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Diagnosis of the black queen cell virus (BQCV) by loop-mediated
isothermal amplification
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Abstract [Objectives] To establish a simple, fast and accurate method to detect black queen cell virus (BQCV) using
loop-mediated isothermal amplification (LAMP), which provides an experimental data for controlling the disease. [Methods]
Four primers based on six conserved regions of the BQCV gene sequence were used to develop optimal LAMP amplification
conditions and the resultant LAMP amplification results compared those of conventional PCR (polymerase chain reaction).
[Results] The LAMP method could detect viral concentrations as low as 86 fg DNA, which is 100 times more sensitive than
PCR. Clinical results show that LAMP can be used to detect BQCYV in either Italian (4pis mellifera ligustica) or Chinese bees
(Apis cerana cerana), with a true positive detection ratio 10%—20% higher than that of PCR. [Conclusion] The newly
developed LAMP test is a practical and valuable method for detecting and controlling BQCYV in honeybees.
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Fig.1 Six regions of target genes and primer design
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Table 1 Primers used for LAMP
. . (5 '_3 ') G+C
Primer Primer sequence
BQCV-F3 CTCCTTTGGCAATAGAACAA 40.0%
BQCV-B3 CCGATAAAGATGGAAAAGTCC 42.9%
BQCV-FIP GCTCTAAACGAAGATGACAAACATG-CCTATAAAGGGAGTCGCAG 45.5%
BQCV-BIP ATAGTTCAGGTCGGAATAATCTCGA-TATCATCTCCCGCACCAA 44.2%
100 pm/L - 207C Trizol 0.5 mL
10 min 10 000x4°C 10 min
1.3.2 E% RNA WK cDNAKIEK -20C
80~100 mg 400 mL 1 mL 75% 7 500x4°C
Trizol 5 min 50°C 10s
1.5 mL 5 min 30~50 uL
600 mL Trizol -80°C
5min 10 000x4°C 10 min Promega cDNA
800 mL 0.2 mL 30s 20 uL Sxbuffer Mgclz
3min 10 000x4°C 10 min PCR Nucleotide Mix Inhibitor
600 mL 1 mL Transcriptaste 42°C 15 min
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Table 2 The detection system of LAMP for BQCV 1.3.7  IGFREZRE R 2014 3—4
Element Amount 20
10xThermopol Buffer 2.5 uL PCR LAMP
Bst DNA 1.0 uL
Polymerase (8 000 U/mL) 1.0 pL
2 GER59H
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mmol/L dNTPs 1 pL  HiFi DNA Polymerase mmol/L Betaine 0.8 mmol/L
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Fig. 2 The optimization of LAMP for BQCV
M DNA A 1-5 61 62 63 64 65C B 1~3 30 45 60
min C 1~6 LAMP 1:2 1:3 1:4 1:5 1:6 1:7 D 1~8
0 04 06 08 10 12 16 20mmol/L E 1~8 Mg* 0 2 4 6 8 10 18 20mmol/L

Lane M: DNA marker; A: Lane 1-5 temperature 61, 62, 63, 64, 65°C; B: Lane 1-3 time 30, 45, 60 min; C: Lane 1-6 ratio of
the internal to the external primers form 1 © 2 to 1 © 7; D: Lane 1-8 Betaine:0, 0.4, 0.6, 0.8, 1.0, 1.2,1.6 mmol/L; E: Lane 1-8
MgS04: 0, 2, 4, 6, 8,10, 18, 20 mmol/L.

Fig.3 The detection results of PCR for BQCV
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1 000 M: DNA marker; 1: Negative control; 2: The former primer
750 of LAMP for BQCV; 3: Yuriko published; 4: f-actin 150 bp.
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Fig. 4 The sensitivity comparison of PCR and LAMP
M DNA A 10 BQCV PCR 1~8: 86 ng 8.6ng 0.86ng
86pg 86pg 086pg 86fg 86fg B 10 BQCV LAMP 1~8: 86 ng 8.6 ng

0.86ng 86pg 8.6pg 0.86pg 86fg 8.6fg
M DNA marker; A: Agarose gel electrophoresis of PCR products using 10-fold dilution BQCV, 1-8: 86 ng, 8.6 ng, 0.86 ng,

86 pg, 8.6 pg, 0.86 pg, 86 fg, 8.6 fg; B: Agarose gel electrophoresis of LAMP products using 10-fold dilution BQCYV, 1-8: 86
ng, 8.6 ng, 0.86 ng, 86 pg, 8.6 pg, 0.86 pg, 86 fg, 8.6 fg.
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5 BQCV LAMP [ 45 F i 184k
Fig. 5 LAMP specific amplified products of BQCV
M: DNA A BQCV LAMP 1 BQCV 2 SBV 3 DWV 4 B
1 BQCV 2 SBV 3 DWV 4
M DNA marker, A: LAMP specific amplified products of BQCV  1:BQCYV, 2:SBV, 3:DWV, 4:Negative control ; B:The
visual observation of specific amplified products of BQCV, 1:BQCV, 2:SBV, 3:DWYV, 4: Negative control.
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Table 3 Results of LAMP and PCR for clinical samples

Variety Methods Samples Positive counts Positive rate
LAMP 20 5 25%
Apis cerana cerana PCR 3 15%
L AMP 20 15 75%
Apis mellifera ligustica PCR 11 55%
2013
2.6 I FRAE AR
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BQCV BQCV LAMP
20 LAMP PCR BQCV LAMP
LAMP BQCV  PCR 100 BQCV
5 15 25%  T75% BQCV LAMP
PCR 50 min
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3 LAMP
PCR BQCV
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3 itig ©
BQCV Apis
BQCV cerana Jin et al.
ELISA PCR 2013 BQCV
PCR BQCV  PCR LAMP
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2013 Dinh
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