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Establishment and preliminary application of a real-time RT-PCR
assay with TagMan probe for detecting acute bee paralysis virus
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Abstract: [Background] Acute bee paralysis virus (ABPV) is a highly virulent bee virus that causes the
death of honeybee and colony exhaustion. [Objective] This experiment was conducted to develop a rapid
and sensitive real-time RT-PCR method for the detection of ABPV. [Methods] The primers and probe were
designed according to the conservative sequence of capsid protein gene of ABPV registered in GenBank.
By optimizing the reaction conditions such as primers, probe concentration, and alternating temperature, a
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detection method for ABPV based on TagMan probes was successfully established, and the sensitivity,
specificity and stability of the method were tested. [Results] The real-time RT-PCR assay showed a good
linear relationship between 9.8x10'-9.8x10% copies/uL, linear correlation coefficient R* was 0.998, and
amplification efficiency was 103.8%. The sensitivity limit of the method was 9.8 copies/uL, and there was
no cross-reaction with other honey bee viruses, which represents showing high sensitivity and specificity.
The coefficient of variation (CV) for intra-assay and inter-assay repeatability were 0.19%—0.80% and
0.57%—1.07% respectively. In 70 samples of honey bee collected from Fujian regions in 2018 and 2019,
the ABPV detection rate was 2.86%. [Conclusion] The ABPV real-time RT-PCR detection method can be
used for laboratory testing, epidemiological investigation and epidemic monitoring.

Keywords: acute bee paralysis virus, real-time RT-PCR, capsid protein gene
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(Capsid Protein Gene)J 741, iR ~F 5 B, h
A Primer Premier 3.0 %14 55 | ¥ AIHREr, 1@

il BLAST XA S HA e 5, BEHCAT 473

— B4 191 bp JFAIMIGI Y ABPV-F/R FlIHE %
ABPV-P, % ABPV-P 1) 5%k F7Z¢ 314 FAM
PEATEMG, 3% BHQ1 A TR 1. 519
FRET B A T A TR () e A PR Rl G AR,
JH RNase-Free H,O %%, W AFHEE A 100 pmol/L,
il FHERE D 10 pmol/L, =20 °C fRA7#
1.3 #%ERHREN
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One Step Enzyme Mix 1 pL, 2xOne Step Reaction
Solution 12.5 uL, . 5|4 ABPV-F/R (10 umol/L)
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%1 ABPV SER%E 3% RT-PCR 3|#1F0iREt 55

Table 1 Primers and probe sequences for real-time
RT-PCR detection of ABPV
Primers and  Sequences (5'—3") Size
Probes (bp)
ABPV-F TGAATGCAGCGTTCCGAAAT 191
ABPV-R GCTCCGAGCCGATGAAGTAT
ABPV-P ACGCAACTCGCGTCGACCTC

°ﬂ]l %1}‘(‘2}“']52 RNA ¥ Z 5, - RNase-Free H,O #
T 10 fERRERE RS, SrEE 80 °C TRAFA .

1.5 LR H RT-PCR KK ZRFAR N &40
ik
Hi#l Evo M-MLV One Step RT-qPCR Kit i}i 1

5, P75 9¢E RT-PCR J ) : 42 °C 5 min; 95 °C
30s; 95°C5s, 60°C30s, 40 MEH; 60 °C ik
RSO AR 5 7E 20 pL AR R Tag 1
Il — 276 RN W B ARAE R BEFE B R 56 %
b RIS AR (0.1-1.0 pmol/L) , #RAT AR M E
(0.1-0.5 pmol/L)HATHRAL o 76 HE T IF W AR Z g 3
fili b, ARHEERARE A B E, B 55.00 55.7.
57.0. 59.0. 61.4, 633, 64.5. 65.0 °C iX 8 MHh
FEXHR AR AT, TR R AL LA AR o
TR 15 1 9 S B 1 I A
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PR FHPEARE Sh AT 10 FEREEERR RS, LU
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Mk, i RbRaEmZenRlg . IR HReE,
1.7 #REMEHAE

¥4 B SteadyPure Virus RNA Extraction Kit 11
43I E ABPV, CBPV. KBV, SBV. IAPV,
DWV. BQCV & it , M4 1.5 Pgr iR
IO A 8 RS S5 A A TR 9O RT-PCR {5,
WEIZ T L R S
1.8 HUE*IRIE

43Pk 9.8x10°-9.8x10° copies/uL X RNA #7
Y SV SRR AR, Fac REATE AR I 14 SR AR 28 AR 2 1
PEFT 5L 5t RT-PCR RS, 15 H % 7 1 i e Ik As:
B DUEL
1.9 FEEHRARK

Ll 9.8x10°, 9.8x10°, 9.8x10" copies/uL 1 .
Hro 3 N HREE RNA ARl sV E B, 17T SR
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FNGHUHE AT, H3E)7 415 GenBank Hli
S ABPV JFSIAEIYE 100%.
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Figure 1 Target gene fragment of conventional RT-PCR

amplification
#: M: 50 bp DNA Marker; 1: ABPV; 2: BHM:XTHE
Note: M: 50 bp DNA Marker; 1: ABPV; 2: Negative control

MR, BRSPS ZN AR
HER“S Y, ZRG LA, S| ABPV-F/R &9k
A 0.4 umol/L, % ABPV-P 244 0.3 pmol/L,
XFEREA B0 SR, IR AR <SR
MH CAEMX AR, P LAR L e ROV AR FR R :
2x0ne Step RT-qPCR Buffer 10 pL, Pro Tag HS
DNA Polymerase (5 U/uL) 0.4 pL, Evo M-MLV
RTase Enzyme Mix 0.4 uL, ABPV-F/R (10 pmol/L)
0.8 uL (& 0.4 pmol/L), ABPV-P (10 pmol/L)
0.6 uL (Z&¥EJF 0.3 pmol/L), ABPV #i#x 1.0 puL,
RNase-Free H,O #M 2 20 puL. B KR FE AL 25
on, BIGREEXT CAETCHIRF M, (HIE0R
Bl T B T O BRR , 7E 63.3 °C B39
SREF A, PERE 63 °C MR KIRAE, R4
W& 42 °C 5 min; 95 °C 30 s; 95 °C 5 s,
63°C30s, 40 MEH,
23 tREMZRYES

FH #5714 52 B 2% 0 RT-PCR A6 il 7 2% %F
9.8x10'-9.8x10® copies/uL RNA FRHE S #EF TR
PR EM L TR )=-3.234x+36.710, FHXLFREK
R*0.998, #HIBCE K 103.8% (K12), 45 HRFHIkS
FERRRRIbRESL S CEZ RIHAT BT CR
24 REMRIE

FH O 57 45 1Y 52 B 9 0t RT-PCR 7 6 Xf
9.8x10°-9.8x10° copies/pL fJ RNA A i 4 7 HURK
PRI, 4558 R B B B R AT B4 i i1y
Hhek, ARt FRA 9.8 copies/ul (K1 3), HAK
U 1) R AFE

30
25
2
= 20
15| ¥=3234436.710
R=0.998
10

2 3 4 3 6 7 8 9
Log,, starting quantity

E 2 ABPV LA RT-PCR #rAgE i £
Figure 2 Standard curve of the real-time RT-PCR for
ABPV
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Figure 3 Sensitivity of the real-time RT-PCR for ABPV
TE: 1-10 20510 RNA FRifESH ) 9.8x10°-9.8x10° copies/uL
Note: 1-10 is a tenfold dilution series of RNA standards ranging
from 9.8x10°-9.8x10° copies/uL

25 fFEMRLE

N AR5 8 N7 A SERE O RT-PCR 7 3%
ABPV. CBPV, KBV, SBV, IAPV, DWV, BQCV
BERFE AT, g5 ER, JA ABPV H BlE:
SR g, At R UL e B X AT T
(F 4), EIZ)r ik BA RAFRR k.
26 EEEMHIAE

BTty sk i 2H NS S R ECR 0.19%-0.80% , 2H

)28 SR ECH 0.57%—1.07% (% 2), 58BN T

1.5%, WERIA ) B RAFRY S M
2.7 EWMMHGAENSER

FHAHIF G 307 1K) ABPV SEHT ¢ ) RT-PCR A&
5 XA S 2 R AR 70 10 B W AE S U ARSI

4 ABPV LA ¥ RT-PCR 455 14X 18
Figure 4 Specificity of the real-time RT-PCR for ABPV

W PIESEY) S ABPV iR A B, i
TZ P T ABPV A
3 WikE4w

ABPV & Bailey %" E 4T CBPA £ 4Ltist
K Z B, EIRR R, ME MY ABPV
JE AR PR 50T, MY CBPA WIREAFIGHUK , 17
TEW A IX ] ABPV T sye i )y &g, Ak
T BB i) 2 e Y e R | B e B SR AR S B
FRESER, To¥k AT, SRS 1-2 d JRAETS. ABPV
B T BB TG Jy B4 A, 3 BRI B TG 2 0 [ )k e
AL 100%™, B4 ABPV i 1] LU YL £ fig g
W, eI K e E ), ABPV — BT
FEART A B R RRER, ZHCRBRMEEY, (2
24 K T B 3 R SR e s, AT S B0 e ) R BE
T=o WK FLIHE I 25 2 (UG RE I, ABPV @1

—H#HEH

e ZE R BoR, 70 (8RR A 2 43 ABPV Bk FUBEUE A B 5 A0 bk B A, bR T B
FAYE, H %R 2.86%. fAy 2 GhFAYE PCR = FET-UO. AR EEERH ABPV REK, SIEIET-H
Fz 2 ABPV LR RT-PCR EE HiX 16

Table 2 Repeatability test of the real-time RT-PCR for ABPV

RNA ¥ C CF¥ME i 2= BB
Concentration of RNA (copies/puL) 1 2 3 Mean C; SD cv

] 9.8x107 14.94 14.93 14.69 14.85 0.12 0.80

Intra-assay 9.8x10° 21.05 20.96 21.06 21.02 0.04 0.19

variability 9.8x10° 27.56 27.47 27.61 27.55 0.06 0.22

2 7] 9.8x10’ 14.85 15.14 14.76 14.92 0.16 1.07

Inter-assay 9.8x10° 21.02 21.24 20.97 21.08 0.12 0.57

variability 9.8x10° 27.55 27.82 27.42 27.60 0.17 0.62
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