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Abstract: In order to achieve the quantitative study of Actinobacillus pleuropneumonia (APP), a pathogenic bacterium for porcine
pleuropneumonia, a primer was designed according to the conserved sequence of the specific ApxIV gene of APP in this study. An accurate and
quantitative droplet digital PCR (ddPCR) detection method was developed through optimizing reaction conditions, and the specificity, sensitivity,
stability and applicability of this method were verified and compared with those of the quantitative real-time PCR (qPCR) detection method. The
results showed that the optimal annealing temperature of the ddPCR method was 52 °C, and the linear correlation coefficient (R%) value was
0.9957, indicating good linearity; the sensitivity was 153.8 copies/uL, which was twice that of qPCR; a the specificity was good, and there were
no cross-reactions with other common swine pathogens. In the actual tests, the Kappa coefficient of ddPCR and qPCR detection of the 110
samples was 0.9529, indicating that the results obtained by the two methods were highly consistent, and the ddPCR method was also capable of
analyzing quantitatively suspicious samples that could not be differentiated by the qPCR method. The ddPCR method established in this
experiment has high sensitivity and specificity, thus can be used for quantitative detection of APP.
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LIl @ES5R%E

APP. KJFF# (Escherichia coli, E.coil). E3
WM AT B (Haemophilusparasuis, HPS) HASZEG =
TRAF; HEM % SR AR (Mycoplasmal pneumonia of
swine, MPS). JEIMIRIENIATELREAERITE (Porcine
respiratory and reproductive syndrome virus, PRRSV),
¥ EE (Classical swine fever virus, CSFV), JWH
T ARKMAE P 24 BR A A
1.12 &

QuantStudio™ 6 Flex S % 2 & PCR 1%, [
ABI 2 F]; QX200™/ii% X% PCR 1%, 3% Bio-Rad
ANEs ERIEVKFE. B0, NanoDrop veu plus 7
BT, 22 ThermoFisher 246l HHF LAES,
ML RPRERGRAR; MERRLE, 18
Eppendorf AF].
1.1.3 XA

LR DNA SRHUTE . # RNA/DNA
INESERGRAIE, WH)H3ER (Magen) AR
HIRAF; AceQ qPCR Probe Master Mix, HiScript I Q
RT SuperMix for gPCR (+g DNA wiper), I H /5%
MR EVHEARAR /AR ; ddPCR Supermix for Probes

(No dUTP). Droplet Generation Oil for Probes, 14 H

[ Bio-Rad A ]: HoAh M50 B 4 #r 4l
.14 #&%

FERCRE T I 5 ANMESAIT 110 A BEAL S 10 R it
Rkl BAACRAEEEE WA 1.

D77 TS B AR R, AMNAE PRI R = R F1ORER
T E BT, IS T O R SRR Table 1 Sampling table
ez 2 W A S S S PR S A T # KA E Eis 2
(90t 7 hopsia R 2 PCR el 771 . A IR0 S 78 B— 10~12 B BRMR TR HREER 264
37 APP [1J ddPCR Kl 77923, A BRI 58 1 4 i W= 12 PlEESRIR T AR 244
By RRBAMERTT, RAEER T FE. = 8~14 FlESe R KA dik 20
. V.40 HHE 10~17 FESIERALR IR AR 19 4
1 MRSHA LR 6~24 B8R T i 21 4
2 SRR S
Table 2 Primer and probe sequences
71 MARAT 2 AR Rl (5-3") ARAAL
FP GCTGACCGCAGTATAACTGTATGG 24 bp
RP CGTCCCCAGTCGTTGATATTATC 23 bp
Probe 5'-FAM-ATTATTTGGCACTGACGGTG-MGB-3' 20 bp

12 Jri
12,1 3l AeifAt a9t

FRHE ApxIV FE[K A% R 757 7 51 (GenBank:
CP030753.1), i Primer Premier 3.0 {41514
H, SRS 2, ¥ BCKEE A 232 bp,
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g, fA7T-80 CH&H.
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A FRA A o
124 APP %8f %L PCR AR A 6922 %

KA ST 514 FP. RP A% Probe
SLSERFSéE PCR J5¥2, gPCR MAK £ N: AceQ qPCR
Probe Master Mix10 pL; b FyE5[4 FP. RP (10
mmol/L) % 0.4 uL; %l (10 mmol/L) 0.2 uL; ddH,O
8 uL; R 1 pLo ¥ H4%&MH9: 95 °C Smin; 95°C 10
s, 60 C 35s, 3L35MEIR. ¥4 APP JFURIEAT 10 fi
Bl EERRRE FH T RS, BN BERIR 5T 3 UK,
RS 5 2 At i 2 o
1.2.5 ddPCR R LAk % Fe ettt

ddPCR WA FRH, S8 KIEENE R RNAR R H 1)
—ANEESHY, ST IR T B Ak
B sk ARR Ve 1. H 3.075%10° copies/uL ()
pUCS9-APP FIASEIGHH K 51 PR T Rtk 4738 K IR
FEARAGSESS, VERERAE N: 60 594, 58.3. 56.3.
53.9.52.50.7. 50 C. xJ3ifk & Jy: 2xddPCR supermix
for probes 10 uL, Bt 1 puL, 5IPFHREF 2K N 800
nM #1400 nM, FHJ& RNA Bi7K 4k & 20 pL, 347 ddPCR
P4 E I AR CRER E LA R B FH R M S 2
S LR E f R IR -

1.2.6 #F4MH K

PHRELFS E.coli. APP. HPS. PRRSV. MPV
A CSFV [ ERF B2 10° copies/uL, 43 HIHL 1 uL {F
NI, IR EIRALET I dAPCR R R HEAT N, 5
TR S
12,7 REEAEG L

¥ pUCS9-APP 2BV FE 10 fEFikE, HIRFE S
FERRE, IRIRRE 2 REFRE V5, BRI 7 AR RS
&, 43919 3.075%10°, 3.075%10%, 6.13x10°. 1.23x10°,
6.15x10%, 3.075x10%, 1.538x10* copies/uL. &k
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FIF iR B0 APP S99 PCR K Z A1
APP e %7 PCR AR R, Bl 110 7% B 5L
A A RS 5 e o

2 #R51He

2.1 qPCR ¥tz T

pUCS9-APP HHT 10 {5 SLiRe, S IREERIAR N
1 pL B565E & PCR NAR T, HFRE=ANEE,
15 2)%% 6 & PCR M¥ HMi&wmE 1w,
pUC59-APP Iy 3.075%107 copies/uL i, Ct{lH
15.36. 1ZIVERIBARKMER ATk 307.5 copies/uL, 44
FARH qPCR ¥ BRI B LT, RBUE .

2.2 ddPCR R J &Mt #

ddPCR R KIRFEMRAL IR 45 SR 2 Fow, AR
P A= P B S BRI O = [ 2 e i U e
52 CNEAHRKIESE. 133] ddPCR HAERNALTF N
95 °C 10 min; 94 °C 30's, 52 ‘C 1 min, 35 MEH; 98 C
10 min; 4 C{%1%.
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Fig.1 Amplification curve of APP by gPCR

TE AL B A T AAERAE N A 3.075%107 copies/uL~307.5
copies/uL, NTC,

BAER AT T, 82/ ddPCR 7R e Mk
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% 3 TRIRBEAMERAL ddPCR EE MR
Table 3 Experimental data of standard plasmid of ddPCR with different concentration

JiAz R B (copies/ul)  E A 1/(copies/uL) E X 2/(copies/ul) FH 3/(copies/ul) -FHMEL Avg. AFEZSD ERFEHCV%
307500 14446.00 14466.00 14452.00 14454.67 8.38 0.06
30750 1480.00 1476.00 1473.00 1476.33 2.87 0.19
6150 147.00 146.80 146.20 146.67 0.34 0.23
1230 13.98 14.22 14.03 14.08 0.10 0.73
615 6.74 6.56 6.71 6.67 0.08 1.18
307.5 3.44 3.39 341 341 0.02 0.60
153.8 1.80 1.90 2.00 1.90 0.08 4.30
AIEN, SR ARAG I SN A 5 11T APP ddPCR f1)5E
25000 A05 ._B05| CO5I DO5I ]?05 | F05| (I}OS . H()5I %ﬁ*ﬁ 5
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Fig.2 Fluorescence amplitude of different annealing
temperatures
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Fig.3 Amplification of different concentration of template
droplets scatter plots of APP by droplet digital polymerase
chain
E AEESL 8§ MEMIENHA 3.075%10° copies/uL,
3.075%10* copies/uL, 6.13x10° copies/uL, 1.23x10° copies/uL,
6.15x107 copies/uL, 3.075x10° copies/uL, 1.538x10* copies/uL,
[ARE SN
BAER BT, @2 ddPCR 5920 RIS
MR 3 FoR, ALV 3.075%10°
copies/uL, BE#E DNA IR EEFEK, BHIEBEREHEE
B AN D, B TR 153.8 copies/uL. HHE 3

ddPCR #1 qPCR [MFRERNZE WL 4. FHEIRT AT,

gPCR ] R* fEA 0.995, #1%4-3.391, fHlRKMIFR
3.075x10% copies/uL ] pUC59-APP; ddPCR ] R*{f
N 0.9957, AHF)9-0.839, HALF K 1.538x10°
copies/uL [J pUC59-APP, #5 V(I MEH LN 1.9
copies/uL. Z5H K] : ddPCR 5 qPCR 45 BUF 2k
PEXK FR, ddPCR J7iEM) RBUE L qPCR = MR

a 30
25}
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I Sl
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Fig.4 Standard curve for ddPCR (a) and qPCR (b)
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RV ESSAIE . 45 R B WA APP A WL (I BH R
FAtAZIR S IR,  HICAZ UM, i B0
Rt R AT

2.6 I RAFAAR

FIFH ARG 2 7 (1) QPCR A ddPCR P 757255 M
T R SEALAE R LTt 26 FRTRE S b AT AN o

SERIEIR: 110 M SEREAH qPCR A APP
FEEN 53 4, AISEN 2 #r (Ct{EAE 33~35); ddPCR
JFiERL T APP BN 56 473, e #4r qPCR 46 H )
A]EEFEAYE TN 16.2 copies/ul 1 14.22 copies/uL,
— 1 qPCR i HH R BT AHE DI 5.17 copies/uL,
ddPCR 45 R RIS A PHE . HR4E Kappa RELAITH
ddPCR #1 qPCR WM 7R k fH M 0.9529, 1t B
JIERIN G Fm 2. IS5 R XF APP K
JE T 307.5 copies/uL [FF L, qPCR F1 ddPCR #il]
SEA— 3 X T APP R AR T 307.5 copies/uL HIFF &,
qPCR JovEBHATHERA 2T, {H/& ddPCR A LUK & &
TRERAZIRICIHE UIEL, 45 IR ST SRS M .

3 ZHig

3.1 KRBT 9 A2 P i A 2 T A R R T I
WOE YR, HBORR T APP 2R —Fh L MR R
W, FEIESIT AL RO, R IE
PASIE BN B B AL 36 . FERE - — B YR,
SRR . TRIL, ST — bR AR
X R R 98 TR AT BRI TR 59, e 5 A
TRIERR « IR, $7 PCR FARAE T AW AT
MESFZW B2 Z RN . 5154 QPCR. LAMP
FORMLL, %7 PCR BOREA H S R et
FURERATE, T8 SAI 7 T AL T4 e A

32 ARSZIGEESTH) APP ddPCR Kl i, iRk
HEN 52 Cs BIYIREN IR E 437128 800 nM FiT 400
nM: 5 E.coli. HPS. PRRSV. MPV 1 CSFV F3¢ ¥
R, FEFVELT s AR5 AR = RECFIFRAEZE /)N,
P VKBS HARRE AN, FeoE ety .

3.3 IS0 4ROV 7 ST F % LR % TURAT B LAMP
Far 7 AR AR TIBR A 0.307 ng/L. kg2 gy
I8 S 28 TECZR AT B PCR 2T 5325, S PR Ay
50/uL. ASZEG RN ISR 5 PCR AN 75721
HrIIFR A 307.5 copies/uL, ddPCR HAEASIIFE A 153.8
copies/uLo HHIETT ., ARSEG V] ddPCR Al 7572
(1) R A v T AHXE LS gPCR 5k A L e Al
PCV3 (17, 15 110 - Sehatt i iaili, Asens s
321 ddPCR 55 qPCR P 72450 45 511 Kappa 7%
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34 R4 ddPCR fE/E—E RIFRTE, Qa8 FscieHe
M RCAAEX B o AR B IRB AR T R 1R 2
A, EARJLEN, 37 PCR HEFURIA KR A
JERCASER = AR E T R, B2, ARSLIG T EL
- PCR AU H RSl 2 FEC2R AT B BAT e P AR S e
RIGERAERATE,  REXHICHR R A TR DU AN HEAff
B, ARG MR 4 A WA L AT IR SR A PR R
T — M AAT IR T
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