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1iE(Bovine respiratory disease complex, BRDC)F#) 4
MR 4IPS A HE(BRDC), fAFR & i
P, Rl T REE SR R T EA R . X
S REPIRGRY, BLoh, Bl &L 554
G AT B8 B 5 2R 28 S U4 A ) (Mycoplasmarlike
organisms) . 2 fll i /B 2 3 %4 (Bovine parainfluenza
type 3 virus) S5 A= W U 38 25 A AiF L Ath A G 0 Ji &
ATRA RS Hk, 2R R RS
A W W B 255 R T R R S 2 A Bk R ARk kR
HIE R T ERMAT IR . AR 2017 4
8 F1 & 2018 4 4 J {3 el A WP Z5 A Ak 1Y
BEA- T RE, 432 BEAL 22 R PE T IR T A9 I R T
B, i ILE B PCR %5 J7 ik M2 il 16S rRNA
1) 3 GE AR A T 2R A T A A, JF A T 7 2Rt
23 P ) B R AE A= 5 22 % 1 O DM I P Y A A
T o

L AR

1.1 FEAUEFAE

PCR Yl [l HA TaKaRa /A 7); Green Taq
Mix W B B ot MERE A MR A IR F) 5 Trans
2K DNA Marker }z Trans 2K Plus DNA Marker 4
BAt s 2N Y EORA R A A0 4
DNA #2557 £ (TIANamp Bacteria DNA Kit)
g B RAR A AR (A6 50 A PR A 5 T SR AR B
A A LY T B WL R BT AR W R B AR
A o MBS LA B THB WA K 35 3L 1 5256
= e
12 ZHRHERFENSE

121 FESSETR 2017 45 8 H & 2018 4= 5 H R4E
RStk & POt PR PRI E RAEN) 6-8 H g8

BT 327 4.

122 HMEAHE.: FaKTEGRETH A
300-500 pL &k i PBS 5840 1R 5 . K bead i
FERP RN S VR, WA TP AR B, BT
37 °C R4 3% 12-24 h J5 #E4T PI IR R, BkHX
FATRVR RN T 109%EE 2R 35 19 THB WK R 5%
e, BF 180 r/min, 37 °C i fTaliRE 3R

1.3 ZRAMERTENLEE

131 BIYREITS &R R cmiRiE®, &
B A0 A U 22 % M B FC AT T A R S b S 1
(3 1) FTA 51934 e ot 4 g A MR A PR
GRSy

132 PCRKARKEFF: PCRITE 20 ul fA %
thEfT: Green TagMix 10 uL, ddH,O 6 ul, i
KRWEG1Y4 1 pl, AR DNA 2 b UV FEF
WF: 95°C5min; 95°C1min, 55°C 1min,
72 °C 1 min 35 M§#; 72 °C 10 min, PCR J i
ZEE, FIA 10 g/ B e B e IS HL vk R I, O
HE I LA 3 8 4914 BEAE

14 ZRMERFERIME A K 16S rRNA £
R

141 BIYIKEBSR: RIESCERES, 4
P45 78 Z2 20 8 FOFF IR I B A 51 0 (3% 2) A
FAE S 10 2 A ERAF R ) 16S rRNA LA
HATYHEGER 2)0 TA 5 W35l R A W aw As R
HA RA R G A

F1l EZFRMBERTEELEESY
Table1. Primers used for detection of P. multocida

Primer . Amplimer
Primer Sequence .
name size/bp

Pm-F ATCCGCTATTTACCCAGTGG 460
Pm-R GCTGTAAACGAACTCGCCAC 460
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*2 ZRAMERVEMMFRLTER 16SrRNA ERFE &N 547
Table 2. Primers used for detecting capsular serotypes and amplifying 16S rRNA genes of P. multocida

Functions Primer name Primer sequence (5—3) Amplimer size/bp
Capsular type A PmMA-F TGCCAAAATCGCAGTCAG 1044
PmMA-R TTGCCATCATTGTCAGTG

Capsular type B PMB-F CATTTATCCAAGCTCCACC 760
PmB-R GCCCGAGAGTTTCAATCC

Capsular type D PmD-F TTACAAAAGAAAGACTAGGAGCCC 657
PmD-R CATCTACCCACTCAACCATATCAG

Capsular type E PmME-F TCCGCAGAAAATTATTGACTC 511
PmME-R GCTTGCTGCTTGATTTTGTC

Capsular type F PmMF-F AATCGGAGAACGCAGAAATCAG 851
PmMF-R TTCCGCCGTCAATTACTCTG

16SrRNA 16S-F AGAGTTTGATCCTGGCTCAG 1400
16S-R TACGGCTACCTTGTTACGACTT

1.4.2 PCR &R KFFF : 351 %% PCR N1
20 uL A Z HiE4T: Green Tag Mix 10 uL, ddH,O
6uL, B TFUES ¥4 Lul, Ak DNA 2 uL.

KW AEFUNTR : 94 °C 5 min; 94 °C 1 min, 55°C
1min, 72°C1min, 35 ME¥#; 72°C 10 min, 16S
rRNA PCR JZ Wi 7E 40 pL & ZHi##17: Green Taq
Mix 20 uL,ddH,0 14 pL, Fi K FiF51414% 2 ul,
Bt DNA 2 pul o 2 N A7 4R : 94 °C 5 min; 94 °C
1 min, 54°C 1 min, 72°C 1 min, 35 ME#; 72 °C
10 min, PCR W45 5, %7€ fiiF B Y PCR 7
PRI 10 o/L BEREWEBE R s kR I, I FH I
AR 2 G AT . 16S rRNA PCR 7= 47 Il 3% 4
G 107 B A= DR R BR 2 R AT R I, Ik
R

1.4.3 16SrRNA 2EFH P51 R GHAR 34T -
PR o> F AR AL S BT i MEGA 7.0 X2 58 %
M 2 A PEELCH I 16S rRNA 423 [K 7 51 ik
Frigfe etk b, FERIET M GenBank T #E 58/,
PR 22 AP ELECHT B 16S rRNA 43 [H ¥ 51—
AT
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15 ZRUBERFEFEIRFHEE

1.5.1 BB S5E . MRS HGE Y SCR7]
AR TS E 2 A E R B 2E I E 15
Y, A |93 e e a4 3 B AR R BR 2 )
B FERE SR A R R AR (fimA,
hsf-1, hsf-2, ptfA, pfhA, tadD); #k#5BUAH 56
[ (exbB, exbD, Fur, hgbA, hgbB, tonB); ~Mi
T A2 [H (oma87, ompA, ompH, plpB); #
AL AL B A G 3K M (sodA, sodC, thpA); MEYE
TR 185 i AF 56 PR (nanB,  nanH) ;7 B JTi IR il AH 56
FEH (pMHAS); B 2 AH L K] (toxA)

152 PCRERKEFF: PCR IVTE 20 pL A %
hEfT: Green TagMix 10 uL, ddH,O 6 ul, Fijf
KR4 1 ul, Ak DNA 2 ul. RNy
R : 94 °C 5 min; 94 °C 1 min, A °C 1 min, 72°C
1 min 30 MEFR; 72°C10min, PCR W45 H A,
FIH] 10 o/ BHUHE AR &8 e v Dk A, I P 5 I 1A%
R G BRAH

153 ¥dEGEIT: FIH Excel RIKxS 24k
L AT I 0 2w N il T e i b .
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21 FEEZRMERFENSESEE

2017 4E 8 J1 % 2018 4 4 J] W Ia] % 26 46 Y 237
93 11 PR AR PR 43 o 1Pl 43 125 35 5% 1 BEAL 22 2%
PEEL AR, Hid PCR WL EH 31 #
Z AR AR (K 1), 708308 13.1%. 1 PCR
T BT A3 B R DA RR R T I T S e, e
i 3L Bk A B2 R IRATR (A 1), 4 He 100%.
ShOr B X (BR 3), MILPE . NEEH DL AL
R P 2 B AR 2k 2 A PE L CHF I, X AT
A5 3 -H X R BB 2 A G

bp M1 2 3 bp
2000

1000 1044

750

500 460
250

100

1. ZRUHEBRTFHEN PCREERMFRLE
Figure 1. PCR result of P. multocida identification
and serological typing. M: Trans 2K DNA marker; lane
1: PCR identification for P. multocida; lane 2: PCR
identification for capsular type A; lane 3: Negative
control.

#F 3. TEEMHHKEN S EER
Table 3. The condition of the total samples, the number
of isolated P. multocida and the corresponding regions

Province Total Number Positive sample
Shanxi 106 15

Inner Mongolia 40 5

Hebei 43 5

Heilongjiang 15 2

Anhui 16 1

Guangdong 8 1

Shandong 5 1

Xinjiang 1

22 AREZAMERFERLESERFEEZXR
¥

FI I PCR J5 %60 B 435 4 1 TR bk 57 T 1007 Y
werE, dRyEi 31 bk A R AEE RATHE, S
100%. 31 FkEtk A 8 M8, R A Bl L
AMEC RFFRAER B A )z . sk, 4wt
FEHTF 16S rRNA 4 5L[H 7 51 ke d iyt 1% Ak &
Hr (& 2) & BH 31 Ak A B Z 33k B FRAT B 0 3R 40
AWM, JE TR, A RS
[ 73 B bk HBOL LA A [5 5k 43 5tk USDA-ARS
USMARC-60712, USDA-ARS-USMARC-60214,
ATCC 43137 D)}t 36950 52k K R AT o (HAF— 2
&, APFRRIKR B TS Bk NMG1708-1,
NMG1709-2 . NMG1804-1 . ) ARANE -
HLJ1708-2. Hrilsr gikk XJ1708-1. hivG sy Btk
SX1804-3 LA Kb sr gk HB1709-3 4t 7 #k) 15
MBI TR —43 3, $n vl BRAFAE A B A i
L LR
23 FEZAMEERFEEHIEENY

ABFFEAIH PCR Jyikdbhil 7 7 263k 23 X
B IR (& 3). Kl R Bor (B 4), A BIZ R/
B QAT I rh X A R iy B, (HR R
[ G RRAE H A IE OU A B 22 5o Jorh, BB ERAE DG
FEHE(fimA, hsf-2, ptfA). ZREEIUH LR (exbB,
exbD, Fur, tonB). #MEEE F1AH I Kl (oma87 F
ompH) . A A AL 7 Ak B AH S FE K] (sodA, sodC,
thpA) | R Ik PR I Tt AH 5C B DA (nainH) 12 W J5i 2 il
FHCFER (pmHAS) 3L 14 X 7 HE IR A G HH R ik
100%; AL, BRAEBURSCHE A (hgbB) . M R I
ik AF 5 JE IR (nanB) A2 2 AH X JE [H (toxA) 3L 3 X} 25
JIEER A 25 0, AN 6 X 1 BN . bR
KAHKIEA hsf-1. tadD 1 pfhA IR H R 5351

http://journals.im.ac.cn/actamicrocn



LishanLinet a. | Acta Microbiologica Snica, 2018, 58(12)

2244
({\’\/
@
v
[ n
2, = % > o?
% = £ g 5
) X 3 g &
= @“ = 5 ¥ »
Z ST C ¢ 2 ¥ &
a9, ©. % RS
“, AN
7 7 S
Q, S *'t"\
) ) S ad
7 ® N S\
G P
Sy &
17 / N
Hr 7 0
: /r?f)q‘; \)\\3
‘ 031
4.1 g 708.> 2 SKIE
803-6
0869¢ 15.8X180
2
1-80L1dDC1 . ~3.SX1804-5
2
40® _ o
Y 9 7
) ﬁ 5 4‘9/70
P -’(‘Q%\ - \é\\\ ‘% < &.j_‘ .5
\Cb o %’/rf'
AN ’)\) < o 'd:f« 2 >
. & ¢ Ry o
A Q- 5D — d)/ 7L ”(0
M
> S ES ERT R R W
SV S S & L v v %
& g QxS ox 2 5 v
® N T S
N s 5 22 7 *©
~ P N ~
g [=)
2
%
)

B2 ZRUEBRTE 16SrRNA £EERIREHULK

Figure 2. Phylogenetic tree established on the basis of 16S rRNA genes of P. multocida.
M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

866 654 433 488 286 416 283 247 244 267 None261 838 201 438 282 361 235 728 None 287 430 None
3. 23#hFHEER PCR #15

Figure 3. PCR amplification of 23 virulence genes of P. multocida. M: Trans 2K Plus DNA marker; lane 1-23:

PCR products of fimA, hsf-1, hsf-2, ptfA, pfhA, tadD, exbB, exbD, Fur, hgbA, hgbB, tonB, oma87, ompA, ompH,

plpB, sodA, sodC, thpA, nanB, nanH, pmHAS and toxA genes.

actamicro@im.ac.cn



MOTIEE | UE YIS, 2018, 58(12)

2245

)
~
TSI SR ERE:
FRREet il L EEEEE
- EEEEE EEE EEEEEEEE EE NMGI708-
EEEEE EEE EEEEEEEE EE \MGI7092
EEEEE EEE EEEEEEEE EE VG841
~ C'HEEENE EEE SEEEEEEE EE HLJ17082
EEEEE EEE HEEEEEEEE EE X708 _
EEEEE EEE EEEEEEEE EE SXI8043 Adhesins
" HEEEEE EEN SENEEEEE NN HBI7093 g [ ocuisiton
- H EEEEEEEE EEEEEEEE EE H117081 q
H EEEEEEEE EEEEEEEE BN B1708-1 [ Outer membrane proteins
H EEEEEEEE EEEEEEEE EE GDI708I o
H EEEEEEEE EEEEEEEE EE SDI708-1 Superoxide dismutase
H EEEEEEEE EEEEEEEE EE \MGI709-1 | Sialidases
H EEEEEEEE EEEEEEEE EE HB1709-1 ,
H EEEEEEEE EEEEEEEE EE HB17092 Hyaluronidase
H EEEEEEEE EEEEEEEE EE AHIS0-I Toxin
H EEEEEEEE EEEEEEEE EE sxis03-1
H EEEEEEEE EEEEEEEE EE SXi503-2
~ ol EEEEEEEE EEEEEEEE EE sXi803-3
H EEEEEEEE EEEEEEEE EE SXi503-4
H EEEEEEEE EEEEEEEE EE SXi803-5
H EEEEEEEE EEEEEEEE EE SXi803-6
H EEEEEEEE EEEEEEEE EE SXi503-7
H EEEEEEEE EEEEEEEE EE SXi504-2
H EEEEEEEE EEEEEEEE EE Sxi5044
H EEEEEEEE EEEEEEEE EE SXi8045
H EEEEEEEE EEEEEEEE EE SXI804-6
H EEEEEEEE EEEEEEEE EE SXI804-7
- o EEEEEEEE EEEEEEEE EE SXI804-8
EEEEEEEE EE EEEEE EE SXI804-1
EEEEEEEE EEEE EEE EE HBI1804-]
EE EEEEE EEEE EEE EE NMGISM-2

4. ZRAMBRTFEFR 23#HFHERNSHIER
Figure4. Distribution of 23 virulence genesin P. multocida.
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3 ik

22 R 1 UL FRAT T 30 S BN S 5 e A e A il
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WAL, E5E BRDC L AME KRATE Y,
A BRI RS D BUERR S 5 61%F1 25%. AR YR
Dabo 2519 K Ewers S IE , A BB H
BilEL 2 AT LA 7 3] 80%LA K2 92%., AHHFFETE /Ly
T )45 R 5 A SO B A — 3. BRILZ A1,
TEARW B Z AR R E SR, BRI T
H5 P LRI R A IRA BRSO, 3R 4TI
%Qﬁﬁﬁ%ﬂ%i*f X — R BAL A LA
Virtala ZM A 20 oA B BAIE
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http://journals.im.ac.cn/actamicrocn



2246

LishanLinet a. | Acta Microbiologica Snica, 2018, 58(12)

— M E AT ARG, IF R S BRREM LR
AEBERY, AT, 4 FhBh R A
LR AOHE IR 5] T 100% (fimA, hsf-2, ptfA Fil
pfhA) . MR [ AN Hh R i 1) 22 2 1 BT 1) L
PR, AdEMALE A MIBE RS, FRAEED
AR 1 B AN R A D RE AL 46 0 kWl . e
BR AR B LT A5 0 LA i T 12 0 45 ol S T 4
WEEAR L . AWFsEH 4 MAMNEE A S HE T
(oma87, ompA, ompH Fi1 plpB)H 4% i #4115 90%,
RKUPSMEE AR E a0z, %ooRn
ARICFNFI FH i 7 %F T4 TR A0 A= A7 e 1 2 28 G HE L
W, FZ2AmC &R T AR R BCS A T
B ZAME R #EEFH hgbA F1 hgbB 2 1M
M2T Z P ROt ED, Btz b, tonB &
LA R RE T Bz 4 2k 52 A 0 A 40 T e
TEABFFERTINAY 6 R BRI DCHEA H, A 5 F
BRI AR At R 22 Pk L QAT TR SR Bk
AT Z AL

AL ) B T A R P — i S T AR
TR, JULPAEAE T AR T 8w b M, At
DA S [ A E 2 | sodA T sodC A H 2 45
F|'7 100%. AT, [EAF—HRAYRE, JIoh—Fi A
W AL thpA AR R A BT AN\, 4300k
100%. 70.2%7i1 80.5%. thpA J&[K 4k i 55kt
AN, TEM D BRNA R R # R4 TG
VR o MM PRI AR 2 AP IR R e 58 T B
AR I R A EEAE . Bt iR E
B 3232 AR ARG A 1 A oM e B v A T
FIVE L GRAHEIE R A TR T R B T ol M Y PR T8
(nanB F1 nanH)iMi &, nanH A9 HIZ K 100%i1
nanB W 122k 0, /R 1V B2 13 nanB 7E £
AT B AT B P A 0 A B — 2 iR B T . toxA
FE DR G 7 A 1 Bz IR VR B B 2R o -9 BRAEAE
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Abstract: [Objective] Our research focuses on the detection and the distribution of some important virulence genes
in Pasteurella multocida associated with bovine respiratory disease (BRD). [Methods] In total 237 nasal swabs
were collected from August 2017 to April 2018 in 8 areas of China. The bacteria were isolated to record the colony
morphology and Gram staining, and phylogenetic tree based on the 16S rRNA gene sequences of the 31 isolates
was drawn. Serotype classification was performed, and total 23 virulence factors were determined by PCR.
[Results] In total 31 strains of P. multocida were identified from 237 samples. Serum typing found al the isolates were
type A strains and phylogenetic tree showed the 31 strains related to HBOL strain (China), USDA-ARS-USMARC-60712,
USDA-ARS-USMARC-60214, ATCC 43137 and 36950. PCR was used for detecting 23 virulence-associated genes
occurred in those isolates, demonstrating that each P. multocida carried 17 to 19 virulence-associated genes with
high concentration ratio. [Conclusion] Type A P. multocida were dominant strains in which 7 strains from different
areas of China belong to one cluster, virulent genes tadD and hgbA were lost in this cluster as well as virulent hsf-1
was carried. The analysis result reminds the virulence genotyping distribution has relevant to serum typing.

Keywords: Pasteurella multocida, identification of capsular serotype, virulence-associated genes, 16S rRNA genes

(AT % RBEm)

Supported by the Student Research Training Program of Nanjing Agricultural University (1717A26)
"Corresponding author. Tel/Fax: +86-25-84395328; E-mail: panzihao@njau.edu.cn
Received: 31 May 2018; Revised: 18 July 2018; Published online: 1 August 2018

actamicro@im.ac.cn



