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Construction and Application of Newcastle Disease Virus P Gene Pseudovirus

WANG Haiming"?, GUO Tong>*, DING Yu®, LI Yang®, GONG Zhenxing',
WANG Jingjing®, LIU Hualei*”
(1. College of Animal Science and Technology, Ningxia University, Yinchuan 750021, China;
2. Avian Disease Surveillance Room, China Animal Health and Epidemiology Center, Qingdao 266032,
Chinas 3. College of Veterinary Medicine, Qingdao Agricultural University, Qingdao 266109, China)

Abstract: This study aimed to construct a safe and effective Newcastle disease virus (NDV)
pseudovirus for the quality control of NDV nucleic acid detection. The P gene of NDV was amplified
by RT-PCR and linked to the lentiviral expression vector PLV-Puro to construct Puro-NDV/P.
Puro-NDV/P plasmids and two helper plasmids were extracted, and a total of 293T cells were
transfected, and pseudovirus particles containing NDV P genes were successfully constructed. The
constructed pseudovirus particles were properly diluted and lyophilized to prepare RNA-positive
quality controls, and calibrated, uniformity and stability tested. A Tagman fluorescence quantitative
PCR detection method was established by successfully constructing NDV P gene pseudovirus. The

results showed that 15 positive quality control products were randomly selected for fluorescence RT -
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PCR detection, and the Cr value coelficient of variation (CV) was 0.90%, which was good
uniformity. The copy number of the prepared positive quality control products was 6. 58 X 107 copies* pL.™".
The quality controls were stored at 4 °C, 25 °C for short-term storage (1 week), and -20 °C for a long
time (6 months), and the Cr value was detected by fluorescence RT-PCR without significant change,
and the stability was good. A real-time fluorescence RT-PCR detection method based on NDV P
gene pseudovirus was established. The NDV pseudovirus prepared in this test has the advantages of
good uniformity and stability, and can be used for the research and development, evaluation and
quality control of NDV nucleic acid detection kits, providing a reliable tool for the standardized
detection of NDV.

Keywords: Newcastle disease virus; pseudovirus; positive control; fluorescent quantitative RT- PCR
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7 3k 9% (Newcastle disease, ND) 42 H 357 38 7% W5
7% (Newcastle disease virus, NDV ) 5 FE ¥k 51 & 1) &
FRUME AL G , i 531 T A ZH 2L (W OAH ) H 41
Rk S R S W . NDV B TR &k R R
(Paramyxoviridae) £ & B R K W 5% &
(Orthoavulavirus) , & 41 Fy B8 1% 11 65 RNA, 4 45
6 A~ R B, o NPOP S B O AR SE L R AE N
NDV A% g f I g 88 6 5 . B AT, NDV ARG 32 224K
B BE 3 g A A IR A I, A% TR AR I R G v Rk
IV B M AR ) )z N o A R R T o R R, B
P Jo A T A AR R R A D 4 SR ] R
e P o 5 15 48 JBORL BT % dh F RNA A E i A1
Lo, MR 2 B A S AL S B 19 45 4, TRk RNA
B A A8 ST 3, A B MR oE M o 5 R e e
BEAH LG, AR RS A AR, (B B 1 A B
SRR B % 4 AT LATE BSL-2 5050 & 4
1 o B B T 5 B0 PR R 5L 1A ) 4% R A T 0 sl
RAR T EEAE o ARG W] B TR A AR
i 7 (SARS-CoV-2) B A7 1wy B2 A% e 1k Je A Wy % &
AR, BEBIE N BRI 12 B 2R K 8 T SARS-
CoV-2 B 5 , Hoa )™ 1z W ] T8 7 ik 25 4% TR A
IR PEA 5 AR, B R 1 kR S I v P R A
DN RPN 67 o o b2 B o 9B =29 3 s = A N o
£, 35 12 9§ 7 (lentivirus, LV) | f 7% # (adenovirus,
ADV) F1 IR AH 569% 7 (adeno-associated virus, AAV) .
TE =R FH A0S 25 200 b 08 0 BE AR B TSR
oA BE DR i KRR E M A, R T A B B Y
HEA R RS K, AW ik FH A 0 B U, L
IR PE G BB R SF R PR MRS M T
NDV i1 P 3 [R5 3 2 BURL 1 D BH A 52 48 i, 5 368 i

P dh BE AT 2 — VR AR E PR 36 o 1% WF 5 4 Y B
PR b, TR T NDV AZ B ASs i X 0] & it & T4
TR, 2 NDV b AR i 42 i 1l 58 T H .

1 #REFE
1.1 B B R RAL

DH5e /&2 MW | A TAY TR (R A
PR3 7] 5 293 4 Jf hy A 52 596 % DR AT 5 18 0 75 R A it
FIBH AR PLV -Puro LA K12 95 75 4 % 5l Bh 21 & Ph1 .
Ph2 W B 3 5B A W R A BR 2 A .
1.2 FERXH

Xba 1 Xho | PR 4% 12 M YIE . Recombinant
DNasel \PCRi&H & 26 RT-PCR A & UI e [l
WO & [ TaKaRa 23 & 5 50k 42 B0 ) & A
bt RARAEALBHE A R A R DMEM #7535 56 iR 4
I35 W F G 5t R A YRR BR 2 W 5 Polyfect-C
BTN W B R R A R A R ] s 4 A Bl
%R $ O R & H R BE R A FRA | .
1.3 NDVRFESHHE

W5 8 21 R Puro-NDV /P LA & % B 5k Phl
Ph2 4% U 38 293T 40l . %% YL )5 48 h S S 40 ifd |
V& Wi, Jl Recombinant DNase T 22 5 40 B b 35 ¥ v 4%
B DNA, I Sk [ 319 NDV i@ 1 51 9 48 51 k17
56 PCR A, 51 &4 P50 0L (2 1) o #2800
PCR A A BA 1 04 40 it b 37 T2 B RN A 5 R 47 %€
JE RT-PCR % 5E ™, N FE P« S5 5% 42 °C 5 min;
AR ME 95 °C 30 s348M: 95°C 55, B KR JE 59 °C 40 s,
PG E A0 E IS, BG4 R 5 25T 29O
(SR A o P B8 25 8 Sk B 1 40 i B3 9, ] PEG
95 75 4l Ak 1 500 6B 7 AT 4l 4k
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Table 1 Fluorescence RT-PCR/Fluorescence PCR primers and probes

519 /¥R 2 FK Primer/probe name

JF%1(5°—>3") Sequence

NDV-2471F
NDV-2751R
NDV-2751P-FAM

ACHATCAGYTGGTGCAACCC
CRGGRTCCAGAATYTTCATCA

CAGGCGATGATGTCTATGATGGAGGC

1.4 NDVBFEHHMERERAH &

L4 1 FoVR Wk B o ik FIH B PBS ¥ 4lifk
ABRS BE AT 10 ' ~10 Al B o 3 BIHL 200 pL A FE
AR B RNA, #4799 06 RT-PCR 719 . 30 3% 46 1)
CHf , e E S M B ERAR S SHERA 1: 1RSI E
PEAT A%, ImL i VR T BT — 20 “CUKEE PR AT o
1.4.2  BHMEBTE &3 —HF 0 Bt AL ik 15 4y
BH A 4 i B AT 4 — PEAG B . B 1 mL PBS 2% 1%
T B 1B B, FEELRNA, R %606 RT-PCR J7 ik it
AR e o 382 A A7 15 ARG I 45 S () Co (A8 S 1
PEA R S 3 — 3 CHEM A S 2B (CV) /N
F5 %0, RIS R AP — M CofiAf
TE 5 3 25 7 (CV=>5%) , Uk W AE FE A i o0 38 3
AT T AR SN, F ik — 01 &
TZ.

1.4.3 MHPEmES M ER FHIEACK B
R AR KR AT 10,100, 1 000 15 7% ¢, 18 i %07 PCR
AR T 5 9 NDV i 2 BH 4 5T 42 26 47 5 1A
THEPE LA

LoA.4 BAME B & R I Jo 1A R ik
5 U 1 NDV B 25 BH - B 5 43 ik e 4 °C
25 CHIEE FfE— 1, TR IR BEOSR FTRL
HCL K PH M BT R A BB S PR HRNA, 47 98Ot
RT-PCRAGI , AF A 3 A AL . AR A Cr A
FA SAS 8. 2 R X} K 86 A P, UEAT 22 7 B T
Srti. P<<0.05 KM ZR R E P>0.05 %P xR
NTE .

K5 2 PR IR 56 o NDV B0 7 BH M R 45
BT 20 CUKAE T iEAE 6 N R LA AL, B
7 5 $2 B RNA, 547 %06 RT-PCR A& I, %F K
SAEE . WK CoHI T PE, HIT 2R B
T
1.5 EHEHXRT-PCREMFENEILNNA
1.5.1 SEHFEE RT-PCR #5MEPE 4 J5 ¥ FF
S P 38 A A B A 1 NDV B B BH A R
S 5 DR AT 00 8 U O T (ATV) 8 A% e ik <A

SR (ILTV) A& gt 32 < R (1IBV) 08
i Y P9 R A8 % 75 (IBDV) FL& % 7% (FAV) N
Tl JAZ R ok HEA T VT

1.5.2  SzBF9% RT-PCR SUSM: it 56 LS
PCRAXE A & (4 B 2 UKL AT 10 15 £ LU B 5
AT PG RT-PCRAZIN , P J5 25 B SO -

1.5.3 I BRI K SE 9% 6 RT-PCR Jr ik
XoF 52 56 & AR DR AF 19 50 1 & 284K 7 47 NDV & 1R
R, DA 5 47 /9 NDV B 5 P 5 5 1 45 3 0y
A Ry B X6 BE#E AT %01 RT-PCR A

2 &F R
2.1 NDVEBHFSHHE

¥ NDV P 5 PLV-Puro 844K % # %% 1k,
¥ #8841 kL Puro-NDV/P, 3 5 i B 3 %% it ki
Phl . Ph2 5% 9% 293 T 4 i . % Y4 )5 48 h Wi 4 41 ffd
¥ Wi, 22 Recombinant DNasel 2= 4% 21 i 3¢ v %% &8
DNA, Fifi J $2 B8 B RNA #E47 ¢ RT-PCR &
N H B R ) S AU Rl 2k (181 1) .
2.2 NDVBFSMHEMERE MG &
2.2.1 TR TR R ¥ gl Ak J5 0 Mo 2 2
A1 107543 FO R B, B 10 '~ 10 Fis % J3E AE o 42 U A
g , 47 % 6 RT-PCR kil (& 2) , & I Cz 1A WL
(K 2). LA 7 B HME 4 R DU Cr B 0 1 45
AL TERE 10 PFRREBEFE AR T, 45 S NDV B 2

BRS04 i
2.2.2  PHAEFCRE A2 — YRR Bt AL 4tk SR T

Jo 15 FE &L, B W S B ELRNA B AT %60k
RT-PCRA&GI . il 25 5 R, 15 453 K b 28 46 00 ~F-
¥JCtfH M 28.56+0.25,CVIH R 0.90% (K 3.4 3),
< W RE ()0 B EORE ARG, BT R A RE B —
R

2.2.3  PHAPE BT & 5 0 fH 1 mL PBS & fit
5 B BEE S L SR BUCRNA S5 $EAT 10545 He F
FE L 10°~10°His B¢ B2 4 ot R AT 2 5% s B0 PCR,
DU PR J5T 45 i 75 DR 6. 58 X 107 copies pl. ™'
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Amplification Plot
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A.NDV {75 52 40 i 50 B, FHPEXT IR CL B M X IR

A.NDYV pseudovirus cell supernatant; B. Positive control; C. Negative control

El1l NDV{EFEXRXRT-PCREEHER

Fig.1 NDYV pseudovirus fluorescence RT-PCR identification results

Amplification Plot
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Fig.2 Amplification curves of different dilutions of NDV pseudovirus fluorescence RT-PCR

*2 AEAHBEENDVEFZFRAXRT-PCRENLER
Table 2 Results of fluorescence RT-PCR detection of NDV

pseudovirus at different dilutions

A
MRS 107! 1072 107 1074
Dilution

Ciffi 19.06 22.39 25.20 28.22

2.2.4  PAVEF RS RCEEVES B WA 0 BE
JR A R T 4 CCUK A 25 CIR AR h il — 8, LA K
—20 “CYKHI i AF 6 >, 43 5 T [5] sf 1] G5B 1
PR R 45 i, #EAT 986 RT-PCRAGIN , 45 Yk i 3 > &
BT Cofd, IF 555 0 R BHPE BT % & Cofd i
17 B, DF BH M T 4 ol e B RN K B A A Y R
Mo S50 R NDV B BT 4% 5 A 4 °C .25 “CIRF—
JA UL B —20 “CIAFE 6 A A kil Cefl ¥ 78 1 3% 2

S (R 4) o VLI A8 09 BH A B4 & T AE 4 °C .25 “C3R
WEFREMFART7d, £ —20 CHKFEREFTE
611

2.3 NDV &% FPH % R HE @ % X RT-PCR#& N 75
EHEILENA

2.3.1 FEHMHIEM K FH R 57 Y S B EE O
RT-PCR J7 35X il 45 19 NDV P {5895 5 FH % 2 45
b S8 = R A9 ATV U IBV VILTV . FAV . IBDV
PEAT RGN , AAS It NDV P AR 75 H A & 280 WAL
P 1 B L AR R S R G IR W O A A
A BRI R RS

2.3.2 HURTES, 1 T 0 #5050 NDV i
I BE R 55 M RINA SR F A% HG AR B (10 A% 45 Lb i B A
4ANHE ), XF 6. 58X 10°~6. 58X 10" copies: pl. 'Y
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Amplification Plot

3.00x10°

2.50x10° 4

2.00x10° +
‘<1 50x10°

1.00x10°

5.00x10% <

0.00 = _|
5 10
1}‘&% Cycle

B3 NDVRFEZMHMERZERY—HHRIER X RT-PCR ¥ 1%

Fig. 3 Fluorescence RT-PCR amplification curves were used to test the uniformity of NDV pseudovirus positive controls

%3 NDVEFRSZSHERERY—ERE CE

Table 3 Ct value of NDV pseudovirus positive quality control uniformity test

e 5 2 Ceff e Crf
Sample No. Ct value Sample No. Ct value
1 28.401 10 28.622
2 28.534 11 28.575
3 28.895 12 28.291
4 28.752 13 27.985
5 28.521 14 28.973
6 28.456 15 28.826
7 28.658 Tts 28.56+0. 25
8 28.319

9 28.716 cVv 0.90%

| 4l‘v

% -\’}V“. 1 .-'.:.'\-'-'H
s WS ...\..'.',‘.I Y . )

X "'"i“ -

A B C D
A TORE R ERE M B 10 B REEERE s C. 10 AR RREEAE L s DL 10 F0 BRJE AR
A. 10° dilution sample; B. 10 " dilution sample; C. 10 * dilution sample; D. 10 * dilution sample
B4 NDVEFESHERZERBFPCRESE
Fig. 4 Digital PCR quantification of NDV pseudovirus positive quality control products

s BERE S UEAT 28 56 RT-PCR K , 45 S 0L 1K 5, 3 2.3.3 I BRI K #5709 NDV {1 %% 28 9%
LA NDV P ARG #9896 RT-PCR J5 15 5 A% i 46 I Y& RT-PCR J73E X} 50 it PRI F#E47 NDV i 85 4%
#) 6. 58X 10 copies* pl. ', T A 4G 0 45 SR DL R] 6, 3 4 NDV B 285 BH A o
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Table 4 Stability test results of positive quality controls

1 i P ] Ctfi (z+s) P
Temperature Time Ct value P value
4°C EAPN 28.5640.25 —
RPN 28.67+0.21 0.496 7
ETEPN 28.03+0.50 0.2111
EWEN 28.5540.20 0.9217
25°C HBOK 28.56+0.25 —
ERPN 28.6840. 26 0.524 3
$5K 28.5440. 31 0.9236
ENBN 28.4540.42 0.694 1
—20°C EAIPN 28.56+0.25 —
11™H 28.6740.16 0.3819
21 H 28.60+0. 14 0.734 1
31 H 28.93+0.29 0.1659
44 H 28.6840.49 0.714 8
54 H 28.2940.17 0.1205
61~H 28.5840. 33 0.9253
Amplification Plot
2.00%10°+
1.50x10°
s
2
~
1.00x10°
5.00x10°
000 T T T T I 1 T 1
5 10 15 20 25 30 35 40
HEIA Cycle

El5 NDV{&FBHMHERERTKRT-PCREBRERELER
Fig.5 Fluorescence RT-PCR susceptibility test results of NDV pseudovirus positive quality controls

Amplification Plot

2.00x10°+

1.50x10°4
<
&
~1.00x10°

5.00x10°

10 719.295
0.00 - — \ 1 T T T \
5 10 15 20 25 30 35 40
HEHS Cycle

El6 NDV &% HMHMERE MK RT-PCRIGKRBiXK R
Fig. 6 Clinical application test results of fluorescent RT-PCR of NDV pseudovirus positive control
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i S 207y B Ol X BIAS: G A R A A T 25 2R 2
o B L U6 ST 1 NDV R 2 BH M BT 45 0 5¢
RT-PCR ;% B A B4 R HTAT 5 o

RIS o S

B 75 , LR O M B B L AR 4l G T 3 4 S R
e, — R IR SR N R B 1 R 2O R
T — R T RN E AW E AR SR,
FBU B HL AT 4 RS L B A A R LS
S EE O IE R R R AR TR R 2R TR 2
Wi B 20 M R L B R R A OGO
AT EERRE. L BR R R
R GERBASRRE, EH S BRENE HA
KRG, ARANEHREARE RS W TaE
PR NDV B8 % , 2K 56 0F 52 H B A B ir g3y
— P ARE E M, AT T NDV R R K 5 A
] N A0 5 T 0 9 7 2 ik AR AR TR e e R
BERRE Y RN RE R B RERE e
o B0 IR AL A HE RO AR R O e I Y B
B, 0E G T 5L IR 5 0 AT RE AR K 10 AR W& A X
W o 5 MR 7 SN AF OG0 B BMAOR LL L 18 0 RE AR
HLAT R 56 R 2 A R L o A A L O ALK
T B A0 1Y 43 243 PR . Sena-Esteves 251258 i 4
1k 293T 41 M B 55 Y 46 00 A8 32 S 04y, W 5 1R
N T RO T Y 7 A XN RO R LB A 7 NDV
Bt TS H L.

AW 58 K H NDV 5055 3 6l 4 T NDV A 57
P b IR UE T RS S — MR e e . AR R
B, 5 1 B P 5 42 5 2 0% RT-PCR A Co {1 28
S RBAUK 0.90% , R G EA BRI —
PEo AN, R TE 4 °C 25 CHEE FIAE7d &
— 20 CUKA h i A7 6 > H 2L RT-PCR A Cr A
JC 8 A4k (P>>0.05) , UE S HR ek R AF . # 2%
g SO 2% 1Y J8 WA ABURS BE T #E — 80 °C R AR E
fiti 77 6 A~ A, 1 Neto 55 (1 BIF 5% 2 B R T b 381 17 3%
TR R R R B 7 AE 4 OB Tl R A7 124>
A UL L X S b5 3R W0 22 08 6 77 2% 14 XoF 4t 4 B0
FREEEXEE,

B R EAFERE N EERERZ — 1%
i T 1926 4F 27 Uk 8L B EE JE V4 0, S o 3 3 £ 4iE
25 HC Al b X, 4 Bk T OO I K AT L B R
FH T 55 G RS A5 UL B R S 28 0 [ PR 3R G 4 i) i
TAERES RRNAS = OB W% K AT . 20 42 90

AEAR LK L] VITR NDV (4 30 3 80 7 48k 45 1y
YR I R AT, B, O 2 KL = 5xt
B e ST T — R G IR AR I . BT
PENGTE NP P SR (R AR il 4 T P
B DA B B , T R A SR % O S A IR A
W7 T F JE R X 4y NDV i 55 35 f S6 g 3L A
i EVE 9 NDV it 55 75 45 00 K 0 A9 88 L ], Rk T
il £ f0 & 22 3L R BE A NDV B 25, LA g fig T
41T L NDV R R K 75 R o

4 &

A AHE T NDV P 3 BOR 3, 6l % T
NDV B B BH M o 4% i, 28 LB UE S i i A R
U I M — Pk AR E M, 0T T NDV R I J7 i 57
R & &, LA NDV R B A I 3 F2 %, 8 NDV
B AR DU 2 1L 7 AT 5 T AL
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