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OB (57 35 Rtdint > EERAERMERE, TEREHBS 10%-100%, F#H~
Te9zFHMk. [B 8] A#HAH 4% BBIS3 %%iﬂﬂi&i"}*m oAb R 0 v BR 7!77"‘77::%)‘*’5
%éﬁ%‘%ik%i%"* AMFR. [FEY FABEFHFAE, AR A SN, AREF7 LRSS
%, B AR BBI83 #94 Kdn; KA I H B kN T Ak BB183 & RE A5 TAFAE @ AR a9
%i{;'}i; 3T 2 BRI N T H Ak BB183 *F %5 F AL w69 5 BT H s e IR A e H R, GER L
% & (green fluorescent protein, GFP)471% # #R M| £ BB183 /£ & ARk . % P RARRE AR S R
A =X PacBio #= =X Illumina & K484 &40 € B4k BB183 k4. [4 3R] B4k BBIS3 AT
A R & KA (Serratia ureilytica); Z H vk 5 & 6 /1\/%5'1'?2%%6 8 #k & # & 45 B (Ralstonia
solanacearum) B Ak 39 A 47 B &M, W E B 42 1.20-1.69 cm; & H X0 T 4 R K, @4k BBIS3
st & A FHAE RGO GEA 51.67%, 5 20%EAM A0S, &R EIE R ERAZER,
ARG ARR LR T R, KRAASHTEREY, Bk BBI83 R&E | MR L ER, AR
BRI A 5159039 bp, G+C A FH 59.35%, 4L 4 664 NAE; AH 10 SRR &R AR = W%
MEARE, EPatE 3 NMREFTERZMERLRL, 4 NMABKRMELZHERABRK, 1| NURAAX
F‘%/\ﬁx%Eﬂ foAe 2 AP ENIP AR A RABE R, (48] ih kK369 42 55 B4k BB183 A MMk i)
FREA, N ERETHEALR RIFOF SRR, & AH BRIFIE A 6
XBiR: MR EREA;, a4, RRAE; BERE; A
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Identification and mechanism analysis of Serratia ureilytica capable
of controlling bacterial wilt

ZHANG Juan'?, WU Zhengwei!, MA Zijun?, TANG Yafei’, HE Zifu?, SHE Xiaoman"?

1 College of Coastal Agricultural Sciences, Guangdong Ocean University, Zhanjiang 524088, Guangdong, China
2 Key Laboratory of High Technology for Plant Protection of Guangdong Province, Plant Protection Research
Institute, Guangdong Academy of Agricultural Sciences, Guangzhou 510640, Guangdong, China

Abstract: [Background] Tomato bacterial wilt is a devastating disease that occurs frequently in
tomato production. It can reduce tomato yields by 10%—-100% and lead to severe economic
losses. [Objective] To clarify the taxonomic status of the biocontrol strain BB183 and its ability
to control tomato bacterial wilt and to provide a biocontrol strain for the prevention and control
of this disease. [Methods] Morphological, physiological, and biochemical characteristics and
genome sequence information were used to determine the taxonomic status of strain BB18§3.
The inhibitory activities of strain BB183 against different sequevars of Ralstonia solanacearum
was determined via the inhibition zone method. The abilities of strain BB183 to control tomato
bacterial wilt and promote tomato growth were determined via pot experiments. A green
fluorescent protein (GFP) marker was used to measure the abilities of strain BB183 to colonize
tomato roots, stems, leaves, and rhizosphere. Strain BB183 genome was sequenced via a
combination of third-generation PacBio and second-generation Illumina technologies. [Results]
Strain BB183 was identified as Serratia ureilytica. The strain demonstrated inhibitory activities
against eight R. solanacearum strains belonging to six sequevars, with the inhibition zone
diameter ranging from 1.20 cm to 1.69 cm. The results of pot experiments revealed that the
control efficiency of strain BB183 on tomato bacterial wilt was 51.67%, which was comparable
to that of 20% thiosen copper. Moreover, the strain significantly promoted the growth of tomato
plants and stably colonized the rhizosphere of tomato plants. Strain BB183 contained only one
circular chromosome, with a genome size of 5 159 039 bp and the G+C content of 59.35%,
encoding a total of 4 664 genes. It carried 10 different gene clusters encoding secondary
metabolites, including three for antibiotic synthesis, four for siderophore synthesis, one for
antigen synthesis, and two for potential antimicrobial substances. [Conclusion] Strain BB183
obtained by screening was S ureilytica, demonstrating strong effects of controlling tomato
bacterial wilt and promoting tomato growth.

Keywords: Serratia ureilytica; tomato bacterial wilt; genome; control efficiency;
growth-promoting

TR E BB EEY, 2021 FIRE #UREL Haur, A RBIA A R 0 it
FAIEFEAR 1113 07 M, AR /RIC EEGAEPUR A G . RIBGE. ©
% A F(Ralstonia solanacearum species complex) — 1ES% . (HEMR PR 2%, fE1E 2P 5 2R,
1RG5 | T Rl A T A 7 1 R S 9 5 AR PP ESOm b 5, Iz F bt
RS BRI 10%-100%, FEO EHMWAEE  FHitz, SEEGEMRTE L. 250K
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PEGRATDY ;T Ak 2 245 700 A ) 5 B0 i
WYLk, B HAREMLFEE RS E W
G AENIAEY R A gk
& RIREA G AR, R A
A N AR K e i b SRR

HAHEYI & AR A PG AT 20t
5%, JFBUS RAFdtfE . B X E Hiw A
Bl 36 A0 R W AR B A AT R R
(Bacillus) ., 15 )& (Pseudomonas) . %5 4
J& (Streptomyces) 55 fUA= 1) FJC BOW 71 A0 Bk R 2K
QTR AEHT, ZEAUAT A T2 B HE A 8 B 2 f T
T (Bacillus amyloliquefaciens) . i % 2F #1 4T 14
(Bacillus subtilis) Fil 8% Atk 2F 4 #F B (Bacillus
cereus)’® . ZJ& TR RTE B SR PREE B3 £A7E |
BIHRE IR . ST . T WL AT —
Sehr A IS AR AR AR BUR YR, AR
FEPARM A BT, LA, AT B R R
Zb Bk I (Myxococcus xanthus) . ¥ 2 1H 7 2 /K
5 [ B (Burkholderia cepacia) fll ¥ & K & &
(Serratia) {1 — L& B8 F T 35 50 7 Al A 5 4F 1
Bjj‘;ﬁ[lo-lﬂo

W H K E (Serratia) )& T W M @ R
(Enterobacteriaceae) y-F X i, | 12 A ET A SR
Fep U] fe iR vb 35 TG A (Serratia ureilytica) 2 %
SRV E G (Serratia marcescens) it 3T ¢ #pt41,
AR MEZRE B A IRE, BAIGAEF
B, B2 L8 R, PUEMIERDY,
Amorim USSR, V7R FC 5 X 3 i A Ak
HA BEMEAEBE ). Trejo-Lopez U7 M fdt b
TR B R 3 MR E IR, BT A
JUT Tl . #RMEN . SRR WA &R,
X} H 18 % 4 JH 1 (Colletotrichum  siamense) 5| 2
P R R I A — 2 I BT IR O . F s &0
TR, Bh5VDH [C T LIEH 92 & X ]
H 2 A% A B = N AR BT3GR 73.35%, Btk
LIEH 92 Kb3AT 2 m) H 2540 bk i 2o S Ak 40 i
(peroxidase, POD) . & N Z MR it =
(phenylalanine ammonia-lyase, PAL)FIZ 3 &AL

i (polyphenol oxidase, PPO)Z¢ B il EF &, M
M5 5 1) H S B BT o B O = i gk
PAFHI T 7R R (Serratiasp.) XY21 GEEFH T %
FAR PR, XF 2 73t 7 A9 1 HH 1] B 806 1) 70.16%
TR A A3 AT 750 AR s - 38 e O 3 1 —
XoF 7 i A A B R SCR AU, A
X HAEA T4 2 S8 5, IS HEXT R[] P 1)
A 0Ty TR A 00 R A5 SR Rk e AR R B 3R
SR, IR IR K R 2 R AR AR L B AR -

1 MHET%

1.1 #&

4= B B BB183 . il H i B (Ralstonia
solanacearum) RS180 (J¥4)Z5Fh 13), SSf-4 (/¢
GIAEFR 14) \RS397 (JFH1AEFH 17) . GMI1000 ()7
HIAEFR 18), TS-2 (J¥FIAEFl 18). RS404 (751
AFFP 34) . RS550 (JF4IAEFH 34)F1 RS129 (J751
R A4 FE AR E AT . A, SRR
‘Alisa carig’, HdbaTRMPL 2= BBk S92 i 4
WARIEFE BRI pbavik-T5-sf GFP ki, T
AR A BR A A
1.2 #EHHE

LB W AR: #73(g/L): AR 10.0, FEhkE
By 5.0, &Ak4H 10.0, pH 7.0-7.2; LB AL
FEHEHMA 12.0 g/L 38R LB AR F 5

TZC K33 (g/L): HE PR 10.0, TREEEK
fi 1.0, #ZbE 5.0, #Hfg 15.0, 2,3,5-Ffb =
HEILPU A 5.0, pH 7.0-7.2,

BB AR I #% K 7 (Chrome azurol S, CAS)
B PR . TEREE . YR RBEA B-1,3
) SROBH ARG I 15 SR HE | 5|k £, 112 (indoleacetic acid,
TAAYRGIINEE FRE . B2 DT FQ RS 97 0 I Sl b R 3
IRC TR 22 SRk [20-24]

1.3 FELFIF{EE

2,3,5-FA b =R A M, BBl k¥ A
B B R ailn g, U REERH
F R A5 ExTaq i fil 2000 DNA marker, 5¢4:
Y TRE(KIE) A BRA A 5 GlodView R YLKE,
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R SR AR W) T AR A B ] 5 EasyPure® Genomic
DNAKit, JbmteXaAWH AR AR A

AACEE SRR, RO B 2 BT A A BR A
Al IR EIRA, DI FEGER A R F] ; PCR
1%, Bio-Rad 23wl ; 4606, FEER QL REL
Faw; Saass, RSt B hiERr; 28
Y6 5 f4E Nikon H550s, JeRERER 454t
1.4 E#k BB183 X EHHEAREFFITH
B Ak B HD B 55 1 ZE

PR BB183 BV Bl £ . PREL LB [
Bt 1R ALY bk BB183 BB VR HERN T A
5mL LB AR 32 5093845, 30 °C ., 180 r/min
PR 595 24 ho #3537 4R15 19 BB183 i1 il %
HE 1% AR R 25 150 mL 19 LB ik
BRI =, TRIRE R R R AR Ak e s 5
24 h. AR FEREIE R H & PkEGE TZC
BRI AL AR TR IR VR, FE TZC RHAk:
IR RO, 30 °CHEFE 24 hy PRI (R 75 1
P P24 5 mL TZC AR FREARE
30 °C. 180 r/min JR¥% 1535 24 h,,

SR FH -l 410 TR Bl 72 0 2 TR ik BB183 X 43 J&
6 AP HNAEFIAYG 8 KR Aih T A B B B T A
gl e TZC BRI, R HRHE, A
500 pL AN ] P 8 A8 o () 75 R TR B TR R, TR
JE B 90 mm £ 3 I il 1l 75 75 R A A4S e
SR T R AR AR TETCE BAR N 8 mm K
FUEAC R, B IR AREEAD 5 uL APk BB183 fUTA
B, BREBUE 3 HIE4CH, 30 °CHESE 48 h,
I 57 A8 U 0 10 R P AR RN
1.5 E#kBBIS3 IV HKLKE
1.5.1 F#k BB183 FU s &2

¥ Rtk BB183 7€ LB [E 1A 57 3L I 30 °CH5
F224h 5, MEEEWIES, JFHFELREE
A STy R S e UL 4N B 1 T
A, MR KAN, BT REMEY AU
AP SE R
1.5.2 E#k BB183 FAEIEA LN E

2% (AN R 5508 F M) P TR pk

BBI183 A AL e . —i I E 3 4>
HE,
1.5.3 E# BBIS3 I FEMFLE

% H EasyPure® Genomic DNA Kit $&
¥k BB183 L4 DNA, FIFH40E 16S rRNA
LR 54 27F (5-AGAGTTTGATCMTGGC
TCAG-3")Fl 1492R (5'-GGTTACCTTGTTACGA
CTT-3")%f H: 16S rRNA J:[H 4T PCR 34, PCR
JSAAZR(50 uL): DNA £542(112 ng/uL) 1 uL, 27F
(10 pmol/L) 2 pL, 1492R (10 pumol/L) 2 pL,
2xTaq Mix 25 pL, ddH,0 20 puL, PCR 52 ¥ 451 .
95 °C 4 min; 94 °C 1 min, 58 °C 1 min, 72 °C
2 min, 30 PME¥H; 72 °C 10 min, PCR J=¥14
1% 35 i A 8 J0 PR KA I )5 26 2B 4 T AR TR
() B A FR 2 wl AT I, )7 414228 NCBI
54T BLAST HeX) o T AU = 0 3 51 A
MEGA 11 ClustalW #F17HE X, SR F AR #7544
1.6 E#k BB183 HI{RERE I #R
1.6.1 TE#k BB183 /= IAA & HAUNE

ARG I 5 mL B TAA Kl 553 |
FEAIA 100 uL BB183 &% (ODesoo=1), PAHIA
100 pL JCRE/KAE RS FIXEE, 30 °C, 180 r/min 7
% E53E 2 d J5 5 000 t/min B.0 10 min, B E
W 200 puL F1 IAA A 200 pL 2 1.5 mL &0
R, B AT, L 200 pl JCHE KPR Rt RE
FIR T RCE 20 min, WEEEIGALIEN, W
DR RITRIRAS L, NIRRT TAA 774
1.6.2 Btk BB183 FERESA R EE AU E

KBS BB E Rk BB183 51 E CAS £
MR IR, 30 °CHEF% 3 d, WALV A
BIEGramE, AW LIXE R
MR ER
1.6.3 E#k BB183 B R ARBEEE IHINE

K R R K T Ak BB 183 4327 2| By 451 D1 X
BIARE IR, 30 °CHigr 2 d, MERFIESRA
B = A, WA 8 B P R TR LA 1R
REJT. RA 3 SR bk BB183 270 2 i e 15
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IR, U H B AA SR N4, A E
Rl 2 m TR R A R B
1.6.4 E#k BB183 =g &L AN E

SRR x| BRa s R F
FEAERAR Tk 4 B E Bk BB183 SR &A1
AL VERE . EFAER T . B-1,3 SO AN A
R
1.6.5 E#k BB183 s &EMEKRIEERETIHY
M E

W FBAREF T KA L(EFR  SHE L 1018
Ay, SREMKZE 2 0 1O, EEUE K —0
Fe A wEAT R A B M A, AR AN T AR
50 mL ) BB183 BIVR(ZH A 1x10° CFU/mL),
DLtk 50 mL B0 LB AR RS 35 3 0 % Bl
APE 1S B, 3IRER . SAAPEREHNLHES], 15d
Jer R T AR AR L ARG L ZEML. BEERAIARE
1.7 E ¥k BB183 ERZ AN E

W HmEM T KA L CER L SHE L 1:1
BA, FHEMEE 40 1O TR
RIS 4 AL . (1) KR RS550 FHH: X Y
(2) itk BBI83+[H ¥k RS550; (3) 20%ME 754+
F Rk RS550; (4) W/KXIE, &M 1 B, 4
FE 1 FIALEE 4 RERRFE TR AR KRR 5 Ab 3 2
0K A 50 mL Bk BB183 B i (BB 183 1%
PR AN YL ENEYEIED & & bayii kg pasl i
LS Ky 1x10° CFU/mL)MAR ; AbBE 3 S50k
F1 50 mL 20%WE #5822 7% 7 F6 B 300 15tk
M. 5dJm, 43 1,2 13 B2 B 50 mL
(7 R TR RS550 TRV (AW BE R 1x10° CFU/mL)
WA . B 1S BRFE, 3IRER . S0
BEMLHES] , HEFRIRE N 25-30 °C, BN
60%-80%, 7 d JEiA HIEHRE . Fihi AN
WTE T BARE: 0 P FEHARMEFE AR B E B
51 1%-25% M HBLZEE 52 90:26%-50%
MR HPZEE; 390 51%75%M 2,
4% 76%—100%M = HEE, M4 AKX ()i
S AR TR B, WA Q)T AT
Pk BB183 114 Bl 1A 550

I 1 418 =2 (A o B B0 20 S5 AL/ (I A5

RO R B R 100 (1
B 24 (%o)=( % HEL 95 15 i K0 —Ab 3451 20 5 155 4
HO)/T BRI 15 45 £0< 100% )

1.8 Htk BB183 M EE AN E
1.8.1 E#k BB183 EE AN F

PRHCAE LB Ve I 7 1k 1% 7 % BB 183 HL [
7%, HFE] S mL LB ARG FRIEH, 30 °C.
180 r/min 553% 24 h; # 1%4%FEH 150 pL FH K
FEAIE] 150 mL LB ¥ AR FRHH,30 °C. 180 r/min
RiZ% 24 h 5 5 000 r/min 5.0 10 min £ FiFIL
LR, —80 °CIRAF. “RH =1L PacBio fl AL
Mlumina £ ARFHELE G 9700, i S B
A= YR A R R S AR o
1.8.2 Btk BB183 L HER—E 14 (average
nucleotide identity, ANT) 5> #ff

M NCBI NP KA 10 SRR
N2, R OAT #RAF 5345 T Ak S DR 401 ) i A%
TR e S AR
1.8.3 E#k BB183 X4 XS4 = 407U 43 #

¥ @ bk BBI83 f{ 4 3k R4 5 41 b 1%
antiSMASH  Z0H5 2 W o HE A TR 26434, 00 T
Pk BB183 AR ™ 1 & B S R 7% .
1.9 =% BB183 E3EAE JTHINE
1.9.1 %k 8 %% J% & B (green fluorescent
protein, GFP)4Rid E kAU 32

22 KGR Z S HIE i, w5
Pk BB183 JEAZ 54", B 2 uL pbav1k-T5-sf
GFP Uk A 100 uL Bz 540, HFi85
SR AT, B VK E 30 ming KHERZ SR T
0.1 cm FA AR, 2200 V L 2 W
A 500 uL LB AR SEEFREE, IRAITHIK, 30 °CK
75 1 h; HU60 uL IRATES 50 pg/mL RAR&E R
79 LB AR S5 B, 30 °CH53% 16 h, PRI
B N A O R VR AT R, R A
EasyPure® Genomic DNA Kit $& BUfig 5 0. 14 7% 1)
LK 4 DNA, I GFP #1054 TSF (5'-GTTA
CAAACTCAAGAAGGACC-3")fl T5R (5-GTT

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2618 (YIS Gk

Microbiol. China

GTCCCAATTCTTGTTGAATTAGATGG-3') #f 17
PCR %55 , 315 PHIE PR PR PCR R R R (25 pl):
FEHR (125 ng/ul) 1 uL, 514 TSF (10 pmol/L)
1 uL, 1% T5R (10 umol/L) 1 pL, 2xTaq Mix
12.5 uL, ddH»0 9.5 pL. PCR i 4cf: 95 °C
1 min; 94°C35s, 55°C 1 min, 72 °C 1 min,
30 MR ; 72 °C 5 min. [A]HF 40T 16S rRNA
JEDRE F 5 | P o6) P B R T 458, PCR U
TR R K AR TR 1.5.3.
1.9.2 E#k BB183C 1R R EFE BE S8V 4&
KHEMEH T KA EERESHE L 101
R, FERMEKEN 40 1 DI E
FABE JI MR . BEREF AN HEAR 50 mL 1Y
BB183 M (AW E Ny 1x10° CFU/mL), FEHMH
Ji 5. 10, 15, 20, 25, 30 #1135 d gEfTHUE,
AR BB ER 3 # o 43 K B AR AR PR 44 IR
1:10 IMATCE /KRS, DL 10 5B SR,
ARAEC 1072, 107, 107 A9 £ HERIFI 100 uL ¥
MTELA 50 pg/mL RAFEZRM LB P-4 L,
AUEEYR 3 M, 30 °CHiFE 24 h, SEit-FA L
BUICMEVER . FREBUR ., 25, M4 1 g, KK
FH 75%KE T4 EE 1 min, 1%K AR 30 s,
PR KIEDE 3 W, FIKEIEAUR TR By

K, RIGHANNA 3 mL LE/KBFE T, B
AR, #E 30 min; 1 mL SHER R R
107", 1072, 1072, HX 100 uL B Fs IR AR,
FEAFRREREYR 3 AF4L, 30 °CH5 5% 24 h, Sit F
M A TE TS, T B s F AR
25 MR AR B T R E B

2 HERE54M

2.1 E ¥k BB183 X EHE ARG FFIZ M
HE RN LS R

PR A TR R R e A5 AR s, TR BB183
XTorIE 6 AP HINASFI Y 8 KR T ih i A B TR AR 1Y
A I TS (R 1), (HXFAS [R] 4 5 4] 2% b
R TS EAF R E S, TR EE S ER N
1.20-1.69 cm (3 1),
2.2 HE#BBIS3 X ELER

P K BB183 £ LB [E ARG 5558 I 1 R V& 4 a5
NIRTE , FLEA G, R, 850 (& 24),
L YL SR G, O HE R TR (K] 2B); i
S B MR g R B, EIECHEFR, P
BEIRI(&] 2C); BEMLINEE T 5 AN, SEBHKN
1.15 pm (0.88—1.58 pm, SD=0.25), F#5E N
0.75 pm (0.71-0.83 um, SD=0.04),

Bl 1 E¥k BB183 XA EF5EM&E i FHE R MEER

Figure 1

The inhibitory effects of strain BB183 against different sequevars of R. solanancearum isolates. A:

Strain RS180; B: Strain RS129; C: Strain RS397; D: Strain GMI1000; E: Strain TS-2; F: Strain RS404; G:

Strain RS550; H: Strain SSF-4.
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&1 =¥ BB183 XA EFIEMEHENINE
=R
Table 1 Diameter of inhibition zone of strain BB183
against different sequevars of R. solanancearum
isolates

HAE Jr 5 A5 Fih R Pl AR
R. solanacearum Sequevar Inhibition zone
diameter (cm)
RS180 13 1.47+0.02
RS129 44 1.20+0.04
RS397 17 1.60+0.00
GMI1000 18 1.50+0.00
TS-2 18 1.69+0.03
RS404 34 1.10+0.06
RS550 34 1.53+0.03
SSf-4 14 1.55+0.03
TV AR R S R R, R 3 AR

E:EO
Data of inhibition zone diameter were mean+SE, three
biological replicates per treatment.

A FRA AR I E A S R, TPk BB183 A
s, BRI AL, MERERIA)E . V-P
R, FrERBAAH . SRLAR . KBERK
fif . DRTEAFH . 2 1R Mo 42 T AR i 2 I o Y4 T
R A PEME; B IE2R0 . N mREBFIH . A
OBl . JER B M s TR BThLArRE . 2R 4
TWE L REME . RS AATRE . ZLEE . RRRRAE .
HEEEE ., TPl EEE,

K 27F/1492R 5|99 444845 5tk BB183

L Wy

16S rRNA i 2K 751, 291500 bp, J751
AR LA A b4l S s, bk BB183 5 12 Bk
V0 7R FC T AR 96.78%—100%, P 5t
%7 E G (Serratia ureilytica) HNU47 1 168
rRNA K FE AU A 100%. F) ] MEGA 11
WHRGLTW, Hik BBI83 SRV H KH
HNU47 (CP098030)R h— %, BIEFEN 84%
(K 3), T 16S rRNA F[H 41 () # ¥k BB183
RERE AR, BEEBIEE A AL
gERL KRR BB183 X5 MR IRV A
2.3 B ¥k BB183 HI{BERE NP

A= PRI E 25 R R, B RE BB183 78
BT 200 DL G [ RS 97 2 | AWl SR S RN 7 2R
BRI SE 2 d 5, IR SR Y AR E B
ULHH R bR BB183 HAT [ &L . M s Al 8 11 i fig
J1(l 4A—4C); Hitk BB183 REfli IAA Rk 35
AL, FHWEHKREA T 1AA BEJ1(IK 4D); B
Pk BB183 7E CAS il i5 72 3 PR b5 5% 3 d J&
P S R A Ean) R, R E R BB183
ARETETE B R (K] 4E); Wbk BB183 7E/ 1€
Wiff . £ YERBEA B-1,3 H R PHBERT FE LR 9% 2 d
Ji , TR ] B YA 7 A a7 B B 100 BH TR 7% BB183
WA T VERT G | 2T 4E R WA B-1,3 5 RME G BE
J1(l 4F—4H).,

Bk BB183 Bl AL BRFR ARAR MR 15 d SRS it
SRR . MR T XTHRAL, ERE BB183 BN
FEAA R AR L ARG L 25 EEE AR E A

2 Etk BBI83 BIETSHFIE A BRI BB B HZRQE; C: BFHRE THRES.
Figure 2 Morphological characteristics of strain BB183. A: Morphology on the culture medium; B: Gram
staining; C: Morphology under transmission electron microscopy.
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3 ET 16S rRNA EFEFIIZMEE BBIS3 WAKL BN 55 N5 NE KA GenBank %
55 3 ERECT N bootstrap i, AURPEHAAIREHIMEAR; ARRZIE N FHI 22 578970 K
Figure 3 Phylogenetic tree of strain BB183 based on 16S rRNA gene sequence. The GenBank accession

number of the strain is indicated in parentheses; The numbers on the branch are the bootstrap values,
representing the probability of the taxa being clustered together; Bar: Nucleotide divergence.

4 HEtK BBIS3 EMFINREMELR A MEEEIRIL; B: BARREE; C: EOBERNEIRIE
D: MWt ZPRIG I SR (ZE . CK; fi: W&tk BB183); E: #R#EUMA™ 45 F: MM SR G: 2F
YER MR ISR AL s He B-1,3 i SROME A I B R 2

Figure 4 Results of biological function assay of strain BB183. A: Phosphorus solubilization culture medium;
B: Nitrogen fixation culture medium; C: Protease detection medium; D: Indoleacetic acid detection medium
(left: CK; right: strain BB183); E: Siderophore production; F: Amylase detection medium; G: Cellulase
detection medium; H: B-1,3 glucanase detection medium.
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fEAEVER(E S), thim. MK, 256 SR AR
BRI 22.41% . 17.89% . 10.53%. 50.44%
1 77.14%, S5 BRALFHAR He 22 53 53 (3R 2),
2.4 BE#k BB183 WEMBHBHIGIA
R

N AARR IS R (E 6)F I, Wit A A
7 d 5, TR VA TR VR B A B P 7 AR AR S
KI5k 88.89%, ST FE 4 N 82.77;
T A TR DA VR BB 183 [ Vi A B ) 7 Aom A AR 38
kRN 48.89%, HHIETEECH 40.00, BB183
RO 75 0 R B TR RN 51.67%; A
TR T VR 20% 58 FR A 300 %9 Ak FRAY 35 AT bk
TR B BR R R 40.00% , R 1 8 B0h
36.77, 20%WE FRA4 X 7 5k 7 Ak s 1 BI7 TR 2R A
55.58% (K 3). W EIERE/R, BB183
YRR 20% M 2540 X6) 25 it 7 Ak 9o 19 B AR 2 S5 A i

(3 3),
2.5 E% BB183 £ERFAB AR
2.5.1 E ¥k BB183 E E 4B 4H1F

Ptk BB183 REINAIIN P45 R 3R], Wtk

5 Ttk BB183 X EMEMRIRERENMELER
A: XFREAEFE; B. WAk BB183 HRALHE; C: Xf
HEALIE; D: Btk BB183 B ALHEL,

Figure 5 Growth promotion ability of strain
BB183 on tomato plants. A: Mock; B: Treatment
with BB183 liquid culture; C: Mock; D: Treatment
with BB183 liquid culture.

<2 Etk BB183 W EMERAIEERR

Table 2 Growth promotion efficiency of strain

BB183 on tomato plant

Item Strain BB183 Control Growth
promoting
effeciency
(%)

MR 30.15+0.46a 24.63+£0.63b 22.41

Plant height (cm)

R 18.65+0.69a 15.82+0.75b 17.89

Root length (cm)

ZEHL 3.78+0.05a 3.42+0.08b  10.53

Stem diameter

(mm)

ficf 6.83£0.23a 4.54£0.23b  50.44

Fresh weight (g)

ML 0.62+0.04a 0.35£0.04b  77.14

Root weight (g)

BRI E AR R, B —fR bR A F/NE RN
P<0.05 225+ %, n=45,

The data were mean+SE. Different lowercase letters of the
same item indicate significant difference at P<0.05, n=45.

BB183 HA % 1 MIRRAGGL AL, JERHA LK
5159 039 bp, G+C &k 59.35%; I:4mis
4 664 NIEH, HRRE 21 4 COG REN 2, 7
T R SR AW AR S #4) RN AR WL R (translation,
ribosomal structure and biogenesis) 188 >3 [H ,

RNA JII T FMEIH(RNA processing and modification)
1 AL, B 5 (transcription) 397 N3, &2 ] |
i 2 filf& 2 (replication, recombination and repair)
133 AJEE L, Gy 5 45 44 F 3) J) 2% (chromatin
structure and dynamics) 2 3, 41 5 1)
. i Yok X (cell cycle control,
cell division, chromosome partitioning) 34 {~3&
, B HL ] (defense mechanisms) 62 ~FE[H ,

5 5% S HLH (signal transduction mechanisms)
179 ASFEH L, 20 if BE / i/ PN A= 9 0 TR (cell
wall/membrane/envelope biogenesis) 253 |~ J&
, A1z 3l (cell motility) 105 ML, N iz
By . 43 I A4 V0 %% 38 (intracellular trafficking,
secretion, and vesicular transport) 118 ~JE[A , #%
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6 Btk BB183 SEMBMFAIMGAR  A: EHE RS550; B: FHHE BB183+RS550; C: 20%ME

PR+ kR RS5505 D: W57/K .

Figure 6 Control effect of BB183 on tomato bacterial wilt. A: Strain RS550; B: Strain BB183+RS550; C:

20% thiessen copper+strain RS550; D: Water.

3 H#k BB183 M E MBS HHBEHIMAMRE

Table 3 Control efficiency of strain BB183 on tomato bacterial wilt

Item Control (RS550) Strain 20% thiazene copper+RS550
BB183+RS550

JR R # Disease incidence rate (%) 88.89 48.89 40.00

955 1% #8 §L Disease index 82.77+8.20a 40.00+14.16b 36.77+16.76b

Y% Average control efficiency (%) 51.67 55.58

o 1 18 B Ry (AR R 22, AR 3 MR R ER

Data of disease index were mean+SE, three biological replicates for each treatment.

SEJE B . 8 A58 4% A8 (posttranscriptional
modification, protein turnover, chaperones) 167 >
FA, BEE 74 fl%% i (energy production and
conversion) 250 IR, /KL G Y iz F
i (carbohydrate transport and metabolism) 370 >
FEH, HA IR iz FC (amino acid transport
and metabolism) 542 PFEH, R4 iz AT
(nucleotide transport and metabolism) 100 >3&
, T 5L iz AR (coenzyme  transport and
metabolism) 178 &K, 52412 FCist(lipid
transport and metabolism) 135 N[, ToHLES F4%
iz #f i (inorganic ion transport and metabolism)
346 DMK, WHB WG ER . sy
ff# (secondary metabolites biosynthesis, transport
and catabolism) 131 A~FEE, — B 2 5E Fit i)
(general function prediction only) 603 ~3E A, 1t
AN R H1 P BE (function unknown) 370 N3
s ARRAS LA 128 S(CHAE 90 4> tRNA,

22 4~ rRNA Fi1 16 4~ ncRNA) (GenBank &5 4

CP142395) (&l 7). MeAh, Witk BB183 JE[IZ
45 14~ CRISPR (1 671 299—1 671 686 bp).
1 M IEBERTWA AR (204 311-246 766 bp) .2 LA
2l % (genomic islands, GIs) (205 015-257 128 bp #ll
4 557 649—4 563 851 bp). 10 MU AR =¥ 5L
DRI S 499 w5 BREE 11, s AR 1 95 4,
ST UAEE 1 404 4~

ANI 73t 25 R %W, WHk BBI83 &5
S ureilytic HNU47 FIG# #k T6 B 43 K 4 v
G — M2 99.23%H1 97.64%, 15 HiAth
7 FRUDER R E AR 4 3L R ALy 91 — 30
84.76%-95.47% (& 8), #—# ¢tk BB183
RV T TR
2.5.2 Mtk BB183 RAENKB~MEKER
FR TN

fii F antiSMASH X &% BB183 LK 41
HEATAAT, O 10 ASAS R A U AR A ™ 1) 2w
T IER (R 4), ELFE 5 ADHERBHAR IR G B il

[Al #% (non-ribosomal peptide synthetase cluster,
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COG annotation
M Translation, ribosomal structure and biogenesis
RNA processing and modification
Transcription
Replication, recombination and repair
Chromatin structure and dynamics
M Cell cycle control, cell division, chromosome partitioning
B Nuclear structure
M Defense mechanisms
- 0 . .
Z Signal transduction mechanisms
< M Cell wall/Membrane/Envelope biogenesis
Cell motility
Cytoskeleton
M Extracellular structures
Intracellular trafficking, secretion, and vesicular transport
Posttranslational modification, protein turnover, chaperones
Energy production and conversion
Carbohydrate transport and metabolism
Amino acid transport and metabolism
B Nucleotide transport and metabolism
Coenzyme transport and metabolism
I Lipid transport and metabolism
M Inorganic ion transport and metabolism
M Secondary metabolites biosynthesis, transport and catabolism
I General function prediction only
M Function unknown

Ui
W
oy

|l

4 Mp

7 BE#kBB183 EFHE T P&y A7) R 273 531 2 73 e DRI 2 DR/ T P R 67 e 2 ) 2 11 5 i 5 DX (O
Rl EARRAREREIRE) . ncRNA, G+C i (B @b IR G+C SR T FEKF, amAFRR G+C
B TR . GHC M E IR G ST C &, AR G RIET C &),

Figure 7 Circle diagram of the strain BB183 genome. The circle plot represents genome size, positive and
negative strand of coding DNA sequence (different colors represent different annotation functions), ncRNA,

G+C content (orange outward indicates below average G+C content, blue inward indicates above-average
G+C content), G+C distribution (blue outward indicates that G content is higher than C content, and orange

inward indicates that G content is below C content).

NRPS), 50 H M HEHA R REAE "W
kolossin ., andrimid HI 5-dimethylallylindole-
3-acetonitrile [ 5 K7, 5 8k B AH C IR K
3 F= %) trichrysobactin/cyclic trichrysobactin/
chrysobaction/dichrysobactin, 5 viobactin JE[H
FERIAIME R 33%—100%; i i A i
¥l opine like metallophore &K% 5 H A 4 JE#
A FIAVEF ) yersinopine 4 [ %% A4 A1 8L M Ny
100% 5 4 W 89 & & BFOIR 2 Ik 38 b R R
thiopeptide & K 7% 5 gt O-H i Ik R 7 19 A6 1L
PER 14% 5 G i IR 24587 ) RRE-containing
B R 5 G Bk IR A DG IR B )
synechobactin ¥ & PRI FEAHIPE 9% KAk,

itk BB183 LR IL 5 4ifY batalactone F

hserlactone X 2 FRRZACEI =M a0 3L H#%, H
5O kR IEEAEAA UM, #E0 5k
BB183 1] AE gt i — KB A #0051 1% M40 ok o
2.6 Btk BB183C iRFREFEEE
#HR

o P EL i Wl A 9 B 1 TR B R
i NPk BB183 H, SRS HA SR IC Y
¥k BB183FP,

FEFIR IS5 R R, Rk BB1839 nl i
SETH T B AARPR, (HANREAE T AR . 25,
MNESE ., fEMAERE 10 d J5, Pk BB183CHF
FE T AR PR A R FE B = R 2% 107 CFU/g, Z )5
EFH R AW I 25d )5, #idk BB183C™ 7E
AR B A 2 5 1 s T AR (A 9)

M E
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Serratia ureilyvtica BB183 (CP142395)

Serratia ureilytica HNU47 (CP098030)

Serratia ureilytica T6 (CP071320)

] Serratia marcescens subsp. marcescens ATCC13880 (CP072199)

Serratia marcescens KS10 (CP027798)

—1 Serratia nematodiphila SASK3000 (NZ_CP100765)

—— Serratia sarumanii K-M0706 (NZ_CP124750)

—— Serratia entomophila A1 (CP082787)

—— Serratia ficaria NCTC12148 (LT906479)

Serratia plymuthica AS9 (CP002773)

8 ETHEMBBISIMIKIVEREREMERBIIREFR —BMENRZLEN HoAHSN
AR GenBank 58455 /N5 M PR RS Sy T R TR A B R AP R IR — Bk s D A B (R R R JE I
- BT IR — BB

Figure 8 Phylogenetic tree base on pairwise average nucleotide identity (ANI) comparisons of whole
genomes of strain BB183 and other nine strains. The GenBank accession number of the strain is indicated in

parentheses; The data in each small square represents the pairwise average nucleotide identity of two strains;
The darker small square represents the higher pairwise average nucleotide identity.

Fz 4 B BBIS3 RERB~MERERZETNER

Table 4 Predicted result of secondary metabolite synthesis gene clusters of strain BB183

1% 4 5 T 2 YIS E A E HIEE A 7% AL
Cluster ID  Cluster type Gene location Known cluster Similarity (%)
Cluster 1 Thiopeptide 370 967-397 410 O-antigen 14
Cluster 2 Batalactone 1386 946-1412 614 / /
Cluster 3 NRPS 1 784 042—1 848 122 Trichrysobactin/cyclic trichrysobactin/ 46
chrysobaction/dichrysobactin
Cluster 4  Hserlactone 2 085 749-2 106 423 / /
Cluster 5 NRPS 2616476-2 674 328 Kolossin 100
Cluster 6  NRPS-like 3930260-3 979 713 Andrimid 95
Cluster 7 NRPS 3997 788—4 074 533 5-dimethylallylindole-3-acetonitrile 33
Cluster 8  NRPS 4729 434-4 777 941 Viobactin 46
Cluster 9 RRE-containing 4795 380—4 815 658 Synechobactin 9
Cluster 10  Opine like metallophore 5078 426-5 100 523 Yersinopine 100

/3R G B R R R s G EE D P S AR <

“/” indicates no known gene cluster or similarity.
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9 Etk BB183CFP EEMMIRPREE NS
Figure 9 Colonization dynamics of strain BB183¢F?
in tomato rhizosphere soil.

3 W

TG, M AR AE B 8L Z R
N2 P91 A8 A 2932 K] e 4 AR Bl 43 AT AN []
AR IBY, A AR R BORPE A2 S, BP
A 2 SF V5 T AR [R) 25 2 A AS ] 471 25 ol 7 A T ok
Xof []— et vt A P 500 P A7 A B 22 R/ P,
AN B BOR 106 2 2% 5 205 i R Y B 4
MERE R, K IR (o P A 24 590 5 B0 SR 1A 1Y)
PLAGVERGSRIF TG YR, mRAF) 12 0 e Ak By ik
AW, B AR A I TR R LA A e i A
M2, fRIRTP R R (S ureilytica)hy 2005 4F %
FERGETFN, S5 BTVE KE (S marcescens) & it
G, R PR ZAE AE— RN, A B
AP N BE . Arifiyanto 25PN B i IR VD B
[CTH MBC1 REI il & Hh 25 T (Aspergillus niger) |
15 22 [ £} 1 (Candida sp.) F14j JJ 2 (Fusarium sp.)
FIHEK . Cao Z151F 2023 4F T IRHRIE T RIS
FCP HNU47 XA A FE PR, (AR
BT e Al R B TR AR . Al TS
SEARIE . A EAEARERME . 16S rDNA JEH 51 L
WA T AR AL A b, KX e i i Rl A 48
FRFIAROT A B MR BB183 % iRk vb & FC A .

A B B [E] B YR RO AN RS E , vT RES ]
N B Az BREE . A, 14 pH (HESNAEHE
FRZM A KRB, ARSI = g s 45 R R
AR 25 . AS TR 50 2 F 1 75 A B B o X A [

ok i F i s A A AR B, ANFEFHAE
Pl oA FAST) AR S DX B FRATT 4 I A= B v
[ BHIRRCR AR E , Al -5 e i B0 A )
M. Bk, ARXIER A2 E . AFEF
AR LA AN R HE PSR VE B 6 NP H AP ) 8 Bk
T E AR, DARIET RS MES
X IHG A P 18R 34 59 F5 Al TR TR RRAE A
RGBT, B TR A XEY
BHWEA) ST HEB T RE 214
AR DX A 7 TR R

BT PR BB183 BUSNTE B ML B, ASBF
K = ARES A AW e B2 R I T B Ak
BB183 (AL 741, Hitk BB183 HALE 14
WRR Y fhk, Hegiit 4 664 MIEH, HRE
21 45 COG YiResr2, 18 ) gt it I R 5 B 4
PR BB183 Al e AT #C5m MR SR | ok Ak & Wi
B AREAE S P antiSMASH 43#r, &KBLT
itk BB183 %A L AIHTAE R kolossin, andrimid
5-dimethylallylindole-3-acetonitrile (5-DMAIAN)HY
FL[R#%, LM batalactone Fll hserlactone iX 2 Ffi
WTEPL R Y B ) HE A% . andrimid A 4100 40
BRI BR B 18, i — 28 R SR A= %P9 Bode
ZEBTRFSE % PR, kolossin A 7 1A S A 4 o 2 4
WA U B TG . S-DMATAN 22k 148
(Actinomyces) 41 T #F A8 7 A= 19 A 5 7 ¥
5-DMAIAN %545 6-prenyltryptophol JF 5 2RI
6-prenyltryptophol J&—FP 4 il 85 K , {HAHE H
AIEAEAPY, 6-prenyltryptophol X 4 1 2
A HER AT i — ik . batalactone Fl
hserlactone S:[RFE Al BEARASHT I, 5
SL A T L IR P SR B At A . BER fEAT
AN BN DA% IE . 7ET R BB183 kA4
WY AT TR T B 3 Ak AR AR SR AR
WA R E , (EACEESE R AT CAS Al
BE R AL R SR Y b AR R B TR bk BB183 £k kA
B A, AR S IR AR B SR B AN B R A
KRB =, BE 2 3 MR & s
B B ARE ) B HoA e, )5
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SEiE— 2 IRk,

8 W HR B A2 4= T (plant growth promoting
rhizobacteria, PGPR) & & A [R] () DI RE4E £F 1+
BRI, BT Bos AR YR
P& S AT 6T 3R B A WOSCR R L A e
PRAE BT 3k B4R SEAE AR K B i
A W5 W 2, T AR A P W s R ), s o SR
DL % fif e fife B0 A B A e 8 rp — S w41 2 A
PRAEHEAE IR, DT AR R AR ) 0 A B A
BRIGBTMET, Niu S50 % B0 i Vb A FR PR XK
FEFTF ARG & . ARER AL BRI | BT 2R AR
A RENRIEN, It HES RV E R
Ab B 4 AR AR R 6 e R L B IR AT sk 1
. Bai WIS ER D BEGE] 1 BREROE
WA BE U (2 0E 38 S A 4K . Wang 55101 & I35 |
SEWT VDB [ (Serratia plymuthica) A {H RE 8 {1
AR A, D REME TR TR PRAR
B 1 5 % M SR T BRBE T, IS AR Arh—
A (77 R ) B, AT R e A R X AR
# (Phytophthora capsic) BTt . ASHEST & PR
Vb E R H A A B A e ), X ReR I
XTE AR MR AR . R AT B R A
YER B A

FE T BT R DN RE R AP IR, EFH AR
TR K R BB e A A AR R I, Bt
S R BRIV B IR Pk S160 A3 B K 35 d )i,
FERR A ZE () FE 5 4 1) iA 31 3.87x10° CFU/g
Al 7.20x10° CFU/g, X5 JIA, 2290 19 B R4 ik 5
57.2%. Sun FEVOVF oY F B ARG B ZE A AT T (Bacillus
subtilis) R31 o] 7£ N & anu ik b e 5, HoE
B RE 7 2L R IR PR 3 AR 5 A S g8 THI
KAFEEANEH . Zhao FPERR BHRA K b & B,
FEAP 10 d J5 35150 v I AT RE 8 7E 2 Al
WAZENEHE, HEmEEHRA N EFAET
Mt o ThaE . Ferraz ZEP VR HEMIA LT
HAE AR PR FAR PR Rl sh AR, & BLRE B vb
T IR UFV252 78 LI iy shie kK, A ]
BESEIZARAN T WA A P E8, ABE5E &3,

FEARIE GRS 10 d, TRk BB183 7E AR
Pr 3 SR A B de R (EL, B RV AE R AR P
e SR BT R, TEHEMS 25 d, Witk
BB183 7EFH ik br H B E o TAUE . 1EA
WEFE R, Wk BB183 L AERE JH T i bR A AR
Prb3erh, 7R AR . 2R TR I B E
Rk BB183, HfEM A BEE i T m ot MR
Pt sgeh o B AR, MELUE T TRIBR N

4 ik

Pk BB183 4% M i IRV IR, X2
Ry 510 A8 Fi i 75 A T TR bR A R A AR
FH, X0 T A A B A B AL B R
BR . PR A MR L BREE T, REUE A IR
R, WFMEAEEFARAERE, IHFTREE
FEnAd b - e 48 ; W T IR Pk BB183 Y2
A 5 - TS 10 AR A AR )
P A I R % . ABFSEIE N T R BB183 1Y
B fe AEALEE, Ry B4 3 T A B4 T R A7
) BRI RR BRI

(-

SKAR : SE A IS IR T AR IR 18 3CH)
Wi RIEAS: RNARERIH; DEA: HiF
AR AR R RE s WK 45 IR 5E
JEAEFE s T ARE: WSCBYG R/NE . MR
IO AR IR, CEKIE.

6% A 25 ¢ RATE 7 W

VR P W 4 JCAT A mT BB 22 52 W AR SCHIT 4 A
TAERE 2GR sl AR
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