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Establishment and application of visual RT-LAMP technology
for detecting bovine ephemeral fever virus
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(College of Veterinary Medicine,South China Agricultural University/Key Laboratory of Prevention and Control for Severe Clinical
Animal Diseases of Guangdong Province/Guangdong Technological Engineering Research Center for Pet, Guangzhou 510642, China)

Abstract ; [ Objective] To develop a rapid, convenient and visual molecular assay for detecting bovine
ephemeral fever virus (BEFV). [ Method ] Two pairs of primers based on six conserved regions in G pro-
tein gene of BEFV were designed, and the visual reverse transcription loop-mediated isothermal amplifi-
cation (RT-LAMP) assay for detecting BEFV was developed. The reaction conditions of RT-LAMP assay
were optimized , and the assay was compared with PCR. [ Result] The reaction ladder bands from the RT-
LAMP assay were most obvious when the RT-LAMP reaction system contained 3 mmol + L™" Mg’",
0.4 mol + L™" betaine and 1.2 pmol - L~" dNTPs mix, the ratio of inner to outer primers was 8: 1, and
the reaction temperature was 63 “C. Clear reaction ladder bands were observed after 40 min of reaction.
The established RT-LAMP assay had excellent specificity with only BEFV being amplified. The sensitivity
was 10 times higher than that of ordinary PCR. [ Conclusion] The visual RT-LAMP assay is easy to operate
and highly specific, and the results can be conveniently determined. This method can be used for the

rapid detection of bovine epidemic fever.
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AAT PO A AT $UK EE (Bovine ephemeral
fever virus, BEFV) 5| i) —Fh IF 52 il 4% e M0
A WA FK A= By I HoAth [ 4 gl ol J e AR
o R R ph I T IS T AL I R DS AR
RB REARDUAR L K B e AR A AT, 2 R A
ESENRHIE o AR, K3 , R IE R T AR
KA BT, B2 IR PRI . AN T8
R FMERAT, B 3 ~ 5 R 1 IR
WAT, R ZETT 20 5—10 Ay, iR ZHEA I
WRIRAT™ o R R AE 1955 4Rk th B AR R 4R
i, 1976 41 U4 B8 34 AT B 2 bk JBT6H
JUARHL DI JUAR YA A, e 1Y R A B A g
e, e EfEE SR

AP AT BB H R 2 W 7 ¥ D IS 2 A O
ST T P 3R A 10 AR ik
P TR 050 TG s 7, L 7R 1256 A 7 I A e B Y
TCIDs, , AL B B Iy, A L, 52 1 A A T 4K
PR 2 B, A7 TE R B 75 e 9 B XUBS . ELISA
ORI RE A () ST, BT AR B A Ay 2 AT FACBT A 1
AR TR A0 RS T AR H 9% 5 PCR
FHEEE it PCR SFHA, BAT U PR e 5 A
P B T R R R A Y
B, 0 AR S ST T AR AT R LUX-TM ¢
6 RT-PCR A J7 1% , FAT Bl ARG SR 22 R 2R A
JE DO E S AN 7 2 5 5 i A, ELAS I 35
AR Ry o N PR R AL ARRA 1 4 T AR R
W7k, A AT A B P BT T T

WikE A R IR Y1 ( Reverse transcription
loop-mediated isthermal amplification, LAMP) £ K i
B, A 22 T IR A I O T R A% T B RIAVE T,
HIEZIT LR 5 THAE, XA B Bk A
AR PR — Rl g LAMP R Y
WCHE , TESOWAR ZR I 8 50 55 B AR R IR RS
LR TR ok A IR
AL RIATH) e S5 5, B B 1 e AR FH AT
1 M5 E
1.1 5= RNA

2013—2015 48" A b XA A 7 AR AT B 4= bt
TR I Hy A 52 56 28 R AR ORAF, oI P i 75 ( Akabane
virus, AKV) #ZH& 414 ek 85 & K )% 7% ( Infectious
bovine rhinotracheitis virus, IBRV) & . 4w 2 4 15
1552 ( Bovine viral diarrhea virus, BVDV) % g )
IR A HOA HP L Bl G S 9 28 Y
1.2 X7

RNA #2377 & W B Invitrogen; AMV Reverse
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Transcriptase I | Promega /] ; Bst DNA 52 & fiff 4
F TOYOBO 24w ; #t 5 A Sigma 22 7]
1.3 (¢

Bio-Rad i J PCR {X ., Bio-Rad 4 g k1% : %
Bio-Rad /4 Al 7 IS L% 5 55 %[5 Alpha 7 7
15 S810R ¥ 75 B0 L - S Eppendorf 24 722 7
TEIRK AR  f8E GFL AR,
1.4 S¥HZit 5 &K

Z: M Genbank  BEFV #EE [ G BYSEHFF1, )i
JH DNAStar 7. 0 %4 MegAlign 5. 0 #2757 347534, #
FATELR A (http . // primerexplorer. jp/elamp4. 0. 0/in-
dex. html) 7EFPH RS X LAMP 5141 (% 1) ,
L E3 . B3 NS5 14, FIP BIP N5 4,

&1 LAMP 3|4
Tab.1 LAMP Primers

EIkZEQ S J¥5(5'—3")

F3 CAGATACGAGGGAATAGAGG

B3 AACCAACCTACAACAGCA

FIP ACTGGCTTAAATTTCTCATCTTCCTGATA-
AAATTTGAGGTAATGGAGTAC

BIP AAGCCCACATGAGAAAAGTCAAGATA-
AAACCTTCTTTCCTCCTC

1.5 #EiREH&

F HR RNA il 48 300 & v 1 45 6470 3 RNA
Al 4R RNA 75 - 80 °C &4 PR
1.6 RT-LAMP 7&K &L

Z: MR N H B #E  LAMP G I B v 14 2, DA
AU AT M B RNA B4R, J6 8@ 57 — > 25 pl
LAMP S WAKZ 5 mmol - L' 1% FHZ20% 5.0 L 100
mmol + L™"f§ MgSO, 1.0 wL.8 U « wL™"fi¥§ Bst DNA
BAHF1.0 wL.10 x Bst DNA AR MK 2.5 wl,
10 mmol + L™"fy dNTPs 3.0 L BIP(20 wmol - L7")
2.0 pL +FIP (20 pmol + L7') 2.0 uL, F3 (20
pmol + L™)2.0 wL +B3(20 pmol - L™')2.0 wL
BERNA T wL.5 U - uL™ " AMV 56530 1.0 pl.,
RNase inhibitor 0. 5 pL . Jit DEPC /K £ 25 pL, BAME
Xit HEREAR R DEPC 7K, S Ji i 15 g« L' Bl b gk
JE L KA I AT HE 25 AR

Z S MR SR A A SR e, o Mg e B TSR
WeEE (Bst DNA A5 BV B2 (ANTP Y& BE 5| vk 2 55
S A T A . TR SN IR BE A 60 .61 .62 .63
64 F165 C , i & Fe B IR AL o SN LA 10 min
A, BEFR 10 min BORERE DU 2 1 h, 8 5 fe AE 0
i a]

1.7 RT-LAMP 755/ R St
P32 RIS 19 RNA 17 10 1586 2 B 0
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WS AR AT RO RE AT AL RT-LAMP K6 A f e <7 K% 0% 17

PL10°.107" 1072 10 77 (10 7% 10 A1 10 O R [E R R
WAE AR, F AT BT 4 37 9 RT-LAMP S i {& & Fl
RT-PCR #5775 047 R A Xt
1.8 RT-LAMP 7704 Rt

o3RRI AT HOR BE (BERV) A= 5% P i 7
(AKV) AL et 3O R85 (IBRV) | AR5 75 M
V5w (BVDV ) RNA, [] B i 7 B M iR, SR B
T L 2 EA I SN AR & FLARAF, R RT-LAMP J5 32
RS
1.9 RT-LAMP 5 [ =419 5 47

LAMP JZ B & & A7 7438 7= ¥y, 75 S5 A RT-
LAMP (&R R LA 1210 (45 8 4 3% F S Ak
i, SOV EE A FE AR BN 2 A [ 1 2 AN [
B TSR W O 10 H VK B AR X 7 W R A 4 #r
PR S I 2 IR TR 2%
1.10 g PR#E f e

XFRAE A )R XA 56 4y BE AL 4 A af, &
RNA $ili4 5 73 5|4 T LAMP A0 #1356 PCR A

2 HERS5HMH

2.1 LAMP xRz &HERMRAL

3 % AR R AL, Y Mg Mk 3
mmol « L™ (& 1) FH MMk E =~ 0.4 mol - L™ (&
2) .dNTPs mix ¥4 1.2 pumol - L'"(E3) ik
JE9 63 C (18 4) (NS EE LL) o 8: 1 (1A S)
INF SR B T 25T B B W, 76 S 40 min Ji5 7] AL
F BB AL S50 (181 6) , B A I [R) A A4, 257 748
o BTN AT o
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M: DI2000 Marker; 1:1 mmol - L™'; 2:2 mmol - L™'; 3.3
mmol - L™"; 4:4 mmol - L™'; 5.5 mmol -+ L™'; 6:6 mmol - L™"; N:
R apils

1 LAMP R Rifk%& Mg ik BRI
Fig. 1 Optimization of Mg’* concentration in the LAMP

reaction system

bp
2000
1 000

750
500

250 [

100

M: DI2000 Marker; 1:0.4 mol - L™';2:0.6 mol - L™';3.0.8
mol - L™';4.1.0mol - L™';5:1.2mol - L™'; 6:1.4 mol - L™'; N
[ERERON0

2 LAMP [z Rrffk 2 B 3RR ERIRAL
Fig.2 Optimization of betaine concentration in the LAMP

reaction system

M:DI2000 Marker;1:0.8 wmol -+ L=';2:1.2 wmol - L7';3.1.6
wmol « L°'; 4. 2.0 wmol + L7'; 5.2.4 pmol - L7'; 6:2.8
wmol + L='5 7:3.2 pmol - L= 5 N BPEXTIR

E 3 LAMP [ {&% dANTPs mix iR B4k
Fig. 3  Optimization of dNTPs mix concentration in the

LAMP reaction system

M :DI2000 Marker; 1:60°C ; 2:61°C ; 3:62°C ; 4:63°C; 5:64°C; 6.
65°C ,
4 LAMP g B ERRL
Fig.4 Optimization of LAMP reaction temperature
http://xuebao.scau.edu.cn
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M :DI2000 Marker; 1:0.2 wmol « L=' (FIP + BIP), 0.2 pwmol - L=}
(F3+B3);2:0.2 wmol - L™' (FIP + BIP), 0.4 pmol - L.=" (F3 +
B3); 3:0.2 wmol - L™'(FIP + BIP), 0.8 pmol - L™'(F3 +B3); 4.
0.2 pmol + L' (FIP + BIP), 1.0 pmol - L™' (F3 + B3); 5:0.2
L™ (FIP + BIP), 1.2 pmol «+ L™" (F3 + B3); 6:0.2
L' (FIP + BIP), 1.6 pmol - L™' (F3 + B3); 7:0.2
L' (FIP + BIP), 1.8 pmol - L' (F3 + B3); 8:0.2
- L7'(FIP +BIP), 2.0 wmol « L™"(F3 +B3); N.BHPEXBE,

B 5 LAMP RR{KZR PN EL Bl
Fig.5 Optimization of the ratio of inner to outer primers in

the LAMP reaction system

pmol -
pmol -
pmol -
wmol

M:DI2000 Marker; 1:10 min; 2:20 min; 3:30 min; 4:40 min;
5:50 min; 6:60 min,
E 6 LAMP Jx fvgfEa)R1IL
Fig.6 Optimization of LAMP reaction time

2.2 RYEIKE

&7 AT 0L, 7K RNA JEOR# B 107,107 10 2
F10 5 J5 1R g AR, LAMP 47 38 i3 7= 49 46 113 3
AL (86 257, T3l PCR (g4 38 7 4 A Y
RNA JFBAR R 10° 10 70 10 7% 5L 8 14 470
P AR I R SR AH L, LAMP fAG: I SR g 4R iy 1
10 1.

A: LAMP y" 3%

B: PCR ¥4

M:DI2000 Marker; 1 ~6:RNA # Bf550ik R 10° 1071 10721073 107 10 7°,
E7 LAMP i i#£5 PCR RE{4%XT L
Fig.7 Sensitivity comparison of LAMP and PCR

2.3 #RMHAE
4391k BEFV (AKV IBRV .BVDV {E R #E 5, ¥
WS, /) LAMP 5k iy e k. NI 8 Hhal LI E
B, B DL BEFV FHPEAE S SR BOAR 1k 38 9 30 T
WY BRI 251, HAAE S o B . 45 2R W] LAMP
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S19%F BEFV B & — M AR IAT X 43 5 4R A7 34
S PRAE AL A — 28 2R3
2.4 W[4 LAMP %

LAMP [ N AR R AFLEY 3 72 W), 76 W Hi RT-
LAMP A& R 4RI 1:10 B985 8 48 R A1k
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B2 R R R R AT AL RT-LAMP K $: A i @ <7 K v 19

B, OSLES AU, BHAEAE i SR AR €, B PR i L A7
A (E9) .
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2000
1000

750
500

250
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M.DI2000 Marker; 1:BEFV (2= RifTHURE) ; 2 AKV (0605
BF) 3 3:IBRV(PALYAME R RNTE) 5 4:BVDV (iR TS 0
B) 5 N: PR IR

8 BEFV LAMP [% 4550
Fig.8 Specificity of the LAMP assay detecting BEFV

Lo BAMERE RS 2 ~ 4 FHRERE G
9 BEFV LAMP ATl (LI %5 R
Fig.9 Visualization test of the LAMP assay detecting BEFV

Il PR A A A&
XoFIIfE R R AR 1 56 10 BBl A W4T FARE i E AT K
o PCR J5 il iy 5 FHAEFE &b, BH P4 220
8.93% ,1fif LAMP J5 5 WU 5 6 47 BHAEAE &b, BHA:
¥ %ok 10.70%

3 WiREHERR

LAMP Z—FEfEIR AR OF T, Rk 57 DU i
P HRRR T S IR A " o ARBRSEAE A AT
RIREE G LR 6 sl 4 K519, i
X B A A RS I A% B9 A Ak, Sr T AT AR
RT-LAMPEG I J5 3% o R FZ T 3 36 A6 AT #9 25
(BEFV) }% IBRV ,AKAV BVDV #) RNA jE£745 51k

2.5

R, 25 R R A AT AL LAMP A0 Jy %%t BEFV H.
A RAFRRE SR, Xt BEFV Jg et o % 12 1) 5 AR
B2 H AL PCR R 10 ff o SR AT HE 0 i PR
RE AR EA TR, G rp B AG 5 0 10.70% , 15 T3
il PCR YKL R (8.93% ) o Ny 1 T ZE 2R A0,
[ N Sh2 % LAMP KB AR AT e s F
RIS o 2 BOR T SYBR Green 1, 1207 3 1 76 X
WA HJGFTIF R, A SYBR Green 1 75 8 4 4
TR AT AR 0 B AN [, AT A 0 24
R ZITETE S AT, R AR B (RO R
I BT U I SYBR Green I, 3K I} 75 5 7= A= U
JBE , 1 LAMP [ A Ef (14 55 5 5k R A0t A B
SRR E Y, R R RS R . A PRI
b AT I 0 LAMP J R 45 2, {H 325 15 A8 552
DA o 2 AN A B A Bk B AR, AN T 2 SR 52
RIS TAE . AR AR S M
LR MR, Wi S BEAT , 77 T KRR )
55 Mo G55 (SR BERR AR B 5, UTATRE ARG B4R 3R
WEBS I B 4 30T [ R YOk, H Mg AE e i R 3 o
FEICAAAT Ik 1 J5 B, 66 G B4R R + Mn® " 3R
BWCEEC SYBR Green 1 JEAT45 R B (R R'", Bk
5, 0 2o Py IR UL %5 B 0 7 Al B AT ) E A
LT S

S 30k
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