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Establishment of SYBR Green I fluorescence quantitative RT-PCR assay
for detection of novel duck reovirus based on the gene encoding P18 pro-
tein

SHEN Li-ya'?, PAN Qun-xing', LU Feng-ying', DONG Yong-yi’, ZHANG Jing-feng', WU Kun®,
LIU Qing-tao', JIANG Ping’, ZHANG Xiao-fei'

(L. Institute of Veterinary Medicine, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China; 2.College of Veterinary Medicine, Nanjing Agri-
cultural University, Nanjing 210095, China; 3.Jiangsu Provincial Center for Animal Disease Control and Prevention, Nanjing 210009, China)

Abstract: In order to rapidly detect the novel duck

oA B 3 :2021-03-19 reovirus ( NDRV ), the SYBR Green I fluorescence
EEWE : FAEAV I RITE (2017YFD0500804 ) 5 L3R BLAAK

) quantitative RT-PCR method was established with a pair of
A (7K 8 ) 77 Ml B A Z2 505 By 4 A8 P BA 5T L [ JATS

specific primers designed according to the conservative

4f%%ﬁ:;;§7j;é (3)?;9}6—) e MFICWIN L B-E B | A gene sequence of the unique non-structural protein P18 of
WAL Y 5 B 34 BESE. (Tel) 15205172927 ( E-mail) NDRYV. 239 clinical samples were detected by the fluores-
823320658@ qq.com cence quantitative RT-PCR method and ordinary RT-PCR
BIESE 5k K, (E-mail) xiaofei0804 @ sina.com; 2% ¥, ( E-mail) methods, and the positive detection rates of the samples

jiangp@ njau.edu.cn were 23.85% (57/239) and 17.57% (42/239), respec-
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tively. The detection rate of fluorescence quantitative RT-PCR method was significantly higher than that of ordinary RT-PCR

method. Five samples were randomly selected for virus culture with duck embryo from the NDRV positive samples by the

fluorescence quantitative RT-PCR method. It was proved that the five isolated viruses were NDRV by ordinary RT-PCR am-

plification and DNA sequencing technique. The 14-day-old ducklings were artificially infected with NDRV-SY strain at a

dose of 10*°ELD,, and the cloaca swabs of these ducklings were collected for NDRV detection by this fluorescence quanti-

tative RT-PCR at different time points. The results showed that the inoculated ducklings shed virus as early as 48 hours post

inoculation, and could continue until 20 days post inoculation. In addition, two peaks of viral titers were observed at five

and ten days post inoculation. Therefore, the established fluorescence quantitative RT-PCR is specific and sensitive, and

can be used for the detection of NDRV, early diagnosis of clinical infection and epidemiological investigation.

Key words;

W8 P i I B 2 B Ay 1 7 v L /K & SR B 1Y)
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SR TR T R R G S < IR BE e, H
R IEA 1 MDRV ' 507 B 7% 15 07 fizg 910 75
( New pathotype of Muscovy duck reovirus, N-
MDRV ) ") F135r B 0 1 %5 25 ( Novel duck reovi-
rus, NDRV) "' | 2017 4E LK% 19 & Az R |-
Fh, EBRYL 1 H W LA AYAERS | HL &R ST %
B2 H % 0 sl 0 i T, 8% NDRV A5 45 05
PR REID I, TR R4k e —SE g PR | I R L 4
TR RAAT R FTG 2 B8R FC AT 18 5 NDRV 1R & e
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NDRV Y5 A1 Ben 702 3 20, BRI L(R) M
(PO AT S(/h) 310 4~ RNA R BE, Hih S i 81,
S2 .83 .84 4 DHP B NDRV #y S1 KL H
B AE 454 % 11 P10, P18 F oC; 1fif MDRV Y
P10 fil oC ZFAE 1 S4 FE[H A BEgm iy , Bl /b 25 i
P18 2K AT R AGSER ) R ARZE M T P18 3
K24 NDRV A3 [A , WF9E 45 R o | 70 18 s 20 i
JE 5 6 h P18 BV AT 4G 2, 2 W12 8 1 5 R e
BRI REWIESEWEA, 2 5RENE
HilU ) AR HF AT B NDRV P18 2 (A H
RrIHNAR , @ 57 NDRV 9850 & RT-PCR (43I0 7
2 IR A PR 2% K RE 5 R NDRV 38 8
BR(SY Bk ) A TGS AHENS A [R] i ] A HE BE 7 100

1 BRS Ik
1.1 %k SPF I8AF 4R

FRIE I 7 I 7 (NDRV SY %) 19I5 & I
7 4 % (FAAV-4,SD2016-1 ¥k ) . % 18 i iz I 75

novel duck reovirus; gene encoding P18 protein; fluorescence quantitative RT-PCR

(MDRV,CA #) 5 R 275 1 A1 ( DHAV-1, W
PR) G R 92 5 8 3 8 ( DHAV-3,SD k) (1330
4 95 9% B ( DTMUV, JS2010 ¥k ) . 15 45 5% 7 ( DEV,
AVI1221 #) TR FERE (DuCV, AQO901 k) |1 i
HO V%) & 3B 25 ( AIV-HO, NJO1 %) HI VL7044 &
BB A A TR A7 . SPF BSIRIG F rh E ARl
BB G /RIS EERFGE U IY SPF RS Fh 2R, AL =
AL 11 H il 4SBT 9508 AR B2 B 18 A S 56
B AL NDRV HUiA I RIS i = A 2R AL
1.2 FEiKH

Hifair® Il 1st Strand ¢cDNA Synthesis SuperMix
for qRT-PCR ( gDNA digester plus) S % 5637 & .
Hieff® ¢PCR SYBR Green Master Mix ( High Rox
Plus) 7t il & W [ o0 22 YR A FR
O8] AR IO & | BB R & DNA BEIE
& H Axygen A ],
1.3 HHEE RT-PCR gL
1.3.1 3l4peait 54 &  R#lEC &FRKE NDRV
P18 5 3 A ) B O SF X731, AL Primer Prem-
ier 5.0 Bl RAEIT—XHRE RS 9, FiES
¥ ( Primer-F) 24 5'-CTTCGTGATGTCACTCCCGC-3',
T 51 ¥ ( Primer-R) 4 5'-CGTCGCTTGACTGG-
TAGGGG-3', Tl H i 5 Be K/INA 366 bp, 51HH
B R AR YR A IR A R A
132 AR Rkegtd LI NDRV SY BRI AR
FINDRV P18 £ R R 5 i1 78 1 RT-PCR
P48, 345 NDRV P18 &5 11 45 X v B, % H: v b 5
pMDI8-T #iA 345 e b ki pMD18-P18,, PREUE 41
FOTRBUTCR T PCR %22, %878 A PHVE O B 26 e
SUERVEYHE AR BRA R, 35 GenBank 1L
AT NDRV 43 BRI 2 2R 7[RI H A
1.3.3 %582 & RT-PCR 7 xR &9tk LU



U AE S BT P18 2R 1 5L A A 7 2 07 gy DI 25 26 s 2 RT-PCR A vk iy e Sr 1483

P () B 40 pMDI18-PI8 ¥y 1 B kL M 15 b, SR )
Hieff® gPCR SYBR Green Master Mix( High Rox ) 5
BN 20 pl SR FR KR KR (55~65 °C) I
I (0.1 pul.0.2 pl 0.4 ul 0.6 w)#1Fiiik,
13.4 %KZERI-PCR F iz m&eds ¥
FEE A T 2 pMD18-PI8 Hi i JFORL % 10 1% K6 B2 #
FE B 1l 1.42x10° ~ 1.42x 1038 D18 A v Jo s g
M, AR IS B9 5N A4 28 F0 R 0T 4% 440 A7 s, LA
Ct {E R YNAERR | LUK T 1 BH s o o 4 DU X
BORE AR , 2l bR 26

1.3.5 #F %1% iK% Ll NDRV, FAdV-4 MDRV,
DHAV-3 DHAV-1 ,DTMUV ,DEV . DuCV . AIV-H9 %5
B cDNA SRR, AR AL 5 19 520 4% 14 3 17 298
FE 8 RT-PCR A 46 56012 07 ik 0 e Sk

1.3.6  #biXiy:  Lh10 55 AR (1l 1.42x
10" ~1.42x 107 $ DU ) 14 o JooRE R #5EA , FHPEAE I
() S N 25 R AT 98 6 8 it RT-PCR U, K2 56 9% J5
PR
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M A TR, 3153 20 PN AR S5 ZR BRI 2 1) 22 5 R B
1.3.8 s RASRAR 2020 4RI L ARA S
by DXCHIS 37 36 465 1) 239 403 1 RAE &, B HRUR% R 0T I e
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1.3.9 smaaBS5%e B S 0286 a & RT-
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SPF MR 5 M, B 1 #20.2 ml,37 CHEfL,24 h Y
FEIRSEA B H BRAR 2 Ok BURSEIR B2~ 8 C |17,
%120 h RFEUR ISR E2 ~8 Cid i, TCHURIR
PEUR, FHE A B ORI PR BERIR &, 53 3R 5 A7 g iR
PRYEWIR B HREFEAT RT-PCR 3™ 54 R0 5 43 B7 , &1 %f
NDRV ¢4 (%) P18 & H A F i Ll 9 (P1S-
F) } 5-ATGTCACTCCCGCCAACC-3', T iif 51 ¥
(PIS-R ) N 5'-CAGTTGTTGATTGTAGA T-3, Tii 1f}]
H B BeK/INAy 488 bp,

1.3.10 AIRZEEwXE WE15 H 14 HRRK
faRRE A S VR Ry il g 4, B BB AR K TV 1.0 ml
NDRV-SY #k (R #i 7~ 1 ml 1x10°ELDy,) , 7 %
HO15 H 14 H B R ARG AR 6 B A HUBRF
NS 1.0 ml AEFEUK RIS 7 d, IS A
XTRRZH BEAILIESE 9 ARG HEA T R4S LB FAZ AL
WH#EJE 6 h 46 FH JC AR 28 SR 4 4 g itk 7 s AT 4K+
FEME TAFRER K 45 1 d B:R% 6 h RE—IK,2~
3 d &R 12 h RE—IK,4~30 d FRFE—IK,-80
CORE o PERERATI AL RRD 3 5 Zeliieis 4k
¥ ,8 000 r/min &[> 4 min, B 200 wl FiE W, HiR
BRI RNA I KU sk cDNA, LI 3] 624 1y
M9 AT 4T cDNA £ 55 (312 43 4 NDRV A T8 e R
832 56 20 T3 T cDNA |, 312 53 Ay £t F 4 15 AT 48 1
cDNA) . #1992 6 it RT-PCR J7 5 X R i
cDNA SEATRIIN , BANFE R EL A 3 Wk AR Cr (E AR
fit M 2853 M NDRV JEYL S () HERE 5 0

2 g5 W

2.1 FE4H pMDI18-PI18 tRME AR

#2H pMD18-PI8 PRI Z: PCR %€ , 193 1
% 366 bp MRE IR A B, ST H 0 5 BeR/MESE
(1), MEEE R BEFT Blast HEX, 45 R B, 9718
B P18 R HFE N H BE 5 GenBank /N ff B NDRV
ANF SR ST B B P18 2K 1 A 5 41 ]
JEPE RIS 99. 7% LA b, B PCR ¥ 34 1Y H L R &
NDRV 9 8¢ 5= K 21 v i BE O <F X ¥ 41, pMD18-P18
kL L)

2000 bp

1 000 bp
750 bp

500 bp

250 bp
100 bp

M :DNA marker 2 000;1:pMD18-P18 FR1HEFURL ;2 ; BIPEXT IR
B 1 #RAERKE PCR ¥ 15
Fig.1 PCR amplification results of standard plasmids
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2.2 WHEE RT-PCR RN R R EGHMHAL
X5 e AR KRBT UL, B4 NDRV
SE 9 E i RT-PCR e M5 SRR &R (20.0 pl) .
Hieff© qRT-PCR SYBR Green Master Mix ( High
Rox)10.0 wl, 31 F/R(10 pmol/L) 4% 0.1 ul, fik
2.0 wl,DEPC 7K 7.8 pl, Al i 2c14F4:95 C 5
min;95 °C 10 5,62 °C 45 s,40 MEH,
2.3 NDRV % EE RT-PCR Rt 2k
W FRUERE 10 £5 45 B2 B R AR iR 47 29
H RT-PCR I, H-4:4] NDRV BbriEfiZk (& 2) .
ZER IR FRIEIZEAE 1 ul 1.42x10° ~ 1.42x10% 4%
DUEA RAFry 2tk ¢ &, br i it 2 09 A ¢ R ECh
0. 998, ¥ H4RL AN 90. 105% ., NDRV f# DU8S Ci
HZ I Bt G R R IR AN . Y=-3. 582x+36. 430,
HAR RN -3, 582 #% I  36. 43, KR ELRL, E
’ﬂlh{ﬂ"#nnﬁﬁ Ct {d, (A FEATHERA 2 7. NDRV 43
VTR 0 ik th 2 0 B B — (I 3), e ok UL AE
84.94 C LA,

30
25
20
15
10

CtfH

Y=-3.582x+36.430

1 1 1
03 4 5 6 7 8

BF P o o4 i 4P DL AT

B2 SCRWStEE RT-PCR iRAEHLZ

Fig.2 Standard curve of real-time fluorescence quantitative

RT-PCR
= 80 000
=
B@ 70000
=0
60 000
# 0 50 000
E& 40000
ﬁf; 1 30000
NES
o 20 000
10 000
—)
% 65 70 75 8 8 90 9
HE (C)

Bl 3 LRI EE RT-PCR (AR H &%
Fig.3 Melting curve of real-time fluorescence quantitative RT-
PCR

ERE R
RT-PCR #5077 2 % A 6]

2.4 NDRYV K EEZ RT-PCR il /5
FHEE ST P98 5

BEMRZRRIEA TR, 25 5 7R, LA NDRV 5 % #%
FRAT - 15 it 2, H % b FH %, 1 FAAV-4, MDRV |
DHAV-3 DHAV-1,DTMUV . DEV  DuCV , AIV-H9 %5
BRI JE I R R S 9 I 4k (1B 4)

6.51
5.5
4.5
3.5r
251 1—
1.5r
0.5 /2~10

205 I 1 I T T

0 4 8 12 16 20 24 28 32 36 40
TEREL

ARn

A Rn =1 1 W (050 - 9B FE LR EE . 1: NDRV; 2~9;
FAdV-4 MDRV, DHAV-3 DHAV-1,DTMUV DEV  DuCV, AIV-
H9;10.: BAYEXTHE,

B4 ELREHEEER RT-PCR BN FTEHSRY

Fig.4  Specificity of real-time fluorescence quantitative RT-

PCR detection method

2.5 NDRV %3tEE RT-PCR #7758 8 2 1%
FHAES B SERT O RE T PCR AN 10 A5 45 B
(1wl 1.42x10" ~ 1.42x 107 #% 01 ) 1) PH A A o
Ki, GERBIR AR E ORI BURE Y %k
AR AT IAG H 1 wl 1.42x 10" 38 DL (1 5) .

12r
10
s 8r
541
< 6
4+
2r 7
O Il L —— /\
4 8 1216202428323640
TEIREL
ARn =5 1500 5 (50 B -9 A IR AL

B 5 LA EE RT-PCR &7 A M
Fig.5 Sensitivity of real-time fluorescence quantitative RT-

PCR detection method

2.6 NDRV %3tEE RT-PCR @ 5 EHES M

Xof [ — b UK ) b o TR 3 SR TR i (1l
1.42x10° ~ 1.42x10° 45 DU ) FIAS [t vk (%) B o 50k 3
AR EE (1 pl 1.42x10° ~ 1.42x10° #% D) #5 i it
TR, 255 W 4N FIALR] Co (AR 5 R B35/
F0.5% (1),
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2.7 IEARERENLER
#1796 6 & B RT-PCR ¥ J7 1 %) 239
13 it RAE ity 1R AT R | AG: Y BHAPE AR & 57 1, K M

®1 WATEERT-PCREWAN ABESHABER
Table 1 Intra-group and inter-group reproducibility test results of

fluorescence quantitative RT-PCR

HN 23. 85% ; 38 RT-PCR 46 J7 ¥4 th B R POl AP AL
a2 IR 17570, TRRER AR ot v ERE gy ERER
Him T8 RT-PCR A7k, H —# iR AT & 1x10°  7.30£0.01 0.10 730001 0.10
R 93. 7%, BEWIHN 1Y% g 7 RT-PCR K il 1x10*  15.70£0.07 040  15.65:0.01  0.07
J5 e H 2 5 RT-PCR A 97 3 855 4 NDRV I B¢ Ix10°  23.66£0.07 030 2369006  0.20
AR A (3R 2) .
%2 ZRSOEEE RT-PCR R 0 HR ML R
Table 2 Clinical results of real-time fluorescence quantitative RT-PCR detectin method

YIRS B FHPERCIN AL BEMER R (%) S ] P45 S [H] B Kol 75 4 % %)
TG AL RT-PCR A 732 239 57 23.85 42 182 93.7
L8 RT-PCR Kl vk 239 42 17.57

AT 57 = (Ft [ BEE B+ SRR A TR0 / S i B« 100%

2.8 NDRVHZENBS5LTE

5 132t 5 RT-PCR A3l NDRV FHPERY2HZY
FEM AL HS 4394 RN 11 H i SPF M AR%% 5 4,
5 ANFE A RS IR TR 596~ 120 h ¥4 1~2
FORAET , XA S SE TR AT 120 h A7
JRRBER WK JGIR A, #£17 P18 ZE A RT-PCR
P15 e S IR IR B 147 3 1 488 bp H Y
B R B, KNS BUASS SRLARAT (B 6) . T4
N, PR H AL 5 NDRV ) P18 & H L H
G —34, KU1 B 5 MR EEEH NDRV,

1 2 M 3 4 S5 6 17

2000 bp

1000 bp
750 bp
500 bp

250 bp
100 bp

M:DNA marker 2 000;1~5 .84 1 ~FEfh 556, RN E; 7. Bt
IR

E 6 NDRV 5Bk EE RT-PCR G4 R

Fig.6 Fluorescence quantitative RT-PCR amplification results

of novel duck reovirus( NDRV) isolates

2.9 ANIRCGRAERIRIGHER
NDRV SY #f A Tk YL fat FEAERS 5 25 7 d, ik

K2 AR IRLL b BEALZE PR O HUARNS I, 4R
7, G 2 AR SR IR i K, A K 1 PR AE i L
B 5 UM T HH BB BOAR A NAORE 22 2 R RN Y
AHLIRFEAE (7)o XoF BT B 4% I 1 A g 7
(E7),

AR ;B IRSERT ; C . A8 HENEL; D . SRBENG
B 7 4EHS NDRV SY #k A\ TR ABAMMBRARERE
Fig.7 Organ lesions of ducklings infected artificially with the

NDRV SY strain in experimental group and control

group
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I TR] B Al 8 Co {8, FHARE 5 RE 545 Hh HX
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o EE VLR XL
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Fig.8 Detoxification trend diagram of ducklings infected with NDRV SY strain
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