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O MLIEAN TR SR G Burkholderia pyrrocinia TK-SHO07 & — bk % A7 44 15t 92 95 ELA B 19 917 36 200058 1100 74 2 A 907 T4
HF JK-SHO07 B Mk 3 R 4 B8 5 45 5 0 51 W E 4T ssud 2R T8 e, F) A 22 915 B 22 0 BT ssuA B 11 5 H A ) b [R)
TR R AR . 2R G Ak R B A R R, S 0 IR YR R 2 OUAE e 3k A5 TK-SHO07 1 bk ssud 3 [R5 4 R (JK-SHO007
Assud) o FEULIERE L, 43 5000 E BF A Ak (WT) R R AR i A= K il 26 L 2 3hak . MS 20 . 7= RE 4k Z | cyclic Dimeric
Guanosine Monophosphate( c-di-GMP) . *E ¥ EIE 1L . $TEAE T . prn B FEA B W R B XN EEREE . 2R
Rt ssud FH P8 24K 1107 bp, 4wt 366 2 FE M, FL A% 1 8 M R R A5 R =R a5 oc i —380G RS LT a0
K, ssuA # [H i 5 Burkholderia arboris 3% %% 3¢ 3 ¢ 3T 5 Assud W R B9 ML A Z 085 0. A IR . 7= g 4 35 LA S
T RE 188 WT 35, 8 28 K B8 1 oK & 2k k48 5 prnd R praB 8.3 R, 1 praC il praD E ;5 c-di-GMP & &3 2> 4.97%;
TE M 20 15 T AR L ZE A0 Y P A B fiE 100 ) T [ 78.57% . 80.77% 1 66.67% . [H I, ssud FE R IE 5 JK-SHO07 B
WRAE W EIE BT, 5 AN 288 A L I R R ¢-di-GMP & B0 DI AR O, [R] 52 e 410 4 R ) AN P A SRR D, (R X
PRAER TESE W o 3X R 38 7R ssud e FFIG TK-SHOO7 T8 Bk 22 58 AT AE B B8 7 19 52 Wi 532 T i, o > 9 W) 15t 3 s A= B 14
A R B 5 e R AR AL T R AR
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Effect of ssuAd gene knockout on the colonization and biocontrol function of the biocontrol

bacterium Burkholderia pyrrocinia JK-SH007
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Abstract: Burkholderia pyrrocinia JK-SH007 is an effective biocontrol agent against poplar canker. Based on the genomic data
of JK-SHOO07 strain, specific primers were designed to clone the ssu4 gene, and bioinformatics were used to analyze the similarity,
phylogeny, and physicochemical properties of the ssuA protein to homologous proteins of other species, and the ssu4 knockout
mutant of JK-SHO07(JK-SH007AssuA) was obtained by double crossover of homologous recombination. On this basis, the growth
curve, motility, exopolysaccharide, siderophore production, cyclic Dimeric Guanosine Monophosphate (c-di-GMP), biofilm
formation, antibacterial ability, expression of prn gene cluster and endophytic colonization dynamics of wild-type strain (WT) and
knockout strain were determined. The results showed that the full-length sequence of ssu4 gene is 1 107 bp, encoding 366 amino
acids, and the secondary structure and tertiary structure of the encoded protein are identical. Phylogenetic analysis showed that the
ssuA protein was the most closely related to Burkholderia arboris. The exopolysaccharide synthesis, biofilm formation,
siderophore production and antibacterial ability of the AssuA strain were weaker than those of WT, but the growth ability was not
changed. Two genes (prnd and prnB) were significantly down-regulated, while prnC and prnD were up-regulated. The content of c-
di-GMP decreased by 4.97%. The endophtic colonization ability of roots, stems and leaves of poplar tissue-cultured seedlings
decreased by 78.57%, 80.77% and 66.67%, respectively. Therefore, the ssud gene positively regulated biofilm formation of JK-
SHO007, which was closely related to exopolysaccharide production, siderophore production and c-di-GMP synthesis, and affected

the antibacterial ability and endogenous colonization ability, but had no effect on the growth of the strain. This study lays a
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foundation for revealing the effect of ssu4 gene on the colonization and biocontrol ability of strain JK-SH007, and also provides a

scientific basis for the development and efficient application of biocontrol microbial agents for poplar canker disease.
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¥ B Populus spp A% H [ iz Fif, HA EE WML
CrRAESME . BREEMER, A8 BE . £k
858 LA R B v b 4y T R 45 A E AR N (A A
B AR 7 N IE MRORIET 4R BB ) OC S IR R ZE 4 2005;
B ZU AR I8 AR, 2003; 475 5F, 2014) o B B 5t 97
(poplar canker) s — Fift 1 T 4 A8 AL . A AF A 7Y
A E AN E, X YR G E T, W] B AR A
%07, HESETT (R — LA, 2024; Li et al., 2020) .
P 1 15t 7 9 ™ B BELAS 1 b R A RN TR Ml Y R 2
K. BT, AW 597 0 0 B A S RO T ROl A
PRANAL 22 07 i, (ROl 45 BEFE B B RO 2212, fb2 05
T2 )R B 05 3 8T G IR

A By A R TR )08 T BIIRAE r TR R S ik
& 1A 73 28 /K 78 QB Burkholderia pyrrocinia JK-SH007
SE— R B T O B A A v R N AR A BT
T R AR 8 1 35 02 A AR K OT A AL A Bt % A
(Ren et al., 2011) . ¥R 20 /i 1 BF 55 % W], JK-SHO07
DAPR 09 2R B DL A 2 F, 2 S G 7 A B M R
A HLAk& ¥ (volatile organic compounds, VOCs) (7K 1§
K, 2018) ., W5 i AP PO TE (Liu et al., 2020) . 53
WE R R (A1 55, 2019) . 43 WL & 1 (fE 5 210
5, 2010) LA K 73 0 2 B K fif 3 (Ren et al., 2011) 45 ¢

B W5 R W, Escherichia coli W) ssuEADCB 3 [H 7%
A RS 5 B U5 5 T B A AR T AR E SR AT
%% 1k (Eichhorn et al., 2000) . ATP %% & £ (ATP-binding
cassette, ABC) ¥ iz & H J& — Fi B 8 11, £ 3¢ 7€ ATP
K it 2ok o v 3 o 20 B PR B A 22 RIS, T ssud B
SEVH . ABC % 1z 85 11 WIS At 192 B30 1R &k 1Y) O B Bk
o M4 B BRI B Xanthomonas citri Y 45 5 b Bk iR 45
G ssuA B ssuA2 FE PR R 23 52 e B D AR A A
A% (Sampaio et al., 2017), T 75 J5 I X+ 41 g W% B 1 4 5
S (BRAN 5, 2003) o UL, ssud B PR AT W] e 7E AR
B 20 T A AR L 2R ) IR 1 AN AR Bl T BB S5 U7 TR A
AR EEAEH .

VA AR A= By A TR T A SR AR PN Y B RE T AR AR S )
X9 B ) A B R SR (Wang et al., 2024) o 11 A ) B A9
TE 1 AT LA B AR T 1 3 A R 7Y R O B L RS AT
£ I % 4% /E FH (Chen et al,, 2012) . BF58 E W, 15 5 fig

71 (Verstraeten et al., 2008) | i & Z2  (XI4E S5, 2022) |

I 2% % (Hasmik et al., 2016) . c¢-di-GMP(Ha and O'Toole,

2015) 45 % 240 B A W R R WL A 2R . i Ah, B
HES 1) T 1 55 T bk 19 B RN 2 B RE D AH DG (Rl Tk A
2022; Bais etal.,2004) . QIFEER R EVFZ A BT AN Ba-
cillus velezensis YL2021 (JLAEEE4, 2022) | Rahnella aqua-
tilis JZ-GX1(fL 4k 5% %8 | 2019) . B. pyrrocinia JK-SH007
(PIFTFRAE, 2019) 55 LA B AE TN 2R Y ot . %t
JK-SHO07 B #R AT 4 FE RN AL T RS BT, R ILAEAE prm
B FE o pra B K C AR DR P TE 8 Pseudomo-
nads( Someya et al., 2020; Chen et al., 2015) . VP& KB
Serratia(Liu et al., 2018) | {1 5 B /K & [ & J& Burkho-
Ideria( Schmidt et al., 2009) H §iF 35 5 & WPt B ¥ i —
fild Nl 1% BT 25 (Pyrrolnitrin, PRN) Z YI A 2¢ . T UL B
Ji PR, A A 2 403 o [) Y i 20 A3 4 44 4 JK-SHO07
PR PR ssud DR I € 708 Ak, o I TR R AR I IO
EENRE ST WA ZHE . AW IR L. U BE ) |
B, prn FEHFER LI | c-di-GMP K & 58 3 &%, i
— P IRVT ssuA FH PR i 2% 0 20 TR A2 BB AR B RE Y 52
W, LAY N TR A B A TK-SHOO7 1 bk 75 4 W B 14 3 A1
R B8 I A5 H A W) B 1 T e 2 AR i -

1 AES 5k

1.1 XA
.11 #X@mdA ik, Ak

L33 41 B 1 ¥R Burkholderia pyrrocinia JK-SH007
Escherichia coli S17-1, Escherichia coli Sm10(\pir) HH VY
JEAARA} 1 K 27 W B) HE S W T 5 UKL PHKT2 (i
Z R AR IR I B K 2 Howard Ceri 2 4% 2 4, 77 A 2H Wl
R 5K 1 2% 68, 5¢ O 8 1 45 12 (green fluorescent protein,
GFP) A LA K F 40 i W5 W ( Trimethoprim, 1.5 pg/mL)
Hotk s MR ORE pDM4-phes HH H IR BRI B+ T
112 B3R RHE

4 ¥ 7¢ B9 Cytospora chrysosperma. 1) 25 15 %
Phomopsis macrospore Lk} & W #5781 Fusicoccum
aesculi 3 A% B 15t 7 9 o i L T H R 5 AROIE R 2R
AR B S B6  SR AL, UORAE T AL = .
L13 AR A

NA Bi 923 ([T 0%, 2012), NB 55 37 3 NA 5
FRIEA NN ; PDA Hi 373k (1 K 4%, 2020) ; TSB 11537
% (Fuetal,, 2020) ; SM 35 7 2 (B K ¥, 2022) 5 CAS £
WS4 (Louden etal., 2011) s MKB 5535 (Fif1 15 mL/L
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TN AT ssud FE PR R R AR B DA IR AT B 2B K 4 I TR JK-SHO07 5 58 F1 AR B T g 1) 52 i 57

K,HPO,3H,0 3.28 g/L, R /K fi# % % 5 g/L. MgSO, 7H,0
2.5g/L,pH7.2),
.14 E£ZXAFMNE

A 7). DL2000 DNA Marker, DL10000 DNA Marker
il 10xloading buffer ¥4 [ TaKaRa 2\ 7l ; 4-5-DL-ZE A
IR . HiligsE % & (Streptomycin Sulfate) . %% 2 (Chlo-
ramphenicol) . F 4 FIEWEIE ( Trimethoprim) F12.5% %
i ] 52 W X5 W - Solarbio 23 w5 313l 35t g B ¢ i DNA
[l g 3tR) & A R A B &, B FRAR A W5 Xma 1
Spe 1, Q5 polymerase ¥l H NEB /3 7] ; PrimeStart GXL
DNA. pMDI18-T. T4 DNA Ligase. RnaseA, TB Green®
Premix Ex TaqTM II. PrimeScriptTM RT reagent Kit with
gDNA Eraser ] IJ H TaKaRa /A F] ; Rapid Taq Master
Mix W F Vazyme 28 w5 H4x 2 & Ry i B3 B 4t

¥ #%: DMC 6200 B 5% 2 DIC i & % i 5% (7% [

Leica) . TM3000 5 =49 4 B3+ & i 5% ( H 4% Hitachi) |
Centrifuge 5804R 5 2\¥2 ¥k 5.0 ML (£ [ Eppendorf) | 1-4
LSC % THL(f#[E Christ) . ND2000 f f& 66T (38
[# Thermo) . SYNERGY H1 Gene 5 fifif5{% ( Z£[# BioTeK)
ChemiDoc XRs %2 1% % 4t ( 3% [E BIO-RAD) #il Quant-
Studio3 %t 22 it PCR {X (£ [® ABI) .
12 REHZE
12,1 ssud A B A 2 W13 8 F 5

DAY TR : AR TK-SHOO7 [ Ak 4= J R 41 0 )2 45
B FF 5. GCA_022809715.1), F| F Primer 5 #1151
Yy ssud-F 1 ssud-R(F 1), VA E K 2 DNA M A, ¥
B ssud FER R B, 77 W) 28 38 B lE 0 5E I DNA [RTIC
IR & [0, S8 5 1% $% pMDI8-T, 4 M13F #1 M13R 5|
YR TE B e, B P v B Tk F b AR R R
O EV AT o BAR T YA S BT S U S

&1 PCR3|¥
Tab.1 Primer sequence
319 % 1591 (5-3)
Primer name Sequence(5'—3")
007_ssudAFW CCCCCCGGGCGACGTGTCGTCGATCAG
007_DelssudFW CGGCATCAGCGGCTCGCGACGAGGGAGAGCGTGTGCTTCAT
007_ssudARV GGACTAGTAACGCATATTGATGGGCCGCAT
007_DelssuARV ATGAAGCACACGCTCTCCCTCGTCGCGAGCCGCTGATGCCG
007_ssudSQFW GACCACGCTTACCCAGACAG
007_ssudSQRV GAGATCGGTCGCGAGTTC

ssuA-F ATGAAGCACACGCTCTCCCTC
ssuAd-R TCAGCGGCTCGCGACGCGCGAT
MI13F TGTAAAACGACGGCCAGT
MI3R CAGGAAACAGCTATGACC

BB A W15 B8 2% 43 Bt - FIH Protparam ( ExPASy-
ProtParam tool) 73 M7 FUI ssuA £ 1 19 JEA BRALPE 75 F)
F NetPhos 3.1 Server(NetPhos-3.1-Services-DTU Health
Tech) #EATHERR M7 5553 Hr; FH] SignalP 5.0 server ( Sig-
nalP-5.0-Services- DTU Health Tech) i 17 15 5 ik 43 #7 ;
FIF TMHMM( TMHMM-2.0-Services-DTU Health Tech)
HEAT EE ¥ 9 85 B X 23 75 R T NCBI CDD i #s 4
(NCBI Conserved Domain Search) X} 2 H 5t £ 55 45 #4 4,
P17 9 #7; Fl H SMART[SMART: Main page (embl.de)]
XF 2 1 5T 45 4 B 6 B AT B0 5 A1) SOPMA[NPS@:
SOPMA secondary structure prediction (ibep.fr)] T i J&
I 5% 2K A9 25445 B SWISS-MODEL (swissmo-
del.expasy.org) T il 38 (K] 4 A & ) = R &5 4 R
DNAMAN #5458 1L 2 52 1R T 51 2 5 L X6 43 75 1
MEGA 7.0 %} ssuA % 1 7 51l | Neighbor-Joining ¥ #4
HRAGERKEW.

122 ssud AR BT LA oG ME
LA JK-SHOO7 [ 44 1 & X 41 DNA SHRAR, SR FH 2% 1

1007 _ssuAFW/007_DelssuAFW } 007 _ssuARV/007_Del-
ssuARV 519153 3 B 48 H ssud FE R W) VR AR A BE A RN
[F] 55 8 R B B Sk R 1 007_ssudFW/007_ssudRV
S %F, F] ] Overlap PCR % A ¥ A, B A Bt ik 8, fir
2N ssud-A+B, 77 ) 25 8% 58 B A EE DNA [l gt
F & B, FIH Xma TFT Spe 15T ssud-A+B Fl 5T AL
pDMd-phes it 47 i Y], ] ] T4 DNA Ligase #F 17 3% 4%,
AL E. coli JEAZ A5, 3 12k 0 45 K A5 #l Bk A, 4w 44
4 pDM4-phes-ssud-A+B. F| H1 4% & (£ 6 35 5, 2019)
75 ¥ pDM4-phes-ssud-A+B T A JK-SH007 1, 7F &
A St(100 pug/mL)+ Cm( 150 pg/mL) A LB [# 4 F #r -
WA, 30°C RS IR 2 d, RE AR T TR, B R &
% St(100 pg/mL) /Y LB & 1A 3% 55 B v, 30 °C i & 55
F5, ¥ v TR B & 107 4%, BOH 90 pL W A T 1S
mmol/L p-Cl-Phe ) M9 [& & - #ix I, 30°C 18 i K5 5%
4~5d. ZJF 5 BIHE S A St(100 pg/mL) (Y LB -4 K
&4 Cm( 150 ug/mL) i LB #e b 7k 47 0% 1k, 1 fE 7
A St(100 pg/mL) i LB 4 F A= K A9 Sk X8 e b
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Pk o 5 1 H 007 _ssudSQFW/007_ssudSQRV
G140 % HEAT 56 TIE, K 5 UE 1F B i B AS e T pk % 2 b
SRR 5 28w HEAT I, 0 I A RO ssud A
R 2 AR R, A 44 N TK-SHOO07Assud (1 K Assud)
12.3 T A B HkAn Assud R E A BRI HE E R 2

K VRO IRE v Ay B P AR L AT 45 5L C. chryso-
sperma. P. macrospore Fl F. aesculi 3 Ff k% B 15t 32 3
J LB 8 I , LA A JEL BT A SF- B Ry X B (CKO)
28°C fH I 15 97 4~5 d J5 TP SR . P MR I i A
A B 2 B K T 4 (2024) 7 i, HEAR R

MHEZ (%) = (1-ABRAAEYR R R ) /
Xof FRZEAB )9 J TR B2 X 100 (1)
B ARIE S BT 57 2055 (2010) 7k, TR AN
AR (%) = O BROPAR T A2 - 2 AR
HEAR) | O BOP AR VR BLAR - IR AR ) %100 (2)

124 FARMAAssud TRERAHREKRF LN Z

#5 JK-SHOO7 B 4= ¥k (WT) 5 ssud 3 [R5 28 728
PR (Assud) 53 9 300 & 42 Fh T NA SF-#z, 30°C 1 il 85 57
2dJ5, 73 i Pk HCEA TR 7 45 Rl 2 20 mL NB A4 B 57
1, 30C, 180 t/min ¥ % 35 3% 24 h, F| FH NB 5 3% 3L 4
H TR W MR BE R 5x107 CFU/mL AE R 3 Rl R, TR B 75 pL
LRI E &4 1.425 mL NB &K 55 77 56019 24 FL AR,
i Ff Gene 5 i AR 4 2 H: ODgpo0
1.2.5 # m %A H kAo Assud °E B R A W BT R
A8 S 35 AR
1251 iEFH4e

DL 1.2.4 W BE R 5%107 CFU/mL [ WT 5
Assud T WAE R, L 2.5 pL 5 FP T SMBE 9% 3t
IErP e, 30°C LR FE 7 d, AL 3 AEE . BAAYE
B %% Deng % (2012) Ji ik .
1252 fash %30 & R =E

# JK-SHO07(WT) 55 Assud B ¥k T NA F #e i% 1k
J&, PRECL R ¥% 2 NB WK 35 9% 2, 30°C, 180 r/min &
Vi 55 9% 24 h, FIJH NB WA K5 37 55 25 B bR T ok B A
# 5y 1x10° CFU/mL, il B2 Fh i, $2 1% Y 42 Fh i 32
Ffi 2 50 mL NB ¥ /& 15 7% 56 h, 30°C, 180 r/min % % %
F5 5 d J5 HEAT DA AR LA 22 B8 I, B D IR S % 1R
WL (2017) )5 ¥
1.2.53  c-di-GMP # & & K F

43 W B 3 mL $5 5% 2 6 A K 1Y JK-SHO007
(WT)5 Assud ¥, 4°C, 8000 r/min, &5 0> 10 min ¥
BETR AR o 3 2 BT A — 25 e 0 1 T K A 928 WL o 5 56
IR & (ELISA) £ WT 5 Assud W #k c-di-GMP i)™

B

1254 AHEFFRMZTETNT

EMEME: B WT 5 Assud T Bk R 282 F T TSB
[ ARSEAR L, 30°C TR IE 3% 2 d J5, 43 il 49k BB 1 o 42
il 22 20 mL TSB W& 35 72 £, 30°C, 180 r/min 4% 3% 1%
7% 24 h, F ] TSB K5 3% 5 8 % 1 ¥ J£ 24 1x10" CFU/mL
M Ry #32 RO, A2 3O JE TR i (A% 14 mm) f G T
24 FL AW 85 FR M A 1 mL 45 BB, B AL B 3 AR
52, 30°C HIR KT 7% 5 dJ5 7 B, R 45 G TR KT
VR Fr 3R T8 PR U TE 3K, M0 SE R 2.5% I8 U
W, 4°C #E 24 h )5 JF 47 TC 7K £ BERS B /K 15 min,
AT BERS EE E e 15 min, E 2K . i Jn ok 24 fLIR
BT -80°C VR THLHEAT VR VR, 15 T 18 J5 X FL A7 i 4
JEHEAT LB R

SE R AE : DA AR B R 1x107 CFU/ML (1) WT
55 Assud WEWRAE 9 $EFOBE R 5 mL 205, AL
PE3ANER, 30°C H IR 5 d, #EAT A Y S 2 D
S, AR IR S 2% Huber %5 (2001) % .
126 & ErHnE

XF JK - SHOO7(WT) 5 Assud B bk IT & 7= 16 4k &
AE 7 A9 52, LAAE BR 1.2.4 WP MR B N 5%107 CFU/mL
1 WT 5 Assud W& W AE b 8 Bk, B 2.5 pL s Ffh F
CAS Vil |, 30°C fHIRES G F% 5 d, b3 3 A H AL
[ BB WT 5 Assud TR P42 Fh 2 MKB WK 35 772 3,
30°C, 180 r/min % 22 ¥R 37 35 57 5 d, DAAS 85 57 56 X
MR R R R S . TR A

REERZE BN (%) = (W HRZHODg0— 3K 410Dgs0) /
X} HEZH ODy30 X 100
TERRER e ] = WBEER SAEL A A ODgoo (4)

127 Btkpn AR EARLR KL TN T

DL 1.2.4 H BV R 5%107 CFU/mL [ WT 5
Assud T RAE AR, 1% 1% 13 Fp & 3R 2 20 mL
NB ¥ 1 35 7% 3 b, 30°C, 180 r/min 4§ ¥ 15 3% 24 h, Uk
45 % BEW 2 mL, ffi Fi] Trizol 3% 2 B WT 5 Assud 4 k¥
RNA, £ & PrimeScriptTM RT reagent Kit with gDNA
Eraser i&t, 71 & 3t B 5 & B cDNA, #% I8 TB Green® Pre-
mix Ex TaqTM I1 i 5 & 16 W] 45 i 17 52 i) 96 O 3 &
PCR. Vh pyrG1E NS IH (Wuetal., 2017), HFr
P TR DL 2 sk AT . BT S PR L 3% 2.
12.8 WA EHM LIS AT IR S0 E

F R I 42 5 Rl 2 K A A 4 40 98 5 (GFP) 1Y i i
PHKT2 5 1b & WT 5 Assud %% 25 v, ¥ il oh 4k 45 4
A GFP LK B WT 5 Assud 18 Bk % £ 42 Fl T % Tmp
(20 pg/mL) (1 TSB [& {4 F- 4z I, 30°C fH i 55 5% 2 d, F#

(3)



%1 T 2 S ssud B B R 6 A B A IEE {5 2 2K 18 [ 1R JK-SHO07 X B A1 AR B ) BE B4 52 ) 59
%®2 QPCR3|¥ b E WA R OREE 107 %, 85 W B 100 pl B R IR AR
Tab.2 Primer sequence T NA M, BRALBE 3 NE AR, 30 CHIEE 24, 4
31914 J7 51 (5—3) L L e
Primer name Sequence(s'—s3) T B 75 8, BH B AR E L O .

007_pyrG-QPCRFW AGTCACCCTCCTCAAACTCG
007_pyrG-QPCR-RV TCGTGAAGTTGTTGGCCTTG
007_prn4-QPCR-FW GCCATCAAGGAAAAGGTTCA
007_prn4-QPCR-RV TCCGTTCAACCAGAAGTTCC
007_prnB-QPCR-FW GAAGTGACCGTCGAGCTGTA
007_prnB-QPCR-RV GAAGCGGTAAGCGTAAACGA
007_prnC-QPCR-FW CGACGACATCTTCAAGGTCA
007_prnC-QPCR-RV GGTTGTTGAACGGAATCACC
007_prnD-QPCR-FW ACAAGCTGCTCCAGTGTGTG
007_prnD-QPCR-RV AACCCGAACAGCACGTAGTC

MK R 9 S o B PREL WT 5 Assud BB 35 T
20 mL 7 Tmp(20 pg/mL) i TSB ¥ 1A 5 3 5 1, 30°C,
180 r/min % 3% 35 5% 24 ho & WM (4°C, 8 000 r/min) 2§
> 5 min, F) FH 45 B JC R K T 8 B IR 3 RS H 4 B AR
W H 8 1x10° CFU/mL AE g 42 R, 3 Fh i W 41
i (Tl 30d), DATCREZK Ry ) B, 4220 &y 2 mL/dk o
UM IANER, B THRERRE,

P 15 d JE X g AR L 25 Al 8L AT L
R, TR K — U AR B A3E 70% L AL B (R 50 s,
25 1 'min, M 50s), JoR KL 4 U 0.1% FH oKk Ak (AR
10s, 25 1 min, M 45s), o KEPE 4 ¥R, BT 0 2 mL
JC W K WFBS 2 75457 I, ## B 15 min, 43 51 % B 100 pL

129 #HKELHE

K H Excel 2017 X %46 it 47 4 BH, SPSS V11.0 Al
Origin 2024 %% {4 #E 47 J5 22 3 At M2 &l . fif ) Image J
AEXT WT 5 AssuA T #2258 T 1 B 41 35 i AR L 25
S R I 3 ) 2 EAR AT 43 B, 10 SR A% AR A 5 AR
H 25 AN S Y - 14 9% 5% 58 B (Mean Fluorescence
Intensity, MFI) 3 F F b %5 .

2 HRS

21 ssuUABERAKNREREEMERESH

HE 4l JK-SHO07 T Ak 4= 55 K 20 1 ssud A () DNA
P51, 7828 B 1T H PCR Y™ 3 19 F5 S ¥ 51 4, X
ssud Fe R A7 Ta e . P &5 R BN, ssud FE R4 K
1107 bp, £ Blast b X} 5 4= B [H 4 Fr B 45 SR AH — 5.
5 Protparam 7E Z& 5 {4 43 At , % FF il 1) 52 HE S 2 7
366 MEIEMR (F3) . ssud B 45 E H IS0 T &
244 39.5 KDa; Hi8 %5 1, 14 (isoelectric point, pI) 4 9.52,
Stk R BRI R BN 94.76, S ER K M A -0.027,
53 F 2N CoroH51NuiO510S,, AT E F B K 24.75, f&
FREEM,

*3 ssuA REEBRAM

Tab.3 Amino acid composition of ssuA

S R R i L 41 /% A B TR AR A5 L 41 /%
Amino acid residue Number Proportion Amino acid residue Number Proportion
AR Ala(A) 57 155 &R Lys (K) 19 52
K& iR Arg (R) 22 6.0 AR Met (M) 2 0.5
KA BERE Asn (N) 10 2.7 KT E AR Phe (F) 9 24
K4 AW Asp (D) 22 6.0 Jifi % 2 Pro (P) 19 52
A& B Gln(Q) 10 2.7 22 5 R Ser (S) 30 8.2
4 A R Glu (E) 10 2.7 J5 & ¥ Thr (T) 23 6.3
H % Gly (G) 24 6.5 5 R Trp (W) 9 2.4
& W2 His (H) 6 1.6 fig @ M2 Tyr (Y) 13 3.5
5L &R e (1) 14 3.8 45 1R Val (V) 32 8.7
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Fig. 6 Antagonistic effect of JK-SHO007 and its ssuA gene on three strains of pathogenic fungi

1E: Al. CKI(C. chrysosperma); A2. WT; A3. Assud; B1. CK2(P. macrospore); B2. WT; B3: Assud; C1. CK3(F. aesculi); C2. WT; C3. Assud.

Notes: Al. CK1(C. chrysosperma); A2. WT; A3. Assud; B1. CK2(P. macrospore); B2. WT; B3. Assud; C1. CK3(F. aesculi); C2. WT; C3. AssuA.

RS ssuA BBRMR S EFAEMST 3 SRR EEMER

Tab.5 Inhibition rate of ssuA knockout strain and wild-type strain against three strains of pathogenic fungi

T X 0 o T bk
Wi LT Flat panel cofrontation method Poisonous tablet method
Pathogenic fungi
WT/% AssuAdl% WT/% AssuAdl%
C. chrysosperma 67.70+0.52 67.45+0.37 79.50+0.69 71.69+0.74
P. macrospore 59.10+0.12 57.70+1.48 46.00£2.00 27.27+2.18
F. aesculi 59.34+2.73 58.91+1.89 13.47£1.75 9.00+1.23

: WTJ9 JK-SHOO7HF A ¥k ; AssuA 4 8 15 #k JK-SHO07AssuA .,
Notes: JK-SH007 wild strain (WT); JK-SHO07AssuA (AssuA).
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7 JK-SHO07 EFE#MRRH ssud BEERBREXT 3 #igH iR mHRREERNEIIER
Fig. 7 Antagonistic effect of JK-SH007 and its ssuA gene on three strains of pathogenic fungi

#H: Al. CKI1(C. chrysosperma); A2. WT; A3: Assud; B1. CK2(P. macrospore); B2. WT; B3. Assud; C1. CK3(F. aesculi); C2. WT; C3. Assud.
Notes: Al. CK1(C. chrysosperma); A2. WT; A3. Assud; B1. CK2(P. macrospore); B2. WT; B3. Assud; C1. CK3(F. aesculi); C2. WT; C3. AssuA.

1.6
14}
12}
10}
08}

ODGOO

0.6
0.4

02+

0 0 2 4 6 8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8.
[} []/h Time
B 8 ssuA REBRER S IR AR K &R
Fig. 8 Growth curves of ssuA knockout strain and wild-type strain
EE . X 53 ah Ml g 45 R — 20, MRtk s B e 2.6 ssuA B F F % X JK-SHO07 & 4k 7= B % = B
Jy¥G R fE, B AE W) BT BURE 7 B S 0]

K FH 45 fb 28346 I TK-SHO07 B Ak (WT) 5 Assud SEPERS I & L, TK-SHO07 57 2E #k (WT) 55 Assud
BARE AT PR R A I . S5 RE I, 5 WT  BRIFBEAE CAS K IS | JE B I S A4 B (0 22 P8 —1g
FHE, Assud AR A= W) B 7= 1 N R T 5331% (K 13) o BRIE, Assud WK BT 00 B €6 2 P AL WT /(8] 14A) 5
X — 25 I S ssud FE P OE 98 45 JK-SHO007 1 £ 2E 9 AN R B, 5 WT M E, Assud BB 7 W8 4 & g
JIEE B T 1K o 155 (8 14B) o BRI, ssud 3 PR 1 w77 v Bk & fig
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Fig. 9 Swimming motility of ssuA knockout strain and wild-type strain
T A EZEEFR 7d 19 WT 5 Assud M8 HAR; B. LR 7d (19 WT 5 Assud SM B4 RREVING FRHER 2 5 8.3 (P<0.05)

Notes: A. Swimming diameter of WT strain and Assud strain cultured continuously for 7 days; B. SM solid plates of WT strain and AssuA strain cultured

continuously for 7 days, Values with the different small letters were significantly different at the level of 0.05.
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B 10 ssuAd BB SEFERNEISHEEE
Fig. 10 Exopolysaccharide content in ssuA knockout strain and
wild-type strain
T ARG TR 2E 57 8.3 (P<0.05)
Notes: Values with the different small letters were significantly different at the

level of 0.05.

I — 28 5% W, DR i % 25 [ AR TR R 1Y) 7 g Ak R
RE 1o AR = B 2k 2 B T 1 B AIG T R R  fY
o i 45 AR — 3.
2.7 ssuA & BF & B 3t JK-SHO07 & #k prn & H #% 4
BEEREENEZMN

iz Fl RT-qPCR A, 73 #7 1 fiff L i 7 3K & hl 5
K 7% (prn) 41 L FE K prnd . prnB. prnC Fl praD F [H 7F
JK-SHO07 7 /£ ¥k (WT) Hl Assud B A% o B 2381 B .
R BoR, 5 WT B FRBE A, prnd T praB TE Assud

0.5
04 ?
b
|
03
o
02+
0.1 |
0
WT AssuA

B 11 JK-SHO07 BFAE#R (WT ) RE ssud EE R ( AssuA )
H c-di-GMP K& 2%
Fig. 11 Changes in the content of c-di-GMP in JK-SH007 wild
strain ( WT ) and ssuA knockout strain ( AssuA )

TE: AF/NG PR 5 B3 (P<0.05)
Notes: Values with the different small letters were significantly different at the

level of 0.05.

R 28 A8 Bk b R GK 10 3 M, T prnC AR S , praD
EIEE LI EE(E 15) . JK-SHO07 I #E ssud A
W R 5, prn i DR A ) 4l ik I 3R 5K 1 9 A8 46 T B
B R T MR BUE ) PRN A, T B
PR TR B 77 0855 -
2.8 ssuA £ [F B X JK-SHO07 B #k 4 4 & 34 AE
A

i W1 JK-SHO07 B A #% (WT) 5 Assud H R TEH
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2k

R AR A DAL AN [) 38 A7 1) o R, AR A 5 R R & R
fil B A A 2% €09 )6 (GFP) 1Y PHKT2 it B 5 A WT
5 Assud B2 35, Gl 2k 98O B s W%, GFP AR id
19 WT 5 Assud TR 52 B0 H AR R 19 2615 5 (18 16) o

3 Ao P MR RS A TR TV BOE B T WT i Assud
AR TE I AL BRI e B g ) . S5 R BoR, WT Ml
Assud R RETEA M B N 5l . SR, 5 WT AH I,
AssuA VRRETE R4 B AR . Z5 R0 9 22 B AR ) KR EE T
R, H ssud J& B 2R J5 X B MR 8 25 35 5 FH g 77 5% i
I K, ssud B R Bk 2R A0 TR B 78 47 1% 25 38 109 1 B RE )
[l WT AH Fb T B 80.77%, 76 MR . i3 1) 2 47 BE 71 43
ST % 78.57% F1 66.67% (&l 17A) o F| H Imagel #K {4
i 8 14 7 48 A AT LA IR0 I 11808 O BE R b i 4
W OF- ¥ 5 50 B (MFD o WK 17B fIf 7R, Assud B Bk
TEAG AL 85 T AR . ZE A0 ) MFT 48 WT R R, 20 5 F
% T 76.10%. 81.59% F1 69.80%

HL D6.2x4.0k 20 um

454 2.5.5 i JK-SHO07 B A= ¥k B2 Assud VR 1 A=
Y= AR B, & PR ssud B D REBR T, B AR 00 2R
Wy R i R T R, ) S B R A A A A R [
B P A 2 B RE ) i S AR (R 6) o R, ssud FE
PRI IE 9875 JK-SHO07 T Bk 1) A& 9 62 ) F N 2 5 T g
i, [ B A 15 B ssud FE R 5 RR 09 AR 9 T R R
A 28 A RE 1 VIAE G

3 i

AT AE N A A B B B. pyrrocinia JK-SHO07 1 £
o B [ AR A ssud B R, X H R AT AR W15 B A A IR R
RESIr R, xFENW 2K FF 1107 bp, HAH —4>
6 B 1) T ) 33 X, G 4K B2 S 366 S LR 11 AR
B, Hmim By 8 A ARG I = a5 i R
a-BRHE | A AT 0 T AR U] s A A, ssuA B TR 4
JL e AL T RSN . R Gk B 43 BT R BE, ssuA 4R

HL D83 x4.0k 20 um

12 ssuAd SRR S B AR BRI 2

Fig. 12 Electron microsscopic images of ssuA knockout strain and wild-type strain

7 A: JK-SHO07 B A= £k (WT); B: JK-SHO07Assud
Notes: A:JK-SH007 wild strain(WT); B: JK-SHO07AssuA.
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B 13 ssuA EFEERKIT JK-SHO07 EHER AR IE
Fig. 13 Deletions of ssuA genes had a significant effect on biofilm formation of JK-SH007
H: A 1: JK-SHO07 B4 4% (WT); 2: JK-SHO07Assud, B. Y= HuRE . RFE/NG FHRARER2EF 3 (P<0.05) .
Notes: A. 1: JK-SH007 wild strain(WT); 2: JK-SH007AssuA; B. Histogram of biofilm yield. Values with the different small letters were significantly different at the
level of 0.05.
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Bl 14 ssuA BERRR S BF MR -IE SRR BE
Fig. 14 The siderophore producing ability of ssuA knockout strain and wild-type strain

TE: ARRVNG SRR 2253 0.3 (P<0.05)

Notes: Values with the different small letters were significantly different at the level of 0.05.
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Fig. 15 The expression levels of prnA, prnB, prnC and prnD
genes in JK-SHO007 wild strain and ssuA knockout strain

T A/ NG TR 22 57 1235 (P<0.05)
Notes: Values with the different small letters were significantly different at the
level of 0.05.

5 B. arboris R R FRE T o KT ssud B KRB W5
AR D . 7 E. coli T ssud F R 4 i J&] 5 e 2 fifk
Ik 45 & # H (Van et al., 1999), #E I 4% B 15t 32 5 M 4=
H B B A 5T 2 R 13 S B (B, pyrrocinia) JK-SHO07
FER2H 1Y ssud FPRRT BE 23 52 Wi T bk A 90 15 04 9 1l s
1M Wood 45 (2006) % Bl A= ¥y I 1) T2 ) 3L 45 32 3 1 A+

PR R, A BT LA TK-SHOO07 1 AR (Y ssud FE K N
YIS, @B %3 N 5 & BLIK - SHOO7 Bk A4 9k 20 fig
B, AT AE R ssud B K 25 0948 5 2% 5
i I 24 Xof A Pk 19 3 B P AE AE — 2 09 B 1 ) (Sam-
paio et al., 2017) o 4% 3L B bR e, 8 B T X Fh R
il A5 TR AR 1 U8 20 BE T 35 43 M R BRI B R
ssuA FHE PR 5 R 5 40 A 3R 1L 28 25 0 51 52 Bl A
BETA A K, i 5 304 i 2 3h A G 25 1 5
BT R 3R R A AR, DT 3 i Tk Bl g
K25 JK-SH007 7K 8l (14 43 F L 5 2234 75 2 i —

Az 7 A0 B S B G A B A0SR 1 i R O E R AR PR
SR YA 0 A, B AR B AN B R AR B Bk Ak Py
14 7 B B S 3k 3 e K #5 AE B AR I B AR 40 (DAS
etal, 2011; R4, 2016) . Hid, Az ¥ B A9 1 0ot A=
B 240 T 7E AR ) A PN B AR ok R B EE A L (TR
45, 2021) o 180, Bacillus subtilis 6 051 £ ) JIE sl 55 74
SR A (4 AR B 5 B 1 ) BT A RUAH HG T [ (Bais et al.,
2004) o F5E & B, ssud FH X IE I8 45 JK-SHO07 B4 Bk 19
AW TR 1, 2 FE R 1) B 5 350 JK-SHO07 14 Ak A= )
R i RE 1 T B, M DU IX RT RB S R F ssud SEH S 5

o SsuAd
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B 16 JK-SHO07 EFAE#kRK ssud EEEFR % GFP Frid4AAL
Fig. 16 GFP labeled cells of JK-SH007 wild strain and ssuA gene knockout mutant strains

7E: AL JK-SHO07 #PA= 8k (WT); B. JK-SHO07AssuA .
Notes: A. J K-SH007 wild strain (WT); B. JK-SH007AssuA.
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B 17 JK-SHO07 EFAE#RR ssud EERIRHRIEGH EIE 8
EFERE

Colonization ability of JK-SHO007 wild strain and its
ssuA knockout strain in poplar seedings

TE: AL JK-SHO07 BFA: bk e ssud FEDE BBRBRAEA IR LT AR ZEA00 A BY

SEFAAE )5 B. IK-SHO07 BF A=k K ssud KK BRARIEA P21 i AR . 2570

NSO AR/ ING R 1 (P<0.05)

Notes: A. Colonization ability of wild JK-SH007 and ssud gene knockout

Fig. 17

plants in roots, stems and leaves of poplar tissue culture seedlings WT; B.
Mean fluorescence intensity of wild JK-SH007 and ssud knockout plants in
roots, stems and leaves of poplar tissue culture seedlings, Values with the

different small letters were significantly different at the level of 0.05.

T 54 W O WO G B T 0 G B i A2 5 % (Koch
etal,, 2005) o A= W) BT J ok A8 v 0 B A 22 0 45 o
(5 AT RE 5 ssud K& HE B9 A 7 42 40 2C (Sampaio
etal, 2017) o 4 ssud B Ak 2% if, JK-SHO07 74 #k i

F6 WIEKEMRTESEREHEENNXR
Tab. 6 The relationship between biofilm yeild and coloization
ability of WT strain
5 WTHH LL 5E 5 fiE

Colonization ability compared to WT

AR 5 WTAH AR P 5

Strain Biofilm yeild compared to WT R ES I
Root Stem Leaf
AssuA 153.31% 178.57%  |80.77%  166.67%

S Z BRI A R TR R, 3K AT RR T R R A ) R 2
R S, 0 T A W T R 0 A U

SE FH 2 A 7 A0 T R AR T Y AT (1 A
2010) o ssud H R B 4 TK-SHO07 B Bk 16 1 B4 44 14
PN B RE T 5 T 5k W R SR 2 A vk [ B A Y JK-
SHOO7 T R AH L A A7 B AR B . 25358 . 358 114 5 4 fig
Sy R T 78.57%. 80.77%. 66.67%. I, i JK-
SHO07 1Y ssud 3 [F IE A bR N AL B RE 1 . 456
JK-SHO07 T % S Assud T& % 09 4= W) 157 & 22 4k, &
I Assud AR LE D) I 3 WT AH LR R T 53.31%,
X — &5 FIE 5 Assud € FHBE 1 0 R IR T RS HAEY
HROE BURE 71 R B 0% o AR W BRI LS 1) 48 TR AE AR )
FEAE K B ORI AN ROR BT, AR W TR B RE
(18 I AT A A5 A1 ke 7 AL 0 3 1T B PR S 19 5 B R D ek 59
(R A IS SR, 2022) o BLAD, ssud 3 K ] B8 14 38 1 52 0
HoAth 5552 B AH C 09 7, n 28 (5 5 40 7 19 A R ER
3 W 3R T 2 52 Wi A2 BE AR 7 o WF ST K BH, c-di-GMP 4l
i 7K ST TE I 45 TR R A ) B R, B 4 TR R 1932 2
RE 1 (B8 WAL S, 2009) o TEASBIEFE HY, ssud DA k2%
J& » JK-SHO07 14 ¥k c-di-GMP 4f i 7K - F %, e ssud
B PRI 9 45 T AR o-di-GMP & K . c-di-GMP 41
JitL K SF TR R AT A 2 0 A L A ) RO AR AE
T3 B O, DT [ 42 52 i) 5 B fiE

A 7 40 TR R T T A i —PRN Y E BRI —
PRN E g — Bl B A ) 1% Bi o806 Pk 0 AR 2, 76 10 11
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W TR B AR K T & ¥ T AE ] (Pawar et al., 2019) o
ssud Fe B 22 5, 90 5 PRN ) pra 55 DR 35 40 % 3 A
prnd Fl prnB . T W 5 W praCAL M LM, 5
WT JC 2 5, 1l pruD b 35 b . X AT GE B 4520 T
PRN 19 & B, 105 3500 bk 40 1 BE 7 8055 o 410 7 ik
55 R WY, Assud TR X IX 3 PR A% W 15t 92 9 s Dt B AT 1Y
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PRI 3% 0 AR IS e, 150 BT R R 0 0 T BB ) RT RE S 4R
Y TE 1 AR W o0 W A 2 R R OG . AR W
AT LAAE Sy — Fh g 3 5% B3, BEL LE v it L 77 5 4 40 2 41
PR 422 fie, (] B 2B 0 v v 48 1R AT LA 43 WA BT TR A 5, G
YA % | W8 % (Jacques and Malouin, 2022) . i T ssud
B R S B A YR RE 1 R R, FTRESE I T
PRN 1973 W AR ISR o e Ah, WA 2ok R, 32
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4 ZEip
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