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5§ E: [FF1 @B HRKBRIEDRFEIEZRETZ—, TAEEDERPAFHBRDPLERERMRL.
2023 AR NG KL I FF3RE T @ Pseudomonas glycinae 5l A2t A A m i i G, [B 8] 3%
% Pseudomonas glycinae XJFL-1 B #Reg A B 484548, FFi@ it 5 B A Fedt ) KA B HR 89 ILEL R
LA AT, IR AT P glycinae #9345 45 A B Ak XIFL-1 A B 28 F =T 68 % 24 69 B A8 X 69 48 /)
TAIA., MASRZAXER T, [FE]AEARAER, WREABRAF T FRE Kiky
MFREARMGFIE,. BEFUAEHAAR. [ER] ARLZHELNRAD T BN . &
ABRAE O RRMARBER, AR EMEIZF). BN RN LA AN TZAE,; FHFR
— ZM (average nucleotide identity, ANI). #XF DNA-DNA % % 4 #7 (digital DNA-DNA hybridization,
dDDH) & 4k 25 M 5 #7458 R # i iZ B #k A P. glycinae, 7+ E P. glycinae %4t 44 &L A Fl R A B &£ B4
B G0 AR M ARY) 48 0 BE T4 R B & (plant cell wall degrading enzyme, PCWDE)4#7 45 & R+,
B XIFL-1 7 %344 37 #F PCWDE, * % 4 4% 3 /K% 84 (glycoside hydrolase, GH). X /KAL-E4h B B
(carbohydrate esterase, CE)#= % #& . #% B4 (polysaccharide lyase, PL); ) 2| 69 11%! 5k & 4o 20 B F
KR EE2H %GB lapA. lapB #= lapC, % atA BB B 69 phoA2, % A EENS Bt plcA = 4
25 JUT R B 64 chpD; A it & 46 ¥ B3 2 F i 8208 B T2 XIFL-1 %A 69 # A B , &4 |paH
K% 4) ipaH9.8. ipaH7.8. ipaH4.5. ipaH3 #= ipaH1.4, SLRP K4 SlrP, VAR sspH2. sspH1 F=
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NGR a03640, {2k Z# 3| mA Rk N RAR. RKBEE DN T LRI T, Bk XIFL-1 # %
Faem ik RIKBER . [4# ) WA RAF AR RESITERAHT B XIFL-1 5ELICH B
(Pseudomonas) M AR A M E AR 8g F 4k &, AR P.glycinae 89 Ft 1 @545, & AR B TR L5 R A
N, AMSBET F 5 69 PCWDEs 2k B Fo i 45 69 5 2R AR X 69 A o IA ik & G20 B T

FHEIR: AR, thBURE A AT BN A T M4 e e B T4 % B ; Pseudomonas glycinae XJFL-1

Genomic characteristics and virulence genes of Pseudomonas
glycinae, the causal agent of bacterial soft rot in ginseng

LIU Kun'?, SUN Wensong ", ZHANG Tianjing"?, SHEN Baoyu'?, LI Xiaoli'?

1 Liaoning Research Institute of Cash Crops, Liaoyang 111000, Liaoning, China
2 Institute of Medical Plants, Liaoning Academy of Agricultural Sciences, Liaoyang 111000, Liaoning, China

Abstract: [Background] Bacterial soft rot poses a significant threat to plant roots, resulting in
substantial agricultural losses. Our team identified Pseudomonas glycinae as the causative agent
of bacterial soft rot in ginseng in 2023. [Objective] To delve into the genomic characteristics of
P. glycinae XJFL-1, conduct a comparative genomics analysis for XJFL-1 with intra- and
intergenus strains, and predict putative virulence factors and effectors of type II and III
secretion systems (T2SS and T3SS, respectively). [Methods] We performed genome annotation,
comparative genomics analysis, and gene family analysis to predict the genomic characteristics,
genetic characteristics, and virulence genes. [Results] Genome annotation revealed the presence
of genes encoding the enzymes involved in carbohydrate, amino acid, and protein metabolism,
as well as key genes associated with flagellar movement, membrane biogenesis, and quorum
sensing. Strain XJFL-1 was identified as P. glycinae based on ANI, dDDH, and collinearity
analyses, and a high degree of intraspecific gene conservation was found for P. glycinae. Strain
XJFL-1 encoded 37 plant cell wall-degrading enzymes (PCWDEs) including glycoside hydrolases
(GHs), carbohydrate esterases (CEs), and polysaccharide lyases (PLs). In addition, the strain
carried the genes encoding effectors of T2SS (e.g. lapA, lapB, lapC, phoA2, plcA, and cbpD)
and T3SS (e.g. ipaH9.8, ipaH7.8, ipaH4.5, ipaH3, ipaH1.4, SlrP, sspH2, sspH1, and
NGR_a03640). However, pectinase genes were conspicuously absent. The results of the
pectinase activity assay indicated that strain XJFL-1 was unable to secrete pectinase.
[Conclusion] The results of comparative genomics and gene family analyses clarified the
genetic relationship of strain XJFL-1 with representative strains of Pseudomonas and the
intraspecific genetic characterization of P. glycinae. Additionally, the strain carried abundant
genes encoding PCWDEs and effectors of T2SS and T3SS associated with pathogenicity.
Keywords: genome; comparative genomics analysis; effectors; plant cell wall-degrading
enzymes; Pseudomonas glycinae XJFL-1
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A Z(Panax ginseng C. A. Meyer)J& 1Ll
ANSBNZAFAEREAREY, RARICEZEAM S
B, HARMGCA . #ME. gl Ak vE AL
N, BN ERASEE Y E .
PEEICIZ Ty . PURIMAEIRTE | ORAP O WE R 5 B
i IR e b g SR -

AR, LT ASRASRENHE L E
PR, XS BT R A R, X
NS AR EIM LD, 2 o NS5
PR R EERI ., AN, RS
WA E LR FZ—, HAHRED ., ZhRHE
AR H )P 2 R0 RTE 2%-5%, U E I T
10%L b, R BRAR B ™ A 48 R R B, 3k
SR, AR L, T R AR
AW . AR, HEITREE T,

1995-2000 4, 1125 2% % VR i A Ui
TEBOREN E . B R TR S SR A A B A
AN A e I 2 R IO IR 3 300
IV Ff(Erwinia carotovora subsp. carotovora Dye) .
HH B BRSCEG TR 22 12 3 (E. carotovora subsp.
atroseptica Dye) 1 41 17 fi F. Jifd 7% [Pseudomonas
caryophyll (Burkholder) Starr & Burkholder] & A
SN PRI IR AN . 2017 4F, Zhang %5
HIRHMIE T B R P. gessardii 512 YA
SN IR - 2023 4F, Liu 55 PE S I0Hr =
NS TP stk AR B 23 2 B B0 (A
W, REREMRE S R XIFL-1, B0 ENE
AR AR RGN | 3 AR R DL B A s A A
A (multi locus sequence typing, MLST) A H 4 5t
PRI 00 B, meZe 4858 R P. glycinae,

Nt IR R bR XTFL-1 JEDR 4 Y%
FRAE . TRRBURPLE, A0F5E I R RL R A R
LA LB o A R BRI K G o i, DA A 00
i 24 AT 500 AF DG R TURY | TS 53 28 e 80 PR 1
FFIVRE 0 24 JH BE [ £ il 2R (plant cell wall degradative

enzyme, PCWDE) ) Tl 55, LIMA A J5 2248 78
NS AR R A R A 618 50 R
4t 2B LA B 7 R A B AL i 5T 21
E PRV LA

AR

1.1 #m

S T 20 TR BB T (Pseudomonas glycinae)
XIFL-1PVF St B8 40 B8 A 55 2F 46 #T 78 (Bacillus
subtilis) 0417 BJHABIEE RS, ZALH EK
AR o Ao DR B O M
1.2 EFRHE

R RFE (/L) RE 5.0, B 4
5.0, B 20.0, pH 4.5,
1.3 FEFIMLF

22 J N FURE I R % ) A am) &, IR
BB AR A RA A B, Jbatiios
— AR BAGRBRREOAL, IR R AL
AR RA A
1.4 EEFMSIhEEER

{#i FH Clusters of Orthologous Groups of Proteins
(COG)! |
Technology (RAST)!"'FIl Kyoto Encyclopedia of
Genes and Genomes (KEGG)!" 2 454f 22 i7F 1 14 4
PRI 2 1% B PR S 7 AN B 5 i Virulence Factors
of Pathogenic Bacteria (VFDB)E EEVEA T3 1
77 1Y fdi ] Comprehensive Antibiotic
Resistance Database (CARD)EUHE FEUEATHI A &R
it 24 J PR T U4 s (i antiSMASH 038 e R A T
AR =P S8 i it - SignalP
5.0 AR 55 At s 2 DR A g 15 5 BRI 10 1O
1.5 ERFALLR S

18 13 GenBank %4 2 T 254 2 Pseudomonas
PR AR B 4 5 DR AL 9 R g 1 B 1 e 91 . AL
TBtools #FHY fast ANT w i {15 1R 2 J 7y

Rapid Annotation using Subsystem
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group/subgroup fUFRNER MR AT V- AT IR —
# 1k (average nucleotide identity, ANI)Z»Hr!";
H| ] Genome-to-Genome Distance Calculator 3.0
B R DNA-DNA 252 (digital DNA-DNA
hybridization, dDDH)Z#r!'*; {if F Mauve v2.3.1
B EA T 5 30T 2R TR AR O < ik PR R [ 3k
S ILL T, Hih, ANI Al dDDH B X}
[Fi] — ) 1) 5 IS 23 301 Ry 95 F 70,
1.6 EREXRESH

K Fl OrthoMCL BvE (% E PE N 1x107°,
Inflation {E >} 1.5)f# ] Ortho Venn3 7E£E /3 #T 1
LSS P I R T 12 ST RR A A3
P2 2R T A A T B, 061 738 PR R A Hir
RGERBWNT; REURIFE % P. glycinae
FINEHGER 7 DR SIER A E AP T
FERZE AT, FHEXT S R s B T A4k
1.7  tEYD40 Be B2 B AR B 500

h IR RR XIFL-1 AUEORHLE], XL
A REZ 511 PCWDE #E47 1500 437 . K A dbCAN
B %4 HMMER: dbCAN, DIAMOND: CAZy
1l HMMER: dbCAN sub ix 3 FhB& vk T Hikfr
CAZyme B8 PERIREZ . HUXFAIS3T o
1.8 T2SS F1 T3SS Wb RFEMNER 77

T2SS Fl T3SS 43 R G854 2% [CHIPEH TR
ECRYEREE N FREREEY, 2 HNR%
KBS 5ME-EEIME., MEENHAS
UG NS | 40 B B0 2 T8 1 18 A0 50
. T2SS HYIEH 6046 & Fh oK fifk B A 20 1 75
25 T3SS N2 1o 7 5500 0 B 2 5 3 7 40
JIEL 11 200 i J B R e S B 400 BT X A T 1) R
AR, H, X E 405 T2SS Al T3SS 4
WA R G0N R A R R, X Bt 5 o iR
PA R EOH ML B LK, BastionHub 5 PUfE%E
FETFR—IRYEIREARR, CBETT 20

THREBLHFN 5 i 32 10 > P BRI 1 20 Wb AU R
P12, FRARAL T S A T A AT A4 SE R
B TR AR5 38 2 3 50 o 2 T 4 3 R 41
EAFIKEARDT 50 aa, eftih e ) Hkk
XJFL-1 W5rW RGEHATIN, FHEESH T
T2SS FI T3SS 43 FR G800 K A Fh 288 K 43 A
TG0 [AIES, i&f# R SignalP 5.0 k55 %8 %1%
5 IR A5 0 A T
1.9 REREEEHHNE

Rk — A B UE R DR AL i B A BT 25 21, 40l
SR FH SR S 5 5% 6 R R e il % A nl &, K
B DR XIFL-1 7 S 1 14 e 7 R R B BTG 7 o
BHE X RO A D98 2 A A B RE RS 7™ A= I G
5 2E AT 18 (Bacillus subtilis) 0417

2 BRS04

21 EEFMEINEEERER

W w4 5L K 43515 COG \RAST .KEGG .
VFDB. antiSMASH F1 CARD %5:%{4f % k4T
BLAST X, FREENThfRE, SRR LILER 1,
2.1.1 RASTFBER

76 RAST H, HyERR] 5 827 M46H, F
KB 979 bp, HRH|DIRERA 2 3814, W
N 25 25 (category) . HiH LR %L 10 A E
RO 20 25]. 96 4~ 25 (subcategory). AT

*1 ARBFEEERBIRBR

Table I Genome annotation in different databases
Database Gene number Entry

KEGG 3227 5658

COG 2913 5476

RAST 2 381 5827

VFDB 149

antiSMASH 15

CARD 6
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R, FE R 2 20 2 R N AT A )
(amino acids and derivatives). /K{LA Y125
(carbohydrates) FlIZE [ 5t (protein metabolism),
FLRB I 480, 244 Fil 205,

i 7 JE R e 22 19 W28 02 28 11 Ui (protein
metabolism) 28 51| i 25 1 i 4= ¥ & A (protein
biosynthesis)E2, A E 136 NHEH, FEW
K BVER LG . SEMPAIZE, DL S B e K A
T BFEAELR (RNA Z AR P AL EE,
WAk, BAKAL A2 5 (carbohydrates) H Y HRAX B
X1 (central carbohydrate metabolism)V. 25 it 1]
THEEW R Z, A 94 (A 1),

2.1.2 KEGG FRBL&R

mE 2 i, i KofamKOALA T.H,
HERBIEALH 56584, IhAEIL N 3 2274,
1£ KEGG Y 6 73245 Hp ¥ A . Hi,
A (metabolism) . 755 {5 B AL B (environmental
information processing) Fl 41 i i #2 (cellular
processes) 3 MR H PR ERKZ .
Wk H oA, B4 R AR YE B3 (global and
e K b & o A
(carbohydrate metabolism) 1% %& /2 18 i} (amino
acid metabolism)JE R £, 45k 340 ~F1
322 14,

fii F| KEGG Mapper B #0871 £, {F R
DIRESE N R 2 EAE 262 J%iH % (pathway) [,
s L A 20 VL s B A 45 2%,
F W KAt . 2R A& i (biosynthesis
of amino acids), ATP %54 &% iz E H(ABC
transporters) A1 A 41 43+ & ¢ (two-component
system)55 4 SACHHE RS, By 93, 112,
135 Al 143, MbAh, BEARJE (Quorum sensing)
AP RETE i (biofilm formation) %5 i [ & 45 1Y
FHEBEW LKL, AR W0 FREEIE

overview maps) 4F ,

5 i EAR 09 B LA R BRI A S (G- 2).
2.1.3 COG FR%R

1E COG i BRIE A gt 2 H 5476 1,
NREHER 2 913 4>, (i bk 54.67%, FE A AIAE
20 251 WKl 3 R, BT RRACI R AE B
B Z, M1 396, [k 47.92%, %5
T @A REER )iz Hi A ([E] amino acid transport
and metabolism) FAERRM IR KL, HEN
323 A R 5 A5 S 2 A R S R B 658,
b 22.59%, %2R0 T A 1 RE /4 A A=
& L F 2% ((M] cell wall/membrane/envelope
biogenesis){F B F LR HEZ, HF 206 1~
2.1.4 VFDB, antiSMASH #1 CARD ;¥R

1£ VFDB 1, JEERR]E RN 149 4,
895 K 41 M & (adherence) . A B K (FAL
DAY B R 55 ) Rl 433 2 Gt (secretion system),
DL K 8k 85 F W UK (iron uptake) FTEE 25— W 1k
(magnesium uptake)5¥. AN, AEYIBIE R, &
9% 3k ik (immune evasion) , Ff {428 0 Fl AR 11 il (i
PEEE 11 ) 55 55 D A T R

1t antiSMASH 1, [E#k XIFL-1 3 [A4H
FEASE IR 15 AN, Hd 14 M5 RE
RS- PAaoE, 1 A5 OE, 0
£ NRP FI other i 2 254, H, 24
FERFEBIAUE A 100%, I HIJE NRP 2,
4y % >~ bicornutinAlbicornutinA2 3t [& #% il
luminmide & X #% .

A1, 7E CARD H, SEE 3 6 hitE AL,
47547 AbaQ (1 322 bp) . 2 4~ adeF (3 098 bp FiI
3191 bp) . FOSA (416 bp). vanW (824 bp)7Fl soxR
(458 bp), FEW KediA: F M (antibiotic efflux) .,
P14 E K (antibiotic inactivation) 1y 4= & i
J5 U8 (antibiotic target alteration)ZF 3 Fhyu:
HLH
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Glutamine, glutamate, aspartate, asparagine; ammonia assimilation

Peripheral pathways for catabolism of aromatic compounds

‘ategory

Inorganic sulfur assimilation

Alanine, serine, and glycine

Proline and 4-hydroxyproline

Aromatic amino acids and derivatives
Branched-chain amino acids

Lysine, threonine, methionine, and cysteine
Arginine; ureacycle, polyamines

Histidine metabolism

Metabolism of central aromatic intermediates

Stress response

Detoxification

Oxidative stress

Osmotic stress

Respiration

Electron donating reactions
Electron accepting reactions
Biotin

Nitrogen metabolism
Isoprenoids

Fatty acids, lipids, and isoprenoids
Fattyacids
Phospholipids

—~

1 RAST FRBREEHDEZTLE

Figure 1
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Categorical bar chart of annotated genes in RAST.

104

Miscellaneous
I Membrane transport
I Iron acquisition and metabolism
I RNA metabolism
I Nucleosides and nucleotides
I Protein metabolism
I Motility and chemotaxis
B Regulation and cell signaling
Bl DNA metabolism
I Fatty acids, lipids, and isoprenoids
I Nitrogen metabolism
I Respiration
I Stress response
I Metabolism of aromatic compounds
| Amino acids and derivatives
Sulfur metabolism
Phosphorus metabolism
Carbohydrates
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Cell motility 58
Endocrine system [ 18

B2 KEGG EBREREMNSLFLE

Genetic information processing

- Environmental information processing

Figure 2 Categorical bar chart of annotated genes in KEGG.

22 HEEALLBESHER

PR XTFL-1 3R 415 51 515 20 0 s
group/subgroup M [F Pk iy J K 4 Ty 51 i0E 1 7
ANI F1 dDDH 43 #2145 5 @R, 5 P. glycinae
MS586 Fi P. kribbensis 46-2 [ ANI {H Fl
dDDH {HAHX 85, 4098 95.94 Fil 86.90,
DL K 91.56 1 76.40, ULEHEEPE XIFL-1 5 3%
MRS KRR iR, JFH ANI Al dDDH & [A]
At S 945 R ok XTFL-1 5 58 ¥k MS586 F5E A [l

— W, WKk 46-2 WA dDDH {H Rk
H 5 R Bk XIFL-1 A€ W — P Fh (& 3). & 4
Jis, LTS FaRgE R 8, (AEK
XJFL-1 55tk 46-2 T & BT 3R KR K e
I FLIR) 5 35 R o7 B A TR) - 1T 5 7 Bk MS586
22 B AE [) 5 5 By T 1 A8 S5 D AH X 4520, fH
BT 2 DNERA R . AEBEAE 3, X
YRR R AW ST 2 DR R A Y
kg .
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#*2 KEGG BREESH
Table 2 Enrichment analysis of KEGG pathways

Entry Name Gene number>20
map01200 Carbon metabolism 93
map01210 2-oxocarboxylic acid metabolism 26
map01212 Fatty acid metabolism 24
map01230 Biosynthesis of amino acids 112
map01232 Nucleotide metabolism 40
map01220 Degradation of aromatic compounds 20
map00010 Glycolysis/Gluconeogenesis 27
map00020 Citrate cycle (TCA cycle) 23
map00030 Pentose phosphate pathway 32
map00051 Fructose and mannose metabolism 20
map00520 Amino sugar and nucleotide sugar metabolism 39
map00620 Pyruvate metabolism 38
map00630 Glyoxylate and dicarboxylate metabolism 33
map00640 Propanoate metabolism 26
map00650 Butanoate metabolism 26
map00190 Oxidative phosphorylation 49
map00720 Carbon fixation pathways in prokaryotes 25
map00680 Methane metabolism 21
map00564 Glycerophospholipid metabolism 21
map00230 Purine metabolism 63
map00240 Pyrimidine metabolism 32
map00250 Alanine, aspartate and glutamate metabolism 27
map00260 Glycine, serine and threonine metabolism 47
map00270 Cysteine and methionine metabolism 41
map00280 Valine, leucine and isoleucine degradation 25
map00310 Lysine degradation 21
map00220 Arginine biosynthesis 24
map00330 Arginine and proline metabolism 32
map00540 Lipopolysaccharide biosynthesis 24
map00541 O-antigen nucleotide sugar biosynthesis 24
map00760 Nicotinate and nicotinamide metabolism 21
map00790 Folate biosynthesis 28
map00860 Porphyrin metabolism 42
map00362 Benzoate degradation 23
map03010 Ribosome 54
map00970 Aminoacyl-tRNA biosynthesis 26
map03440 Homologous recombination 22
map02010 ABC transporters 135
map03070 Bacterial secretion system 35
map02020 Two-component system 143
map02024 Quorum sensing 45
map05111 Biofilm formation-Vibrio cholerae 29
map02025 Biofilm formation-Pseudomonas aeruginosa 48
map02026 Biofilm formation-Escherichia coli 27
map01503 Cationic antimicrobial peptide (CAMP) resistance 23
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L] Arvpaivsetaa,

[B] Chromatin structure and dynamics

L AMUAIRU LI MR & e

[D] Cell cycle control, cell division, chromosome partitioning
[V] Defense mechanisms
[T] Signal transduction mechanisms

[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

[1] Lipid transport and metabolism

[P] Inorganic ion transport and metabolism

[Q] Secondary metabolites biosynthesis, transport and catabolism

[S] Function unknown

3 COG ERERMTEFME

I Information storage and processing
Cellular processes and signaling

45 Metabolism
41 I Poorly characterized
88
239
119
323
140
156
132
240
47
355

Figure 3  Categorical bar chart of annotated genes in COG.

23 ERRBESHER
2.3.1 EBRIESERERERKES
HETRNAEAFH], ffH Ortho Venn3
TEL BT X 11 A @ N i Gt i bk A7
LR F 4y M (OrthoMCL 3%, IFHE RS A
T K 5 B, 2R ER, 2363 MEEK
SR K e N 7 9 o S A D o N B
2 1) 4 A Y A B B A R A L
MEGA 11 #4, *%H l:lj@[Sng“(nelghbor—Jommg,
NJ). JTT+CAT {#fbBiRY, H2% 5 E (bootstrap)
1000 ¥, KT 2N AE A FIMERRELT
(& 6), 453 R Fk XIFL-1 5 P kribbensis
46-2 1 P. glycinae MS586 At - [d—43 37, 3FH.
Fikk XIFL-1 5 P. glycinae MS586 HIE%% % &
WiT, 5 ANI{H. dDDH B AL v by i 2%
A —E

2.3.2  P.glycinae M E E Kk 5
W 7 B, RNSER ST R, 4 803 4>

FERZEGNFIN 7 A BEREITIE, & P. glycinae
PIAZOHE, b f TRk MS586 1Y 4 820
LR ERE XIFL-1 B9 4 836 AL . Bk
PSB00018 11 4 825 PJEA | Itk FSL M9-0544
) 4 826 MFE[H | Pk BML-PP039 [y 4 822 4~
JER . Hifk BML-PP024 (1) 4 826 A3 K FI Bk
FSL S12-0139 (1) 4 820 3, gt 33 775 4~
PRSP . SR Z 8O K HEAE P. glycinae
Tl N 2 i BE AR ST Y, AU D BRI 05 45 1
PR ER AT, HA Rk PSB00018 rEA 1)
KR 6 N 12 AHEH). HEfk XIFL-1
N3N 8 KL (bR FSL M9-0544 47 1 1~(5%
2 M), HEbE BML-PP039 £ 1 4N(Fr 2 A3
K). Htk MS586 A 1 N(& 2 M), Hfk
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=3 B XJFL-1 SERRETRMEEKEERALLL R 287 ANI {51 dDDH &

Table 3 ANT and dDDH values between strain XJFL-1 and other typical strains in genus Pseudomonas

NCBI RefSeq assembly Species Strain ANI value dDDH value
GCF_001594225.2 P. glycinae MS586 95.94 86.90
GCF_003352185.1 P. kribbensis 46-2 91.56 76.40
GCF_011369485.1 P. atagonensis PS14 88.84 68.90
GCF _900101415.1 P. koreensis LMG 21318 88.76 66.50
GCF_002813455.1 P. baetica LMG 25716 88.20 53.20
GCF_900104905.1 P. jessenii LMG 21605 86.36 42.10
GCF_019693255.1 P. mandelii KGI_MA19 86.05 46.70
GCF_014524625.1 P. chlororaphis qlu-1 85.07 39.40
GCF_000012265.1 P. protegens P£-5 84.08 34.20
GCF_001708425.1 P. corrugata RMI1-1-4 83.73 32.00
GCF_900101185.1 P. gessardii LMG 21604 83.47 29.30
GCF_900215245.1 P. fluorescens ATCC 13525 83.39 31.70
GCF_900105475.1 P. asplenii ATCC 23835 83.01 29.40
GCF_015476275.1 P. fragi NL20W 82.17 24.10
GCF_000412675.1 P. putida NBRC 14164 81.38 22.40
GCF_003671975.1 P. monteilii BS5 81.29 22.90
GCF_000761155.1 P. rhizosphaerae DSM 16299 81.28 20.90
GCF_018394375.1 P. syringae Susan2139 81.10 21.20
GCF_000759445.1 P. lutea DSM 17257 80.55 19.80
GCF_000297075.2 P. oleovaran CECT5344 80.20 17.50
GCF_900105355.1 P. anguilliseptica DSMI12111 80.00 17.10
GCF_900112645.1 P. straminea JCM 2783 79.96 18.10
GCF_000006765.1 P. aeruginosa PAO1 79.85 19.00
GCF_000423545.1 P. resinovorans DSM 21078 79.82 18.40
GCF_900109175.1 P. linyingensis LMG 25967 79.70 17.00
GCF_019704535.1 P. stutzeri GOM4 79.20 16.40
GCF_000826105.1 P. massiliensis CBI 79.14 16.90
GCF_900105995.1 P. pohangensis DSM 17875 78.69 15.20
GCF_007665635.1 P. oryzhihabitans DEO0585 78.61 15.50
GCF_014646575.1 P. pertucinogena JCM 11590 77.66 13.60

BML-PP024 A 1 (% 2 1MEH), H#E FSL
S12-0139 %A FrA 3R Rk

SN 28 AN K f# I (glycoside hydrolase,
GH) X N % . 7 ik KAk & Y BE

2.4 PCWDE #thsh

T dbCAN Bl A B3 222 ik /K Ak
BV TE I T, HEBROBE L 5% B8 1 (glycosyl
transferase, GT). Hii#G 1 (auxiliary activitie AA)
ik K AL G W) 45 5 B Bt (carbohydrate- binding
module, CBM)&E )5, G111 T 37 # PCWDE,

(carbohydrate esterase, CE)3& [ 5l 2 2 b

24 iR B JE [ & % (polysaccharide lyase, PL)

(&l 8).

2.5 T2SS 1 T3SS 3R EFFum4s R
BastionHub M5 2R /R, T1SS-T4SS

1 T6SS 73 Z GeAs0 K 5~ 1A O 3 PRI 7E XTFL-1
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Figure 4 Collinearity analysis diagram of strain XJFL-1, MS586 and 46-2.
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Figure 5 Upset diagram of OrthoMCL analysis between XJFL-1 and closely-related strains in Pseudomonas
(only the first 20 columns shown).
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6 ETEAEGEMERAEAFIIHENRGLAEN
LR ZH ¥ 51 ) NCBI GenBank #5855 EALI 70 32 5 B AR 1% 50 32 05 1) bootstrap {H, HUELLA 43
FE()E R 5 A RO AN B 19 73 ST AR A L TR 2 8 A% 70 5

Figure 6 Phylogenetic tree based on genomic protein sequences of closely-related strains in Pseudomonas.
The numbers within brackets following the bacterial strains indicate the NCBI GenBank accession numbers
for their genome sequences; The numbers at the nodes of different branches in the phylogenetic tree indicate
the bootstrap values, which are displayed in the form of percentage (%); The number of scale bar indicates
the genetic variability of the genome sequences represented by the branch of this determined length.
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Figure 7 Cluster-venn diagram of seven intraspecific strains of P. glycinae. Only the first 20 rows shown.
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Figure 8 Categorical bar chart of PCWDESs in dbCAN. PCWDE: Plant cell wall degradative enzyme.
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FexF 25 AR N, XTFL-1 4wt it T2SS %0 &
FEA IR E#(LipA I LipC). & IfF(LasA) .
JUT B E(VC 1952 F1 CbpD) . B M # % iy
(LapA). BEARTHF(PIcA F1 PlaA)FIiE ok DNA [
fif% 25 1(EddA),, 2805 J8 BRI B AE ¢, IR &
Sec/Tat 18 5% iz 2 Ji] 25 () ML AR IR 5% .

Wik s frR, 16 T3SS & K1+, XJFL-1

[ RE T R 2 2 R A 1 -1 3 B S BOR AR
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#*4 XJFL-1 5 T2SS N EFHEXHEBRMmGEE
Table 4 Protein encoding genes associated with T2SS secreted effectors in P. glycinae XJFL-1

Pegs** BastionHub ID Length (aa) e value* Gene name NCBI ID UniProt ID
Fig.1986 SS02158 520 0 eddA AGV61862.1 Q9HXA3
Fig.706 SS02162 368 4e—179 phoA2 - P35482
Fig.706 SS02163 370 7e—148 PA0689 NP_249380.1 QII5N7
Fig.706 SS02164 392 6e—98 phoA2 QO02HIO0.1 QO02HIO0
Fig.3612 SS02152 311 3e-75 lipA WP_048521053.1  lipA
Fig.3612 SS02153 309 le-71 lipC - Q9HUZ7
Fig.2016 SS02175 423 1e—90 plcA AAM73854.1 -
Fig.813 SS02152 311 9e—65 lipA WP_048521053.1  P26876
Fig.813 SS02153 309 Te—64 lipC - Q9HUZ7
Fig.3612 SS02193 324 3e—58 lipA ABW70205.1 -
Fig.2952 SS02145 377 3e—06 lasA AAA25873.1 P14789
Fig.813 SS02193 324 2e—47 lipA ABW70205.1 -
Fig.333 SS02206 494 le—12 gbpA CAC83040.2 -

Fig.94 SS02169 337 le—09 Ipg2848 AAU28896.1 Q5ZRN2
Fig.3245 SS02161 383 le—23 glpQ - Q9I6E6
Fig.333 SS02165 497 5e-20 cbpE WP_012074647.1  A6V168
Fig.333 SS02148 389 le—11 cbpD WP_003114231.1 Q91589
Fig.4757 SS02145 377 4e—07 lasA AAA25873.1 P14789
Fig.333 SS02187 494 5e—14 chiy CAC83040.2 -
Fig.437 SS02158 520 le—06 eddA AGV61862.1 Q9HXA3
Fig.334 SS02214 846 5e-25 VC_1952 EGQ97456.1 QIKQP6
Fig.5573 SS02174 309 le—12 plaA AANG63820.1 -
Fig.3729 SS02158 520 7e—06 eddA AGV61862.1 Q9HXA3

*: e value <e™. **: Protein encoding genes. —: No relevant record.

=5 BE# XJFL-1 55 T3SS R A FHANELREBER

Table 5 Protein encoding genes associated with T3SS secreted effectors in strain XJFL-1

Pegs** BastionHub ID  Length (aa) e value* Gene name NCBI ID UniProt ID
Fig.150 SS02426 363 le—153 X004042 WP_011260398.1 Q5GVH7
Fig.5157  SS00757 413 8e—129 hopAJ1 AA054387.1 Q889A9
Fig.2041 SS00494 202 2¢—89 sodA WP_003721944.1 P28764
Fig.2085  SS00604 113 Se—67 Psyr_1017 AAY36073.1 Q4ZXP9
Fig.2961 SS00708 2042 le—48 Psyr_0527 AAY35597.1 Q7PC42
Fig.5178  SS00766 159 le—41 nodN AWO090898.1 Q89N83
Fig.2751 SS00653 208 2e-35 hrpw Q60236.1 Q60236
Fig.2961 SS00850 466 7e—20 ALO36_02932 AA054928.1 QIL6W4
Fig.3467  SS00714 571 le—18 ipaH3 WP_011069360.1 Q83RJ4
Fig.3467  SS00485 574 3e-17 ipaH4.5 WP_010921638.1 P18009
Fig.3467  SS00554 545 8e—17 ipaH9.8 WP_000936809.1 Q32676
Fig.3467  SS00576 545 le—16 ipaH9.8 WP_000936807.1 Q3YTHS5
Fig.2106 ~ SS00708 2042 2e-16 Psyr_0527 AAY35597.1 Q7PC42
Fig.3467  SS00204 545 2e—16 ipaH9.8 WP_000936806.1 D2AJUO
(548)
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(BL3R 5)
Pegs** BastionHub ID  Length (aa) e value* Gene name NCBI ID UniProt ID
Fig.3467 SS00787 545 2e-16 ipaH9.8 WP_011114775.1 Q8VSC3
Fig.3467 SS00820 765 2e-16 sirP - Q82QQ2
Fig.3467 SS00195 765 2e—16 slrP WP_000481997.1 DOZRB2
Fig.3467 SS00111 545 4e—-16 ipaH9.8 WP_012421769.1 B2TTS54
Fig.3467 SS00549 545 Se—16 ipaH9.8 WP_000936800.1 Q31SH3
Fig.2836  SS02431 252 6e—16 yoaG EFX50805.1 Q7CPU3
Fig.3467 SS00196 700 2e—15 sspH1 WP_000481981.1 D0ZVG2
Fig.3467 SS00951 788 Te—15 sspH2 AGO0786 -
Fig.3467 SS00490 565 7e—15 ipaH7.8 WP_010921637.1 P18014
Fig.3467 SS00683 575 9e—15 ipaH1.4 AAP79042.1 Q6XVT8
Fig.3467 SS00194 788 le—14 sspH2 WP_001115840.1 D0ZPH9
Fig.3467 SS01110 788 le—14 SspH2 CAR33808.1 -
Fig.3467 SS00470 788 le—14 SspH2 WP_001115840.1 POCE12
Fig.3467 SS00164 610 3e—14 nopM BBC02569.1 C4PL8S
Fig.4723 SS01133 490 3e—14 pkn5 CAX10239.1 -
Fig.4723 SS01135 490 3e—14 pkn5 CAXI11132.1 -
Fig.2982 SS00714 571 4e—14 ipaH3 WP_011069360.1 Q83RJ4
Fig.2982 SS00164 610 le—13 nopM BBC02569.1 C4PL85
Fig.3467 SS00509 546 2e—12 NGR_a03640 AAB91674.1 P55456
Fig.2982 SS00767 585 Se—12 blr1904 ANDS87489.1 Q89TLS
Fig.2982 SS00787 545 2e—11 ipaH9.8 WP_000936806.1 D2AJUO
Fig.2982 SS00204 545 2e-11 ipaH9.8 WP_011114775.1 Q8VSC3
Fig.2982 SS00576 545 2e—11 ipaH9.8 WP_000936807.1 Q3YTHS5
Fig.2982 SS00554 545 2e—11 ipaH9.8 WP_000936809.1 Q32676
Fig.2982 SS00111 545 2e—11 ipaH9.8 WP _012421769.1 B2TT54
Fig.2982 SS00549 545 3e—11 ipaH9.8 WP_000936800.1 Q31SH3
Fig.2982 SS00485 574 3e—11 ipaH4.5 WP_010921638.1 P18009
Fig.2982 SS00683 575 4e—11 ipaH1.4 AAP79042.1 Q6XVT8
Fig.2982 SS00490 565 le—10 ipaH7.8 WP_010921637.1 P18014
Fig.3467 SS00767 585 2e—10 blr1904 AND87489.1 Q89TLS
Fig.4039 SS02454 302 3e—10 AG1IA_05142 ELU40828.1 L8WVP3
Fig.2982 SS00195 765 S5e—10 sirP WP_000481997.1 D0ZRB2
Fig.2982 SS00820 765 6e—10 slrP - Q8zZQQ2
Fig.2982 SS00951 788 3e—09 sspH2 AGO0786 -
Fig.2982 SS00194 788 4e—09 sspH2 WP_001115840.1 D0ZPH9
Fig.2982 SS01110 788 4e—09 SspH2 CAR33808.1 -
Fig.2982 SS00196 700 4e—09 sspH1 WP_000481981.1 D0ZVG2
Fig.2982 SS00470 788 4e—09 sspH2 WP_001115840.1 POCE12
Fig.457 SS00868 428 4e—08 CP_1108 AAD18902.1 Q9Z7E2
Fig.2982 SS01097 788 6e—08 sspH2 WP_001115840.1 DOZPH9
Fig.3467 SS00855 1024 2e—07 popC Q9RBS2.2 QI9RBS2
Fig.3277 SS00855 1024 4e—07 popC QI9RBS2.2 QI9RBS2
Fig.2982 SS00509 788 le—05 SspH2 CAR33808.1 -

*: e value <e™. **: Protein encoding genes. —: No relevant record.
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F A3, XIFL-1 F il i Kk 24k T3SS 2
K5 4 g 4h X 38k (GO: 0005576) . 4 il J5i (GO:
0044164)FI4IIER%(GO: 0042025)F156, 54HH
BOWPEIR R EY] .
2.6 REREEINELER

i 9A FE 9B Fron, TERB I I 5 AR
I, 28 °CH;i5% 48 h, Wtk XIJFL-1 RREAEK,
M BB PR 0417 REME I B K . Z R FUMEmE
% i (polygalacturonase, PG)Jif J1 I %€ 45 1 &
7N, PR XJFL-1 5% BTtk 0417 B ) 22 5
W3, IF H AR XIFL-1 0193% J13238 T 0 (K1 9C).

ARG R R YIRS LA W Rk 0417 T
DA 28 43 0 SR B SIS (T 22 58 > LA T 1R I ) /K
s SR B P R R R BCA LB 5%, dERF IR A&
K MZ T, WEiscadr, \TREARH
MDA SCIEIR, RBR XIFL-1 AfEr= A R i
K, NREABFAIRE, SBEEAELURBAE N
ME— A HUE TR IR R SR b 2 B, eIk e
WK,

3 WREER

SRR A — 2 S PR AN BT, B SR Sy
Mz, K. ISR A HRE . J8 N
R AV Re 20, A5 Z R0 ED 9 5
YHTAT, ARG I8t 92 96 B0 T T P R A
WEBEEOE 22 R (P. syringae pv. actinidiae)®™ . &
A 200 TR S0 O T T M R 5 B A8
Fh(P. syringae pv. tomato)®! | 11 BB T 4 B
Bfity(P. viridiflava) FIHH FEF SO TR P. amygdali
pv. tabaci®% |t Z R e IR R RS DA
W, WA EE RS BUA I Pseudomonas
sp.P% A R T BRTARL B 05 4 B 41 R AR A L
B (P. aeruginosa)’ 1 4 5K J5 K B 9% 5 BT 4N
B ¢ TGP 1 (P. fluorescens)™4%:

Jia ZPU2018 4E 15 U MK E 4R i (charcoal
rot) 5 & A H AU AR PR b S8R 5 b o B S PR
¥k Pseudomonas sp. MS586., Ji 4 Bl AE AL
W NETERAGI . DNA $8& 40 %58 M PR 20 244y

ok ok ok
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o

n
1

PG activity (mg/(h-mL))

Elo ZEBIIMEMEEENRMNER A. P.glycinae XJFL-1. B: B. subtilis0417. C: PG i J1#:
ZERFELIE. PG: ZHPEFUMEREIRN ; ****. P<0.000 1
Figure 9 Results of PG activity assay. A: P. glycinae XJFL-1; B: B. subtilis 0417; C: Box plots of PG

activity assay. PG: Polygalacturonase; ****: P<(0.000 1.
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Hr, 2020 4 Ma 5PN H S R I8 M B 114
—ANERl, 44 P. glycinae, 2023 4E, Liu &
ZHWF5E K P. glycinae XJFL-1 24T A2
77 DX B 2R s A B0 T

AHF5EE L ANI{E . dDDH {EFI3E F 43t
K20 2 1 R G0 L B W R b, itk —
AHRINFEIRE XIFL-1 4 P. glycinae, 18 i £E D %%
I, WS R IE MR XIFL-1 5 Pseudomonas
J& N 11 ¥k group/subgroup {25 B #k 1) 345 L K]
FIEH 2 3634, i P. glycinae f N 7 4~
PRI A FE I RN Z 3k 4 803 4>, U FHIZH
1t Pseudomonas J& N -H A % m B Rl N B ST
AR, TEAR XIFL-1 B2 i e 3 5 2d SR
oK ALG AW . EA s . AV EIE B
TR AR DG B S R R e 22, S S 556 IR R TR
AT 7 45 AR AE PRI RN T B TR, R
o, Ry A 5 — 2 figf Ay DR 2 P 2 TR B i 24
T A

PCWDE A Bl T4 Y9 J5i i 28 325 1 FAE W)
MRS ALZY 29 I A B o 1) S0 B 21,
ABFGEAE AR XIFL-1 (93 R 2l Hp F0 5 37 F
PCWDE, F%°4 GH. CE fil PL. 47 Y53l
ARGt e — KRB IR RE S, 7 5 A S I B (B
VWG B B K Lo b, 2 SE A T A
Ve ny EEEUAR, e EIR 518 EZ R
S PR el R Ik (T I 8y I S R
T DhREHE AR SR AE B A A BT TR
AT 95 D Al RO s EAE PR A B FE A
A FRAR SRR R . T2SS 74 % FC A M4 A
I AETE, TR TR AW, A EATMN
Jil Btz B ML AR R BE , JFAE e A v B A S ik
SERMUIN T MR A R E T T2SS R G0 W
22 240 B RE R A 16 , 40 A 7 T8 (Lip) R % AE T8 (P1e)
B3 BBk XIFL-1 s R B T2SS #00 H 74

#%5 lapA. lapB Fl lapC ZmtsAIAS i, phoA2
2R B P R T R T, pl A 44 5 ) ik i T A1 cbpD
i JLT R, it SignalP 5.0 AR 454 Tl 2]
Itk XIFL-1 S gmt E 7S &4 761 4>
B E S RER, Hh 681 ANPLHIN N Sec #
BT IME SR, 42 18 Sec ¥z TIRE AR
SRHN ST A Tat {55k, X EEAF S IS T
T2SS AHCHE 7 143 . B ATS 2 O0C
L BRI A IR S 4R s bR XTFL-1 93
S R DG 7 R R B4 R

T3SS 43l RGEHLJE T W25 50 W, FARZH K
ToriE A, HIOR S ME R e MALR . ke
FPE R G KR RE S RS A OISR B
Pk XTFL-1 FR sl 1 i) E3 12 58 2 500
Rl - E 8, A4 ipaH % RY ipaH9.8. ipaH7.8.
ipaH4.5. ipaH3 Fil ipaH1.4 5:[H, SLRP 4
SIrP 3E[H, A sspH2. sspH1 Hl NGR a03640
FER . Hor, ipaH ZEEH 5 A0 R R 7R
AP T (Shigella) il i 2 512 AL R0 R R 5 1
I %5 1 (guanylate-binding protein, GBP) il
1 EM G RGP, i sspH2 FERFEVD T G B
(Salmonella) i T #t F 15 5 3 #% th W] 3 5 52 v
IRF3 (R 2Ry 1B T RG 5@ s, M
R A2 F AR AR, SR, AT HA
DL B R ) A R R R I B, A b
KT B (Pectobacterium carotovorum)®”! | 3
ORI R XIFL-1 943k R4l IF AR e B 3
TR AH DG BE Y, 2 0 UE A TR A RE AR R
fily, JCEFI R IE SRk 4 AR K, XaJRE S
P. glycinae A< BB A EUR LA OC, W7 2iif
— LW R IE

AR 4R 4E T P. glycinae XJFL-1 5L [
WAL FHIE . FRAFRER DN, FEKR
i g 0 BUW M BCRE DA OC I I AR,
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