AT IERY, B 200 uL, WA
1.2x108 CFU/mL, LA PBS 22 0Pk {F H 1F 5 2H %F
M, a6 N, MEMESr, W mE, B

PN 7 d N, BERMEL I IC SRR AL R X IR
ZHIRES .
1.8 E#k B-6 £ EFH N FFIThREE R
1.8.1 EF4 DNA XEMEREEEH
M

KRR B-6 LV R LB W IARE: 55
Hr, F 30 °C. 180 r/min 214 F 55 3% 2= %R
(ODgoo 74 0.5), 6 000 r/min &.0> 10 min Y4
P A R L R 41 DNA $HEGH S P I #E B-6
) DNA, ZItr e fAZ R EYH ARG R A
VEATI 7 43 #7181 4+ Tllumina Novaseq PE 150
-5 (B #E 300-500 bp %)% 4 Nanopore K
HEATRCE- G o D B o 4 0 3 2 A A
B PR 50 B L A B
1.8.2 ERFHEBER

& H  Fastp v0.20.0 (https://github.com/
OpenGene/fastp)Zb B — ¥ - DIBREEL /519 .
SRR QS5 LLF reads. iR e N sl JLE>5
[ reads. 25 3 AN £ 19 o 45 2 00 B
K B 434 . 55 clean data F Unicycler
(v0.4.8) A TIR A 2%
1.8.3 EEFUMAMINGE LR

I LR TR FH prokka v1.12 B4 (Z4K-
rfam-addgenes, JLAYERIN); FE[A 4] CRISPR %
JEIlE CRT v1.2 BAFASECEE M FE5AY
RNA A9 FM {8 B RNAmmer 24 . tRNAscan %X
4 . cmscan 5 Rfam database FbXFSZHEL; JE R 2H
B P AR RepeatMasker 4.1.0 k{4
BRINSEEA TN, {f ) BLAST B4 7 i) 2
A F%]5 NR., Swiss-Prot, GO, COG. KEGG
B PEEA T X, TR IR P 4 T 45
i —2i@ f HMMER #4155 Pfam 8 27
HHESGWE T AR circos v0.69-5
(https://circos.ca)¥& G COG FEBL | 4FE R 1
Pl &

R B-6 AR GAI ™ WG i A A e ik
antiSMASH 7EZ&E0H PR JEA 7 7 20,
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2 ER594

2.1 B B-6 1R IR E B RN
211 ZRHAWER

BRI LS R LR 1. Wikk B-6 BERiimFE
50, 100, 150, 200 ffHf, FBh 2R 5 50
70.39%. 68.37%. 67.39%. 65.21%, 2%% &%
RIKFIFERE 1 000 fETHBTHR R 67.36%. B-6
BE SR B 50 £ A MR SO BT 2% EH
R 1 000 FEF R, TRk 150 F% Y 1 Bl s SR
b B 2 R AR, TR 200 f5A9 TR
7 S5O i A T AR 27 A R 2H (P<0.05)  31E BH H kR
B-6 X % il i HAA B TR ROR .

IRITIR IR 25 R L 1. bR B-6 B 4 4
i B A% B0 i T ORS E R IR 9T R
62.28%—67.36%Z ], 2%% & T & /K 7 i B
1 000 fFFIATFRCRIL 73.45%, Hkk B-6 5350
BRI ORGSR F R EZ R BE, Wl
50 511 100 f% =2 ] JC ik 2 2% 7 (P<0.05)

PRIRE B-6 355 R V00FH [ 7 R A5 50 0% T B A S
I FIRIr s8R, BEE W bR B-6 55 FR R B A
TR, PSR B
2.1.2 HERIELER

22 A%, Ab3 30 d 5 A B-6 Fifed
BRI R 48 (g (IR T3 B4 (P<0.05) . Hirfr 50 £%
T B2 5 755 B R AL PR ZH JC 25 25 5%, T 100 4%
200 fEAUfESs R EBB 225, EAR 45 d
I, 50 f5 410 R (15.00%) % 200 54H.(25.83%)
i PRI (P<0.05), BiRRCR BN . AR
B-6 1 50, 100, 200 f&5# B B 16 R 43 510

2 @k B-6 WHABHEM B HFHIGIAKER

*x 1 E B-6 IHFEMARXBLEFMEHHRL
S ES

Table 1 The preventive and therapeutic effects of
strain B-6 fermentation broth on tomato bacterial
wilt in pot experiments

Preventive Treatment

effect (%) effect (%)

50 fold dilution of strain B-6  70.39+1.76a 67.36+1.04b
100 fold dilution of strain B-6 68.37+1.56b 66.22+0.58b
150 fold dilution of strain B-6 67.39+2.04c  65.21£1.52¢
200 fold dilution of strain B-6 65.21+1.52d 62.28+1.53d
67.36=1.04c 73.45+1.99a

Treatment

2% chunleimycin water
1 000xsolution
CK - —

CK: JHKX B, FAME /NG FRELRIR P<0.05 KF T 2
smEM. TH.

CK: Distilled water control, and lowercase letters in the
table indicate the significance of the differences at the
P<0.05 level. The same below.

60.27%. 45.59%. 32.39%, MEHEEEZZE 1 000
AL BEH 66.97%. 45 R K B-6 & BT
e R A WA B TR RN, 50 F5 R
PRI Bl R T fh 22 25 R K
2.2 EFk B-6 SEMMFLZFHIFMN
2 KR B-6 5537 0 1 3 it A G IRAR
FUE ZF K B 25 K T R Ak B ¥ K ) BE Bl 1
(B 1) AEBRAIARAREHIK 28.60 mm, IRZEFH
£ 21.76 mm; ¥EZKXT BRI 22.93 mm
JRZE-HI K 14.84 mm, I A A0 FE2H 1 Fl 1
K ZERIIR 100%. B 3 ATLIEH, MHETE
KX, LB 5SRO0 B (NC) B R 2E AR AR
JEmA A, EESANRE; ME B-6 4

Table 2 Control effect of strain B-6 on tomato bacterial wilt in field

Parameter/Treatment 50 fold dilution 100 fold dilution 200 fold dilution 2% chunleimycin CK

of strain B-6 of strain B-6 of strain B-6 (1 000x%)
Diseased plant rate at 8.33+1.92¢ 14.17£3.19b 17.50+3.19b 5.83+1.67¢ 22.50+1.67a
fruiting stage (%)
Diseased plant rate at 15.00+3.33cd 20.83+3.19bc 25.83+4.19b 12.50+1.67d 38.33+4.30a
maturity stage (%)
Control effect (%) 60.27 45.59 32.39 66.97
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1 B B-6 EMMTFHREER A
IKXTIR(CK); B: LB EFFBMIR(NC); C: Btk
B-6 B IR AL B

Figure 1 Growth-promoting effects of strain B-6
on tomato seeds. A: Distilled water control (CK); B:

LB nutrient solution control (NC); C: Fermentation
broth treatment of strain B-6.

&3 EB-6 EMMFLFHIFT
Table 3  Effect of strain B-6 on the germination of
tomato seeds

Treatment Seed Plumule Radicle

germination  length (mm) length (mm)
rate (%)
CK 100 14.84+0.22a  22.93+0.18a
NC 100 15.81+£0.21a  24.08+0.20a
Strain B-6 100 21.76£0.27b  28.60+0.28b

CK: WKz XTI NC: EIREA A, &/ NEF
BERIR P<0.05 7KF T 92 5 &1

CK: Distilled water control; NC: Nutrient control. Lowercase
letters indicate statistical groupings at P<0.05.

HRZFAIAR K B = T CK FINC 4, %
BB R B-6 X1 JoAS sz, Ko HoA e ik A
KIER .. Famfh FasEmiiZ a5, ik
M BR ZE B fif K i B0 K T R 2 42
(P<0.05). R IL, 76 A~ 2F FTE A 7 A VR A
A ORI A B AR R .
23 EHKB-6 M/ MNEARNBIMSMR N
TEREE 22 7 d IR /NERIEA T — B AU

o YA NRAT S R . RO R L AR
SR IR B AT RRILIBE T, Lo
WY, FEERNEEBIEE; BEAEL
SEOWREE, NI ANE L, 2R TCI I AN 2 i ;
Sk E, JCFERE. X HA ZH /N B — MBI PR
Z2 55 IR GL 2 A ARL , AE — MBI R UL 1 TG i 2
s
2.4 Btk B-6 EEAESH

PRIRR B-6 200 )7 | 42 RS S8 B i JE IR 4
ERKE N 6 456 367 bp. G+C & 66.37%IF
RY R, JERAILTMF] 5 865 1 1 4ihd
J¥ %1 (coding sequence, CDS), 3 /> CRISPR H &
A, WEREE] 127 4 misc RNA . 124> rRNA .,
75 1~ tRNA . 1 > tmRNA, Ftk B-6 3K 4H H L
FP5 Lk 4.
2.5 Btk B-6 EEHEE

FH Circos A H BEAE P K B-6 Ay
HEE((E 2), EWERIERY EH COG HRE .
G+C Frit. G+C skew F5fFH. fhPUHETE B-6
FFE R 2H B BE S 6 456 367 bp, N FNS, AN
] e [ IR AR AL DD RR I [H], An & €2 [5] IR 9
K RNA T A& i

x4 EMEKB-6HNEERT
Table 4 Repeated sequences of strain B-6

Type Number Length Percentage of
(bp) sequence (%)

Short interspersed 13 795 0.01

nuclear elements

(SINEs)

Long interspersed 8 650 0.01

nuclear elements

(LINEs)

Long terminal 0 0 0.00

repeat elements

(LTRs)

DNA elements 5 363 0.01

Unclassified 0 0 0.00

Simple repeats 1076 52 188 0.81
Low complexity 36 1656 0.03
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SMb4 -

B RNA processing and modifcation

[[J Energy production and conversion

O] Cell division and chromosome partitioning
[] Amino acid transport and metabolism
[ENucleotide transport and metabolism
DCarbohydrate transport and metabolism
[ Coenzyme transport and metabolism

[ Lipid transport and metabolism

M Translation, nbosomal stuchue and biogenesis
= Coenzyme transport and metabolism

= Replication, recombination and repair

0 Mb

Strain B6

6456 367 bp

[ Cell wall/Membrane/Envelope biogenesis

[ Cell motility

[] Posttranslational modifcation, protein turnover, chaperones
[ ]Inorganic ion transport and metabolism

[ Secondary metabolites biosynthesis, transport and catabolism
ﬂ General function prediction only

[ ] Function unknown

[E Signal transduction mechanisms

[]1intracellular trafficking, secretion, and vesicular transport
[ ] Defense mechanisms

B No assigned COG

&2 &tk B-6 ZEFEERBE  HA B OIERAE KN, B—ZIE RN 0.2 Mb; 55 2 BRI 3 BN IE
B EE DD ES, ARG RN CDS AE ) COG IIIRE S 5 4 BRI 5 By IEsE . i
BE A9 rRNA FIl tRNA, rRNA RFZ0{5, tRNA N5 55 6 Bl G+C &iE; N—l G+C skew,

IEEMsR AN, EREORR.

Figure 2 Genomic circle map of strain B-6. The outermost circle indicates the genome size scale, with each
tick mark representing 0.2 Mb; The second and third circles display protein-coding sequences (CDS) on the
positive and negative strands respectively, where distinct colors represent different COG functional
categories of CDS; The fourth and fifth circles show rRNA (depicted in red) and tRNA (depicted in blue) on
the positive and negative strands; The sixth circle visualizes G+C content; The innermost circle represents
G+C skew, with positive values shown in green and negative values in purple.
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2.6 ik B-6 EFEBAEMINGEERE

Wk BLAST # itk B-6 iR )75
COG. GO. KEGG. Swiss-Prot }& NR #f# %
AT DIRE LU, SRR 74 il . gk 5
Bl 3 fis, ZRERRATERILIRTE 5 994 ~TiRE
I, R TR S PR A . NR B8
R R B 5 (5993 1, 1 99.98%), H
WA KEGG (5 958 4>, 99.39%)F1 Swiss-Prot
(5156 1>, 86.02%); 1l COG %t i3 Bk A =
FHXTELAR (4 676 4, 15 B 78.01%), GO ¥¥
EU B F) 4 856 NI L

=5 Bk B-6 RBEEIRERS T
Table 5 Annotation statistics of strain B-6 in core
databases

Database Gene 300 bp<length< Length>
number 1 000 bp 1 000 bp
COG 4676 2513 1988
GO 4856 2599 2117
KEGG 5958 3170 2245
Swiss-Prot 5156 2790 2198
NR 5993 3173 2 246
All 5994 3173 2 246

Swiss-Prot

KEGG

3 EMkB-6 ERBIEEIRNERKE
Figure 3 Number of strain B-6 genes annotated in
each database.

2.6.1 EHKkB-6 EFHNREFEETRLSR

PR B-6 14358 PR 41 I Bcdis 48 R R 471
EVEIS, Eak NROECHE R R b o3 A, RS
5991 N EEARAG DN RE RS, oy TN 5k PR A 1)
99.98% (1%l 4), 93] Pseudomonas, Pseudomonas
aeruginosa., Pseudomonas aeruginosa 39016 .
Pseudomonas sp. HMSCO05HO02 . Pseudomonas
aeruginosa MH38 ., Proteobacteria . Pseudomonas
sp-2 1 26. Pseudomonas aeruginosa NCMG1179 .
Pseudomonas aeruginosa str. stone 130 iX 9 2%
Fifr, % b A s R — S 40 B A A ) TR
TERESI A3 D B 0 1 8 4 380, 1061, 34, 33,
30, 29, 21, 17, 15, 18, 3531~
2.6.2 ¥k B-6 £EE M KEGG #EE 7%
SR

Wk KEGG #5046 P b X430, Wtk B-6 h
A5 958 A (o5 IS ELH 99.39%) 1
AR 112 AUGHE g . Hidr, JEPIBCE A D
T 40 I FEA 33 43R 6). KEGG Bl 2 1T ¢
S5 RERY, R A= W& MU RLE L ABC
Hn KRR . SR R G AL T R E
LY 3 SAUBERS, 2B 160, 210, 252 4
BRSNS B TR R . Horh, BRI 0 7 A=
RHEE RS SRk B-6 B9 R4 AT HA %
o B AH B (] 5)
2.6.3 Btk B-6 E£ER COG HIEE T RER

PR Bk B-6 DI REHE 1 g i A X 1) COG 1R 43
Mreas R Eon, LR 4 676 MEBRRINNEA
i EL R (E] 6), X SELP By D REE R AT 43 Ry
25 2%, HARGEE: RNA M TCSBMHRA). i
R 530 122 . REREAE T SRR (331N,
20 ML SR I 43 R R (4T ) BB IR B s 5 A
(5781 BT IR ¥ iz SAAHI(1091) . KL &
Wyt iz AR (253 1) | Sl 2 AR (187 1)
B B 5% 1 5 A (242 4y) o BB A 25 R
(1991) . Fest(526 1) il (1581>) . 4l Jfy ke
BI 20 i I B A A I ) A ) (2751 | AR
iz ) (1544 BHFE S B (1924, TCHLE T
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Figure 4 Distribution of annotated species in the NR database of strain B-6 gene.

&6 ET KEGG BUREME B-6 ZEHFER RIS
Table 6 Analysis of the main metabolic pathways of the strain B-6 genome using the KEGG database

. Pseudomonas [4 380]

. Pseudomonas aeruginosa [1 061]
. Pseudomonas aeruginosa [34]
. Pseudomonas sp. [33]

. Pseudomonas aeruginosa [30]
. Proteobacteria [29]

. Pseudomonas sp. [21]

. Bacteria [18]

. Pseudomonas aeruginosa [17]
. Pseudomonas aeruginosa [15]

B other [353)

Map Map name Gene number | Map Map name Gene number
number (>40) number (>40)
Map00010  Glycolysis 42 Map00520 Amino sugar and nucleotide sugar 42
metabolism
Map00020  Citrate cycle (TCA cycle) 46 Map00620 Pyruvate metabolism 68
Map00030 Pentose and glucuronate 41 Map00630 Glyoxylate and dicarboxylate 63
Map00061  Fatty acid biosynthesis 160 Map00640 Propanoate metabolism 51
Map00071  Fatty acid degradation 149 Map00650 Butanoate metabolism 55
Map00190  Oxidative phosphorylation 102 Map00790 Folate biosynthesis 53
Map00230  Purine metabolism 123 Map00860 Porphyrin and chlorlphyll 64
metabolism
Map00240 Pyrimidine metabolism 63 Map00910 Nitrogen metabolism 62
Map00250  Aspartate and glutamate metabolism 40 Map00920  Sulfur metabolism 64
Map00260  Serine and threonine metabolism 55 Map01503 Cationic antimicrobial 42
Map00270 Cysteine and methionine metabolism 48 Map02010 ABC transporters 210
Map00280 Valine and isoleucine metabolism 66 Map02020 Two-component system 252
Map00330  Arginine and proline metabolism 57 Map02025 Biofilm formation 110
Map00362 Benzoate degradation 40 Map02030 Bacterial chemotaxis 49
Map00380 Tryptophan metabolism 42 Map03010 Ribosome 50
Map00400 Phenyalanine metabolism 45 Map03070 Bacterial secretion system 91
Map00405 Phenazine biosynthesis 40
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Figure 5 Metabolic pathway of KEGG database of strain B-6 genome. Rectangles represent gene products
(e.g., enzymes, regulatory RNAs); Circles denote compounds (substrates/products); Rounded white rectangles
indicate associated pathways; The yellow boxes represent the specific enzymes that catalyze the
corresponding reaction steps in this metabolic pathway. Arrows specify reaction or signaling direction: Solid
lines denote direct interactions, dashed lines signify indirect regulatory relationships.
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COG function classification
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ABCDEFGHIJKLMNOPQRSTUVWY
Function class

Z

6 Btk B-6 £FEH COG MiEE TR D LG E

<CHwELOTOZERrFAe —TQmmUuQw»

: RNA processing and modification

: Chromatin structure and dynamics

: Energy production and conversion

: Cell cycle control, cell division, chromosome partitioning

: Amino acid transport and metabolism

: Nucleotide transport and metabolism

: Carbohydrate transport and metabolism

Coenzyme transport and metabolism

: Lipid transport and metabolism

: Translation, ribosomal structure and biogenesis

: Transcription

: Replication, recombination and repair

: Cell wall/Membrane/Envelope biogenesis

: Cell motility

: Posttranslational modification, protein turnover, chaperones
: Inorganic ion transport and metabolism

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

5: Function unknown

: Signal transduction mechanisms

: Intracellular trafficking, secretion, and vesicular transport
: Defense mechanisms

W: Extracellular structures

Y: Nuclear structure
7 Cytoskeleton

Figure 6 Annotated classification statistics of strain B-6 genome COG database.
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Figure 7 Annotation function classification diagram of strain B-6 genome GO database.
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A 5 ADIEFERIFLETE 2%-30%Z 1],
Cluster 1 & NRPS #il phenazine Z4+& R, 54E%E:

[ (Streptomyces sp.) CNQ-509 i) marinophenazine
A/phenaziterpene A & i3k K AU N 30%;

Cluster 9 24 NRPS 7, 5347 5L i Pseudomonas
protegens) Pf-5 [ &2k &K (pyoverdine, PVD) & i
FLRFEAR{LEE R 24% ; Cluster 11 4 redox-cofactor,
55 2510055 %5 1 (Streptomyces  rochei) i 2= R R E
% (lankacidin C)f B 5E R AR LB N 13%;

Cluster 12 A k2 (thiopeptide), -5 F1{05EFS I
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Table 7 Predicted biosynthetic gene clusters in the genome of strain B-6

Cluster Gene cluster type Start End Most similar known cluster Similarity
(%)

1 NRPS, phenazine 736 072 792 817 Marinophenazine A/Phenaziterpene A 30

2 RiPP-like 901 731 912 421 - -

3 NRPS-like 918 770 961 124 - -

4 Hserlactone 1592677 1612622 - -

5 NAGGN 1616124 1630884 - -

6 NRPS 1732705 1779501 - -

7 RiPP-like 1 808 500 1819354 - -

8 T3PKS, T1PKS 2615329 2673653 Pyoluteorin 100

9 NRPS 2852966 2963597 Pyoverdine 24

10 NRPS 3036992 3089272 L-2-amino-4-methoxy-trans-3-butenoic acid 100

11 Redox-cofactor 3402275 3424419 Lankacidin C 13

12 Thiopeptide 3472124 3505127 Oxalomycin B 6

13 Phenazine 3506942 3527954 Pyocyanine 100

14 Hserlactone 4018139 4038744 - -

15 NRPS-like, betalactone 4 244 614 4 286 434 Pyoverdine 2

16 T3PKS 4553936 4594982 - -

— ARAIE]

—: Indicates no detection.
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AA CBM CE GH GT PI.
CAZy class

&8 Mtk B-6 CAZy BIEFEFRLER CBM:
WK B MIEE G AA : FBYAAIEERESS ; CE:
WK AL & YIBERE ; GH: WEIOKAREE; GT. Hikk
FeRoM; PL: ZWEALHIG .

Figure 8 Annotation results of strain B-6 CAZy
database. The abscissa is the CAZy classification,
and the ordinate is the number of genes annotated to
the corresponding classification. CBM:
Carbohydrate-binding  modules; AA: Auxiliary
activities; CE: Carbohydrate esterases; GH:

Glycoside hydrolases; GT: Glycosyl transferases;
PL: Polysaccharide lyases.
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