[DEXyESI

Acta Microbiologica Sinica

2023, 63(2): 786-804
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20220482

Research Article Bt &=

PR KRB A% ZREY R = E DR T
Pseudomonas boreopolis GO2 B < EF BN FF &
EERERBF o4

BEW AR BEE L BEE L REE D BEm

1T PR ARG i T i 22 A A PR RS B 47 e A R S R, UL T 315211
2 TRCRFHERE, WL T 315211

LR, Mk, Ihate, R, 2E%, S, FIFAR A 4E R EY " MEEWMZEER] Pseudomonas boreopolis
GO2 (42T KA 7 K HEHCRE R4 22 A3 BT (7] A28 41k, 2023, 63(2): 786-804.
FENG Jiayin, HE Jikun, SUN Jiayi, FU Xuezhi, YUAN Jiaao, GUO Haipeng. Genome sequencing and comparative genome

analysis of Pseudomonas boreopolis GO2, a strain producing bioflocculant with lignocellulosic biomass[J]. Acta Microbiologica
Sinica, 2023, 63(2): 786-804.
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SHAERTEAREER. RALF 0. LBERNF e 28, 5 4 AESAEXARAITT
AR, [£R] Bk GO2 ABE LKA 4498 896 bp, GC A& 4 69.5%, %Ah 3906 4~k
. Bk GO2 5 Pseudomonas boreopolis JICM 13306 49 16S rRNA £ B A8 4ol 'T‘ilj#F—Ej‘fglx*‘ﬁ;f
(average nucleotide identity, ANI). DNA-DNA % %X (DNA-DNA hybridization, DDH)/& 5 &, -5 %
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Abstract: [Objective] Pseudomonas boreopolis GO2 synthesizes bioflocculant with lignocellulosic
biomass. In this study, the whole genome sequencing and comparative genome analysis of GO2
were performed to explore its genome characteristics and analyze genes related to
lignocellulose degradation and polysaccharide bioflocculant synthesis. [Methods] Illumina
NovaSeq was used for genome sequencing, and SMRT and other software for genome
assembly, phylogenetic analysis, and gene prediction and annotation. Moreover, the genome
was respectively compared with that of four similar model strains. [Results] The genome of
GO2 was 4 498 896 bp, with guanine-cytosine (GC) content of 69.5% and 3 906 coding genes.
It showed the highest 16S rRNA gene similarity (99.93%), DNA-DNA hybridization (DDH)
(88.00%), and average nucleotide identity (ANI) (98.36%) to P. boreopolis JCM 13306.
Therefore, this strain was named as P. boreopolis GO2. GO2 shared 2 348 core orthologous
genes with the four model strains, and these genes were mainly involved in the pathways of
carbohydrate metabolism, amino acid metabolism, and energy metabolism. The 307 specific
genes of GO2 were mainly involved in the pathways of transcription, replication, repair, and
cell wall/membrane biogenesis. GO2 contained 226 carbohydrate-active enzymes (CAZymes)
genes, accounting for 5.79% of the total number of genes. Among the CAZymes genes, 82
belonged to the glycoside hydrolases (GHs) family which was related to plant cell wall
degradation and 3 clusters of polysaccharide synthesis genes were formed by glycosyltransferases
(GTs) family genes. [Conclusion] Based on the comparative analysis of genome sequences,
GO2 is named Pseudomonas boreopolis GO2, and its genome contains rich plant cell wall
degrading enzyme genes and three polysaccharide synthesis gene clusters, which may play an
important role in the synthesis of bioflocculants by with lignocellulosic biomass in GO2.
Keywords: Pseudomonas boreopolis GO2; bioflocculant; comparative genome analysis; CAZy
family genes; gene cluster
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Tl W 245857 (microbial bioflocculant, MBF)
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b CAZy FEPRE N B 1%-3%, A
LA e R R ATE & A F & CAZy B, &
Hehy 3%—5%, WK LF 4 R B A% 78 Bacillus
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TR T L B e R s A T 2. MBF!
LRI TR =80 CRAGRIKA, Mk
PR H R BEW, ¥ X MA% PN T Luria-Bertani (LB)
WARKEFRIET, F 30 'C. 200 r/min 7 TR
DitEg% 24 ho BU2 mL 4 ETFR, 10 000xg
B0 1 min, WCER AR A T2 2] DNA $2HC
1.2 EEFERE. NF
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WP (e w0l R AEYE BHARA R A A,
1.3 EREEAREFRE

I Fr AR AS B I Kot L BRI B e 9,
A SMRT Link v5.1.0 (www.pacb.com/support/
TRl A 4% WA 2 dr
B9 41435F GO (gene ontology). KEGG (Kyoto
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Sfurukawaii

Pseudomonas
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Xanthomonas maliensis M97
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000818015.1) .

(GCA_000401255.1) .
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vesicatoria ATCC 35937 (GCA_001908725.1).

Xanthomonas hyacinthi CFBP 1156 (GCA_
002939895.1) . Xanthomonas pisi DSM 18956
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ATCC 35933 (GCA_000482445.1), F# A FE
PRI AL A 51, $2 B4 Y 16S IRNA
FEHARKFEA, #H Mega X BEPIEF ik
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(average nucleotide identity, ANI)**/fl DNA-DNA
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BE D20 e 9 AH AL E i 1) TR AR R A T EL R RE PRI 21
M X 4 MEEENE R BN P, boreopolis
JCM 13306, X. maliensis M97. X. campestris
ATCC 33913 Fll X. vesicatoria ATCC 35937, 4=
B R AR L 43 B F Mauve 3000 #0
BEDR 2 Az SR 4153 B 5 F ML Orthofinder
HAY P81 R BRI 5 PR B A AZ% 0 2R e GO2 1Y
FRPEFEN, 31/ COG it KEGG $ii 2 it
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2.1 EHE GO2 MIEERFLENF . HEIER
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1 Pseudomonas boreopolis GO2 KR I (&
Figure 1

FE A HEATIN T o 423845 K/IN K 4 498 896 bp
MYEEIAL, o — B R Y PRAR e 64 2H B
(1) FEHYIHFEY GC F R 69.5%, &
3906 ATl i) CDS, KR 3 890 595 bp, 15
K1) 86.48% (F 1). O GO2 [HIEH LT 51
}JE22 %] NCBI i) GenBank 3 JE, B3R5 N
CP097162.

GO2 MNP HIEE 3 906 MM
AL, HEEABRKK 86.48%. Hk
P. boreopolis GO2 347 2 614 MR [H HA GO i
BEIIRE, HEEAFIIR 66.92%, H Ayt
BT IilRE, 5 51.63%, 4 FIIkE
29.12%, 445 b7 19.23%. A¥ ity

KEGG:

1.02 MB

Diseases

. Drug resistance: Antimicrobial
ncRNA [ Drug resistance: Antincoplastic
168 _rRNA [ Infectious diseases: Bacterial
235 _RNA B Infectious diseases: Parasitic
[E55_RNA Metabolism

gl mino acid metabolism
WsrNA [ Amino acid metaboli
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ErNA I Biosynthesis of oth d: boli

Biological process
[ Biological adhesion
[ Biological regulation

[ Carbohydrate metabolism
[ Energy metabolism
[ Glycan biosynthesis and metabolism
W Metabolism of cofactors and vitamins
[ Lipid metabolism
= Metabolism of other amino acids

f

M cell killing z and poly
@ cellular ization or bi i ‘
B Cellular process and
O Death Processes
M Developmental process [ Cell growth and death

B Cell motility

Establishment of localization
E Growth
B Immune system process
[ Localization
B Locomotion
Metabolic process
[ Multi-organism process
[ Multicellular organismal process
[l Negative regulation of biological process
[ Nitrogen utilization
[ Positive regulation of biological process
[ Regulation of biological process
[ Reproduction
[ Reproductive process
M Response to stimulus
[ signaling
[ Viral reproduction
Cellular component
[ Cell
[ Cell part
[ Extracellular region
[ Extracellular region part
B Macromolecular complex
[ Membrane-enclosed lumen
[ Organelle
[l Organelle part
[ Virion
M Virion part
Molecular function
[ Antioxidant activity
M Binding
[ Catalytic activity
[ Channel regulator activity
B Electron carrier activity
[ Enzyme regulator activity
B Molecular transducer activity

B Nucleic acid binding transcription factor activity

[ Protein binding transcription factor activity
B Structural molecule activity
[0 Transporter activity

it il
Circular representation of Pseudomonas boreopolis GO2. Based on tRNA and rRNA, GO, KEGG,

[ Cellular community-prokaryotes
B Transport and catabolism
Folding, sorting and degradation
B Membrane transport
[ Replication and repair
[X Signal transduction
Translation
Systems
Aging
O Digestive system
[ Endocrine system
Immune system

COG:

Information storage and processing
I: Translation, ribosomal structure and biogenesis

I A: RNA processing and modification

[ K: Transcription

[ L: Replication, recombination and repair

[ B: Chromatin structure and dynamics

Cellular processes and signaling

[ D: Cell cycle control, cell division, chromosome partitioning

W V: Defense mechanisms

[ T: Signal transduction mechanisms

B M: Cell wall/membrane/envelope biogenesis

O N: Cell motility

[ Z: Cytoskeleton

B W: Extracellular structures

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

[ X: Mobilome: prophages, transposons

Metabolism
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
O P: Inorganic ion transport and metabolism
[ : Lipid transport and metabolism
B Q: Secondary
Poorly characterized
B R: General function prediction only
W S: Function unkown

. transport and

and COG results, circular diagrams of chromosomes are drawn. The concentric circles show (reading
outwards) GC skew, GC content, tRNA and rRNA, GO, KEGG, COG, genes, DNA coordinates.
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%R 1 Pseudomonas boreopolis GO2 EFBE K

FHIE

Table 1 Genome features of Pseudomonas boreopolis
GO2

Genome features Value
Genome size (bp) 4 498 896
G+C content (%) 69.5
Gene number 3906
Gene length (bp) 3 890 595
% of genome 86.48

5S rRNA genes 2

16S rRNA genes 2

23S rRNA genes 2

tRNA genes 55

Other ncRNA genes 12

(>N
(=3
S

Number of genes

1427

Biological process

18} 32 72 (metabolic process) Al 41 fifd Py 1o 72
(cellular process) . 43 HI&E)2 UK T M 1k 16 4
(catalytic activity) #1454 (binding) ¥ 7T 7£ B £
GO2 RN oA RN B Z (K 2).

GO2 2L FZHH A 3 158 MR A COG
ERIhEE, HRFENFIIN 80.85%. GO2 N
HHEAR COG gL 3A Frs. Wtk
P. boreopolis GO2 FERH S5 — B ae il
(general function prediction, R) & H Jlifix £, 1t
A 324 4, HIR W¥E S (transcription, K) . LR
32 554X 14f (amino acid transport and metabolism,

E). 4HHRE/B/ A A= 1) /& A (cell wall/membrane/

1385

808 808

Molecular function

2 Pseudomonas boreopolis GO2 £ E[F4HH) GO IhgE 7K
Figure 2 Gene annotation and functional classification in GO database of Pseudomonas boreopolis GO2.
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A COG function classification A:RNA pro.cessing and modificatif)n 2
B: Chromatin structure and dynamics (1)

C: Energy production and conversion (172)
D: Cell cycle control, cell division, chromosome partitioning (48)
E: Amino acid transport and metabolism (252)
F: Nucleotide transport and metabolism (63)
G: Carbohydrate transport and metabolism (244)
H: Coenzyme transport and metabolism (159)
I: Lipid transport and metabolism (163)
J: Translation, ribosomal structure and biogenesis (232)
K: Transcription (289)
L: Replication, recombination and repair (127)
M: Cell wall/membrane/envelope biogenesis (250)
N: Cell motility (106)
O: Posttranslational modification, protein turnover, chaperones (160)
P: Inorganic ion transport and metabolism (209)
Q: Secondary metabolites biosynthesis, transport and catabolism (94)
R: General function prediction only (324)
S: Function unknown (216)
T: Signal transduction mechanisms (199)
U: Intracellular trafficking, secretion, and vesicular transport (72)
V: Defense mechanisms (96)
W: Extracellular structures (46)
0 i H ‘ l —  X: Mobilome: prophages, transposons (84)

ABCDEFGH IJKLMNOPQRSTUVWXZ 7: Cytoskeleton (1)

Function class

350 |~

324

289

300 [~

]252
250

244

250 [~

232

%)
=3
S

I

172

150 |~

Number of genes

100 -

wn
S
T
48

B Cellular processing KEGG pathway annotation
Cell growth and death
Cell motility
. Trangport and catabolism
Environmental information processing
Membrane transport
Signal transduction
Genetic information processing
Folding, sorting and degradation
Repﬁcalion and repair
Transcription
Translation
Human diseases
Cancers
Cardiovascular diseases
Drug resistance
Endocrine and metabolic diseases
Immune diseases [1
Infectious diseases
Neurodegenerative diseases
Substance dependence [
Metabolism
Amino acid metabolism & 1206
Biosynthesis of other secondary metabolites [& 53
Carbohydrate metabolism [ 1225
Energy metabolism & 125
Glycan biosynthesis and metabolism [ElS52
Lipid metabolism [l 70
Metabolism of cofactors and vitamins [&
Metabolism of other amino acids [E
Metabolism of terpenoids and polyketides
Nucleotide mefabolism
Overview
Xenobiotics biodegradation and metabolism
Organismal systems
Circulatory system |3
Digestive system |3
Endocrine system [ 16
Environmental adaptation

Immune system |3
Nervous system ‘1

Aging 1 1 I I | |
0 100 200 300 400 500 600
Number of genes

1656

3 Pseudomonas boreopolis GO2 £ EE4HH) COG 1 KEGG IhgEsm 3
Figure 3 Gene distribution based on COG (A) and KEGG (B) metabolic pathways of Pseudomonas
boreopolis GO2.
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envelope biogenesis, M) . ¥ 2 §% iz F1 AL i}
(carbohydrate transport and metabolism, G)HJ JE A
KRN 289, 252, 250 il 244 4.

GO2 B[N 4 KEGG 432 nfE 3B i, fR
T 3 R TG 2SR R B 2 (metabolism of
terpenoids and polyketides) . ##{{iff(carbohydrate
metabolism) fIZ HEFR L (amino acid metabolism)
(38 B OE R RN Z LI, 205l 665 225
198 A, F & MW AR E P. boreopolis
GO2 "] LR i & 22 A6 G 0 LA /2 3 SR
K A 225 DS SEHUIREIN S, £ 23 4
SN Z 52000, 18 AN IEE S5 R
H e AT, 30 AN 2 5 ek FRERE X
W AN, ERE GO2 HEAKRELSH 2RI
ZHER A YA O R R, X e LY AT B
5 GO2 Rl AR EREAEY AL, Wl GO2
REFIFH Z Fh Z W5 1F R
2.2 EHk GO2 ARG AEBER I

FT 16S rRNA FENFHILERIEER, Hitk
GO2 55 kk P. boreopolis JCM 13306 (1) 16S
rRNA ER AL e =i 4 99.93%, KB GO2 5

P. boreopolis JCM 13306 R [a]—4ff. 1LAh,
Pk GO2 S HAIX TR M P. boreopolis ICM 13306 5
Xanthomonas J& AN R AE— 2, 115 Pseudomonas
Ja& HLAh 2 T W 0 2 (1] 4) . ST L4 )
) FR 58 B B At & BLTA B GO2 M Uk
P. boreopolis JCM 13306 5 Xanthomonas J& 1 i3t
fREE B RGE (B S), LR GO2 S =ik
I J& T Xanthomonas J& M /A J& Pseudomonas Ji& o

R TR EWT, BT SRR e
B 14 DHEMRIEENA R ANI (& 6)F1 DDH {4
(£ 2), Z5REKBH, FHE GO2 5 P. boreopolis
JCM 13306 /1§ ANI {1 DDH {H & ik 98.6%7F
88.0%, H—HFH GO2 5 P. boreopolis ICM
13306 K [F—9Fh, ¥Hax4h P. boreopolis
GO2., ANIH Xanthomonas JEFL R ANI {H
K 78.1%-87.0%, i AIFl Pseudomonas JEELF
PR ANI {H) 74.0%-80.8%. AHF5EH itk
GO2 1 P. boreopolis JICM 13306 5 Xanthomonas
JE B BRI ANT{H ) 78.7%—81.0%, 1l 5
Pseudomonas J& & X & #k 19 ANI {H L Ny
68.0%~70.0% (&l 6), &K EHBL KX ¥k P. boreopolis

----------- Pseudomonas rhodesiae LMG 17764 (AF064459.1)

100

-------- Pseudomonas balearica DSM 6083" (U26418.1)

Pseudomonas guangdongensis CCTCCABT (JX274436.1)
Pseudomonas stutzeri ATCC 17588" (NR_103934.2)

- - Pseudomonas knackmussii B137 (NR_041702.1)
Pseudomonas aeruginosa DSM 50071 (NR_026078.1)
Pseudomonas furukawaii KF707" (LC151978.1)
Pseudomonas boreopolis JICM 13306" (MT760347.1)
GO2

- Xanthomonas hyacinthi CFBP 1156" (Y10754.1)
Xanthomonas maliensis M97" (NR_136457.1)
Xanthomonas campestris ATCC 33913" (NR_074936.1)
Xanthomonas oryzae ATCC 35933" (AXVI01000178)
Xanthomonas pisi DSM 18956 (JPLE01000088.1)
Xanthomonas vesicatoria ATCC 359377 (NR_026388.1)

4 ETHRAXEAEMER GO2 16S rRNA EEM ALK L EH

Figure 4 The phylogenetic tree of GO2 16S rRNA gene based on the maximum likelihood method. Red font
represents GO2 and its type strain, the serial number in parentheses represents the accession number of the
sequence, the distance scale represents the variance of the sequence, and the number on the branch represents
the bootstrap value.
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------------- Pseudomonas rhodesiae LMG 17764" (GCA_013285305.1)
Pseudomonas balearica DSM 6083" (GCA_000818015.1)
- - Pseudomonas stutzeri ATCC 175887 (GCA_004359495.1)

- - Pseudomonas furukawaii KF707" (GCA_002355475.1)
- Pseudomonas guangdongensis CCTCCAB™ (GCA_900105885.1)

Pseudomonas aeruginosa DSM 500717 (GCA_001045685.1)
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Table 2 DDH values between GO2 and other
similar type strains

Strain names Pseudomonas
boreopolis GO2
(%)
Pseudomonas boreopolis JICM 13006 88.0
Xanthomonas maliensis M97 21.5
Xanthomonas campestric ATCC 33913 24.1
Xanthomonas oryzae ATCC 35933 213
Xanthomonas vesicatoria ATCC 35937 22.0
Xanthomonas pisi DSM 18956 21.5
Xanthomonas hyacinthi CFBP 1156 27.9
Pseudomonas rhodesiae LMG 17764 12.9
Pseudomonas stutzeri ATCC 17588 13.2
Pseudomonas balearica DSM 6083 13.3
Pseudomonas guangdongensis CCTCCAB  13.4
Pseudomonas furukawaii KF707 13.1
Pseudomonas knackmussii B13 13.4
Pseudomonas aeruginosa DSM 50071 13.1

JCM 13306 )i 4 )& F Xanthomonas J& . WAN,
¥k GO2 5 Xanthomonas JEF A FE k) DDH {H
M 21.3%-27.9%, 15 Pseudomonas J& i F Ik
() DDH fH1X K 12.9%—13.4% (£ 2). P L45
M, HER GO2 W N Xanthomonas J& 20 5 A
+& Pseudomonas J& o
23 HEEEAE
231 EEBFEEFFIELES
AHEKRE I LR, P. boreopolis GO2
SRMEXE IR P. boreopolis ICM 13306 1y it
fb K Z T, H P. boreopolis GO2 Y5 Xanthomonas

JE BRI SR R T Pseudomonas J&
W, W9 R W] Xanthomonas J& B AR B A 7~
ZHHCE Y R BRI R BT Ok,
GO2 R F X TE P. boreopolis JCM 13306 L)
NGRS R AT Xanthomonas & B X 7 #E
X. maliensis M97 . X. campestris ATCC 33913 #ll
X. vesicatoria ATCC 35937 5 P. boreopolis GO2
AT LR o

PR PR GO2 15 275 B AR 1 BE D 2H SR AR AIE 4
%% 3 s, S5EKE GO2 Fil P. boreopolis JICM
13306 #HtL, X. maliensis M97. X. campestris
ATCC 33913 #l X. vesicatoria ATCC 35937 f)3&
%K, T P. boreopolis JCM 13306 5 GO2
8 GC &R AF)7 AL, $I7E 69% /A .
WX 5 AR IR AR L, R bR
GO2 fil P. boreopolis JCM 13306 7 3 [F 20 ZH ¥, |
RN IR IR 2 FE AR
232 EEPHLELM ST

P. boreopolis GO2 5 P. borepolis JCM 13306

Z LML (B 7), 0 GO2 5% Witk
N Z [ AFAE S 2 s/ D td A L B . Z
MEA SRR EHE S, XATRRIHES T ENTHh
3 I AN [ A R B I A T S R AR
2.3.3 CZEREMZOCERESA S

X5 BRTR Y 4 R 4] R4 T ) U 0 DR SR 2 4
Mr(&l 8A), K15 4 345 NERFIIRSLR , H#
OHE 2 348 4, BB E RFTEIEHR 54.04%,

%< 3 Pseudomonas boreopolis GO2 it %k 4 ¥R ) £ & F B 5B K4FE
Table 3 General genomic features of Pseudomonas boreopolis GO2 and other four similar type strains

General features P. boreopolis P. boreopolis

X. maliensis M97  X. campestris X. vescatoria

GO2 JCM 13306 ATCC 33913 ATCC 35937
Genome size (Mb) 4.49 4.33 4.96 5.07 5.30
GC content (%) 69.5 68.9 67.0 65.1 64.1
Gene number 3906 3833 4 895 4294 4332
rRNA 6 3 1 6 6
tRNA 55 55 23 55 55
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Figure 7 Synteny blocks between Pseudomonas boreopolis GO2 and other four similar type strains P. boreopolis
JCM 13306, Xanthomonas maliensis M97, X. camprstris ATCC 33913 and X. vescatoria ATCC 35937.
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Figure 8 Analysis of Pan-genome among Pseudomonas boreopolis GO2 and other four similar type strains.
A: The numbers of orthologous gene families and unique genes. B: The number of core orthologous gene and
GO2-specific 307 genes assigned in COG categories. C: The number of core orthologous gene assigned in
KEGG categories.
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Figure 9 Comparison of CAZymes and plant cell wall degrading enzymes among Pseudomonas boreopolis
GO2 and other four similar type strains.
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Table 4 Statistics of predicted plant cell wall degradation CAZymes in genome of Pseudomonas boreopolis
GO2

CAZy family Known activity Number CAZy family Known activity Number
Cellulases

GHI1 B-glucosidase 1 GHI12 Endoglucanase 1

GH3 Endoglucanase 7 GH31 Glucosidase 1

GHS5 Endoglucanase 1 GH%4 Cellobiose phophorylase 1

GH6 Endoglucanase 1 GH144 Endoglucanase 2

GH9 Endoglucanase 1 CBM6 Binding to cellulose 1
Hemicellulases

Xylose enzymes

GH10 Endo-1,4-B-xylanase 1 CE1l Acetyl xylan esterase 1
GHI11 Endo-1,4-B-xylanase 2 CE4 Acetyl xylan esterase 2
GH43 B-xylosidase 16 CBM13 Binding to xylan 4
GH67 a-glucuronidase 2
Mannose enzymes
GH2 B-mannosidase 7 GH92 a-mannosidase 3
GHA47 o-mannosidase 1 GHI125 Exo0-0-1,6-mannosidase
Galactose enzymes
GH27 a-galactosidase 1 GHS53 Exo-B-1,4-galactanase 2
GH35 B-galactosidase 3 CBM32 Binding to galactose 3
GH36 a-galactosidase 2 CBMS51 Binding to galactose
Arabinose enzymes
GH51 a-L-arabinofuranosidase 1 GH127 a-L-arabinofuranosidase 1
GHI121 B-L-arabinofuranosidase 1
Pectinases
PL1 Pectate lyase 2 GH115 Xylan-a-1,2-glucuronidase 1
PL10 Pectate lyase 1 CE8 Pectin methylesterase
GH28 Polygalacturonase 1 CE12 Pectin methylesterase 2
Ligniases
AA6 1,4-benzoquinone reductase 1
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Figure 10 The exopolysaccharide biosynthesis gene clusters of Pseudomonas boreopolis GO2 and other

similar type strains.

GO2 5 H Kk P. boreopolis ICM 13306 H A
e = AR L S 99.93%, 7E 16S rRNA Al 43k
ARG LB W RERIL, i ANI X
KILE K GO2 5 P. boreopolis JCM 13306 HA
0 ANI{E, 4 98.36%, & T [ AP 4> 25 Bl
ANI>95%1; [HE#k GO2 Hl P. boreopolis ICM
13306 5 Xanthomonas JEHEH M ANI KN
78.7%—81.0%, 4T Xanthomonas J& 2 1E Y ANI

P4 actamicro@im.ac.cn, & 010-64807516

i8], & F Pseudomonas J& H AR = R 2 [A]
) ANI fH . BIF5E 3 B 40 74 W] 8 43 28 B AE
ANI>73.98%4 | [H 1 , i bk GO2 Fl P. boreopolis
JCM 13306 %1143} Xanthomonas J& F A, It
4 ,DDH 3 & B, Rk GO2 5 Xanthomonas
JE I F 1 DDHE = T Pseudomonas J& 11 HAth
B, HE—BRWEK GO2 LBkl /) 3
Xanthomonas J& . 43R ILEVESHr B8 3



AR | RAEPIEHE, 2023, 63(2)

801

¥k GO2 5 P. boreopolis JICM 13306 fFE2e k5
R, UL R BR GO2 SR Rk T BEZEAR K
V- EAENES, TR R PR 0 A £
MFE, AT ERE GO2 w44~ P. boreopolis
G021, Ak, Hitk GO2 5 P. boreopolis ICM
13306 Jt R 21 2 (8] 77 76 (340 F1 5 A7 55 e e fA AR
SR, XATREEH T ENTWA RIS AR K
JE R4 A07E 2 227 6732 409 609 bp Ak WRELF]
KI/NHK 17 kb 1 BAAE P. boreopolis GO2 &
HPEAE TR IS, ZREBSAH tht. gap F
mod “FERLDKIWG S BRI R AR . A I AR
) o 5 JE 2 3

ik K AL G W 15 P B (CAZymes) K % A1 15 4
1K Bl (GHs) . BEREL Sl (GTs) . 2 WH 2R
i (PLs) . Bk KA PR Bt (CEs) .l Bl 1 14 ity
(AAs)FIBRIK A& W) 451 5 (CBMs), 2 5 4 Fh
TEWE . ZHERRE R S WK ARG W A
#£. GHs. CEs. PLs fll AAs F 2 58L&
RS 5%, CBMs A5 HAth F% (W 45 & 4
m IR IE M, GTs FZEM T b, L
BERTAAZ T R 0 A= 90 6 i T W R i )
2 Jif RE 119 i g 3 FE T 2 Pk AL B TG0 2
5, W RN LR 4P CAZymes i85 L 2k
SR 1%-3%, AREF5EH, Hk Go2 %
2H () CAZymes (5 He o 5.79%, 1 HiAt 4 £k
N 3.41%4.93%, £WHEH GO2 K 4 ¥k
T G TR 1 LA B MR T T A K A RE T . F
— 2 LA K AL A W 1 1 il R 1) et N T e
R, LT 4 BRIE% W, Wik GO2 A HZ
)AL 40 24 L R o4 e il ) AL DG BRI, R 2 4
BN LF 2 RO R IGSEN, WF T R BIRE AT J2 2L
AT M YEZR (32%—47%) « AR (19%27%)
AR K (5%-24%)P%, Wik, Hkk GO2 A
JREF AR BRI AR D), RTRRIH R F A = i £F
e 2Tl R T 4 2l G A SE DR 0 . GHA3 KR

R A R B KA S YRR R, HAE
VEZ AU AN RE R i it R W A S IR L BT,
HEAW B-AMETHE . WY o-L-Fl 04 g0
1,3-B-F ZUMH 17 Bl 75 PR X P 4 4 R i B
SARVERPY, ABEIE T, Bk GO2 JEH A b F
A1) GH43 ZiEEE 16 1), W2 T HA;D
4 BRI, XULWAFER GO2 BA BRI 4 R
FEfRBE T . AAs ZIEIR 5K i 2 B AR AH G
ZHRE LK E GO2 N4 Hh & H AA6 K
AR, FEm 1,480 500 7 mE, Rk
il f a7/ Py N 3 e e Sl 51 % NS
PR E L IR I i 2 S RS G 0 AL IR A
K B AN Z R Pseudomonas J& 40
HE I AAG6 Fl AAT FIRAREEES 5 A
J 2 B R AR 1O, DR I i 5% B TR AT BB E A AR
GO2 [ AR TR IR h R HECHER . Ah,
Fbk GO2 BT IR HFHEZ a-TEMEHEN
FRIATR PR GO2 fg 8 45 iy b ) FH AT 4 4 et vh 14 3
GTs W% A B IR B gk ik b, 753
BAT BRI AT A 2E Y . ARBF Rtk GO2
JHAh 4 #RIESFMREN A S HFEEMN GTs
S, H5HAD 4 BREAM L, Wtk GO2 &A1)
GTs £, i1 GO2_GM002823 . GO2_GM002824 .
GO2 _GMO002825 1 GO2 GMO002826 ZF: K=
ASEZ5 L8 KRN S N R
WESE A2 IR IR AR & U iR is . 8
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