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Abstract Lonsdalea populi is one of the major pathogenic bacteria causing poplar canker. It can cause the
destruction of the cambium in trunks and local necrosis of the bark. In order to explore the pathogenic genes,
the complete genome of Lonsdalea populi N-5-1 was sequenced and assembled in this investigation. Results
showed that L. populi N-5-1 carries a chromosome of 3 832 567 bp with 55.42% GC and a plasmid of 11 289 bp
with 56.32% GC. Through genomic analysis, 3 556 genes were predicted, and 2 348, 2 785, and 2 374 genes
were annotated in the GO, KEGG and COG databases, respectively. 501 genes encoding type Il secreted
protein were found using T3SS database. 427 genes involved in pathogen-host interaction were annotated using
PHI database, including 13 genes encoding effectors. After being compared with other pathogens in the
Lonsdalea genus, the genome of L. populi N-5-1 strain was found to have a good synteny with those of Lonsdalea
iberica LMG 26264 and Lonsdalea populi 1.2-3, and be more related to that of Lonsdalea populi 1.2-3. This
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investigation provides a useful basis for understanding the structure, function and relationship of the genome of

Lonsdalea populi, and genomic information and gene resources for the further study of the pathogenic genes and

molecular breeding of trees with resistance to pathogens.
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Figure 1 Circular representation of Lonsdalea populi N-5-1 genome
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Table 1 Basic information of Lonsdalea populi N-5-1 genome

L. populi N-5-1 JEAAF B2 BfE

The basic information types of L. populi N-5-1 Value

FER KN (bp) 3 843 856
Genome size( bp)

FEHH GC (%) 55.42
GC content in genome( % )

Petafh RN (bp) 3 832 567
Chromosome size( bp)

Pl GC (%) 55.42
GC content of chromosome (% )

FURi R /N (bp) 11 289
Plasmid size(bp)

JRAL GC i b (% ) 56.32
GC content of plasmid( % )

FHEHLEHEE (bp) 3 248 568
Total length of genes(bp)

B (bp) 913.55
Average length of genes(bp)

A GC Fim (%) 56. 81
GC content in gene region( % )

it BN % H 3556
Number of coding genes

ERFIEA 51
Number of tandem repeat

/NTLE DNA $CH 20
Number of minisatellite DNA

% L& DNA #(H 15
Number of microsatellite DNA

tRNA $H 74
Number of tRNA

5S rRNA #(H 8
Number of 58 rRNA

16s fRNA % H 7
Number of 16S rRNA

23S rRNA $(H 7
Number of 23S rRNA

sRNA #(H 19

Number of sSRNA

1.2 ERINEEERES

SRy — A R AT RR S A7 41 BT M 1o 05 e T Rk TR 4 Y
YifE, ¥ H 3 4 5 7F CAZY . PHI, COG . GO,
KEGG . NR #l T3SS 3t 7 A~ 4 2 vp 47 I B

(#2) Hp 78 CAZY B rh R3] 104 A3,
PHI B0l i 1 B 3] 427 N, COG B0di 2 v i
FEH 2 784 ANFEIH, GO i e b i B 3 2 348 N3
JKEGG Bl e h ik B2 2 472 A JE[A | NR $d
rRYE BRI 3 302 AN FE, T3SS B 1 iR B F)501 A4
FEH

2 MRS TE BN I N-5-1 SN AR ARG

Table 2 Genes annotation statistics of Lonsdalea populi N-5-1

PR K e TERIE P EOH
Name Database Number of annotated genes
CAZY 104
PHI 427
BRI M EBE R coc 2784
N-5-1 GO 2 348
Lonsdalea populi N-5-1 KEGG 2472
NR 3302
T3SS 501

1.2.1 GO 43#t

L. Populi N-5-1 1347 2 348 AN FERLE GO %
PEFPRLATERE (& 2) o 1 986 3L (84.5% ) 5
I3 T IREAT K, 816 DEEIN (34. 7% ) SR04 %,
1 889 MIEIN (80. 4% ) SEW) At B A K. FEAM)~+
AR5 A5 A i AR R AU R (Metabolic
process JEFEL 1 324) At 72 ( Cellular process FE[Hl
$01226) | %E A ( Localization & K %4 463) | A= ¥y 8 17
(Biological regulation & [KI%% 288) D K Ak Wy it B i 1o
(Regulation of biological process JEHF%273) . 4ifige]
A B 2 1 2 IE ( Membrane JE R4 560) (40 ity
(Cell ZEH%K 410) AHMEER1F(Cell part FEH%K 410) LA
IR (Membrane part FERI % 322) . 4 FIIHE
TR B B 22 1 S AR AR 12 Catalytic activity JE R
1328) . 45 4 (Binding & K % 971) 1 %% iz 1% 1
(Transporter activity FERI%L 261) (1&2)
1.2.2 COG 437

£ COG Budli v, 2 785 AP W i By 24 A
HARE &, AE X 2R ) rp ) B R ¥ iz 5 A
(Amino acid transport and metabolism ) I 68 & 4£ T
364 AR 2w AR B A L BRI 2 DI e
HWk 2 “®iE Blikasms 4ty ikt
(Translation, ribosomal structure and biogenesis ) 2 fig
K, EER T 236 PHA ; $432 (Translocation ) Fl
— I BE T ( General function predication only) HIfE
K5, o3 B SR E T Y 223 AN 225 ANFEN H S
T3 152 DMRFPEFIZHRER FIAEER (1 3) .
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24, JE, 25, BEEMA, 26, 258, 27, AU, 28, AMESERr; 29 HEAE AW, 30 AN, 31 454 32, #ALiE it
33 ST EARIEYE; 34 T INREET s 35 O TAREERIGTE; 36 NV TARIEERIETE; 37 S TR 38 FLSRIRTIE
PE; 39 BHPEATIEE; 40, Fisihtk
Figure 2 GO annotation of Lonsdalea populi N-5-1 genome
Note: 1: Biological adhesion; 2: Biological regulation; 3. Carbohydrate utilization; 4: Carbon utilization; 5: Cellular component

organization or biogenesis; 6. Cellular process; 7: Detoxification; 8. Developmental process; 9. Localization; 10: Locomotion;
11: Metabolic process; 12: Multi-organism process; 13: Negative regulation of biological process; 14: Nitrogen utilization; 15: Positive
regulation of biological process; 16: Regulation of biological process; 17: Reproduction; 18: Reproductive process; 19: Response to
stimulus; 20. Signaling; 21. Cell; 22. Cell part; 23. Extracellular region; 24. Membrane; 25: Membrane part; 26: Nucleoid;
27: Organelle; 28: Organelle part; 29: Protein-containing complex; 30: Antioxidant activity; 31: Binding; 32. Catalytic activity;
33. Molecular carrier activity; 34: Molecular function regulator; 35; Molecular transducer activity; 36: Small molecule sensor activity;

37 Structural molecule activity; 38 Transcription regulator activity; 39 Translation regulator activity; 40 Transporter activity

Pl 3 A A0 B P 0 B N-5-1 ZE I Z COG Y TifE s 26

TE: 1 AR A0 o 2P BRI X 2. NS 3 3. ANABE/ I/ G NREA M) A Az 5 4 WAL ; 5. A0I5ME5H4 5 6.
MMM IS IR IE ;7. RIS EAE EBCERAER 8 RSS9 PG 5B 10. SZH R
HAMER s 11: RNA JCAMEMG; 12 $65%; 13 BIE BOMHASSH R A K 4 5 14, ZUERREEIZ AT 15: sokbd iz
AR 16 ERRAYIZ AR 17, R 544k, 18, JOHLE T RYIs SR 19 IR Bz ACHE; 20, B2
WERA 21 Bt MR m M 22 YRR A ) B i Ao AR s 23 THRERN; 24 sl D RETTIN

Figure 3 COG annotation of Lonsdalea populi N-5-1 genome

Note: 1: Cell cycle control, cell division and chromosome partitioning; 2. Cell motility; 3. Cell wall/ membrane/envelope biogenesis
4. Defense mechanisms; 5. Extracellular structures; 6: Intracellular trafficking, secretion, and vesicular transport; 7. Postiranslation-
al modification, protein turnover and chaperones; 8: Signal transduction mechanisms; 9: Chromatin structure and dynamics; 10 Rep-
lication, recombination and repair; 11; RNA processing and modification; 12 Transcription; 13 Translation, ribosomal structure and
biogenesis; 14: Amino acid transport and metabolism; 15 Carbohydrate transport and metabolism; 16: Coenzyme transport and me-
tabolism; 17 Energy production and conversion; 18 Inorganic ion transport and metabolism; 19 Lipid transport and metabolism;
20 Prophages and transposons; 21: Nucleotide transport and metabolism; 22: Secondary metabolites biosynthesis, transport and ca-

tabolism; 23 . Function unknown; 24 General function prediction only

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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1. 2.3 KEGG 41¥7

FIH KEGG B E I BT L. populi N-5-1 %
WA 2 374 AL, 500l s T 40 i 72 ( Cellular
processes ) \FAEE {5 BN T. ( Environmental information
processing) . 32t 1% {5 B I T. ( Genetic information pro-
cessing) fCIf ( Metabolism ) K A F1A4E W HLAK R 42
( Metabolism and organismal systems) ([&] 4) , FEiX 4
Je ARl (Metabolism ) & 5 fix 22 1 2 1] ( 5%
G 76% ), EEALFEEIER L ( Amino acid me-
tabolism ) . ik /K fb & ¥ A% ¥ ( Carbohydrate
metabolism ) | BE T ( Energy metabolism) 5%, LK
Frh g £ W2 A WILIE R S (Organismal
system) A (5 AR E AR EE ALY 1. 4%

1.3 L. populi N-5-1 IEfREE 27

I #9535 22 88 ( Type 1l secretion system, T3SS)
KON R 11 2 TG B O TR B B0 HILEL A G
( Yuan et al., 2020) , AWF5EH K 3 556 8 H Gihd
FEPNAE T3SS K B b FE B2 T 501 42 i 1AL 5y

WA GERON EE R BE DA 5 78 PHI ECdi e b iR 3 1
427 A5 F AR | PHI B0 2 i R 2 1 s
T 24538 3 GE 0046 H B 5L AT 53 4>, 7 PHI
TERERI 427 AL 302 NMEEFE R R SR
o J TR O 1 R AR, 39 A3 R 7R S 72 Jim 2 (i Dt 7
FREUME . AN, A 36 A FERTE R IS S A
JEr T ) E50H 1 4 5

TEAR QAR B R o, o5 SR 20 I — 2R 91 R0
¥ TERLY) 5 0 D T AR AR ] iR 2 AR A
RN RET A A8CH5 ) A 3 2 D v s ) T B Y G
#E ( Jones and Dangl, 2006) , AW} 5% 7E L. populi
N-5-1EERI A i B3 T 13 A G 5 2500 - 1Y) 25 A
(F3), | HA 4 ANFEF (L. populi N-5-1 GL0O02582 .
L. populi N-5-1 GL002632 L. populi N-5-1 GL003401
F1 L. populi N-5-1 GL003451) J& T Hopal 25 HEH
W5 F B | HE Pseudomonas cichorii 1% Hopal 5875
AR LA HAZ G 6 i v v O RE ) T e, 3 25 (K
A=) IR BN B 4 iz 30 BB ) 980 559 (Hung et al.,
2014) ,
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Fel 4 WA AT B T N-5-1 SEPHALAD KEGG i 4328

T 1 AR ST 2. AEsh; 3. AUMREE - AR 4. asf ARl 5. st 6. (RS T; 7. rg R
TFEAR; 8: SHIABER ; 9. 56, 10 B, 11 FEMACH; 12 YRS WAEm GG 13 BokIes I 14 6
AR 15 RRMEEE; 16 RV &SN 17 B, 18 FDIH TR R A 19 HALEIERR IS ;
20 WAL S PRI SRS 21 TR 22, MRS 23, 5658, 24 THILRSE; 25: WA
Gi; 26; PRIGEN; 27 HAMERSE; 28 AIERSE; 29: MARS

Figure 4 KEGG annotation of Lonsdalea populi N-5-1 genome

Note: 1: Cell growth and death; 2. Cell motility; 3. Cellular community-prokaryotes; 4: Transport and catabolism; 5: Membrane
transport; 6 Signal transduction; 7: Folding, sorting and degradation; 8: Replication and repair; 9: Transcription; 10: Translation;
11: Amino acid metabolism; 12 Biosynthesis of other secondary metabolites; 13 . Carbohydrate metabolism; 14 . Energy metabolism;
15 Global and overview maps; 16: Glycan biosynthesis and metabolism; 17 Lipid metabolism; 18 Metabolism of cofactors and vita-
mins; 19: Metabolism of other amino acids; 20: Metabolism of terpenoids and polyketides; 21: Nucleotide metabolism; 22 Xenobiot-
ics biodegradation and metabolism; 23 Aging; 24. Digestive system; 25: Endocrine system; 26 Environmental adaptation; 27 Ex-

cretory system; 28: Immune system; 29: Nervous system
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2% 3 PHI 0 1 vh 3 BRI 300 F 36 1A
Table 3 The effector in PHI database

BH S EfH B 2K FARFRM 27 3CHk

Gene ID E value Gene name Mutant phenotype References

L. populi N-5-1 GL000939 2.30E-167 Ipda FORRUN FE A (Mattinen et al., 2007)
Effector

L .populi N-5-1 GL001391 8. 30E-40 Xe_3703 HORRUN LR, 5580w PE (Zhao et al., 2016)
Effector, weakly pathogenic

L. populi N-5-1 GL002059 1. 50E-101 Sssb HORRNHE A (Sontag et al., 2016)
Effector

L. populi N-5-1 GL002582 9. 70E-76 Hopal FORRUV LR, 5580 PE (Hung et al., 2014)
Effector, weakly pathogenic

L. populi N-5-1 GL002632 2. 60E-75 Hopal FORRUV R, 5580 PE (Hung et al., 2014)
Effector, weakly pathogenic

L. populi N-5-1 GL002645 2. 40E-65 Vash HOR RN HE A (Kitaoka et al., 2011)
Effector

L. populi N-5-1 GL002895 1. 40E-73 Sseb S e - 55| (Sontag et al., 2016)
Effector

L. populi N-5-1 GL003401 8. 60E-45 Hopal FHURSOV IR, FEORTE (Hung et al., 2014)
Effector, weakly pathogenic

L. populi N-5-1 GL003451 8. 60E-45 Hopal FHURSOV IR, 55EORTE (Hung et al., 2014)
Effector, weakly pathogenic

L. populi N-5-1 GL003523 0. 00E+00 Vask HORRUN A (Ryu, 2015)
Effector

L. populi N-5-1 GL003526 7. 80E-201 Vash HORRUNHE A (Kitaoka et al., 2011)
Effector

L. populi N-5-1 GL003527 3.20E-295 T6ss2 SRk B N (Choi et al., 2020)
Effector

L. populi N-5-1 GL003542 8. 60E-130 Varg SRk H N (HEHR, 2014)
Effector

1.4 LREFEAF S

1. 4. 1 Lonsdalea JEWIFEARZ R

FLH Lonsdalea J& M 3 3R 4% R BT 1 AR
FEHHBRE, B Lonsdalea J&F: K 4H /N , LIEN
WA AN ;L. populi N-5-1(3 843 856 bp) Mg KT L.

populi 1.2-3(3 651 504 bp) Fl L. berica LMG 26264 (3
781 823 bp ), W& /N F L 477
(4 015 569 bp) JFEIX 4 NYFAY S ILH HAE B,
L. britannica 477 7] T 2] () Za A5 3 P AT RNA £
WZ(R4).

britannica

%% 4 Lonsdalea J& 3 AFP NAWEFTINF ) Lonsdalea populi N-5-1 OB~ PSR ES S

Table 4 Genomic information of three strains belonging to Lonsdalea genus and Lonsdalea populi N-5-1 with genome sequenced in

this investigation

W H Item L. populi N-5-1 L. britannica 477 L. iberica LMG 26264 L. populi 1.2-3
FPHAR/N (bp) 3 843 856 4015 569 3781 823 3 651 504
Genome size (bp)

S HE N A H 3556 3 501 3284 3088
Number of coding gene

rRNA % H 22 5 12
Number of rRNA

tRNA ¥ H 74 48 68

Number of tRNA




338 RN SN A

1. 4.2 FEPIHILLL P

fdi FHf MUMmer 445t H AR 20 (L. populi N-5-
1) MZ 2 HL K4 (L. britannica 477, L. iberica LMG
26264 Fl L. populi 1.2-3) 47 L XT, i I\ 35 K 41 17 471
Z I A LR OC R K A AR DL (18 5), L

5 Lonsdalea populi N-5-1 5 Lonsdalea britannica 477,
Lonsdalea iberica LMG 26264 ) Lonsdalea populi 12-3 [ %&
AN T

¥ . A. Lonsdalea populi N-5-1 Fl Lonsdalea britannica4d77 i
LM Hr; B: Lonsdalea populi N-5-1 F Lonsdalea iberica
LMG 26264 2tk 530 47 C: Lonsdalea populi N-5-1 Fl Lons-
dalea populi 1.2-3 FLZEVESrHT

Figure 5 Global genome alignment of Lonsdalea populi N-5-1
with Lonsdalea britannica477, Lonsdalea iberica LMG 26264
and Lonsdalea populi 1.2-3

Note: A: Global genome alignment of Lonsdalea populi N-5-1
and Lonsdalea britannica 477; B: Global genome alignment of
Lonsdalea populi N-5-1 and Lonsdalea iberica LMG 26264 ; C.
Global genome alignment of Lonsdalea populi N-5-1 and Lons-
dalea populi 12-3

populi N-5-1 5 L. britannica 477 Z [0} 3E4 419 4~ L
XFHe, #35 L. populi N-5-1 B 41189 82.62% (&
5A) ;L. populi N-5-1 55 L. iberica LMG 26264 2 [a)3:
F 441 AR B, B 5% L populi N-5-1 £ 4 1Y
79. 62% (& 5B) ;L. populi N-5-1 5 L. populi 12-3 Z
[B) A 358 AN HE X, B 35 L. populi N-5-1 FERIZHAY
93.00% (& 5C) , #R¥a XTS5 R Al H, L. populi N-5-
1 5 L. britannica 477 WAL BAKT L. populi N-
5-1 5HA P A AN B2, L. populi N-5-1
5 L. populi 12-3 } L. iberica LMG 26264 {f-1£ K {f-fY
MR HIRAFAE A B I BN 5 1 45 JE PR 24
HARRAE,

1.4.3 REKRF I

WYY 50 52 5 YR 16 S rRNA J¥ 5114
HASE W NS R 4 DS H YR (L. populi
L2-3 . L. britannica 477 . L. iberica LMG 26264 1 L.
quercina ATCC 29281) 1 1 N Y # (L. populi N-5-
1) ATER SR SRS 3 25, Horfr | L. populi N-5-1 5 [R]Fh
L. populi 1.2-3 SR2 K R IE, N 1 2, L. iberica LMG
26264 5 L. quercina ATCC 29281 3545 Zfcift, Jy 11
25, L .britannica 477 FpAK53 R 25 (K 6)

r]x)n.vda/ea populi 1L.2-3

L_Lonsdalea populi N-5-1
—

0.005

Lonsdalea britannica 477

Lonsdalea iberica LMG 26264
Lonsdalea quercina ATCC 29281

¥ 6 Lonsdalea populit 12-3  Lonsdalea britannica 477 , Lonsdalea
iberica IMG 26264 . Lonsdalea quercina ATCC 29281 Al
Lonsdalea Populi.N-5-1 fEALA

Figure 6 Phylogenetic analysis of Lonsdalea populi 12-3,
Lonsdalea britannica 477, Lonsdalea iberica LMG 26264, Lons-
dalea quercina ATCC 29281 and Lonsdalea populi N-5-1

2 g

AW FE LA ZAUE = AP R % Wk S A 4
PRIPE Iz DA E T 4 5 DR AR 40 0 ), O X i R 1A
A FEARHE P I (GC & B AU R L fig
RS AT T 00, BIR Lonsdalea J& B 47537 Ff
FRA WA (Ibarra et al,, 2014) ,{H i FAH R Fp
B F R ARTESE I AR (A 2540 A fE— e 257, A
5K L. populi N-5-1 FEP 20 15 51 [R] Nt 04 7 Lo Xt
R, BT R R 0 DG G Y [R) 8 4 1 50 Sk R T 2
AN Fp B L. britannica (99. 71% ) FIEH & N #E Rk
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FFE ( Pectobacterium carotovorum) (0.29% ), P. caro-
tovorum I ALK 73 A ERSC K & ( Erwinia) | & 45 4
BHE NS B SC G (E. carotovorum ) ( Winslow et
al, 1917) , HF| 1945 4, 53R HE A IR &
) — 28R 3 Sy — B, BRI & ( Pecto-
bacterium) . N 3K F AT TR FTRK SE A% 20 TR 1
Tt 970 T e ) Bl 58 1Y 70 28— R 2 4] 43 3] Wi
RE—25, BV (E. quercina) , 124 1k, A 5231
FE R A s g AR 12 AR SR IHTF B & ( Pectobacterium
spp. ) B AR T 2 2200 77 A A4 5 BRI S 00 SR
FF& (P. carotovorum) (Yu et al, 2019) , B AR TE Nt
Bt PR e R A S S 08 SR A B )
HEHIFFIN 0. 29% , 15 H: 58 B 1y 2 9 4 571 1) 2 5%
FEREAT B T AT U 1 5 2 2 BAE R R 2L
TP 5

5HAMAEYR B — A4, L. populi N-5-1 TER G
A FABRPFHREL T EAW W E R LRI = A
ARG FE(Yu et al, 2019) . 7E3E Mt B 9
DB 2 DA — S T R R A T 2K 0 355 M B g R
fitf LT AE RN AR WA AT AR
TE CAZy (KA & W AH S ) B4 e, L. populi N-
5-1 19 109 AEE A3 5 B 54 A AHSCEESE, Horh
B K f# 1 ( Glycoside Hydrolases, GH) RS %,
A 47T A 5 TR K AL S PR S EEY 43% , 0T
B IIAE (Auxiliary Activities, AAs) U 3% 45 VE B ) 40
KFE , WFFE B, A 7K S T 3 Ao KA b R R
ORI 7=y, H T A W AR AR i A, W I 5 il
( Glycosyltransferase , GT ) 2= 5 21l il PN £ Fh A= 1w 1% 511
FEVR P T 0 o S 0 00 e % B 4 1 B IR o b
LR L O R . 31X SE AR AR W) R B I AR
5 3l PEE AN AR T (IR, 2012) o FETE
BB ABEE K B, 4 A T 4 R EEE A, 23 )
L. populi N-5-1 GL000269 L. populi N-5-1 GL0O00336
L. populi N-5-1 GL000949 #1 L. populi N-5-1
GL002673, tAh, L. populi N-5-1 GLO00949 FI L. populi
N-5-1 GL002673 JEHFE L. britannica 477 W[ FETE
RN T2 2R AL PR, 2 B 33K I Ao it 97 s T T =2 G 4%
I i = B T B R T IR A 1) 2T 4E 3R Tl 5 ik A ) 20 i
B ARWFFEAE L. populi N-5-1 KPR 20 v 3 3 B 3] R
JECHEE L A 11 A, 2R 4 R B B 4 A, T AE Peb
BZA12 BIAREE A AR R AH S B I i 22 1K 24 4,
CLRI Peb BZA12 R LLG| K140 IS BB A , i 3 I
BEPA 1200 I 5 K BOm ME R G T (Yu et al,
2019) , TPKf L. populi N-5-1 71 3 Gt FIEEHFAY pel

FEP AT A AR I, e I TR e il 5 PR 114 9 A5 A
A I B BB (AT, 2013), Bt
D, AN TR SR BT A 00 PR 9 AN 58 A A ), 99 D 1
=41 F AT RE I vh b Z2 Fh i IR D[RR H

FE PHI 0 e B 25 A JE R B B T6SS
FHOGHED Hov 2 AN L PR 3R P 40 ik A48 2 1 3
H,7 MEEEARER, 7 4> T6SS & N, HAaa%
K2R VerG 1 hep, W55, VegrG Fl hep f& VI A4y
WFRGE T6SS H I B4 R T, /K A Al PR M 4B 4% 0 TR
(Avenae avenae subsp.Avena) "1 vgrGl/vgrG2 FEK 5&
7m0 I B T o Mt 2R (B AR, 2014) , B
BT R, T6SS REME K AN B (176 B8 3] 52 (4 4 >
TP TR %) 448 B 0 I v, o 4 R (] 7 6 47 B 5
{3 ( Coulthurst, 2013) . T6SS HYZ N T FHA 3
28 AL FE MR A L () 5500 B T 200 B ) 355 1 1
IR ) 58 4 P S4B IR A% R A 85 0 -, TE AT
FEH ERERN T SRR M RE A G VerG RN 3k
, B A > 32055 D TR AR A T A ) T B2
BB Y T6SS Al g SR MUz iy - Z T E W
TV U ] 35 4 , 5 Jir BT 388 Ao 08 T30 0 R A4 R 1) 2550 i
FAEFP ]S 4 B3, DT A 45 G 3 Rl it — 25
R AR R — IR

16 PHI E08 2 v i B 2 1 36 ML 7R AR J5
S A5 J A 1) B0 PR 3 5 ( Yang et al., 2018) , H
HH Kdpe (L. populi.N-5-1GL001552) F1 Qseb ( L. populi.
N-5-1GL000333) J& T WA 5 5 T RS, L R 4%
308 3 R 7 4 L PR 97 8 £ 5 M DA AR S e R R TR
FeIRFNGH MY A BA: AL DI BE ( Galperin, 2006) . TERK
A A R M B 9% 5 T R, X KdpD-KdpE %% 738 23 fdi g
JEE FF 1R B ( Yang et al, 2018), # Jz, 1F
Salmonella enterica "X 2878 (i B3 Sy 5g , W4T
HE—H45 4 L. populi N-5-1 F&[H 20 b fY F 22 D RE
KA T REFRNT L .populi N-5-1 B&RE ) BUR 5
BL,

AW IE 3 AN = AR B AR R S A A 1A
PEBZ 0 U T4 3L AL, 280 PR 5 15 20 40 B
FEPR A SERLE, K/ Hy 3 843 856bp , I 3 556 44k
B, GC 5t 56.81% ., @ & J¥ 51 86 4, f
0.295 7% , AE4HS RNA 115 4>, 5 1.047 3% , it
Bl PE T 4H 2 B R #E P T COG GO Fll KEGG & 48 M43
BT, AR BT RE T A IR 455E 3L P, FLh e COG 4L
PR RS 2 784 NIEA, GO B R T R 3 2 348 4~
FH  KEGG %0 e R 3 2 374 AL, 78 PHI L
PERE P RS T 427 AN, Horp 13 A0 7 3
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K, 7E T3SS B i B3 501 A~ 18 G fith 43 ik
MR, X B 1) B B AT 2w IR
X 5 Ao 240 TR M D5t 9 e TR B0 A DG IR J LA 5 7 32
HAE R BT

3MBERE
3.1 AEEK BEREREFRES

DR SE A7 20 P 1 159799 TR N-5-1( Lonsdalea populi)
H U BT R 27 BR AR 25 R B B i S 56 % A
He it (A LB WA R IR A 7 28 CCAFT 180
r/min K% H % 36 h ST HEAT RN 41 DNA $2H,

3.2 AEEF L DNA RIREX

fdi ] SteadyPure 2 I8 55 I 2H DNA 42 U 7] &
(SR 2~ W) T ), T T RS A A0 T e 2t 7 v T 4k
PRIZH DNA (4 5L,

3.3 MEERANFIALE

B 280t Qubit FIBNE A SR I i IR AGE I 5 6 14 ik
[KIZH DNA BEHLIT B, JF 0 82k 3547 cluster 45 .
WS , BEATSCPR 4, @i BGISEQ V- 34T LALI
J¥ . FEARAS A6 1 T i DNA J5 , >R A Oxford Nan-
opore Technologies 2 i) 1) % A 428 51] & 647 I e SC P
¥y #HE | 5% J5 7F Nanopore “F- 5 3547 AL

T BGISEQ J5 4k I B4k 25 54 Joit o {1 3% 252
<20 [BEFEEGE B 40% 1Y reads ; ZBR T N BIBHIEEL
H EHIER] 10% BY reads ; 2% adapter 15 %% ; 22 F% du-
plication {5441 F %) ,#5%] Clean Reads, il i %} nan-
opore JEUREHRE A 4 B G %€ (B E A 2 000 bp) 44 2]
nanopore %] FEECHE

ffFH Unicycler( Delcher et al., 2007 ) {43k 24 2%
BGISEQ F1 nanopore [ reads, il itf Glimmer ( Salzberg
et al., 1998;Delcher et al., 1999 ) {4 X} 2H 2% 45 S it
A7 HE IR T

3.4 EFEhEE T

ff I RNAmmer ( Lagesen et al, 2007 ).
tRNAscan-SE (Lowe and Eddy, 1997) | Rfam ( Gardner
et al., 2009) F1 TRF( Benson, 1999) 435X} 5% % i 24
FRSEIZ 7 FP 81 1547 TRNA (tRNA | sRNA K & &
Fe A BB o T30 2 ) 4 5 77 50 A Gene Ontology
(GO) . Kyoto Encyclopedia of Genes and Genomes
(KEGG) . Cluster of Orthologous Groups of Proteins
(COG ) . NR. Antibiotic Resistance Genes Database

(ARDB) ,Pathogen Host Interactions ( PHI) | Carbohy-
drate-Active Enzymes Database ( CAZy ). Virulence
Factor Database ( VFDB) | Type III Secretion System
Effector Protein ( T3SS) | TransportDB ( http://www.
membranetransport. org/transportDB2/index. html )
Antibiotic Gene-ANNOTation ( ARG-
ANNOT) Bodfs b A7 HO, TERE DI RESE A
3.5 Ik BRERAFES
3.5. 1 LMo

R 275 I RE R 20 7 )8 B AR T 100 i R 4
5147 3F MUMmer( Kurtz et al., 2004 ) H X255
HEFF AR S 5 R A 1 B B P 9 4 L 9 46 /)
SRJG o A — 4R PR Yy XY AR ARl AL PR
2 e A SO S R L P = L E A R A g =
% Pl 5 F W E A4 P2 k4T P1 X4 P2 P2 %t Pl
i) BLASTp HEXF, X T 28 v 1) B A 3 e B A 1 E
XFAEAR, 15 2 X (Besthit) o f5J5 Of B PO EL X
— B X, AR O ) — SO R R — 2
ERBIE . AR BB & B AL B A5 R 45 el
“@i/NEbR T
3.5.2 RGBT

PEH NCBI B4l FE b i 4 > B e 55 R 47 5
i) Lonsdalea J& MR HEAT 2 5L K B W70 Hr, 78 NCBI
R 2 L populi 12-3 L. britannica 477 L. iberica
LMG 26264 Fl L. quercina ATCC 29281 2 ji% 3L [H (1Y
16 S rRNA JE [ fasta 4% X 91, K )5 91 SCAF & A
MEGA7. 0 %k {4, R FH 3 4 #H 4% ¥ ( Neighbor-joining
method, NJ) F1 1 000 X & & ( Replications ) [
Bootstrap {E 4 & AL

& STk

5 A7 A S A I ST Y S BT RS 5 A 5 1Y R
FEN SE LT By B B o0 B AN SCIRE TAE s
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