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PPRV #:ll Ry FH M, R F IR HF XA WH SRR EMSMERL A SR, £ EHH I
Ko IR E N 4.33 # I/, t qPCR 7 E 8y REUE (57.3 # /pl) & 10 fr, EA M4, 24 HRE
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Abstract; In order to achieve rapid, accurate and quantitative detection of Peste des petits ruminants virus
(PPRV), a droplet digital PCR (ddPCR) method was established with specific primers and probe targeting the N

gene of the domestic vaccine strain PPRV Clone 9, and the specificity, sensitivity and repeatability of the method
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were evaluated. At the same time, the sensitivity of the established ddPCR method was compared with that of the
real — time fluorescence quantitative PCR (qPCR) method. Finally, the established ddPCR method was applied to
the quantification of PPRV (Clone 9 strain) ribonucleic acid reference material. The results showed that the ddPCR
method had good specificity, with only positive results for PPRV detection and negative results for other sheep —
derived virus biological products and viruses. The sensitivity of the ddPCR method was high, with a detection limit
of 4.33 copies/ L, which was 10 times higher than the sensitivity of the qPCR method (57.3 copies/uL). The
coefficient of variation of the repeatability test was 1.8% in the ddPCR method. Besides, the ddPCR method was
accurate in quantification, as the coefficient of variation was less than 5% between groups of measurement data in
the nine qualified institutions. The ddPCR method established in this study can effectively and rapidly detect PPRV
nucleic acid, providing an effective method for the diagnosis and absolute quantification of PPRV.
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1.1.1 #BAFEHE  PPRV(Clone 9 k) HMit%
FRARED) T (45 . GBW (E)091271) .

1.1.2 & TERWHEEE AVEL Bk W RIS
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BE AVA3 b b S R 2 W I DR AT s PR O
R A R AR RIERERT (OHM/02 #% + AKT — 11T #%)
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1.1.3 Z&XAE5ME a2 DNA/RNA
PEBGA £ F Qiagen A A ; ddPCR ( Probes ) Kit
1 One — Step RT — ddPCR ( Probes ) Kit 14 [ 5 JH &
94 4 B2 97 BH 4 A BR 2 Rl 2 x Fast qPCR - Mix
(Probes ) Kit W [ b 50 1 105 1 58 P B R A7 BRA A
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FEAYLLR A LFE Qiagen H B A% R UYL Roche
Light Cycler 480 II %% 51 % & PCR {3 1 L 44 4
SQD - X4 %5 PCR 145§,

1.2 Jr&k

1.2.1  #3ki | Aarstesiit 6 RIS GenBank
AR E) PPRV 2L H 41751, 48 BLAST ELXT 4
BT, £t X PPRV Clone 9 % f Pk N FE PR AR 57 IX 3l 152
THRERE T ) B (R 1) o 1 MERE bt
NEERIERBHA RA R A

x1 SRt FES

Tab 1 Primers and probe

SRR Y55 -3
PPRV -N - F TTCCGTCTCGGACAGGAGAT
PPRV -N-R CCCAGTCTGTGAGGCGATTT

PPRV -N-P FAM - CGCGGCTGAGCTTGGTATCACA - TAMRA

1.2.2 ddPCR 7 & R 4k & 69 E 4L HL PPRV
(Clone 9 B ) B MR FR R ED) 0T 100 WL $2 500 5
FEPR e VR AR, 357 20 L ddPCR A 2, BRIV
%E One — step RT — ddPCR mix 10 pL, Reverse tran-
scriptase 2 pL, W5 2 pl, 648 = A5 P ARET &
(600 — 150 nmol/L.750 — 250 nmol/L. 900 — 350
nmol/L) Fl ddH,0 %55 % 20 pL, #47 ddPCR SE%:,
SR 7 L DURICR I 25 51 K BR FH P W5 4 A A5 10
e B B PG AR BT TR B A R 5 | e B Herpr | R
FERFH 50 C 20 min;95 °C 3 min;94 C 15 5,55 C
45 5,40 MER  FHERHEFE 2.0 C/s,

1.2.3 ddPCR 7 #iB KB Z e #4L  F2 B8 ik 20
pL ddPCR B AR & , 4301l & 55 °C .58 °C .60 C
F165 °CPUAME KR BEHETT ddPCR 5250, 255 7% 1K
5 DURSORG: 0 285 SR K P 1 VR0 43 A 15 L, A 58 IS g
(R Fe IR R BE

1.2.4 ddPCR 7 &t MRk F eyt THIRIR
RJE ddPCR SZ 50 H AR A 52 M IR 2% o P 25 5
M) i P B M, 23 2 ) ddPCR ¥ 34 200%, i 18
23 EBH PR O RCRL, S SE g ORI B R
20 pL ddPCR AR, S 8 s RO Ak 4 i iR
KUREE A SRR NS | U8 TR R 52 1

B 1.0°C/s.2.0 C/s F13.0 C/s =M TR
HEAT ddPCR SE58 i 2 SOy 1) e AT TR %%
1.2.5 #FHR%E 25| PPRV( Clone 9 #k) #%
WEAZ TR BREEY) BT HA 8 390 35 28 A= W i ity B8 v 25
(PR RGP v FER R B L LU F I 88 40 °F
Jo 95 B AR AT R 96 2 ) 100 L e FH 36 74 32k [R 41
DNA/RNA $2 izt & 4 o 7 2, 18] If XU
IKAE Ay BPE X BE BT 1L 255 90 75 | 47 = 9 2 A1
PHAE R 3518 1 ddPCR ( Probes ) Kit , £ % 1 B3
9 1 FAE K5 5 B 6 ] One — Step RT — ddPCR
(Probes) Kit, 2 5 #E 17 ddPCR A&, ¥ H Bif 2 57,
ddPCR J7ik MRS

1.2.6 EHL X HHH PPRV(Clone 9 #) #%
WERZ IR IR EY) BT, 43 0 S A% R )5 , 1 ddPCR
W& K 3 Yk, o 5R AR S &R B 4 B T ST
ddPCR ikl E M,

1.2.7 HOfpXE R PPRV IRIHAT 10
fEf e B B 100 .10 1 10 72 F0 10 7 Hi B i kA7
ddPCR #a M, & A~ Mk B 48 3 A FHE KW, R I8
ddPCR A 235 S8 1o A0 JE A R S 7 Ze M R0 1
S I 5 PR DU R

1.2.8 qPCR 7 k69 # B X% &l PPRV
Clone 9 ¥k N J:H 142 2 pMV ik, #94 pMV -
Clone 9 — N FKifE R qPCR FHYEFRIE S FRL (8 14
TR A% IR B, 1A SO o s ok B, AR 8 A i 5
HATRAE DLEC(N) . N = (R (ng/pl) x
107" x6.02 x 10%) / ( FHA FRLBHIEEL x 660) . 53
SIFEARAE R BURL 10 £% 2 50F B 5 VE AR, 47
qPCR il , 7€ qPCR ki R, Ho, il &
20 pL JUWIAZ .2 x Fast qPCR Mix 10 pL, | FiF5]
P1(10 pmol/L) 4% 0.8 wL, HR%EF (10 wmol/L) 0.2 L,
Bt 2 pL, ddH, 0 6.2 ulL; W FE/7:95 °C 5 min;
95 °C 10 5,60 °C 50 5,40 MG, WEFHET
1.2.9 PPRV (Clone 9 #k) 4% 5 4% BR AR Mg 4 i 09
B EPE9 ZAL (SR 2 I AT T
VS AR s T T A 0 A P Rk 2 AR 9% e
B (F22%) R A IR F] | LLZR A8 B9 9 T
B4 il vt | U T S e T B A R by e
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P R s Al A B AR RD 22 3 B AR P K
7 i o B A 6 3 v N I T 3 4 9 T
Bzl bty , N SCHS N A = 1) 40 30 Sy 4 FH A B
ALY ddPCR J5 % PPRV ( Clone 9 #k) A% 4 1%
FRARED) BTk A T i, TS AL & A 2 AR UED)
o, A T RN 3 K, AT A5 A O ()R 5 A
fEREEZESR

2 HRS5H

2.1 ddPCR 77 &% R Bk & otk S5 R ILE 1,
=R AR LA 9 BE A R A TG I 2

S, 00 N BB DU R 7.0 x 10° #5 D1 /ul
1.06 x 10°F4 U1 /L F1 1. 05 x 10° # D1/ L., H:H 750
nmol/L 4 5| ¥ F1 250 nmol/L Y 35 £ [ IV ¥k B
BI L F51#1(10 pmol/L) IANEASH 0. 75 L, FRE
(10 pmol/L) BSAH A 0. 5 L B, I N & 45 D1
Bl , b 1,06 x 10° 42 D1/ L, Hiase £ 1 e 58 10 hy e
L5 | W FNERER R R, B RE 20 pL RN AR R A
One —step RT —dddPCR mix 10 pL,Reverse transcriptase
2 pL, E RS (10 pmol/L) 4% 0. 75 wL, B4
(10 wmol/L)0.5 wL, Btk 2 wL,ddH,0 4 pL,

35,0007 A 35,0007 B 35,0007 C

30,0007, 30,000 30,0007.
T Bl _
£ 25,000 £,25,000 T.25,000
= ] 5 2
= ] & =
= 20,0007 = 20,000 = 20,000
[N ] < <

] - =
15,000 15,000 15,000
10,0007, 10,000 1, 10,0003,

Droplet Index

Droplet Index

Droplet Index

A S RHRER SOV 600 nmol/L 1 150 nmol/L; B 5 FIFRES KL #e By 750 nmol/L 1 250 nmol/L;
C. 51 FE4E RS EE 9 900 nmol/L F1 350 nmol/L,
E 1 ddPCR 75k ¥R BRI 4L

Fig 1 Optimization of primers and probe concentration for the ddPCR assay

2.2 ddPCR 7 %R kg et 25 ILIE 2,
FE 55 °C 1 58 CIR K IELEERT , BH BHAE: B 2 BUROR
Te 5835 X, #5 DR 0 h 1. 04 x 10° 45 D1/l 1
1.08 x 10°#5 Il /WL ; 60 °C B kR EE I, B BRI fl ik
fIHE AR SE Y 22 (B HE 55 °C F1 58 °C 1B K R it
25 (B /]y, P8 DUBCRAR, 2 9 x 10° 48 DL/ L
65 CB J il B B, B 0 4 b, AR B T 43
B, 4 DUBCEAR, 8. 5 x 10°#4 1/, AR IE 4T
RS R R KR 2 R 58 C o BT W R )F
50 °C 20 min;95 °C 3 min;94 °C 15 5,58 °C 45 s,
40 MG, FHEEREZ 2.0 C/s,

2.3 ddPCR 7 =i R Wk 45 RILE3,
1.0 °C/s.2.0 °C/s 3.0 °C/s =FpTHRIEH R
PSR 5 1. 82 x 10742 Ul /pl 1. 92 x 10° 4%
DL/l A1 1.83 x 10° 5 01 /L., 2. 0 °C /s FhR iR #R

T, BB 2 G 515 0 22 (E AR B 53 A P b o
Rof R TR 114 2 (BB, ELAG I 21 %) 48 DUBSUIR: v
FFLATERE 2.0 °C /s [ FHRE IR %

2.4 HRMERD K4 4RER, TESH
ddPCR J5#:%F PPRV Clone 9 #k R DG il 21 45 5 1
BRI 5, T At 58 20 3 2 A 1 ol it s
B (B KOG RE v E R 7 | LRI e 2 L 49
e 1 A OR R R s 2 ) G0 45 SR B4 1 A
JIT @SB ddPCR J7 ik B R S PELT

2.5 ZAMRKE  HUHA PPRV (Clone 9 ¥f) #
WAL IR b E ) 5T, 43 0l 4 IR R )5, ffE ] ddPCR
R, 258 3 W E R R, SR WK 2, B R R
B 8% , WA T #5719 ddPCR ik B by ml
HEM,
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35,000 7 A 35,000

30,000 30,000

£,25.000 7 _ 25,000
8 1. 5o
& . g
= ] D .
= 20,000 = 20,000 -
=~ 5 -« E
] F= ]
15,000 -] 15,000
10,000 7, , , 10,000 , ,
Droplet Index Droplel Index
35,000 9 C 35,000 7 D
30,000 - 30,000 -
25,000 T, 25,000
= ] = ]
& 20,000 = 20,000
= - = .
< . i
= ] ]
15,000 - 15,000 7]
10,000 = l T 10,000 = T T
Droplet Index Droplet Index

AR KR EE R 55 °C ;5 BB JGRIE R 58 C 5 C iR KRR 60 °C ;5 D AR KJREN 65 C
E 2 ddPCR 75i%iR AR ERMH
Fig 2 Optimization of annealing temperature for the ddPCR assay

34,0007 B 40,0007 ©
32,000 '
_ 30,000 35,00
3] = =
éﬂ % 28,0007 éo 30,00
- £ 26,000 = ]
= Z 24,000 = 25,000
= P ]
22,000 20,000
20,000 T
18,0007 : : : 18,000 . . . 15,0004, , . .
Droplet Index Droplet Index Droplet Index

A TR 1.0 C/s; B FRRIRBIREN 2.0 C/s; CHARERBFER 3.0 C/s
B3 ddPCR 757 iEFIERERMMN
Fig 3 Optimization of temperature ramp rates for the ddPCR assay
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B C
20,0003 20,000 7
18,0003 18,000 3
3 16,0003 16,000 3
Ea ’000_; o - 14»000‘; ; 14,000
;? 20,0007 ;%012,000‘5 212000
Z 15000 ?; 16,0003 = 10,000
3 = 8,000 P 8,000 7
10,000—; 6.0003 6,000
5,000 : : : 4,000 : : : 4,000 - : : ;
Droplet Index Droplet Index Droplet Index
D . .
20,00 20000 = 20,000
18,00 18,000 3 18,000
_ 1600 16,000 3 16,000
E: 14,00 3 ‘47000-; % 14,000
= 12,00 512,000 3 £ 12,000
Z 10,00 2 10000 ] é 10,000
8.00 = 8,000 3 8,000
6,00 6.000 6.000
4,00 : : : 4,000 3 . . . 4,000 , , ,
Droplet Index Droplet Index Droplet Index

A /N AR T (Peste des petits ruminants virus) 3B ; F1 B KOG I 18 ( Foot — and — mouth disease inactivated vaccine) ;
C AERIRIEEE ( Rabies virus) ;D L2ESEHHE ( Goat pox virus) 3 E : 4 2E 55 7% (Sheep pox virus) ; F s PHFE R I EE ( Pseudorabies virus)
4 BRI I8

Fig 4 The amplification curve of specificity test

%2 ddPCR FiEREE KGN
Tab 2 Duplication test of the ddPCR assay

. N FEFFENH/(10° + pL~! "
B ERB/ QA0 - pL™) _ R RN
1 2 3 ¥IE brifE2E
1 3.02 3.12 3.14
3.12 0.06 1.8%
2 3.12 3.16 3.17

2.6 HUEMRKE L ddPCR,HF] 10° 107", M R =0.9976 >0. 99, & X R R 4P, Lt D)
10 2R 10 R R IR AP DIE (3R 3) , LI BERE VBRI R BUE R 4.33 x10° ~2. 81 x 10* 45 Dl /L,
FERIXTECR AR log (¥ D1E0) i Ae bzl SRRy 4.33 #01/pL,

2, i€ ddPCR J7 ik Lt 840 il 45 R a8l 5,

®3 ELHRE(10 5) HA ddPCR LR
Tab 3 ddPCR detection results of 10 — fold dilution samples

S N FE ¥ DUEY L
1 2 3 ¥iH
10° 2.82 x10* 2.84 x 10* 2.77 x 10* 2.81 x 10*
107! 2.25x10° 2.24 x 103 2.29 x10° 2.26 x10°
102 1.00 x 10? 8.50 x 10! 8.20 x 10! 8.90 x 10!

103 4.00 x 10° 4.00 x 10° 5.00 x 10° 4.33 x10°
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, =077695+0.4%21
_ R=0.9976
,:);_3(
®3
g
32
3
1
0 T T T T !
0 1 2 3 4 3

Log(5 M %0

5 ddPCR ¥ ERRBLMEE
Fig 5 Linearity plot of ddPCR gradient dilution

2.7 qPCR Fk A& MEiKE WIEAXITEE
HFORHE DLECH 5. 73 x 1088 D1 /L, BEA5 o 5 B
10 15 250 F R BUR 10 7" ~ 10 *H ke EE N

A

Amplificalion

500 1 perree—y |

0 10 20 30 40
Cycles

B, AT qPCR RS 3 3ok 4 88 32 s o it o
() Ce B, B 5 12 07 1 19 R AR, TRIE L log (45 D
O B SR (Ct B A IR il b i 2k . 456
REFEARE S BORLA HS 25 SR A1l 6A TR, 10 7 W B
JEE A AR o S TORE (B 57,3 ¥ D1/ pl) A7 7R S
PHaph £ | Cu A 38. 35,10 5 B B 4 b o0 5 R
PL(BD 5. 73 #5 D1/l ) B B PR X BROR A 7R R 5
PP 2k, R AR I B C i, N L, gPCR T B
FEPR P8 DUROR I R A 57.3 ¥ D1/l [ B3R
ddPCR 5k RAB AR 10 15, brifEdhZE a0 6B
F7R A HERCR E =101. 2% , M 2R3 R® =0. 981,
PR 7 FE Y= —3.294X +42.815,Y Jy Ct,X K
log($5 D1%%)

B Standard Curve

...........................

401 °

0 2 a4 e Ty Tio 12
Log starting Quantity

O Standard
nknown

—— FAM E=101.2%R"2=0.981 Slope=—3.294 y—int=42.815

A:qPCR J5i%2E K #5 DB o BRE ARG 5 B - qPCR 7 A e il 2 ) 57
A; Detection of the gene copy number sensitivity by qPCR assay; B: Establishment of a standard curve for qPCR assay
6 qPCR 7775 ¥ DUE R 81 B 6 i 2 o vl 2 O 22 5T

Fig 6 The gene copy number sensitivity test and generation of standard curve of the qPCR assay

2.8 PPRV(Clone 9 #k) # 4B B T 4 i o 2 &
9 FIEPALH ARG TS 1) ddPCR J5 %% PPRV
(Clone 9 ¥ ) MR BRAREY) 2 S E L3 4,
9 RN A5 2 I B 2 1) AR S R BUNT 5%, Uk
W BTN 1Y ddPCR J5 i s HERf , 7] HI T PPRV #%
WAL R AR HEA) BT 1 2 4t
3 4t it

IINIR AR5 R R ) 24 3R [ Y & AR A Ok
JE IR SRl il 5 e JR 1 S R A, (I R TP
SRR BT A R ) BN 2 B 5 Ry A Y Y

13 Foh R sh W ein 2z —, (e & § it R it
R ) ¥ KA A & A . 2007 4 7 H #2013
1 H N BRI A AFRE ST
22015 4B, EBC S EE 2 20 20815, ™

SR [ [E PR 5 5 Az pr Z RS 2021 R4
ez it AR 14 RPN, B3R R 0 R T 3
AR eI AR RS, B ER
BE AR B Eh iSRG RN /N A S, B
SR, IR S W A A R TN A B i
B ¥ 1 e 1) I



© 24 - H [ B2 2 2024 4 5 F A 58 4545 5 1)

Chinese Journal of Veterinary Drug

#4 9 FKHE{ PPRV( Clone 9 ¥R ) iZ B ER IR /EY R E

Tab 4 Quantitative data of ribonucleic acid reference material of PPRV Clone9 strain in 9 institutions

N LR DE (10° - pL1)
L2 A S B KL
1-1 1-2 1-3 2-1 2-2 2-3 ¥fE FrifE 2
A 3.02 3.02 3.12 3.12 3.12 3.17 3.09 0.06 2.0%
B 3.10 3.14 3.21 3.21 3.22 3.26 3.19 0.06 1.8%
C 2.86 2.90 2.98 3.04 3.04 3.10 2.99 0.09 3.0%
D 3.13 3.14 3.20 3.23 3.23 3.24 3.19 0.05 1.6%
E 2.90 3.03 3.14 3.16 3.18 3.22 3.11 0.12 3.7%
F 3.11 3.12 3.23 3.25 3.28 3.30 3.21 0.08 2.5%
G 2.94 2.94 3.00 3.02 3.02 3.06 3.00 0.05 1.7%
H 3.02 3.09 3.16 3.17 3.18 3.22 3.14 0.07 2.3%
I 2.90 3.04 3.06 3.15 3.16 3.27 3.10 0.13 4.1%

BT RRIZ 0 25 8 45 iR N R B X P8 L
Xt &, Clone9 #f N EEPRAZ TR 51 5 1 9 B =1 41
UiAT PPRV #Efk N HEH [RIJEPEITE 90% Z I, 5k
P2 1 A 7 LA, R PEAS B L 70% , 136 1]
N FERIFERRIE I 35 8 25 2 N ORSF, DRLIG NV BE TR
YER PPRV 43 F A= ¥ 7 A6 0 i) S8 s 5 [T 37
PCR H AR P HL AR AR ] B9k 772 B H F PPRV A% 12
ARSI 1) TR 7 A T T Sk 22 ki I R] st A A
Z ¥ PCR R {0y 35X W Ry i AT 2 P A
W, H R AR BAR, B9k qPCR £ AR B 1R, PCR
FEAR G TGRS IR A, YRk AR 25 5

TR B, 100 PR A ik PR G T S 3 A A S
S0 SR BHRE v T A2 N {E R R A

2 ARIE L BBk = S BOCE VPO A RIBE ST & B 57
qPCR YRR -2 WL ARk, ] 52 B il L B

SR % Y dPCR BEAR B )12 B FH 215 S
Rt R B (L AR AU, HRTE

B LR R G MR S B R GG R4
WAz K 45 # 57 T RARE L qPCR 75 100 £5 Y
BT R G096 X85 PCR (Chip digital
PCR, cdPCR ), i &A1 7 £ 37 B9 ddPCR 75 %
qPCR B R BB 10 %, AR dPCR H A FE 5
5, R R R BP0 R A H R A B AH DG FE A
RALARBE A& BR A 1 o)™ Je i ., ek, A AR
Z LA N B KRS A AR AR R

MH A F LB Y 1 (Loop — mediated isothermal
amplification , LAMP ) 26 H RS WG R
(Recombinase polymerase amplification, RPA) "' 45
AR AR AR B0 A B0 (A A
FasE PEAN I T 1 LA BH 1 B s A I FH 1 A i 3 55
B

SR 7 8 BRI H AR W T PPRV (S
Ty, S m] LUSES] PPRV AN Y iy i | ek (8
FEAL MRBAFN AT AL, ASBIFSE BT N7 A8 S 1 i
HAENEL R AT B E B ddPCR JF
1%, PPRV [ R 20 ff it T HOR S
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