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Isolation, identification, and whole genome sequencing of a
rabbit-derived type A Pasteurella multocida strain

LUO Xun, DING Bihe, WANG Yin, LUO Yan, YAO Xueping, REN Meishen, YANG Zexiao"

College of Veterinary Medicine, Sichuan Agricultural University, Chengdu 611130, Sichuan, China

Abstract: [Background] Pasteurella multocida can cause various diseases such as porcine
pulmonary disease, bovine hemorrhagic sepsis, and rabbit hemorrhagic sepsis, posing a serious
threat to the healthy development of the animal husbandry in China. [Objective] A rabbit farm
in Chongqing sent a batch of sick and dead rabbits for examination. To study their pathogens
and treatment methods, we carried out microbial isolation and whole genome sequencing for the
pathogens. [Methods] The bacterial isolation and purification, biochemical testing, 16S rRNA
gene identification, capsule serotyping, drug susceptibility testing, and virulence gene testing
were conducted with the diseased rabbit samples from a rabbit farm in Chongqing, 2022. The
whole genome sequencing results were employed to annotate the virulence genes and drug
resistance genes and build the phylogenetic tree. [Results] The isolate was identified as a
rabbit-derived type A Pasteurella multocida strain belonged to the sequence type ST74 and
named LXSS001. The genome sequence was uploaded to NCBI (collection number:
CP119523.1). The strain was resistant to tetracycline, compound sulfamethoxazole, and
sulfamethoxazole, while it was sensitive to cefotaxime, cefoperazone, and amikacin and so on.
The strain had the whole genome length of 2 480 671 bp and carried 58 virulence genes and
resistance genes for 9 classes of antibiotics. The phylogenetic tree showed that LXSS001 had
the highest homology with the 3480 strain. [Conclusion] This study completed the isolation,
identification, and whole genome sequencing of a type A P. multocida strain and revealed its
phylogenetic relationship with other isolates, providing a basis for the subsequent research on P.
multocida.

Keywords: rabbit; Pasteurella multocida; whole genome sequencing; pathogenicity; drug
resistance

1881 4, Louis Pasteur IR EH T £ 5% I S AR, 5lEEM S 5 2=/ A BV F

P4 B B FT 1 (Pasteurella multocida, Pm)Jf- ik B
ZAMEE R R AT RS EEL IRk, Hix
WA TR S A, A G I DU I

A PR DI | L T TR RS 2R A 1 5
R, BRI AP, 2R AT
() 250 P = 2k A BE 2 8 (lipopolysaccharide,
LPS)PUFIFZME, CarterF1 Rimler Z5PHHE 2
BTS2 R/ AT R0 AL B, D, EfIF

AR 25 7= A 2 3P B RHF B 7 K (Pasteurella
multocida toxin, PMT)"’,

I EE PR o B 326 s B S e T F T 24
PR AT, At o> B alifh A4k IR 5 | 16S rRNA
JE DR S PSR MLV 2 0 B, Ay Bt — R 2 5%
PEECHF R EEdR, R T2 00 . & )
o I 04 LA A B . DA Z2 3L IR
FFIA 5 SeiF e SR 44225 Ll
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1.1 R

F REPLRE AL B FE BB (nutrient agar, NA)
[ A F2 5L (o 5% P 22 A A V), s
(L) P RHEA A A5 2xSanTag PCR Mix
(with blue dye). DL2000 DNA Marker, 4 T 4%
TARCEE) B A RS A B 22 v
(phosphate buffered saline, PBS), Jt 5 &3 T RHY
ARRATE] ;s A0 BUE ARV, BUM
W50 BR S 7] 5 Fast Pure Gel DNA Extraction
Mini Kit, F§atiaMEREE YR A R AT

SR ZEVUE I Ky, B EGRESTAEY)
ICHS B AT BRA W] s AR IR IR, WM T4
IR RAES IR BT s ARV BB, Olympus 2
Hl 3 6 28 3 0L, Eppendorf 23 ] ; PCR
¢, Bio-Rad 2] ; HLIKAL, JLmis—AYRH
AR/ Al Quantity One BEME AIZ1Y, Omega
NI

TRIER S th B KB TR e ik A . R/ B
g A SER AR SE R S AT R A ] . SERe sy g
JAM R 27 Bl Wy i M 22 B 2 o A e i (G o
20230239),
1.2 REEMNSBECSREER

TC TR ) T S S i s A S, BBUS A6 G il
BE . JHERERIZE AT NA B IR AR 575
B 5% P 2B AR AR IS, 37 °C Ki3F 24 h,
METF I Fa R . IR AL F PRI TR v, il
PSR A 230 HEA T 2 AL FERT T NA 5 37 Bl 8
PRBEFR AL B (5% 5% 04 28R A i), Pkatifl
Jo BRLTE v AT A 2 PR
1.3 Hidis

VAN R LR A R T
PUE - STRETEAE
1.4 16S rRNA EF 5|1t 5418

28 GenBank T2 [CHFEI 168 rRNA

37 °C K357 24 h,

RERFFIEITE1Y, 5IYF51 0L 1. PCR [
A ZR (50 puL): Aidi 2 ul, F RS 14(10 pmol/L)
4% 2 uL,ddH,0 19 pL,2xSanTag PCR Mix 25 uL,
PCR [ 41 95°C 3 min; 95°C 15, 55°C
15s, 72 °C 1 min, 30 ™ME¥; 72 °C 5 min.
PCR W2 g (BN A6 5t BB A R e fy
AR wI AT
1.5 FERMBERLERE

H 38 Townsend 251 VKR 18 1512 iy 375 74!
Y€ PCR 5|¥, 51974003 1. PCR WAk
Z(50 uL): #itl 2 uL, . FUHES147(10 pmol/L)
4% 2 uL,ddH,0 19 uL,2xSanTag PCR Mix 25 uL.
PCR W 5[] 1.4,
1.6  ZafA 38 Fn ) B BRI I8

K Kirby-Barer 48R 4 #3%, =M CLSI
Y78 TN 2021 JR) I 43 5 B A 2 sk
W2 APEE IRFFFEIRAT T NA (& 5%#7 P8 228
A A IS )RR, 37 °CHi 3R )R F PBS i
vE, IR TR A VAR B0 i RO . B
10 HEB/NR, MERERE, 0510 0.2 mL
1x10" CFU/mL . 1x10° CFU/mL ., 1x10* CFU/mL .
1x10" CFU/mL &A1 0.2 mL PBS, M%< 72 h.,
1.7 FhHEE®EN

HAE Khamesipour 25" %36 38318 11 2
PCR 519, 51750 0L3% 1. PCR MR R
(50 uL): Hifk 2 uL, . FHES1H7(10 pmol/L)
£ 2 uL,ddH,0 19 pL,2xSanTag PCR Mix 25 uL,
PCR i 5514 1.4,
1.8 S EEEEEBNF

K853 B T PR 2R IR E S 7E NA (% 5%
PO 228 AR A IR B afife iR 3 U, B
FHEAEARESAT T NA (& 5% 2544
M) TR 37 °C 558 24 h, ZIEHKEE
f) PBS M F @ &3 6 000 r/min #5.0> 10 min i
SRR, % IR AR S DR A A BRA A
SN TE BE K 40 DNA FF 3474 3L R 2 )

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



Tt F | #HMREFEAESREERTENSBLEEMERERENF RS 585

%£1 PCRI|¥ER

Table 1 Information of PCR primers
LR 24 P 519741 P RN
Gene name  Primer sequence (5'—3’) Product length
(bp)
16S rRNA GGTTACCTTGTTACGACTT/AGAGTTTGATCCTGGCTCAG 1500
hyaD-hyaC ~ GATGCCAAAATCGCAGTCAG/TGTTGCCATCATTGTCAGTG 1 048
dcbF TTACAAAAGAAAGACTAGGAGCCC/CATCTACCCACTCAACCATATCAG 647
bcbD CATTTATCCAAGCTCCACC/GCCCGAGAGTTTCAATCC 758
echJ TCCGCAGAAAATTATTGACTC/GCTTGCTGCTTGATTTTGTC 512
fcbD TCGGAGAACGCAGAAATCAG/TTCCGCCGTCAATTACTCTG 852
ptfA TGTGGAATTCAGCATTTTAGTGTGTC/TCATGAATTCTTATGCGCAAAATCCTGCTGG 488
fimA CCATCGGATCTAAACGACCTA/AGTATTAGTTCCTGCGGGTG 866
hsf-1 TTGAGTCGGCTGTAGAGTTCG/ACTCTTTAGCAGTGGGGACAACCTC 654
hsf-2 ACCGCAACCATGCTCTTAC/TGACTGACATCGGCGGTAC 433
pfhA TTCAGAGGGATCAATCTTCG/AACTCCAGTTGGTTTGTCG 286
tadD TCTACCCATTCTCAGCAAGGC/ATCATTTCGGGCATTCACC 416
toxA CTTAGATGAGCGACAAGG/GAATGCCACACCTCTATAG 864
sodA TACCAGAATTAGGCTACGC/GAAACGGGTTGCTGCCGCT 361
tbpA TTGGTTGGAAACGGTAAAGC/TAACGTGTACGGAAAAGCCC 728
sodC AGTTAGTAGCGGGGTTGGCA/TGGTGCTGGGTGATCATCATG 235
nanB CATTGCACCTAACACCTCT/GGACACTGATTGCCCTGAA 555
nanH GTGGGAACGGGAATTGTGA/ACATGCCAAGTTTGCCCTA 287
OmpA CGCATAGCACTCAAGTTTCTCC/CATAAACAGATTGACCGAAACG 201
ompH CGCGTATGAAGGTTTAGGT/TTTAGATTGTGCGTAGTCAAC 438
oma87 GGCAGCGAGCAACAGATAACG/TGTTCGTCAAATGTCGGGTGA 838
plpB TTTGGTGGTGCGTATGTCTTCT/AGTCACTTTAGATTGTGCGTAG 282
pmHAS TCAATGTTTGCGATAGTCCGTTAG/TGGCGAATGATCGGTGATAGA 430
exbB TTGGCTTGTGATTGAACGC/TGCAGGAATGGCGACTAAA 283
exbD CGTTCTGATTACAGCCTCTT/AACGAAATCTTGGAAACTGG 247
tonB CGACGGTGAAACCTGAGCCA/CCGAGCGATAAGCATTGACT 261
hgbA TCAACGGCAGATAATCAGGG/GCGGGAATGCTGAAGATAAG 267
Fur GTTTACCGTGTATTAGACCA/CATTACTACATTTGCCATAC 244
hgbB ACCGCGTTGGAATTATGATTG/CATTGAGTACGGCTTGACAT 788

1.9 SEENEEREADH

FH OAT (https://www.ezbiocloud.net/tools/
orthoani) Fb X} T EL % 43 5 B AR [A] oAt 2 % PR 2
FOAF T B HA AR A A TR AR A TP A IR —
(1 (average nucleotide identity, ANI)FLXf, 25
1 G A 5L DXL B9 P 91 B X SR ] diamond B2k 58
M, 5 non-redundant protein database (NR)[M] \
cluster of orthologous groups of proteins (COG)!"*!,

Swiss-Prot . gene ontology (GO)!'“ F1 Kyoto
encyclopedia of genes and genomes (KEGG)!'"'J
5 MBI ZEHEFT BLAST (E-value<le—6)1EHL
— M RAER SR I T I RER R B . 15 R
T-%¥¥8 )% Virulence Factor Database (VFDB)!'™
(www.mgc.ac.cn/VFs/) X} 43 55 B B4 7% 1 3 K iF
k. RMSGEPUERT LIS The

Comprehensive Antibiotic Resistance Database

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



586 A

FIER

Microbiol. China

(CARD)!"™! (https://card.mcmaster.ca) VT B¢ 73 &5
PRT LA T 25 Y . B T T A 2R AL
PubMLST %4 € (https://pubmlst.org) | 5. , [F]
T BT A KL, R MEGA 7.0%%
B NCBI H A K bR T 2 BE R 2
537

2 ZREM

2.1 D EREERESYFE

STERETEE RS EAERK; 78 NA
A SR I (57 5% P 228 A2 A ML) B B R
TR G CREMIMREE (A 1), fF 2Ry
o BT T A, AT UL AR o 2 R B R
(& 2).
22 HURAEER

AR R B, B wE I AE . 2l
MR AHE . ZEZEREA-E R B XA
XU 2P FUBETE . N S ERER . B SRR R
Xt R, FF S 2 A0 AT B R
2.3 16S rRNA E[FE A PCR £ E

W B 16S rRNA KK PCR =¥ T
1% B IR B EE I AL vk, H B — 4 5 T 45 SR —

1 DBEHEE NA (8 S%HAZHESIH)E
MERE ENEERS

Figure 1
on NA agar medium.

The colony morphology of isolated bacteria

FERIFR/NR 1500 bp A2 47 19 5500, W&l 3 iR o
B 7 45 SR 7E NCBI 47 BLAST X, — 8k
B AR 2 83 B R E RS . 454
KRR IR A AL IR I S5 R, BE DB N
ZAMEE RATH .
24 HHEREFANDBRBRMEREER
ORI GG R BN, 2B BT Sk
SCALURER . T RERAR . WEID R BRI
ZIHE, HER, 45X, AR E MR
VRS, MO EER., MER. ZMERM

2 NERE=KLEEHEKREAQ 000x)
Figure 2 The result of Gram staining microscopy
of isolated bacteria (1 000x).

bp M 1 2

2 000

1 000

B 3 16S rRNA E[FHE) PCR F=4EER HE Ik E
M: DL2000 DNA Marker; 1: BAPEXTIE; 2: 40Bi5
Figure 3 Gel electrophoresis of 16S rRNA gene
PCR product. M: DL2000 DNA Marker; 1: Negative
control; 2: Isolated bacteria.
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ZHTRE R B BT 2451y v BERURE ;s XA TR AR
il e S e . B 7 HTi BRI U R K 2, HLAk
GiR IR 2. DNRBURHEIRIRE R o, T4
1x10' CFU/mL. 1x10° CFU/mL T ¥ it/ BU7E
24 h NBET:, TESH 1x10° CFU/mL B 89/ B
FE 48 h NFET:, TEGT 1x10" CFU/mL BB A/
BU7E 72 h INFETS, TEST PBS BI/NERCRIET .
25 HEEMBRLETEHER

JERLIMIE T PCR LIk 45 R A&l 4 Fiow,
I3 B TR ISR I G B UL A B
2.6 SHEREKRMNER

B JI R PCR W HLTK Z5 R AN 5 Fos
T B E ARG T ptfA, fimA, hsf-2, tadD .

*®2 APAEER

Table 2 The results of antibiotic sensitivity tests

EIL/ BN 0 P LA S
Drug names Inhibition zone Results
diameters (mm)
S fBE 5 Cefotaxime 50 S
SLAAVR R Cefoperazone 38 S
Ti % & Vancomycin 19 I
T HeRHB Amikacin 23 S
#F 56 BK Bacitracin 0 R
Wi 7P & Norfloxacin 31 S
Frl 52 P4 Ak Amoxicillin 36 S
Z VUM E Doxycycline 30 S
BEFEZ Streptomycin 18 I
H % % Penicillin 28 S
418 & Erythromycin 21 S
F il 5 Z& Midecamycin 14 I
Z ¥ & B Polymyxin B 20 I
T Jlig 57 Wk Sulfafurazole 10 R
K JE % Florfenicol 38 S
Bk 2 Enrofloxacin 32 S
R 10 R
Compound sulfamethoxazole
PUFRE Tetracycline 8 R
R: Mif2h; I P4 S: Bk

R: Resistance; I: Intermediary; S: Sensitive.

bp M 1 2 3 4 5
2 000

1 000
750
500

250
100

4 NEREBREMNFRELEEER

Figure 4 Identification results of capsule serotype
of isolated bacteria. M: DL2000 DNA Marker; 1:
hyaD-hyaC; 2: bcbD; 3: dcbF; 4: echJ; 5: fcbD.

sodA. tbpA. pfhA. nanB. nanH, ompA. ompH .
oma87. plpB. pmHAS. exbB. exbD. tonB.
Fur #1 hgbB J£[H, hsf-1. sodC. toxA Fl hgbA 3
PRI H o
27 DERERNEEREANFER

I FPAS BB B 2R AR/ N R 2 480 671 bp,
G+C 1R 40.27%, 4 2 366 I R S HE
(open reading framework, ORF), ~F-3J4 &k
930.3 bp, ORF J341 (5 JE [ 41 A< BE 1Y 88.7%;
A 58 4~ t(RNA. 19 /> rRNA (7 > 5S rRNA .
6 1 16S rRNA .6 1> 23S rRNA)FI 27 > ncRNA ;
&4 3 %% CRISPRs J¥4Il . B #kk 7 51 LA
FASTA XX F 44 % Genome B8 FEFRASE 5
SAMN33607990, F-44 1% Mk 54 LXSS001,
2.8 FIZFBR—BHESTER

WIRR R 43 1 B R 95% ANT (B, fniE 6
B 7R o T Bk LXSS001 5 GenBank HE S ) 45 b
X A& M5 R0 2 A M B ERAT I 0 ANT (378
95%Lh b, 552 K ) S T i FR A TR Y
ANIE/NT 75%, Ut B R LXSS001 2h 2 554k
L IR
29 ERARBERSMEIRER
29.1 ZERRIBERER NRFRE

PR LXSS001 H14 2 366 ML FIFE NR %1
I R A5 B T R
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bp M1 2 3 4 5 6 7 8 910 11 12 13 14 1516 17 18 19 20 21 22 23 M bp

1 000

1 000 750

750 500
500

250 250
100 100

5 FHERKGNEREKE

Figure 5 Test results gel electrophoresis of toxicity gene. M: DL2000 DNA Marker; 1: ptfA; 2: fimA; 3:
hsf-1; 4: hsf-2; 5: pfhA; 6: tadD; 7: toxA; 8: sodA; 9: tbpA; 10: sodC; 11: nanB; 12: nanH; 13: ompA; 14:
ompH; 15: oma87; 16: plpB; 17: pmHAS,; 18: exbB; 19: exbD; 20: tonB; 21: hgbA; 22: Fur; 23: hgbB.

HEEEEEEEEEEENE RN EEEN 1 Xss001 (CP119523.1) it
[ ] BEREE T B Pasteurella multocida 3480 (CP001409.1) 0.95
B Pasteurella multocida Pm-3 (CP014618.1) 0.90
B Pasteurella multocida USDA-ARS-USMARC-60381 (CP015572.1) | 0-82
B Pasteurella multocida BS168 (CP031554.1) ggg
. Pasteurella multocida FCf15 (CP038871.1) 0' 70
B Pasteurella multocida PS3536-1p (CP061052.1) 0‘65
. Pasteurella multocida PM-1 (CP066223.1) 0' 60

B Pasteurella multocida HBO3 (CP003328.1)

. Pasteurella multocida Tibet-Pm1 (CP072655.1)

. Pasteurella multocida HN06 (CP003313.1)

. Pasteurella multocida HNO7 (CP007040.1)

. Pasteurella multocida ATCC 43137 (CP008918.1)

. Pasteurella multocida strain KVNON-213 (CP049756.1)

. Pasteurella multocida SD001 (CP090428.1)

. Bordetella bronchiseptica FDAARGOS_176 (CP014013.2)
. Bordetella bronchiseptica D448 (CP024171.1)

oo

s

6 Btk LXSS001 5% R MEBERTFRKRKERA ANI ELXF
Figure 6 ANI results among strain LXSS001 and representative of Pasteurella multocida. The NCBI
accession number of the strain is shown in brackets.
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29.2 EFBHRBEER COG IR

Btk LXSS001 AYHEDN 45 8 H 7 41 5
COG Ba PEFAT LT, SR 21 MIhRERy
2 125 N b A dE 483 AR ATIRE ML
9 15 ik K AL & 9 19 iz iy 1A (carbohydrate
transport and metabolism)FH CINFERL R £, 5
163 A~ Suth BPE . AZBHIRGE M A A )5 L
(translation, ribosomal structure and biogenesis)
FHOCTNRESL DA 162 A1 5 S hith 41 i B¥ /)5 /420 JBE 5
A% (cell wall/membrane/envelope biogenesis)AH
KIREREEA 161 4>, XL LK Z MR
1) R MR A i b T i A, BLRSS R an
K7 fis .
293 EBRBEER KEGG

Rtk LXSS001 B3 [N 4 i 2 2 41 5
KEGG %a et A7 Hexy, SILA 2 951 A ihltk
W32k, Hrh2 5 Brite hierarchies /2 st
&4 BN T (genetic information processing)ft) Ak
HRRZM, A 540 DGR, HREE 1L
15 A1 40 fifd 1+ #2 (signaling and cellular processes),
A 389 MAHCEER s SR JE Za oK A& W A

COG function classification
500

400
300

200

Number of matched genes

100

ABCDEFGHIJKLMNOPQRSTUVWYZ
Function class

7 Bk LXSS001 EFE4HAY COG ThaE s EE

(carbohydrate metabolism), A 257 MAHICHEH
FARZE R ANIE 8 Fis .
294 FERARBEEM GO IR

Ptk LXSS001 A K 4 A% & 115 41 5
GO B FE AT HEXS, Bk LXSS001 HitAy
1651 MR R, Kb T Ihaeh e 1
254 (ion binding)Fll DNA 254 (DNA binding)&
IR EERE RSN 2 NRE; MR H
i (cell) A0 4 AL 2H 4 (cellular component) 23 K] &
EREREN 2 A YA Y
(biological process)F1 4l il & 1k A& W L) 1 72
(cellular nitrogen compound metabolic process)
L E ERE RSN 2 MisR, HRSE R
Kl 9 Fis .

2.9.5 EHEWBEREAM Swiss-Prot T 1%

B B AR LXSS001 F 5 P 4 i & 1P 51 5
Swiss-Prot FCHE FE L X, FEA 1 993 AN
P8 6675 2] T Swiss-Prot YRR,

29.6 HEZEHDEXHEEIR

W2 85 143 28088 % (transporter  classification

database, TCDB)Zi iz H, W5 FiHiE

A: RNA processing and modification

B: Chromatin structure and dynamics

C: Energy production and conversion

D: Cell cycle control, cell division, chromosome partitioning
E: Amino acid transport and metabolism

F: Nucleotide transport and metabolism

G: Carbohydrate transport and metabolism

H: Coenzyme transport and metabolism

I: Lipid transport and metabolism

J: Translation, ribosomal structure and biogenesis

K: Transcription

L: Replication, recombination and repair

M: Cell wall/Membrane/Envelope biogenesis

N: Cell motility

O: Posttranslational modification, protein turnover, chaperones
P: Inorganic ion transport and metabolism

Q: Secondary metabolites biosynthesis, transport and catabolism
R: General ﬁymction prediction only

S: Function unknown

T: Signal transduction mechanisms

U: Intracellular trafficking, secretion, and vesicular transport
V: Defense mechanisms

W: Extracellular structures

Y: Nuclear structure

Z: Cytoskeleton

Figure 7 COG function classification diagram of strain LXSS001 genome.
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KEGG classfication

Protein families: genetic information processing
Protein families: signaling and cellular processes
Protein families: metabolism

Cellular community-prokaryotes

Cell growth and death

Transport and catabolism

Cell motility

Membrane transport

Signal transduction

Translation

Replication and repair

Folding, sorting and degradation

Transcription

Drug resistance: antimicrobial

Cancer: overview

Infectious disease: bacterial

Neurodegenerative disease

6
Drug resistance: antineoplastic 6 P Human diseases
5
4

540
389
195

45

[ Brite hierarchies
I cCellular processes

[ Environmental information processing

I Genetic information processing

Endocrine and metabolic disease .
B Metabolism

Cardiovascular disease
Cancer: specific types 3 I Not included in pathway or brite
I Organismal systems

Infectious disease: viral

Infectious disease: parasitic

Immune disease

Carbohydrate metabolism

Amino acid metabolism

Metabolism of cofactors and vitamins
Energy metabolism

Nucleotide metabolism

Lipid metabolism

Glycan biosynthesis and metabolism
Biosynthesis of other secondary metabolites
Metabolism of other amino acids
Xenobiotics biodegradation and metabolism
Metabolism of terpenoids and polyketides
Unclassified: metabolism

Poorly characterized

Unclassified: signaling and cellular processes
Unclassified: genetic information processing
Endocrine system

Aging

Immune system

Environmental adaptation

Nervous system

Digestive system

Development and regeneration

Function class

257

1 1 ]
200 400 600

Number of genes

8 Pk LXSS001 EFHH KEGG iR 77 3K [E
Figure 8 Classification diagram of KEGG metabolic pathway of strain LXSS001 genome.
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GO classfication

. Biological process 1651
Cellular nitrogen compound metabolic process 629
Biosynthetic process 621
Small molecule metabolic process 498
Transport 337
Catabolic process 251
Carbohydrate metabolic process 143
ranslation 113
Cofactor metabolic process 100
Lipid metabolic process 1
Response to stress 88
. Protein maturation 74
Generation of precursor metabolites and energy 62
ellular protein modification Jgrqc.ess 55
Cell division 52
Cellular component assembly 43 . .
Sulfur compound metabolg: lroce?s 39 I Biological process
ell cycle 36
Cell wall organization or biogenesis 35
& Ribosome biogenesis 29 I Cellular component
Hcorﬂeostatl}f process 28
ell morphogenesis 26 :
Anatomical structure delif_e!g ment 26 I Molecular function
. Protein folding 22
. Signal transduction 20
Nitrogen cycle metabolic process 15
Membrane organization 10
Transposition
Chromosome organization
Reproduction
Chromosome segregation
ell'death
Cell adhesion
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mRNA processing
Immune system process
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Function class
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—

€ 753
Cellular component 564
Intracellular 468
Cytoplasm 408
Plasma membrane 272
_ Organelle 81
External encapsulating structure 72
rotein complex 59
Cytosol 9
Extracellular region jmm4
Extracellular space
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Thylakoid
Molecular function 1569
Ion binding 565
. DNA binding 221
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Isomerase activity 107
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Transferase aCtIVIth transferring glycosyl groups 58
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Protein binding transcription factor activity 7
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—
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Figure 9 GO function classification map of strain LXSS001 genome.
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(ion channels)f#) /32 R 4 (TC system). TCDB %X
TR ARG 5 DT, H—RR
THES SR A& 10 Pos, 4 541 ALK 7E TCDB
SRR | RE P = o VA 11 B €10 a0 71| b= 5) 2 R R
%32 75 M (primary active transporter) (220 >3k
K, Hfb2# HL A 9K 3l % 32 25 1 (electrochemical
potential-driven transporters) (133 />3 R F1E
1B %5 1 (channels/pores) (76 T 3&H),
2.9.7 WKL EVIEMLES(CAZY) S

Wk K 4k & W 3% 1 B8 (carbohydrate-active
enZYmes, CAZy)$d e 5 240 & 5 W 4
fiff . ABH S A ARG BESE . F 245 TR 3
2K BEH K@ (glycoside hydrolase, GH) ., #iJLA%

100 -

Number of matche:

50

Function class

10 Ekk LXSS001 £ TCDB ¥R E I B % E

#% I (glycosyl transferase, GT) . Z M 2 i i
(polysaccharide lyase, PL). f /K Ak & ) Bk B
(carbohydrate esterase, CE)FI4i i P4l (auxiliary
activity, AA). AP, ZE@REL TS kb &
2E G AN (carbohydrate-binding module, CBM),,

>R Fl hmmscan 3k U 78 3 K 4177 51
HAEER CAZy BJSSEIN . HuXd 45 R B ORF
P FE>80 N2 FEfR , E-value IIn SHEHIX BN
le-5; KR T4 HXT K BE R T80 2 2 v &
FIRIFHIN 30%; A4 P8 X <80 A& 2k
%, E-value i SHEIZ & N 1e-3, AIRFH L
X A BE R T A I 2 R LR PP A Y 30% LA
RIEHON G . CAZy S AT S5 RGN 3 Fis .

3: Primary active transporters (220)
4: Group translocators (29)
B 5: Transmembrane electron carriers (22)
B 6: Accessory factors involved in transport (6)
7: Incompletely characterized transport systems (55)

Figure 10 TCDB database annotation statistics for strain LXSS001.

*3 BKULEYIEMESEITER
Table 3  Statistical results of CAZy

i KAk & W T 2 2 HERER Y ORF it THEREEIAY ORF Hirdt L B T f9 L 151
CAZy property Number of ORF annotated Percentage of ORF annotated (%)

Wi H G F5  Glycosyl transferase (GT) 35 0.014 8

Z W24/ Polysaccharide lyase (PL) 1 0.000 4

Kb WITis i Carbohydrate esterase (CE) 9 0.003 8

BTG PEEY Auxiliary activity (AA) 4 0.001 7

KAL & P45 G A S B 3 0.001 3

Carbohydrate-binding module (CBM)

WiEH 7K i Glycoside hydrolase (GH) 17 0.007 2
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298 HWEESBEBEEERIEEIR

W I 5 15 F HOAE $04E & (pathogen host
interactions database, PHI) = Z KA T E 1 . BN
AT, R E IS . Y. B
DL K B 1L o i858 Pkt <34 24 1 T 93 A S i LA
WA EEAER, R AR I St B A
A& Wy FAR I B B PR B4 g v 8 4 R ]
HAL S IR AR IT S, DL TE ik A
R TTI A AR D RE R TR AR A

TER AR LXSS001 347 579 A4~FE[H7E PHI
BTS2 R, Hrb, A 344 DILH AR
JEREIES, 8 MRAIEHIE, 43 MIHFE A
JE R BURYE, 137 DR RS 5 Z 5,
4 NGB IRN T, 3 DRSS A AF T 251
2R AU, A 38 DL R AR
JE Al BE G InEE Sy o GEitE R AE 11 Fios .
2.10 FHRMATIER
2101 SNERER

N4 VFDB i BdlsEER, 4 BLAST
FeXt, eSS H E-value<le-5 FZ5 .
FETAE LXSS001 FEPHI L rh LA 2] T 58 4~
NFEH, AR RA L BRERIL KT

250 L

d genes

H_

TERE I E . BRI N 3R
B (lipooligosaccharide, LOS)#1é 5 (capsule) 4
KEHNRZ, ACRELIHZREERITRYS
FE N F AR FE R E A fur . ompP5, tufA %5
R B . AHCEE R ANER 4 FR .
2.10.2 EHERME(CARD)FITER

TE R LXSS001 J K 2H v I 5] 1 22 it
B, ELAE B-NMEMESS . AT R . RIR
NERZE . IR il FURBPIAER.
FIMRE RIS . WS A 2 RSP A R X
9 AW R I B , A5 2 R0 24 S HE S A
RMEER, Bk 5 s,
2.11 ETF RIRDC MLST ERERF RS %
BRIt

H3 4 pubmlst.org Pk F 122 254 EL G IR
) RIRDC MLST LM 5 A H (adk, est. pmi.,
awfl, mdh. gdh F1 pgi) @514, % 35k
LXSS001 4 B P41, 154 2 Rk LXSS001
B9 ST &y 302, % &4 (clonal complex) & ST74,

[F] it 5 GenBank H T 42 52 1 Ho At AAS 7] 1
X ANfE 5 2 B i 2 R B AT IR (e A Ty
SR ILE 6), HLFEMFERGELEW, WK 12

E— e ALIVIIIIOU ] LML S L LMLV b

B 2: Chemistry target: sensitivity to chemical (2)
3: Effector (plant avirulence determinant) (4)

UomavaIva o g

9: Unaffected pathogenicity (137)

Z
50
0 1 2 3 4 5 6 7 8
Function class

9

11 Btk LXSS001 B PHI $#E B E B 4T B
Figure 11 PHI database annotation results of strain LXSS001.
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Table 4 Virulence factors in strain LXSS001

Function Virulence factors Related genes

galE, galU, gmhA, htrB, kdsA, KdsB, kdtA, kpsF, IgtF, |pxA, IpxB, IpxC, |pxD,
IpxH, IpxK, IsgA, IsgE, IsgF, manB, msbA, msbB, neuA, opsX, orfM, rfaD, rfaE,

rfaF, rffG, rpe, waaQ, wecA

Adherence Type IV pili vir
Heat shock protein htpB
GroEL groEL
Outer membrane protein  OmMpP5
EF-Tu tufA
Biofilm algu
S-ribosylhomocysteinase luxS
Stress survival ClpP, katA

Invasion LPS acpXL

Immune LOS

modulation

Motility Polar flagella flmH, nueA

Antiphagocytosis Capsule

Iron uptake Ferric uptake regulator  fur

bexA, bexB’, bexC’, ctrB, ctrC, ctrD, hcsB', tviB, rpe, ugd

£S5 B LXSS001 A9 25 E & Fml

Table 5 Prediction of antibiotic resistance genes in strain LXSS001

Resistant genes category

Resistant genes

B-lactam antibiotics

CpxA, Hns

Hns, CpxR, macB, CPR, CpxR

CpxR, gyrA, gyrB, parC, parkE, CPR, mdtK

Aminoglycosides APH(3")-1b, CpxR
Macrolides

Tetracyclines tet35, Hns, tet34
Sulfonamides CpxA, folP
Rifamycins rpoB
Fluoroquinolones

Elfamycin EF-Tu

Polypeptide antibiotic

Efflux pump conferring antibiotic resistance

basR, CpxR, rpoC, ugd
antibiotic sensitive signal peptidase I, dxr, elongation factor G, EF-G,

cycloserine sensitive alanine racemase, rho

B o MRPER BRI ATAL, AR B B R LXSS001
52014 [ 432 R IR 3480 MR —EtE A .

3 W
2 A T AT T B SR A 45 LTS R 22 TR —

EFLRE A LRI RE 11124, (B2 E B 1A
SRICEE IR ME ., 515551 DNA-DNA 24521 16S

rRNA BE K SEYFP 5 ik AH b, AR is 1 T
ANI T il AT R R 4, HERRPESE & .

22 5 MR I IR TR ™ H U 2 Fh 3l ) & 1R
BE B R, S0 8 2 12T 22 4 XU L
SE R AR RIE A B R R AR
FEF A BB — R A B Z R/ MR
FEEE PO 5K 4 24 2T I7E il b b X0 % vh 43
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Table 6 Collaborating strain information
Strain (GenBank accession No.) ANI (%) Host Year Country ST
Pasteurella multocida FCf15 (CP038871.1) 98.76 Duck 2019 China 129
Pasteurella multocida strain Q (CP033597.1) 98.80 Anatidae 2010 China 129
Pasteurella multocida RCAD0259 (CP014157.1) 98.80 Duck 2015 China 129
Pasteurella multocida SD001 (CP090428.1) 99.84 Pig 2019 China 129
Pasteurella multocida HN06 (CP003313.1) 99.00 Pig 2012 China 50
Pasteurella multocida 3480 (CP001409.1) 99.92 Pig 2014 USA 74
LXSS001 (CP119523.1) 100 Rabbit 2022 China 302
Pasteurella multocida HNO7 (CP007040.1) 98.68 Unknown 2014 China 9
Pasteurella multocida subsp. multocida str. Pm70 (AE004439.1) 98.66 Bird 2004 USA 9
Pasteurella multocida PM-1 (CP066223.1) 98.42 Yak 2020 China 122
Pasteurella multocida Tibet-Pm1 (CP072655.1) 98.45 Yak 2018 China 122
Pasteurella multocida BS168 (CP031554.1) 98.64 Unknown 2017 China 13
Pasteurella multocida HB03 (CP003328.1) 98.77 Pig 2012 China 13
Pasteurella multocida ATCC 43137 (CP008918.1) 98.78 Pig 2013 USA 13
Pasteurella multocida Pm-3 (CP014618.1) 98.32 Cattle 2013 China 79
Pasteurella multocida USDA-ARS-USMARC-60381 (CP015572.1)  98.63 Bos taurus 2013 USA 79
Pasteurella multocida PS3536-1p (CP061052.1) 98.73 Bos taurus 2017 Switzerland 79
Pasteurella multocida strain KVNON-213 (CP049756.1) 96.51 Cat 2018 Korea 67
Strain (GenBank accession No.)
""""" Pasteurella multocida FCf15 (CP038871.1)
100F---------- Pasteurella multocida strain Q (CP033597.1)
ql [T Pasteurella multocida RCAD0259 (CP014157.1)
---------- Pasteurella multocida SD001 (CP090428.1)
----------- Pasteurella multocida HN0O6 (CP003313.1)
63 ———fﬂﬂ [‘[kmnnneﬂaznuhochﬁz3480(CP001409J)
100t LXSS001 (CP119523.1) A
_[ --------------------------- Pasteurella multocz:da HNO07 (CP007'040.1)
1005 - - Pasteurella multocida subsp. multocida str. Pm70 (AE004439.1)
100[ ------------------------- Pasteurella multocz:da PM-I (CP066223.1)
--------------------- Pasteurella multocida Tibet-Pm1 (CP072655.1)
L1 [Tttt Pasteurella multocida BS168 (CP031554.1)

0.01

12 ETEREREFIIWENER LXSS001 REL EH
BIR<0.01 SR BALHE B A AL F— 0 32 B RIECT 7R 500 Y AR A ) A 28 0 A7 A5 R 8
Figure 12 Phylogenetic tree of strain LXSS001 based on housekeeping genes sequences. A: The LXSS001

strain isolated in this study; Scale “0.01” represents the unit of genetic distance; The number on each branch
represents the bootstrap analysis confidence value of the 500 repeated sampling test.

""""""""""""" Pasteurella multocida HB03 (CP003328.1)
----------------- Pasteurella multocida ATCC 43137 (CP008918.1)
---------------------- Pasteurella multocida Pm-3 (CP014618.1)

---------------- Pasteurella multocida USDA-ARS-USMARC-60381 (CP015572.1)
""""""""""" Pasteurella multocida PS3536-1p (CP061052.1)
Pasteurella multocida strain KVNON-213 (CP049756.1)

A: AW ER LXSS001 Hkk; b
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F| 94 PRERMECIRAFE . ATRA TS R
B, 2O R AE b A G % B0 b X
AT,

B LXSS001 AR 4 & H—45 2 480 671 bp
PG RN, G+C &R 40.27%, A 2366 4
FEAmIGIER, SHA Pm LR S5 02
Pl 25t ANT HEXF, 54N [A] [ 5 sl b X R AN TR]
i ER B 2 A B RAFHE K ANT ¥KT
95%, [FIE IR 2 & T 9 i) I FCHF 14955 (Bordetel la
bronchiseptica) ANI /N 95%.

TE GO A3 1 651 AR,
Hrb T IRE B 74545 M1 DNA 454, 23k
& R e 1 2 DN aRAR ;A I 2 md b 4 i
T P2 R s AR R B R S Y 2 N iB AR AR
Yy B rh A Al A R N A R A A AR R
LR R e 1 2 Mg 1E . 7E KEGG 4347
o, E SRR AT AL 43 )RS 5 Brite 2R
WALE BN TR | 5515 S a4k
KA G PGS . COG At &
VERA 21 FINEERY 2 125 R, Hrp AL
483 MNARHFTIREM I . Bom i £ L H g
T S I Rt 38 AT A SC T R S I 5 4y B35
W RS R A= 1) 6 BUMH DG D REJE IR L ) 240
JIEL R /S /A R S DI RE TR o — a3 B 25 SR
Bo—3%, 3 Hilak CAZy 2 Hr5 ) T & Mgk
WA WIS PERG A AR L. Ak, I X T PR
LXSS001 H:[H4H7E TCDB %u¥i )% kAT TiE
B, ol raEEE A S R 2 g

20 DRI 5% AR A ) — A B 432 A D B0
Ve ABFFEX E R LXSS001 #5471 PCR #)
JEA A AT VFDB 434 . PCR %% #1 VFDB 43
Mr#eWi, 7EERE LXSS001 H, F8iHg Sy 2
FLEZWELOS). NEZWE(LPS) . AN FH B A 7
FHREER, A 1 B A (ptfA 55F) . R IBOE A

(fur . hgbB 55) LA S A MR AR 11 5L (OmpP5 45), F
H ptfA JEF7E A B fil D BRI RRH BB R 5,
IF H g 4 i A e 2 1 5 B AT DL B AT B
Pm R B 21 AU F, 5D A B 0 R R R 45
FFRAACY, Sk 43 B 5 ik Ak 20 45 g
h—3 o IR — A BB A 2 A
w24, 4 CARD 4347, Pk LXSS001 H
G N A 2R 7S B T E o U B2 N T2 S|
(tet34 . tet35. Hns) Fl 4 L b 1 2 i 25 3L [
(APH(3")-Ib. CpxR)55 , 5jifit 24 M il g 45 R —
I H., TH25 16 F CARD 4347 B 45 5 5 7k W0
TSPV RARAFAE I SESLARNL, 5K/ 0
R ESR, FERESFETTEERID
MR R TR, BHarxhZminr i
AU DL 5 1 SRy Ry 3 (] o S B he A= R
BIT o

4 Zib

ABFENE PR R K 43 B 3 — R 2 4
PEE AR 44 0 LXSS001, X HukfT 1 i
WA AT RO . /N RO
TR0 6 4 Ik DRI S B2 40 T A= W0 24 40
P ARTZRAEERAFREEEEEE, ERT
LXSS001 5 F M AN Pm o B ik L e 4k R
HHE T H5HA Pm B Rk 2ZR, HEsE
Pm Eoi AL I IR BTG SRS
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