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Abstract: Specific primers and one TagMan probes were designed .according to the conserved sequence of the OMP P2 gene of
Haemophilus parasuis (HPS) in this study. An accurate quantitative droplet digital PCR (ddPCR) method was developed through the

optimization of reaction conditions, specificity, sensitivity and reproducibility tests, analysis of clinical samples, and comparison with the real-time

quantitative PCR (qPCR). Under the optimized reacti s, the results showed that ddPCR exhibited no cross-reactions with

Actinobacillus pleuropneumoniae, Streptococcus suis, Bacil herichia coli, Salmonella, Staphylococcus aureu, Porcine circovirus 2, and
swine fever virus. The developed method had a higher se itivity’fthan qPCR with a correlation coefficient (R?) of 0.996, a good linearity,
detection limit of positive plasmid as:2.647 copies/|L, and coefficient of variation as 3.29%. The quantitative analysis results of clinical samples
showed that ddPCR possessed advantages of high sensitivity and good specificity with a detection rate slightly higher than that for qPCR. The ddPCR
ly‘and quantitatively detect HPS, which will provide a useful reference for HPS related research.
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Table'1 Primer and probe sequences

A3 (5°-37) KE
TCGCCTTGGCCGTAATTCTA
HPS-OMP-R ACGTAAGCCTTTTCTGTTGTAACATC 65 bp

FAM-AAATGATGCAGGATGGG-MGB

{ “HPS-OMP-Probe
122 MR IRIR

%18 Magen 21 7 K 2H DNA $2 GRSl i 1
$EHL HPS. SS4 APP. B.subtilis. E.coli. Salmonella.
S.aureu ] DNA; %[ Magen J#%#F RNA/DNA /N2
BRI & B 153 PCV2 1) DNA, CSFV [ RNA,
J4# 18 HiScript II Q RT SuperMix for gPCR (+g DNA
wiper) FIULEH P4 CSFV ) RNA #4355 cDNA,
PIRA7T-80 C&H.
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PCR 777%, qPCR B PifA A 20 pL, fH5: AceQ

gPCR Probe Master Mix 10 uL; L RNUE5I4 (10
umol/L) £ 0.4 pL; #R%F (10 umol/L) 0.2 uL; A&AR 1
uL; ddH,O 8 uL. F 42544 79: 95 'C 5min; 95 'C 10
s, 60 C 34s, FL30AMEFR. WTURLIEAT 10 fEHAFE
FiRE, LS FHT-4211] qPCR A2k
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ddPCR ¥ B 5903 F 400~900 nmol/L #REKIE
100~300 nmol/L. 1B KiifE 55~65 C, fMA ddPCR
Supermix for Probes (No dUTP) 10 pL, F7/K#MEZ 20
uL, #4T ddPCR ¥4, F 1421 A4: 95 *C 10 min,
94 C 30's, 55~65 ‘C 1 min, 40 MEH; 98 C 10

217



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.12

min; 4 C 60 min, FFRERHER 2 Cls. it L
ddPCR FITReR2E B, T A AIRAS . TR E S
) B SR S A A R 45 B

Wis%, RRECIRGE R B R D, RHY AR R
I, ASzirh, HPS DNA HIHEEIHCA 2.647x10°
copies/uL, Fifi# DNA AR ERHK, BHPERUR SR

125 $HFrhiXE AR . BB 3 WAL, S AR SN SRS A
43 #ILL HPS. PCV2. APP. SS. B.subtilis. E.coli. 4T HPS ddPCR HJ5E &7
Salmonella. S.aureu ] DNA LL& CSFV H] cDNA A a 14000
R, F IR G A R HEAT ddPCR A, BEAIEART 71 o 12000 L
12,6 &5 MR g 10000 A
H A1) ddPCR ik AT EE M. 78 Eé 8000 " o
20 pL [ NAR BRI 1 pL BB s, = 3 < 600070 "IN et T
=
X ddPCR X% O 4000¢
e 2000 £
2 %%51{"1’% 0 I I ! 1 T
0 2000 4000 6000 8000 10000 12000
21 qP CR 7\], &, }%3\1 ) . Event Number
b 300 3066
¥4 2.647x10"° copies/uL {1 HPS FUkiEAT 10 f5 4% 400
LEFiRE, DUONBRR PR 6 E & PCR, 132K E & .
PCR § sk, W 1. 48%0: PCR wiiez g
2.647x10% copies/pL [¥1/Fki DNA, 3 A3 R T« £ 200
33000 —o.11g 100
To00F —10fg
2,750: 1.0 ng 0 ) ) . T e |
g’ggg [ —1.0pg 0 2000 4000 6000 8000 10000 12000 14000
5 5000[ —10fg Amplitude
% 1,750 —10pg
1,500 —100 fg [ 2 ddPCR 12 HPS HAE
1,000L 100 pg I . )
;(5)8_ NG » Fig.2 Amplification map of Haemophilus parasuis by ddPCR
258- // L i a AROEIEE, M. RS A RES. 7RI
ST 10 15 20 25 30 35/ A MBMANKLRF, MIEREAEERT; b AMEA
Cycle RN, M. LTSRN A RKIREL. AR, MIRIRE

&1 gPCR 3/ 1% HPS BOpHZEE]
aéﬁwphilus parasuis by qPCR
QKA 2.647x10%~2.647x10°,

Fig.1 Amplification curve f
E: MEB| LAY

=4
%E’j&o nmol/L; T’%ﬂ&&j\j 200 nmol/L.

ddPCR #1844 95 °C 10min; 94 ‘C 30s, 55 C
1 min, 40 ME¥; 98 °C 10 min; 4 ‘C 60 min, F
BRI 2 Cls.

23 kT PCR 3

AT PCR 984 A e # H 72 12000
CAE, RO SN IEH, AT PO BT IR 2R &
grfre | 2a AR LG dPCR WA Z00f
HPS (R4 25 BT, g o B B BR Pk fli 0 5
BSE o HLHT ] 2b wT AN, FE PR A R P B 2

218

ARARAY 22 34— AR B IR LR , 23 89 A T4 — AR L PRV IR
14000

12000 f .2,
10000

3

£ 800

) s

2 6000 e

S 4000 e 3066

0 20000 40000 60000 80000 100000
Event Number
%] 3 HPS ddPCR ¥ 3B Rl E R RUR AL =
Fig.3 ddPCR amplification of droplet scatter plots of different

concentration templates
i AR B AR N AURA A 2.647x10°~2.647x10°.
NTC.

2.4 KR i % Fo B (R AR N PR



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.12

ddPCR A1 qPCR FIARHE 2 73 ) WL 4 A 5.
HIEI A &0, ddPCR [ R* (EN 0.9955, 1% 4-0.886,
BARAS PR )y 2.647 copies/uL. qPCR (8 R* fi K
0.9917, #EN-1.406, HARKMIFR A 26.47 copies/uL.
453K : ddPCR 1 qPCR [Pk RIGHLUT, ddPCR

AR MRS T qPCR.
35¢
[
20F
w 25}¢
&
' 20f
k=24
& 15F
E@ Lol y=-0.886x+4.085
R2=0.9955
0.5}
0'0 1 1 1 1 1
0 1 2 3 4 5
FES AR FE X BUE
[&] 4 ddPCR #r/fEpHZk
Fig.4 ddPCR standard curve
40 -
354
30
S 25
K s y=-1.406In(x)+35.362
e R?=0.9917 o
10+
5 L
0 1 1 1 ’
1 100 10000 1000000
FE )
5 oPOR f ftiis: X7/
Fig.5 qPCR standard curve
2.5 AT /
| 8
3
E]
£
g
<
=
O

0 40000 80000 120000

Event Number
[ 6 ddPCR HUFFS1ESELE
Fig.6 Specificity test of ddPCR
E: NEB|BERRA SIE AT . PRI K ek
B HRKARE2 A, HEFRFE. XA, JITKE.
EHER ARG, HRAE. AR,

S%F HPS. APP. SS. PCV2. B.subtilis. E.coli.
Salmonella. S.aureu [] DNA 1 CSFV ) cDNA #E4T
ddPCR e PEIGIE . 45 53 B B 1 HPS Fem i3,
FLAAS IS A RAYE, U BZ T YRR S T

26 EEMAHM

3 RESIRIAGH] ddPCR MR 70 1854
copies/uL, 1839 copies/uL, 1953 copies/uL. 285 R%L
N 3.29%, VEHNRZITERIE L LR, W, A
SiRA8E . AT,

2.7 W RBE B AR

FIFASE R )
53 G MBS RAE A . 53 ke
AH1, qPCR A HI 4815 A (Ctll

23~28), 3 frNJEEREAR (Ct1H 33~35); ddPCR J57%
K ) 48 tyBAYEREAR, 5 OrBHVEREAS . W RIIAE R
B SRR ASLIGEN) ddPCR J7iEM
PCR 5 VL HRBERTMIAR LS S, 17 ddPCR 25 858 ]
SEFIRE o

/3R 2 IERAEERAEMILESR
Table 2 Detection result of field samples

Az R qPCR ddPCR
FebE 2 5
TEE 3 0
FF b 48 48
Bt 53 53
3 it
3.1 AT PCR ZMTAZ IR S 15,

BT LA IR S5 AT TR &AM 531 7 B R
2 HE RN AR E 8T, ERZEUN T
FEHE 1AL 0 AN F. 4RI PCR G, BRI E
AR AT G T E I (BRI REEARD

AT CRY S8 R AR I K S D« $05 PCREE
qPCR BAVFZIBERNINSE . IR, ZHARCAER
1, RIS AR IR o H TR0 (R TR
TR T RN RE AL ddPCR & T8 LS A, I9F
KAR$EE T RGSEFRAATE - O AR 1 24
Hbror TR B,

32 ZEE RSP T T TagMan $R4H (1 EEWE L
MR SE 70 E & PCR kil Tk, HARBE N 692
copies/uL. Wei Xiaoyuan 25"V 57 7 BIRE WG AT H1E
IR PCR AT A, REFERTIAF] 1000 copies/uL.

219



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.12

ASIGFE NS POt E R PCR ARG 7V i B (A
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