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Abstract: [Background] Newcastle disease (ND), one of the Class II infectious diseases
induced by Newcastle disease virus (NDV), causes huge economic loss to the poultry industry.
Thus, early and accurate screening of NDV is crucial for the prevention of ND outbreak.
[Objective] To develop a rapid method for the detection of Newcastle disease virus (NDV)
based on the reverse transcription loop-mediated isothermal amplification combined with a
TaqMan probe (RT-TagMan-LAMP). [Methods] The specific primer pairs and TagMan probes
were designed according to the NDV F gene sequence, and the reaction conditions were
optimized with the recombinant plasmid pMD-NDV-F as a positive standard to verify the
specificity, sensitivity, and reproducibility of the method. With 70 samples, the method was
compared with the RT-qPCR method recommended in the national standard (GB/T 16550—2020).
[Results] The optimal reaction conditions are as follows: 61 °C, 60 min, 1.6 pmol/L (FIP/BIP),
0.2 umol/L (F3/B3), 0.8 umol/L (LF/LB), and 0.2 pmol/L (GTP). The lowest detection limit
was 1.651x10% copies/uL, and the sensitivity was 100 folds that of LAMP. No non-specific
amplification was observed, and no cross-reactivity with Avian influenza virus (AIV),
Mycoplasma gallisepticum (MG), Mycoplasma bursalis (MS), infectious bursal disease virus
(IBDV), and herpes simplex virus (HSV) was detected. The intra- and inter-batch coefficients of
variation (CV) were<3%. The method detected one more positive sample than RT-qPCR in
70 clinical samples and the coincidence rate was 98.57% after two retests. [Conclusion] The
NDV RT-TagMan-LAMP method is highly specific and sensitive, with high repeatability,
which can effectively avoid non-specific amplification and can be used for accurate detection of
NDYV and epidemic prevention.

Keywords: Newcastle disease virus; LAMP; TagMan probe; rapid detection
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PR, SRR, ND AT AR R, H
o R, A 5 5 ) U AR AP e, 3R
FRE A RE R AETHR . Hik, T, K
HER) NDV §ifi 28 N B i ND 2K [ 55
FHr, NDV & Ak 7754 RT-PCR
RT-qPCR ., 7Rl I S5 4R, X8y 1R
RO PR R . R BRAERTR,
(B SE G DRI B #%, BRI T NDV s
fiig 1%, 21 424, Notomi FE&H T HA G4
TR 14 AR (loop-mediated isothermal amplificaiton,
LAMP), %5 A 2-3 X514 K BA 55 5 i
FRBIGE AR /E F ) Bst DNA RA B, 1EKIGH
SRR B A T BVAT 58 18 B AR R B 1, BRI T
PR A I T TR, A A S R A T R
LAMP "84 K AR, B L IK G A5
ST, FRUKASIN 25 R ICE nl MAL, DGR
IS G I8 AR FIVE B4, S ORI 285 R A o

7 R .Jﬂ: Ab g Ad DO CIREHE 9T
Yokl 78 LAMP 19384l Fi%it— 4% TagMan

BREF, a2 S SRR D AR R AT, A
3. RT-TagMan-LAMP K 77, i HRE H A
LAMP PR 1 | Rt . i & A A
R IRRE R, ST DAAT R0RE S e S 1 1
PR ZE R, XSG i T e e AT,
i LAMP 32 110 el A 44t JEL i

1 MR5r%

L1 RSB A0 I R A

B9 5 (Newcastle disease virus, NDV),
B 7 B9% B (avian influenza virus, AIV), X#E 7
JFAK (Mycoplasma gallisepticum, MG) | X% i % %%
S JE AR (Mycoplasma synoviae, MS) |, X845 e 4
ﬁﬁﬁgﬁ(mfectlous bursal disease virus, IBDV) X

JE 2 i # (herpes virus, HSV) A% R f il Jb Al
KB R APt A FoRiARfE S pMD-NDV-F
P& UL 1.651x10° copies/ul, H14E T A4 T2
() A R 2 w28 - (4t o e PRAE it >R £
Bt 2 K538, 48 70 13 5E USRS NDV
BT
1.2 EZR_FIALR

Tris-HCL, S A0S . SALEE | BRIRBE RS2
I P4 A% L B 5 (T ) 5 B A PR ] 5 A
1R e W B 1 2548 Ak 25 R A R A w5 nkdi-20
W A 4 vebE AL )P ARA R 7] 5 Bst DNA
Polymerase Large Fragment I H New England
Biolabs Incorporated /3w ; dNTPs IlJ H TaKaRa
2wl SYTO-9 SOtottZm g 50 | Life
Technologies Corporation 23 7} ; Taq DNA R4
ity . A%FREEHOA T G (MEERTL)FI cDNA 55 1 %%
B s R & W B e = A YRR A R A
Fl, 2xLAMP Mix: Tris-HCI 20 mmol/L, % fk
A 10 mmol/L, & fkEE 8 mmol/L, &l 36
1 mol/L, BifR% 10 mmol/L, m:#i-20 0.1%,
dNTPs 1.6 mmol/L,

4 H B A% R B B2l Ak {3OFR 52 I 58 0t a8 &
PCR g F At = A= PR B A BRA Wl
1.3 54, REERITEEK

Hi 4 GenBank H' NDV F %:[H(GQ245800.1)
MRS 7 50, LAMP 5] 4 8 3 W i
(https://primerexplorer.jp/e/)i i1 LAMP 5| #72H ,
15 1 XTSI ¥I(FIP/BIP), 1 XF4M5|HI(F3/B3)
1 XF ¥ 5| %) (LF/LB), Ft ff /i Beacon
Designer 7 7E F JE[H 7 Bif) 399416 Likif 1 5%
TaqMan R4 (GTP), #REMAY 5wl FAM 4
R B, 3l ] BHQ1 AR 9t
KER . SIFERE B AR TAY) TR ()
et A BR S w4, IR 1.
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Table 1 Primer and probe sequences

Name of primer or probe  Sequence (5'—3') Position

FIP (Flc-F2) GCTACACTGCCAATAACAGC-GGAGGAAGGAGAAAAAAACG Flc: 358-378
F2:328-347

BIP (B1c-B2) AGCAGCTGCGGCCCTAATAC-TTAAGCCGGAGGATGTTGG Blc: 408—427
B2: 446—464

F3 AAGGGTCTGTGTCCACGT 308-325

B3 GGTTGCAGCAATGCTCTC 466—483

LF ACTGCCAATAACGGCACCTATAA 350-372

LB CATCCTCCGGATTAAGGAGAGC 450—471

GTP (FAM) ACAGATAACAGCAGCCGC (BHQ1) 399-416

FIP 519 4 Hh iy <“- 7R 5 110 Fe 91 o i B ST B9 81 <“F LRI “F2 i e 4 s BIP 514975 91 [) B

The “-” in FIP indicates that the primer sequence consists of two independent sequence junctions of “Flc” and “F2”; BIP

primer sequences are the same.

1.4 LAMP &N 5 #8415 1iE

P10 A% 4% Eb 6 BF 19 25 41 53 k7 A A i
pMD-NDV-F (1.651x10*~1.651x10* copies/uL)
AT T LAMP 4736 . LAMP 7k BRI & 2
£+ : 2xLAMP Mix 12.5 uL, Bst DNA Polymerase
Large Fragment (8 U/uL) 1 pL, SYTO-9 £%52¢
SRR YL (47 0.5 uL, FIP/BIP (20 umol/L) 2 pL,
F3/B3 (10 pmol/L) 0.5 pL, LF/LB (40 pumol/L)
0.5 uL, #it 1 pL, ddH,O #MEZE 25 pL. 2y
M. 61 °C, 60 min, HRHEAS IS5 5 A 215 H
PR S B0 B UE S | I AT AT
1.5 RT-TaqMan-LAMP 75 % & [ £ 14 4
MALFERE R R RV 22

RT-TagMan-LAMP 7 ¥ 46 Il & 2 4075 .
2xLAMP Mix 12.5 pL, Bst DNA Polymerase
Large Fragment (8 U/uL) 1 pL, Tag DNA £4&
fiti(5 U/uL) 1pL, FIP/BIP (20 pmol/L) 2 uL,
F3/B3 (10 pmol/L) 0.5 pL, LF/LB (40 pmol/L)
0.5 uL, GTP (10 umol/L) 0.5 pL, #i#z 1 uL,
ddH,O %2 25 pLo KVEFE 2 60 min. 435l
Xof B2 W (61, 63, 65 °C). FIP/BIP 4 ¥ i
(10, 15, 20 pumol/L). F3/B3 #JHkEE(10. 20,
30 umol/L), LF/LB #J¥ (20, 30, 40 umol/L)

1 GTP BYW) U FE (10, 20, 30 pmol/L)%: 514k
frtitl, MRHEAG 25 4 %E RT-TagMan-LAMP
AR 5125 04 i S I 25 A7 A e 0 SR AR 3R o
FES A S A FUR N AR R T, X 10 %
5 b # B% %) =1 4 5 R bR ofE 4 pMD-NDV-F
(1.651x10°-1.651x10* copies/uL)#fT RT-TagMan-
LAMP ¥4, LIEZ FkitrifEsh pMD-NDV-F
P& DR SO BON R AR AR . C [ AR ST
PRUET £ o
1.6 RT-TaqMan-LAMP 7538045 5 14iR 16
3-AlL NDV, AIV., MG, MS, IBDV X
HSV 1 8% BR M &b i 854k, 0 FH 8 1 1Y
RT-TaqMan-LAMP £ Il {4 & #E 47 k0, 3F Ak
RT-TagMan-LAMP 5l J5 125 (4 4 5
1.7 RT-TaqMan-LAMP 753589 R 80118
DL 10 £% A5 B B B 10 T 41 5Ok b v
pMD-NDV-F (1.651x10°~1.651x10* copies/uL)
VERRERR, B8 ddH,O R BAMEXT G . A A sy
f) RT-TagMan-LAMP J5 3% EF 7RG, Hod At
5¥ 457 i) RT-TagMan-LAMP 5 1.4 # LAMP J5
P R A
1.8 RT-TagMan-LAMP 75 3:B0E & M4ik 18
K ARG ST W 7 B s . L AR
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e S ) E 20 SRRV i pMD-NDV-F (1.651x107
1.651x10° F1 1.651x10* copies/uL)#EATH M, 4%
W 3 REK, [FRE ddH,0 K FIVEXT
I CEMZESRECY M), HitnESR
PEo B iR 3 AN B B A RS E AL E 3 A
FIR] e EA T 3 R S, PRAGHER E A M
K SPSS22.0 #ATE ST, CV E NbnifEz
55 R0 HAEL
1.9 RT-LAMP. RT-qPCR 7533 ELiEf

e 1.4 F RT-LAMP J732%, DA% [ 58 5 i
(GB/T 16550—2020) ND 2 Wi R 4 77 110
RT-qPCR Ji%M"), AR5 1.6-1.8 H i 4F
Sk REUEMELZ AL, SRS
) RT-TagMan-LAMP J5 ¥EAEXT o
1.10  lfm PR+ f B4

XF 70 3 BRGNS NDV YA 3R 7~ ik
R, R AE I TS B R E A S
1 mL A= PR K B 048 ik g 30 s, B 200 uL
TSI, )R AZ R 45 B0 0] & (RE 3R ) E A7 4%
FREEEUR , FIFH cDNA 2 1 4 S5 stk n o
RNA [ #5558 cDNA, R FABRSE T a7 1
RT-TaqMan-LAMP J5 kil . [R]E A 505 i
(GB/T 16550—2020) ND 12 Wi 4% A vh #E 75 (1)
RT-qPCR Kl i SEA% &, LA PR 5 3% Al A6
gEIR, IR BN AR

2 HZRE5OM

2.1 LAMP AN 5|82 IS R
PL10 A% % b B 1Y FE 41 5T kL A o b
pMD-NDV-F (1.651x10%1.651x10* copies/uL)
FAEAR, ddH,O R BAPEXTRE, SR LAMP 3%
BEATRG I . 455 BN, LAMP 3646 5 41 R bR
#E & pMD-NDV-F 19 & {% K& U ¥k & R
1.651x10* copies/uL, FHIM:FRE R 7 0.992,

KUY NDV & 519 2 A Al 474 AR
AT BAPEXS B2 th BRARRE R 1S (C AR 58),
T G 25 SR P T R B, Qi 1 R
2.2 RT-TagMan-LAMP 753% & [ & 1 HY
MALFERIER R LTI 45

I IE 22 i 5 P 4k J5 7% i RT-TagMan-
LAMP K5 7 25 0 e i SO il BE . 5 [ IR
MW EE , DAL OB AA Rl : 2xLAMP Mix
12.5 uL, Bst DNA Polymerase Large Fragment
(8U/uL) 1 uL, TaqDNA E A5 U/ul) 1 uL,
FIP/BIP (20 umol/L) 2 pL, F3/B3 (10 pmol/L)
0.5 uL, LF/LB (40 pmol/L) 0.5 pL, GTP (10 pmol/L)
0.5 uL, BEHR 1 pL, ddH,O #ME 25 pL. J i
. 61°C, 60 min.,

FERAR I RN A5 R AR R T, LAEE 4]
JoT KL bR fE i pMD-NDV-F b 8 iz #F 17 RT-
TaqMan-LAMP ¥4, RTG53 #2159 2hnRiE
MR N . y=4.206x+50.095, &1k
ZER N 0,996, WK 2 fias, FIAASZIGET
B 5 TE 1.651x10%1.651x10% copies/uL ¥ i
IS CAEA RIFMLM LR,
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43 200
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33 600
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19200
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1 L 4 - T L L L L n L 3
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1 LAMP F535R¥ 5 i &

Figure 1  Amplification curve of LAMP. D:
1.651x10% copies/pL; @: 1.651x10" copies/uL; @:
1.651x10° copies/pL; @: 1.651x10° copies/uL; &:
1.651x10* copies/uL.
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2 RT-TagMan-LAMP BY9#54E B2
Figure 2 Standard curve of the RT-TagMan-LAMP.
A:NDV.

2.3 RT-TagMan-LAMP 75:%H945F
&R

Pl RT-TagMan-LAMP £ il J5 325 43 51 %
NDV. AIV. MG. MS. IBDV } HSV [WIZRRFE
pnIE TR, 25BN, HAXY NDV 5 H
RS RIp R 2, A R A X R
My s, w3 Fron, R RT-TagMan-
LAMP J7 55 S0
2.4 RT-TagMan-LAMP 7% 89 R 8K
4R

DL 10 A% i B B B 19 3 41 5 R b ofE
pMD-NDV-F {1 Jg#biti , F 57 1) RT-TagMan-
LAMP J5 kb4, W 4 FioR, 25 R RP A
FEHEANL I RT-TagMan-LAMP A5 0 75 7k X E 41
J5RLBR fE A pMD-NDV-F ) 5 1% 46 3 R
1.651x10” copies/pL, JF HICARRRFHEY 4, i
LAMP 7% 8 41 iR An i i pMD-NDV-F i
A PR 4 1.651%10° copies/uL, A 45 -3 B
AW ) RT-TaqMan-LAMP 5 ¥: &
J& LAMP J5 /9 100 %, B HEMNREE,
17 L 36 6 1 <<l PR 25 SR 1 HH B
2.5 RT-TagMan-LAMP 75350 E £ i1
#R

Bk R 1.651x107 . 1.651x10° FlI
1.651x10* copies/uL FYEZH FkibRHE S pMD-NDV-F

FERE

17 000
15300
13 600
11900}

z: 10200+

S 8500t NDV-
6800 |
5100
3400}
1700
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3 RT-TaqMan-LAMP 45 F #0045 R
Figure 3  Specificity of the RT-TagMan-LAMP.
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4 RT-TagqMan-LAMP % %318 4%

Figure 4 Linear amplification of RT-TagMan-LAMP.
@D: 1.651x10® copies/uL; @: 1.651x10" copies/puL;
®): 1.651x10° copies/uL; @: 1.651x10° copies/puL;
®: 1.651x10* copies/uL; ®: 1.651x10° copies/puL;
@: 1.651x10* copies/pL.

YERm b AR BEAE i E4 T RT-TagMan-LAMP
R, 4 ) AECHE P R 1) /%) B A2 PR, &5
R EBR CAERY CV HI/NF 3% (3 2), €W
RT-TaqMan-LAMP J7 46l 4 R A8 MR AT
HA RIFEE M, Rl g A e ol 4.

2.6 BREMAEMITNER

5 # A )79 RT-LAMP, RT-qPCR *f
FLZ5 R nER 3 Fs , ASCRTEE S 2 R RT-LAMP
J7iEH TagMan HRFFBE W] 2 38 9 46 00 45 55
AR R R, B, KRCR A,
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%2 RT-TagMan-LAMP HfttF. LA E S ik 4 R
Table 2 Intra-batch and inter-batch reproducibility test of the RT-TagMan-LAMP

Concentration of n Intra-batch variation test Inter-batch variation test
combinant plasmid C; values Coefficient of C; values Coefficient of
standards (copies/uL) variation (%) variation (%)
1.651x107 3 20.99+0.34 0.17 21.05+0.05 0.24
1.651x10° 3 28.08+0.09 0.33 28.26+0.14 0.48
1.651x10* 3 32.08+0.60 1.87 31.44+0.72 2.30

*3 =M NDV MG EER LR

Table 3 Comparison of the results of three NDV detection methods

Item Specificity Sensitivity Reproducibility (CV, %)

(copies/pL) High concentration = Middle concentration Low concentration
RT-qPCR - 1.651x10° 0.632 0.824 2.931
RT-LAMP + 1.651x10* 1.375 2.445 5.123
RT-TagMan-LAMP - 1.651x10? 0.167 0.331 1.868

+o POIHGCR P BRSPS R ORI B R R

+: A non-specific amplification in the result; —: No non-specific amplification in the result.

2.7 GRS AT 45 SR

Wit RT-TagMan-LAMP A6 i 5 ¥ 135 bk
FEIZ W AR (GB/T 16550—2020)#: 77 RT-qPCR
P nE 70 AR RRE S TR . 25
/N, RT-TagMan-LAMP #:0 5 gl 15 #y
FHPEAE &, FHERE R R 21.43% (15/70); GB/T
16550—2020 #EFFH) RT-gPCR ¥EAGH 14 {4
FEPERE S, PRPERE H 2R 20.00% (14/70). 3
BIRFFERN 98.57%. AN—EW) 1 AR
RT-TaqMan-LAMP £ k<55 FHH > (C {5 N
50.26), T AR LA A IPE, BB XA AR T
MR PRI R s 0, A3 IR 2 ROy ik 2 IR
W J5 X5 R B 2R, R W% 07 n] LU TG U
SE AN NDV, T FLAS U A 8 T 2
RT-qPCR J5¥#: .

3 W54 ®

Hay, FeEXT ND #9254 by 32 2 o
SEAME YT AR R L CRBURL 2R A BRI G

TR . o G Wi DL K v B 25 W IR T 45
T 2 5 RS R AUHIKPT 1, ND ) & AR B0 Nk A AT
FETEAWIEAR, (BEREEEIRZ ND 1)
fE7E; ND ZEH H AN e SE 2T bR, HABHE R
B, AR ERAIEIR IR, IR
i, ANBETHBR O S AR AE B S I BH L s 7 1 )%
e it PR, BRIy T
BifE NDV By CHE, NDV AR 7 i 35 0 4
FHYRGINE . o3 F AR i e 4
RT-PCR . RT-qPCR F1 LAMP il /7%, LAMP
ol Jy el B X 1Y, BN E R Ah s
Y1, J5%: LAMP R R0 T P& 519 LUt
ROV, mlda THI B L, fiethi
o Rl PERY RGN T AR AN R A, BT
T PR RGN 8 2 AR AR IR T Ak,

LAMP 2 € R 5236 %8 B2 2 vh e A3 R Sl
W R Z—U9 75 Bst DNA B4 W71 115 10
T, LAMP %A LLE s i) HAREEK7E 1 h N
P16 F] 10° copies®”, {HZ 4514 2 [0 25 %) H.4b
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PR SR, MR T R R R
17 77 A B B P2 LB R, AR ST AR
NDV-F BN B R ~F P 5133 LAMP 5194, X
BIEEPER G T 1 4% TagMan #54F, &7 7T
RT-TagMan-LAMP il J5 % .

MR T R R AR S NDV &
JE R ATV S H A 85 285 DL I 1 (40 MG
MS. IBDV J HSV)#IR WA AT RN, 25
B RARUIIE ALK RT-TagMan-LAMP 5 ¥
Xof b A P A% TR A 5 SR AR B, R B
TR LR R . APPSR
RT-TagMan-LAMP J7 7% 5 LAMP {2 f A ll 5] ]
FA—, (HATE M RBERGE W 100 £,
SRNG5S 83 A% R M JE R 1.651%10° copies/pL.
A B 5T AR R A5 R Aty . bRl C{E Y
CV HB/NT 3%, FEIG IR MG, RT-
TaqMan-LAMP #5537 i 12 W BOR (GB/T
16550—2020)F #E#7 1) RT-qPCR Kl R4
24 98.57%, i HBAMER th 5 A B HErf vl 5, %
W7 NDV (1) RT-TaqMan-LAMP £ 1ll )5 k45
RRGE AT SR | ATER G Al A NDV ., T
NDV & RNA Jii %, LT 2 FE 00T RNA 2
558 cDNA A AT ARG, e A5 A I s TA] SEE 4
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