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Establishment of RT-LAMP system for rapid detection of
Newcastle disease virus in duck

JU Xiao-jun, DIAO You-xiang, TANG Yi,CHENG Yan-li,
CHEN Lin, LI Jian-xia, SONG Xiao-na

(College of Animal Science and Technology s Shandong Agricultural University , Tai’an,Shandong,271018,China)

Abstract: [Objective] The study was conducted to establish a rapid diagnostic method of reversetran-
scription loop-mediated isothermal amplification (RT-LAMP) for Newcastle disease virus(NDV) in ducks.,
and provide supports for the rapid detection of Newcastle disease. [Method]) Six special primers were de-
signed for NDV NP gene with Primer Explorer V4, The RT-LAMP reaction was carried out taking the
RNA of Newcastle disease virus SDFCH as its template. The reaction system and conditions were optimized
by the sifting of temperature,time and the the concentration of all components. Then we assessed its speci-
ficity and sensitivity(take RT-PCR for contrast) ,and applied it to the inspection of clinical material. [Re-
sult] The Newecastle disease virus(NDV) RNA could be amplified by the optimized RT-LAMP at 63 C
within 1h and the amplification products could be observed under naked-eye. The diagnostic method was
sensitive and specific, for the amplification results of HIN2 avian influenza virus (AIV), duck reovirns
(DRV), Avian metapneumovirus(aMPV) and infectious bronchitis virus(IBV) were negative,and the detec-

tion limit of the system was found to be 1X10? RNA(0. 1 pg/ul.) sample, which was 10-fold higher than
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that of the traditional RT-PCR. The positive rate of twenty-four duck samples suspected newcastle disease
was 41.7%. [Conclusion] The RT-LAMP diagnostic method for Newcastle disease virus(NDV) in ducks

was established and it appeared to be fast,accurate, highly sensitive and specific for the purpose.

Key words: duck; Newcastle disease virus; RT-LAMP;rapid detection
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1.1 # #

11,1 & #  WSUE B k% 5 SDFCH #k; 24

19 155 D50 I B ARURE it o R 1 L 2R P 43 7 o TR 37 5
HON2 3 & & Ui & 3 (ATV) | 19 I i 90 95 75
(DRV) . & ffi i 55 7 (aMPV) A% Ye btk 32 8 4 0 75
(IBV) 2%l L AR A lk R~ 8 i F 52 I 70 B AR AT
1.1.2 E£Z4&5 AMV Rtase,l§ i Promega 7%
H); Bst DNA polymerase, MgSO, . Betaine, l§ [
New England Biolabs A #]; EcoR T Hind [l .10 X
M Buffer  dANTP.5 X RT Buffer, MLV Rtase,10 X
PCR Buffer. Taq B§5%, W9 H R EFAEY TRARL
7 ;SYBR Green | 26 4e b, 1 3 Jt 5T Solarbio 2%
A s TransZol, g F Jb 5t 2 S E W HARARA A .
L 1.3 3l#hasct 5 & m MY GenBank g
OG5 8T W B NP kN (GenBank % 5% 5.
HM188399. 1) . 45 & 52 4 2 M 3 45 L - it i MegA-
line 3 H AH X% 57 JF %1, #) i Primer Explorer V4
LA T 3 & LAMP 5%y, i i 45 5 7% | [
VPRSI ARG PRkt b 1 B (GR DL IRFET
¥ FIP.BIP 43Sl Esiin EcoR 1 . Hind I B4 A7
mOR 1R TR ) o RT-PCR 51 %) F H
DNAStar #Fiit, L ErA R 55 W A T
A=) TARBARNMR 55 A B2 A G .

&1 NP ERE RT-LAMP #1 RT-PCR 5| #1551
Table 1 Primer sequence of NP gene for RT-LAMP and RT-PCR
ElR/EX) 751 B/ C
Primer name Sequence Tm

F3 5'-TTGCTGTTAGCGAGGATGC-3' 57.56
B3 5'-CTCGGACACTCCACTCCTA-3' 59.72
FIP 5'-CCTGCAAGGGCAACATGGTTTCGAATTCCAAACCACTCAGGCAAGGT-3' 72.60
BIP 5'-AACAGAATGAGGCCACACTGGCAAGCTTTTGTTGAACTGGGGCACAC-3' 72.60
Floop 5'-GGGAGCATAAGAGGGATATAAGAGC-3’ 61.98
Bloop 5'-GTTCTTGAGATCGATGGTTTTGC-3' 58. 39
Primer F 5'-GAGAATTCATGTCGTCTGTTTTCGA-3' 55.02
Primer R 5'-GGTCGACTCAGTACCCCCAGTC-3’ 57.80

1. FH F3.B3.FIP,BIP. Floop. Bloop 4 RT-LAMP &[4, Htf F3.B3 484, FIP,BIP 4 4 8| 4 . Floop. Bloop 3 8] % ; Primer F.

Primer R 43328 RT-PCR (% I FiEa] 4.

Note:F3,B3,FIP,BIP,Floop.Bloop are primers for RT-LAMP, including outer primers F3,B3,inner primers FIP, BIP and loop primers

Floop,Bloop;Primer F and Primer R are forward primer and reverse primer for RT-PCR.
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SDFCH #k# RNA, Jil A 2 DEPC &b B (1) 2K 4 # 4l
K 20 L B RNAR,
1.3 WE#HFHZEHRS NP £E RT-LAMP & M
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R4 51 W 0 1R iR B o B iR FE 4 61,62,
63,64,65 C RIS . 2 W 250 DU € e fE Y
YR 5 BN N R 3% 20,40,60,80,100 min 318, £
YR EE 52 3 30 L R e A S Ny B[R] 5 X SR A R T A%
2H 43 B M FE AE LA 3 Bl a7 A 4k - MgSO, (0. 2,
0.3,0.4,++,1.0 mmol/L) .Betaine (0.5,0.6,0.7,
«+,1.4 mol/L),Bst DNA polymerase (5,6,7, -,
10 U). dNTP(1.0,1.1,1. 2, ++, 2. 0 mmol/L),
AMYV Rtase(5,6,7,,10 U, L1 &2 % 24 5 1) 5
W .
1.4 WEIEZEFRS NP £2ER RT-LAMP 18

DL  # RNA S B I DL 45 4 DEPC
Ab R Y K T M A K A0 RNA %7 B BE L 78 |
B E 1 B A N AR R ORI RO A& 1 R iE AT RT-
LAMP §" 38, % 38 7= 9y 47 40 F A6
1.4.1 RT-LMP 4 3 = 4 04 T AL WY
8 Nk B g e AR R R B 1 CUTVE A R Y
RS E MA 1 pL SYBR Green | ek}, W%
IR ZR I B A8 A T R AMT R AR R A Ok
A
1.4.2 RT-LMP = 4 # 3% g 4 % X & ok 44 )
RT-LAMP ¥ #8459 J5 . B 10 pL FE4 T 15 g/L B
JIE AR 5 R R AT HL UK UL A R
1.4.3 RT-LMP =4 EcoR | #» Hind [ R 8
e ¥ 20 L AR R 3 AT YT RN, B 10 pl
RT-LAMP $"#7 4,2 L 10 X M Buffer,0. 5 pL
EcoR 1,0.5 pL Hind Il ,#b7K % 20 pL,37 ‘ClaiR
12 h,20 g/ L Byt JE WHE g vl Dk Aar il , R 45 51 . Tl
D) H 4% % H 9 R Bt 5 PMDI8-T 8 {4k % 42,
J¥ EH AT A DHSo JEZ S0 b . P A
Amp " HHER A E Y KIEEFRE. KHEEEE . KR
W%k 2 G 5N A A KR DR R ey A RS w0 )
HBE I 5 45 52 5 GenBank rft 2 5% (19 15 V5 57 bk 2% 55
# NP 3P (GenBank 5 : HM188399. 1) # 17 Lt %t .
1.5 RT-LAMP W4 84K

A A # 57 1) RT-LAMP J7 i, Xf B 587
W 9% # SDFCH #f RNA #4347 97 3%, JF L
HIN2 7 # ATV DRV ,aMPV [ IBV 1E H %t B FE 5

K 56 57 (1 RT-LAMP J7 3 (0 %e 54
1.6 RT-LAMP Hy& Btk 18

DAFE 101,00 %, -, 10 7 R 110 0 587 30 2%
F RNA W . 40 5377 RT-LAMP #l RT-PCR
Kl 43 RT-LAMP 1) R k.

RT-PCR R M 201,

RT & W1k % K :5 X RT Buffer 2 pL, INTP
Mixture (2. 5 mmol/L) 1 uL, RNase Inhibitor (40
U/pl) 0.25 pL, MLV Rtase (200 U/pl)0. 5 pl,
Primer F (25 pmol/L) 1 pL,fﬁﬁ RNA 5. 25 ‘uL,E&
KA 10 uL, WA . E 42 °C 60 min. 2k JF 70 C
15 min £ 1k .

PCR ¥ 4 f& & 4 : 10 X PCR Buffer 2. 5 pL,
dANTP Mixture(2. 5 mmol/L) 2 uL, Primer F (25
pmol/L)1 pL,Primer R(25 pmol/L)1 pL,cDNA 2
pL.Taq (5 U/pl)0. 3 pL,ddH, O 16. 2 pL, B4k
25 pl, PCR W AFF:95 C 10 min; 94 C 45
s,60 C 45 s,72 °C 120 s,30 PME#H ;72 C 10 min,
1.7 RT-LAMP 3¢l 5<% & B9 46

N TS RT-LAMP J7 5, Xf 52 5 % 3% K (1)
24 Ay S AL Y5 I A it AR AT RS I [ B AR
RT-PCR #4174 I L #K2 .

2 HRHH
2.1 RT-LAMP & R & & B2 & B9 R 4L

T 2 XoF 5 AR R R g S 1 R R AR B S
NARZR IR 2, W45 63 °C 60 min, SR J5 £ 80
C 10 min Z 12 )V o
2.2 RT-LAMPRBLERMHE

T Ll WL S N o R e B P R A RS
JF B IRA HOUIE ;4 SYBR Green [ Jefa, & 3 FH
PEAF PR AR 2k (B 1-A) W FE R ANE R & B 52
By &k 0 . SRR W B e v UK AT D BA M 2 R M S5
W (E 2-B),

2.3 RT-LAMP ¥ &= MBI 5N FEE

IR 3 AT UL, =4 EcoR | Hind [l B§Y)
Je AT UL 2 SRr K AR . BEY) A%l Iy A5 R R
H 5 GenBank v %5 53 (1% 5 J5 57 Sk 22 i 3 NP 3 [
B % (HM188399. 1) —% .

2.4 RT-LAMP K45 B ik 18

B4 R, 0 AL 56 # 57 1 RT-LAMP J5
B N B AR RS B SDECH B 114 K6 I 45 5y FH 1, T
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Table 2 Composition of the best RT-LAMP reaction

% P FR B e LAY PR AR B ik
Ingredient Volume or concertration Ingredient Volume or concertration
10 X Buffer 2.5 pul Bst DNA polymerase(8 U/pl) 1.0 pul
Primer mixture 1.0 pL AMYV Rtase(8 U/pl) 1.0 uL
MgSO, (25 mmol/L) 0.6 mmol/L RNA 5.0 pl
Betaine (5 mol/L) 1.0 mol/L H,O 5.4 pl
dNTP (10 mmol/L) 1.4 mmol/L BAAFH Total volume 25 pul

1 : Primer mixture FAMSH . 0514 BRI 0IR A9 . A MR sr Bk R . F3 il R3 ¥ 20 pmol/L; FIP fil BIP # 40 pmol/L; Floop
F1 Bloop # 20 pmol/L,
Note: Primer mixture is the mixture of outer primers.inner primers and loop primers. The composition and concentration are as follows:F3

and R3,20 pmol/L,FIP and BIP,40 pmol/L,Floop and Bloop,20 pmol/L.

A B M A B

2000 bp

1000 bp
750 bp

500 bp
250 bp
100 bp

BT WP NP LR 2 PRI R NP AR
RT-LAMP [ty A Ak A5 ) RT-LAMP 7= 4 ) v, 3 46 00
A, FEVEXT s B B X T M. Marker; A. B#Ex i s B. RT-LAMP /4
Fig. 1 Visualized assay of the RT-LAMP for Fig. 2 Agarose gel analysis of RT-LAMP amplification
Newcastle disease virus in duck for Newcastle disease virus in duck
A. Positive control;B. Negative control M. Marker; A. Negative control; B. Product of RT- LAMP
M A M A B C D E

2000 bp
1000 bp
750 bp
500 bp
250 bp
100 bp
Bl 3 MBI EE NP K RT-LAMP 3§71 7= ¥ 9 & 4 WS IEHIRE % T RT-LAMP
EcoR 1 Al Hind Il 3G EI % E x5 v 1) R S i 6 2
M. Marker DL2000; A. RT-LAMP =4 1) XL Y] 7= 4 M. Marker DL2000; A. HIN2 . & & 3 J8% 5 5
Fig. 3 Enzyme digestion analysis of the NP gene RT-LAMP B. 1 09 Jig 103 25 5 C. &5 i il s 2 5 D. A% Ye k52
product for Newcastle disease virus in duck BRI E. IR B k% m
using EcoR | and Hind [l Fig. 4 Speciality of the RT-LAMP experiment for
M. Marker DL2000; A. Enzyme digestion Newcastle disease virus in duck
analysis of RT-LAMP product M. Marker DL2000; A. ATV(HIN2) ;B. DRV ;

C.aMPV;D. IBV;E. NDV (duck)
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&5 TS YRR I 9% 15 9 RT-PCR il
M. Marker DL2000; A~F. 10 ' ~10 Sfi By RNA
Fig. 5 Results of the RT-PCR experimen for

Newecastle disease virus in duck

M. MarkerDL2000; A—F. 107! —10"% RNA
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Rk
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3 W ok
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THEATY R R A 519 Floop #il Bloop J&5 i
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B —2FLh E Ry E
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HN 35 H 1748 S A X 8K, 5006 88 55 1 0 5 W8 1V %
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AR TEFER 21 RNA % 5 R0 52 6 (4 58 2 v e A8 A
PERPY . NP JEPI 4K 1 470 bp, 4@t 489 A& it
TR, NP 35 DR GRS M 8 o A [R) 3 ik 22 18] 1) [ T8 4 oy
99.3% ~100% , B, AL 50K RT-LAMP §~ 3%
MRS N BEBEAE NP LR SF X Bt b gy T4
S 5T W N B 09 RT-LAMP &0 05 2. %07

AT, B 5.6 455 B, RT-PCR =¥ K/NH
1470 bp; RT-PCR #l RT-LAMP 2 F il J7 v RE 46
T2 A B RNA R BB 43030 S 102 (1 pg/pl) Al
10°€0. 1 pg/pl) . AT WA L F % @ RT-PCR, RT-
LAMP K J5 v i) RAPER R 38 10 5424

M A B C D E F

2000 bp

1000 bp
750 bp

500 bp
250 bp
100 bp

6 YT O T 1Y RT- LAMP far il
M. MarkerDL2000; A~F. 10! ~10 S#i Bt iy RNA
Fig. 6 Results of the RT-LAMP experiment for
Newcastle disease virus in duck

M. MarkerDL2000; A—F. 107! —107% RNA
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2 5 X AR A B . DRI O 7 sl S R ) s R
HL K 3 X S O 45 2R BE AT T o R IR iR I R e
TE B 1k 75 5t D 26 Bkt 3 8 A B sz A
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