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Whole-genome sequencing and biological characteristics analysis
of a sheep-derived capsular type A Pasteurella multocida strain
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Haikou Animal Genetic Engineering Key Laboratory, Key Laboratory of Tropical Animal Reproduction & Breeding and
Epidemic Disease Research of Hainan Province, College of Animal Science and Technology, Hainan University, Haikou,
Hainan 570228, China

Abstract: [Background] The Gram-negative Pasteurella multocida (Pm) causes respiratory diseases and
septicemia in animal and human. Capsular type A Pm HNO2 has been isolated and identified by our
laboratory. [Objective] We sequenced the whole genome of HNO2 and analyzed the bioinformation,
thereby supplementing the genome information of Pm. Through identification and phylogenetic analysis,
the virulence genes and genetic evolution of the strain were clarified, respectively, which laid a theoretical
basis for clinical prevention and diagnosis of related diseases. [Methods] The whole genome of HN02 was
sequenced by SMRT and corrected by Illumina sequencing, followed by genome annotation and
bioinformatics analysis. The virulence genes were identified by PCR and the phylogenetic tree was
constructed for analysis. [Results] The whole genome of HN02 was 2 333 292 bp, with GC content of
40.15%. It was predicted to have 2 389 coding genes, including 19 rRNA genes (6 23S rRNA, 6 16S rRNA,
and 7 5S rRNA genes), 62 tRNA genes, and 5 sRNA genes, 84 tandem repeats, 66 minisatellite DNAs,
2 microsatellite DNAs, 9 genomic islands, and 9 prophages. A total of 1 648, 2 190, and 1 917 genes were
annotated in Gene Ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGG), and Cluster of
Orthologous Groups of proteins (COG), respectively. Most of them were involved in the metabolic process
of Pm. In addition, 85 type III secretion system effector genes, 191 phenotypic mutation genes, 165 virulence
factor-related genes, and 1 important secondary metabolism gene cluster were identified. According to the
analysis result, a circular map for the genome was plotted, and the genome information was submitted to
NCBI to obtain the accession number cp037865. PCR identification showed that the strain had 14 virulence
genes such as fimA and fox4 and deleted virulence genes such as tadD. Phylogenetic analysis suggested
that HNO2 had the closest genetic relationship with the strain (MH150895.1) from Beijing. [Conclusion]
The whole-genome sequence and biological characteristics of capsular type A Pm HNO2 were elucidated
and the evolutionary relationship was revealed, providing a reference for preventing the epidemic of
Pm-induced disease and exploring the underlying pathogenic mechanism.

Keywords: capsular type A Pasteurella multocida, genome sequencing, bioinformatics analysis,
virulence-associated genes, phylogenetic analysis
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#&1 Pm HNO2 BREREANRESHTICE
Table 1 Summary of genome function analysis of the Pm
HNO2 strain

B4 72257 Database type

JLH ¥ Gene number
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FE[A, Electrochemical Potential-Driven Transporters
B 99 A~K:[AH, Primary Active Transporters
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Transmembrane Electron Carriers HJ 14 3,
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[A, Incompletely Characterized Transport Systems
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KEGG pathway annotation
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Figure 2 Classification diagram of KEGG metabolic pathway of the Pm HN02 genome

T AR R AUCRERSIZ KEGG A EH 5 HAABn 2R 4 Level 1 4 KEGG Ml 44 7K

Note: The number on the bar graph represents the number of genes annotated to the KEGG pathway. The ordinate axis is the name of

each KEGG pathway in level 1 in the database
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TCDB function classification

150

100 |
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Number of matched genes

-
1 2 3 4 5 8

Function class

9

E 4 Pm HNO02 EE4HE) TCDB IgE 4 £ E

1: Channels/pores (37)

2: Electrochemical potential-driven transporters (99)
3: Primary active transporters (161)

4: Group translocators (20)

5: Transmembrane electron carriers (14)

8: Accessory factors involved in transport (6)

9: Incompletely characterized transport systems (33)

Figure 4 TCDB function classification diagram of the Pm HN02 genome
TE: BEARAREIR TCDB —Z0r 2Rl PAbRaon IR LR £ H

Note: The abscissa indicates the primary classification type of TCDB. The ordinate indicates the number of genes on the annotation

2.2.6 FRIKWEYEEEB(CAZY) IR EFRER

CAZy™ 2F5J Carbohydrate-Active Enzymes
database, SEfIKALAPIEGAHOCH) LB SR, N
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BURIADCRE R K, HAS 5 D FEsE: Wi
JK i (Glycoside Hydrolases, GHs). WG FZ[iE
GTs) . % H X fif 1§
PLs) . W 2K MR it g
(Carbohydrate Esterases , CEs) il & 1k if J5i i
(Auxiliary Activities, AAs); M/KILEWILE G L5
BUE—FhAE AL A S, BB B UK E ) = 4R
45, HASGwoKIEYRIEE; T4kt
FERW, BAKAL G PS5 G5 A0 SRR L 45 5 kK
& Wy s B A, B B K A i P Y
HEACZE A S T e B T P o

Pm HNO2 PR 74 AR KRR 2] CAZy $54
Perh, Hrh & 5ok A PAHOE Modules 4L
A 144~ PERERMFEE 0B 3 A 0 BT K i
LR 229> . BHELFE RS0 3L 1R 391>, BTe Mk
LB A A AL L R (A AS) B

(Glycosyl Transferases ,
(Polysaccharide Lyases ,

227 RESBEEEEHIEEPH)TIRER

PHI H04i 2 v i 3 A SE DR R A 15 A R 2 2k
i 7> 510 B Sk e i = 3k AR o T %) 2 P ) RE Y 1R 4
AR, Pm HNO2 #4191 DEVERS] PHI 50
FEdr, BT R T RRIZRAE ) RRIAR PHT £
FRARRRIEL A B S HE L& 5 FoR .

X191 ANIEFRFA 13 ARA GBS,
123 NRAFJGHEFIEAR, 3 DRASGEIE, 16 7%
A bR R BORE, 32 PMRATEARZRN,
2 ANRAF BN T, 2 NRAS G SR R EAT 2
Z
228 HmEZFHEERTNSFER

VFDB & — " H PR IR R . A AR 32
JRAR B o B T 8 ) SRR RN SRS B R A
FRIESGR AN, B P24 T 8 7 B R 2 g A S0 AL R
RITEAHE A . Diamond 244+ Pm HNO2 R 3L A
(IR IT 4 5 VFDB Sl P TLUXT, A 1654
AR R R T s
(Lipooligosaccharide , LOS) Fll 3¢ Ji5t (Capsule) ¥ 5k
KRR Z 1 .
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3: Increased virulence (hypervirulence) (13)
4: Lethal (3)

5: Loss of pathogenicity (16)

6: Reduced virulence (123)

7: Unaffected pathogenicity (32)
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Figure 5 PHI database annotation results of the Pm HN02 genome

T MUARARAOR RIS 5 YA FRFoR iR E a2 A

Note: The abscissa indicates the phenotypic mutation type. The ordinate indicates the number of genes on the annotation
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Figure 6 Whole genome map of the Pm HN02

T EOMEREERA T H 0 B AR AR o B R AR . R IR AR (& COG. KEGG. GO ¥l g mid: Bedh
f5E). ncRNA, R4 GC &, GC Skew {i; FEF4 GC Fht: I DL EAKE/1000) bp, &G EAKE/1000) bp A
4iit GC &/ WM @M FIRZ K GC B RIKT 2FEFA T GC & &, mAMYGEEIN G2, T HIEEB SRR
5 GC & EZEMBORHEERA ; GC Skew fH: W HEEOMAKEE/ 000) bp, S RKEAEEMHKHE/T 000) bp, BARFELN
(G-O/(G+C); MNBIREIRTFRNIZIXE G MERIET C KSR, MAMBRSRERRT 5 Z MK

Note: The outermost circle is the position coordinates of the genome sequence. From the outside to the inside, they are coding genes,
gene function annotation results (including COG, KEGG, and GO database annotation results), ncRNA, genome GC content, and genome GC
skew value. Genome GC content is calculated by window (chromosome length/1 000) bp and step size (chromosome length/1 000) bp. The
inward red part indicates that the GC content of the region is lower than the average GC content of the whole genome, and the outward
green part. On the contrary, the higher the peak value, the greater the difference from the average GC content. Genome GC skew value

window (chromosome length/1 000) bp, step-size (chromosome length/1 000) bp, the specific algorithm is (G—C)/(G+C), the inward pink
part indicates that the G content in this region is lower than the C content. The light green part facing outward is the opposite
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Figure 7 Identification of 23 virulence factor-associated genes of the Pm HNO02 strain by PCR

##: M: DL2000 DNA Marker; 1-23: & 1%L prf4 (488 bp). fimA (866 bp). hsf-1 (654 bp). hsf-2 (433 bp). pfhA (286 bp). tadD
(416 bp). toxA (864 bp). exbB (283 bp). exbD (247 bp). tonB (261 bp). hgbA (267 bp). hgbB (244 bp). Fur (788 bp). thpA (728 bp).
nanB (555 bp). nanH (287 bp). pmHAS (430 bp). ompA (201 bp). ompH (438 bp). oma87 (838 bp). plpB (282 bp). sodA (361 bp)
H s0dC (235 bp) 4 HE =)

Notes: M: DL2000 DNA Marker; 1-23: PCR products of virulence genes ptf4 (488 bp), fimA (866 bp), hsf-1 (654 bp), hsf-2 (433 bp),
pfhA (286 bp), tadD (416 bp), toxA (864 bp), exbB (283 bp), exbD (247 bp), tonB (261 bp), hghbA (267 bp), hgbB (244 bp), Fur (788 bp),
thpA (728 bp), nanB (555 bp), nanH (287 bp), pmHAS (430 bp), ompA (201 bp), ompH (438 bp), oma87 (838 bp), plpB (282 bp), sodA
(361 bp) and sodC (235 bp)

20 Pasteurella multocida strain Q (CP033597.1)
Pasteurella sp. 4073 (FJ405340.1)
Pasteurella multocida subsp. multocida str. HB03 (CP003328.1)
Pasteurella multocida subsp. multocida PMTB2.1 (CP007205.2)
Pasteurella multocida subsp. gallicida strain NCTC 10204 (NR_115136.1)
Pasteurella multocida strain ATCC 43137 (CP008918.1)
Pasteurella multocida strain X0120 (CP058992.1)
[ Pasteurella multocida strain Tibet-Pm1 (CP072655.1)
66 I—Pasteurella multocida strain Ban-PM7 (CP052765.1)
Pasteurella multocida subsp. multocida strain XJ148-N5-2 (JQ726521.1)
44 99 _EPasteurella multocida strain HN02 (CP037865.1)
70— Pasteurella multocida strain Pm3 (MH150895.1)
ﬂ‘:Pasteurella multocida subsp. multocida strain PM82 (AY299319.1)
Pasteurella multocida strain 2631 s12 88 (JX569197.1)
100 _EPasteurella multocida subsp. septica strain Clin105 (EF579833.1)
44— pasteurella multocida subsp. septica strain Clin126 (EF579834.1)
Pasteurella sp. 91985 (AF227861.1)
Pasteurella multocida subsp. multocida strain XJINKY-12-YF (JQ975948.1)
Pasteurella multocida subsp. multocida strain OH4807 (CP004391.1)
100 Pasteurella multocida subsp. multocida strain RCAD0259 (CP014157.1)
- @'_EPasteurella multocida subsp. multocida str. Pm70 (AE004439.1)
35

0.005 Pasteurella multocida strain 4407 (CP030096.1)

69

8 Pm HNO2 E#ETF 16S rRNA EFE 75 1) R 5L it

Figure 8 Phylogenetic tree of Pm HNO02 strain based on 16S rRNA gene sequences

T 55 N AR S HRLE GenBank YIS 5 Ho B R <0.005 ARG IE B 807 ; B9 — 43 3 EINECFRIR 500 IEE il
RERI A 1128 0 b7 LA E (.

Note: Numbers in parentheses represent the accession number of each strain in GenBank. Scale “0.005” represents the unit of genetic
distance. The number on each branch represents the bootstrap analysis confidence value of the 500 repeated sampling test
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