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Abstract |

Black Queen Cell Virus (BQCV) is one of pathogenic virus in honeybee which could be detected
using reverse transcription real-time PCR (RT/RT-PCR). In this study, for rapid detection of BQCV,
Recombinase Polymerase Amplification (RPA) was applied, and BQCV-specific reverse
transcription real-time RPA (RT/RT-RPA) method was newly developed based on BQCV-specific
RT/RT PCR. The Real-time RPA (RT-RPA) was performed at 37°C isothermal condition for 40
minutes. During the experiments, specific DNA amplifications were real-timely monitored using
fluorescent detector. BQCV-specific DNA amplification could be detected from 3 min 26 sec after
RPA reaction with specific DNA templates by RT-RPA, while 41 min 42 sec was required by gRT-
PCR with same quantities of initial templates. With generated cDNA from BQCV-infected honeybee,
specific DNA ampilification was recognized at 4 min 18 sec using RT-RPA, however, 66 min 5 sec
was needed using Real-time PCR. Moreover, with reverse transcriptase and RPA solution, BQCV-
specific DNA amplification could be detected at 8 min 36 sec from total RNA of BQCV-infected
honeybee using one-step Reverse Transcription/Real-Time RPA (RT/RT-RPA).

Key words: Black queen cell virus, BQCV, Virus detection, Recombinase Polymerase Amplification,
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Acute Bee Paralys1s Virus (ABPV), Chronic Bee Paralysis
Virus (CBPV), Sacbrood Virus (SBV), Kashmir Bee Virus
(KBV), Deformed Wing Virus (DWV), Black Queen Cell
Virus BQCV) =, &18%0] <& A ) tHTentcheva et
al.,2004; Berényi et al., 2006).

Black Queen Cell Virus (BQCV):= G- 1} u]=of A

H g2 YA R 2, 8 A o] (Chen

et al., 2007), 2573} family Dicistroviridae©l] <5},
FA7A BnE} vfolef s 02 BRE9O
220l 2e Feshitolef s 402 HRF €9
THMayo, 2002). BQCV 2] RNA 584 &= %= 7} 2] ORF
2 745 e, replicase2 F4 == 5 LA
ORF2} capsid protein?] 3" 17 ORF&Z o] oA ¢Jt}
(Leat et al.,2000). BQCV= gh=tof| A I 2 o] g
o] ¥rAE]= vfo] 2| A& ZHRIE Y TH(Yoo er al., 2008;
Kang ez al.,2012).

BQCVe| thgt A1&3t HEH o] 72 o] vio|
220] 74§ of - et} o] wpo] 2] 29] Ao & §i5}oq
HEE 4] A8 &) o]of 3= A 2Fo]|n, Multiplex reverse
transcription-PCR (Grabensteiner et al., 2007), One-step
real-time PCR (Kukielka et al., 2008)2} 7+0] BQCV 2] &
shalan 4145 AEHS: 913k of 2] 714 B4k 7]uk
o] 7NdE o] gt o] AAZEPCR R H A
AlZF PCR (quantitative Real-Time PCR; gRT-PCR)2] &
A1} AgtE| o] BQCV Rt ofu et thE E ol
A5 gAsk= 7P wigdskal geet Ao R
Q14 =] of 2Fth(Yoo et al.,2008).

124, qRT-PCRS Yub2 0 2 AARA|7 o] 4= A
7ol A Q =, A st thermo cycling 7| 715 HQ 2
sh7)ofl, FEEHANA a7-5=, S ARAAE=

rE
1° >

Z?:.T’_é} PCR (Ultra—Rapld PCR; UR-
Z 414 PCR (Ultra-Fast PCR; UF-PCR) 5-0]
7l 0, 303] 1 &) PCRe 52~8-2-0f| &= Al 7]+= 4l
HE Ho|i ¢lti(Yoo et al.,2011; Giang et al.,2015).

Recombinase Polymerase Amplification (RPA)-2, PCR
=g, T4 54 AR A7 EE 55
Al7)+= 9 W o] o (Piepenburg er al., 2006), E.t} wWHE
FAA FES 7S o = A ez o] 1
3 =] 31 Qlt}. RPA:= recombinase, single strand binding
protein (SSBP), strand displacing DNA polymerase, ~LZ]
31 specific primer 5-2] A 02, HE 37°C 520 A
Hh-g-o] 2oy o, Hh-g-AI7ES: 304 Wi 9] 7 3 =] 3L
UTE 2l o] RPAC] O3 thefet WA o] HMHS
o] A& Hilxal glow, 3t FAA FTH o 2
A AHLE WE volrkal Qo ey, =
B Hio] g 298] HEof tfsle] RPA 7]0] H&
A ot & 4= llom, w3t 3l A Ant
of] th5}of = RPA 7|9 A3 ¥ o] hef 7l 212 gl ]l

webA], 2 A= RPA 7] o]l 7]Hha = EH Hio|
222 BQCVE] A& M=ol 7dstar} 543l e
1, o] 7]&5 B vhol & A, yYoprt =8 e
Al AAofl tiet AERMo® AEAIE = Al
71e2 F-84= Bl Al shict.
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2 Aol AR e B Alme AR A
= EH 2l Apis mellifera©] ™, 2015 o] $F=+9] FHE-=
7E2EE A= A A fiEE
A5 Aotk B AlRe e Aol w2442
50mL conical tube®]] Fof, = SA| —70°Col| H4E
A BQCV-specific PCR A 2}o]| whe}, BQCV 74 0]
SQIE Al AlFElo] B 1ol ALBEHT). Ea
DWYV (Deformed Wing Virus)-specific PCR 2 ¥}of] w2},
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Table 1. Sequences of specific BQCV-VP3 primers

Oligo name Sequence (5'— 37) PCR product (bp) Reference
BQCV-VP3-F1 CTGGGCGAACATCTACCTTTCC
131 Giang et al., 2015
BQCV-VP3-R1 GCAATGGGTAAGAGAGGCTTCG

DWV 2h¢go] Selel Bt Alsksto] ALgshsict

HH| RNA9| &+22| % cDNA X%

% ukelo] 4% B8 glojm e
514 2. 1, MagNA Lyser green Beads (Roche, Switz-
erland)E AHE-3Fo] EHS 45k ith A A RNA=
AHSP' in™ (GeneAll, Korea) 5 AH8-3}0] S=&3}9c} 3
=l A A RNA= Biophotometer (Eppendorf, Germany)
2 ABelol A419) 52 20900, 1ugel 3
A RNAZ 3 © 2 AccuPower® RT Premix (Bioneer,
Korea) S A8-51o] cDNAE 3H4Js}o] —70°Coy X
SFlTh 2 Aol A= T4 21 5-2] cDNAE real-time
RPA %} real-time PCR 41 3] 0] 23 © & o]-8-3}9] .

AT AR

R

TZE DNA %9 ZH| 9 quantitative Real-
Time PCR (gqRT-PCR)

pGEM-BQCV-VP3= BQCV 9| VP37 A7} & A
Z kA u| = o|thGiang et al., 2015). ©]+= pGEM-3Zf(+)
vector (Promega, USA)°f| BQCVQ] VP3 § A= 22
3}t Aol w, o= th<F DHSao]| HatkE| ict. o] AY
%3t DNA 9] clone©]| A/ DNA-spin™ Plasmid DNA
Purification Kit (iNtRON Biotechnology, Korea)E- A-3-5}
o] pGEM-BQCV-VP3E <=4~ B2]35}91 .1, Biophoto-
meter (Eppendorf, Germany)E- ©]-8-3]l DNA =& =
5tal, 355 DNAE —20°Coll A Eakshn] ARg-5t
Rt

gRT-PCR-Z SYBR green®] 3 o]-§sh3lom &
E uk-&-2 Exicycler™ Quantitative Thermal Block
(Bioneer, Korea)y& A-310] 3191}, % whg-ole
20ul 2 3}¢al, 24J-S HiPi Real-Time PCR 2x Master
Mix, 1x SYBR green (Elpisbio, Korea), 10 pmole2] =z}
o|w], 712) 1 %3 © 2 %) pGEM-BQCV-VP3 DNA E
+ cDNAE AH8-53i

Tejo|m HA % A%

BQCVe] Gtz thil 2 2= skl VP3 A4S 5
=317] 98 o o] Zebolm S A&,
GenBank database (Accession No. KR074231)0]] w2} A
A E, BQCV-VP3-F1 (forward)$} BQCV-VP3-R1
(reverse)-2 ZF2F KR0742312] 7] A< 5 139 bpH-E]
269 bp2] {2 of] AjtEl= A 2 =2, 131 bp2] PCR 4k=
of AlAtE| 5 T Al 3131 0.1, HEo] 2. 2(Bionics,
Korea)Alo]| 2] 2| 5}of |25} 3 eh(Table 1).

Real-time Recombinase Polymerase
amplification (QRT—-RPA)

RT-RPA= 7|2 % © & Twist Amp® Basic kit
(TwistDx, UK)E AF8-3}0] 4=35}91 ). RPA reaction
mix= kit2] W-8&E-2l freeze-dried reaction¥} 280mM
MgAcE A|&|5}aL, 7} ¥hg- & 7} 24 pmole o] Zzfo|
™ (BQCV-VP3-FI/R1), < 1x rehydration buffer, Z| %
1x SYBR green [0] ¥ =2 5}9] 11, vortex 2 7} A &
313t 5, 0] freeze-dried reaction®] )= tube 2 7]
o] pipetting © 2 -85 S35} chTable 2). %}
o2 gRT-PCR-E- 200ul white tube = 571 2™, ZF tube
o] =3 2 & 10" molecules©] 3g3}= 1ul pGEM-
BQCV-VP3E #7}3} 9tk RPAHFE-2 280mM <]
MgAcS 27K 7, 37°Ce] 52 2AA A2H5te],
1522 1 cycle® 519, HE-S-A]|7F 400]H 40 cycle=

Table 2. Compositon of BQCV-RPA

Composition Volume (ul)
Distillted water 72
BQCV-VP3-F1 (10pmole/ul) 24
BQCV-VP3-R1 (10pmole/ul) 24
Primer free rehydration buffer 295
10x SYBR green [ 50
Total 46.5
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Table 3. Qauntitative Real time PCR instrument set up for RPA

1 37°C Imin

2 scan

3 Go to step 1 Repeat 40 cycle
4 Melting 60-94°C 1°C/1sec

5 store 8°C

JER S sLthTable 3). ALA|ZF DNA 252 2
Asl7] ¢5ko] SYBR green I (Elpisbio, Korea)yS % 7}

3} & Exicycler™ Quantitative Thermal Block (Bioneer,
Korea)of| A RPA HF-8-2- =35} it}

One-step Reverse transcription RT-RPA
(RT/RT-RPA)

cDNA] 3147} RT-RPA HH3-2 %
A}, 225 XA RNAS 3=
I} RT-RPA7} o] X138 4= Q1 %= = one-step HH-3-Y
S A 7124 2 2 AccuPower® RT Premix
(Bioneer, Korea) S AH&-3131 2.1, luge] A A RNA,
100 pmoles Oligo dT £ 70°CoJ| 4| 5571 pre-denaturation
Ao, H-e & o] 8oL RPA-kit= freeze-dried
reaction (dried pelle)°f] -7]] pippet©.= 2 EH5}H3
t}. o] Zalolof| RPA kit % 280mM9] MeAcE A 7}3}
31,37°C2] 5-& 7o A RPAEFS-S A 2}51 4T}, o]
Z A one-step reverse transcription RPA% cDNA g4zt
DNAZ2| F-Zo] FA|of R Y= =5 51 0w, 5 Hh-5-
A|ZEE- 40202 F 3ol o3 DNA S35 AAIZE R
Uele st

SAlol ZlFskar
& © 2 Reverse transcription

=Rk

Real-Time RPA% Real-Time PCR& 0| &%}
BQCV Eo| §HXI9 AHE

Real-Time PCRY} Real-Time RPAS] H. = HE-3-of A
232 A 23} DNAQI pGEM-BQCV-VP3& A28}
o, L% 5 U3 5% 2 DNAE AHg-5ho] =3 =] 9]
o ARG szeto]u(Tuble 1) YAh T -2 7]
A& 2] BQCV-VP3-F17} BQCV-VP3-R1¢|¢iT}.

Negative,
= / o Ct Undetermined

Fig. 1. Fluorescence curves of specific DNA amplification using
real-time RPA. Real-time RPAs were performed with 1 ng of
pGEM-BQCV-VP3 as template (Positive) or without temp-
late (Negative). Fluorescence based on DNA amplification
was rapidly increased and passed through the base line on
3.44 cycles, on the time of 3 min 26 sec after beginning of
Positive reaction. However, fluorescence from Negative was
not reached the base line until 40 cycles (40 min).

2] 2] 3} %] Real-Time PCRE] 2712, 94°Cojl 4] 302
7} Pre-denaturationS- 213§ 3F &, denaturaion 94°C, 15,
Annealing 62°C, 15% “12] 1l Extension 72°C, 15% 2
Total 35 cycle2 7Z135}%1 t}. Real-Time RPA=37°C 5
L.0f| 4] 40 cycle 2 2l 8511 THTable 3).

Real time RPA 2} Real time PCR ]| 4] BQCV-VP3 E-9|
AALe) ZEo] Y 7129} meliing L1 o]
3] &1 =] 91 0., agarose gel %17] 5ol Al A} B
oA =I9UE 131 bpe] DNA AHE-S A4 3H9ichFig. 1,
Fig.2,Fig.3).

Real-time RPA%]| &= 35 262 (344 cycles)o]| 5] DNA
o] 8helu] 3] ., 40K 0] ) YhS A7k U] A%
7h e B3l vH, template o] X3 E
40408 7] ¥ A7+ Y DNAZ-Z0] 8ol
+okth. Final Fluorescent value= 40540 cycles)
HES % 53019 7H2 H9l o1, 3HH Negativeo]| A=
1672 Lheph = gke] Akt 2ol 7} 918 o 4= 9]
A ChFig. 1).

H]'EE, Real-time PCR-2- 1622 Ct Z}(H

Z)5E DNA S35 gl &
CYCIGS(‘?_}%/\] 2 S AR 17%) A
@ glo] 248 o) % ok7to]
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Fig. 2. Fluorescence curves of specific DNA amplification using
real-time PCR. Real-time PCRs were performed with 1 ng of
pGEM-BQCV-VP3 as template (Positive) or without
template (Negative). Fluorescence based on DNA amplifi-
cation was passed through the base line on 16.12 cycles, on
the time of 41 min 42 sec after beginning of Positive reaction.
However, fluorescence from Negative was passed through
the base line on 30.88 cycles, on the time of 79 min 24 sec.

Fgol A AT 9, template o] X3
Real-time PCR-2 30.88 Ct Z}(FF-3-A| 2 & 798 24 %)
0]—'5} DNAQ] 0] QA E| Q) O, ]2 35 cycles(H

S AIAF T 00R)0A] 15219 2% BYgkol 249
E}(Flg- 2).

Real time RPA2} Real time PCRE] T HH-S-& £ 5 0]
5 Z2% DNAE 1.5% Agarose gel Aol 4] 2715}
ZZ% DNA9] 37]9} OFAL-S- 101319 T} Real-time

2 dpysial
_Uﬂ(Posmve) template §}
gatlve HF-2-0]| A= DNA =% AlE0]

PCR2] %% ¢ 131bp2] #| 2]l A 7

[e3} o] 71-_2

RPAC] 2] gt DNA %a% AHE-2 oA 131 bp -9
oy 1 AR Kol theet 27l =3 DNASO]
= AT Eoh, = glo] &2 RPAS A3t
Negauve *ﬂ¥—°ﬂ A —’5—5—%% DNA9] 9k T4 74

unspemﬁc smgle strand DNAE- %

ol 4 131 bp =271 2] %A &}H5t DNA band
&= 31042 , 74 glo] XY= negative W
= A3t 37] 9 DNA AHE-S- 328k 4= ¢l
H71%9%

A7 BE
e
ol 4
I

TQ olo ol

[¢]

== T
o] A= 4 RPAS] 28l 535 DNA

Fig. 3. Agarose gel electrophoresis of amplified DNAs using RPA
or PCR. Panel A. PCR products from real-time PCRs in Fig.
2. Panel B. RPA products before purification from real-time
RPAs in Fig. 1. Panel C. RPA products after purification. In
each panel, Lane 1 is the amplified product with 1 ng of
pGEM-BQCV-VP3 as template, and lane 2 is Negative rea-
ction without template. The expected size of BQCV-DNA
was 131 bp long.

AHE-2-, A8 A Flunspecific single strand DNA 51} 317
RPA]| A A% += single strand binding protein (SSBP)

< o] Ao 23t gel mobility shift &Ato] 37
‘/}EH:} Ao 2 F 25 ATHFig. 30).

Real-time RPA2} Real-time PCR] 5 HIHH & 1 &= &
LS 24510, So| Q714 A0) L A
oR BUEY T 4 98-S 32151900, Reaktime
RPA= Real-time PCR KT} w2 7] DNA ZZo| 7}
Qlolet. wat A7 5L B3 A
B Fo)7) mafo| o] w2t Y3l 54 4714
712 w5} 8hol 3k 4= 9l 9l ).

= A

[e) z—‘
A= SHAI7

cDNAEEH Real-time PCR2} Real-time
RPAE 0|43 BQCVY A&

Real-time PCR¥} Real-time RPA BFg-of|A], =3 0 &
cDNAE AHE-3}ITHBQCV Y s Ao = gle
EHEHE WA RNAS 53511, 71 5 lug? RNA

£ A}8-3}0] Reverse transcriptase HH-3-2 21335} 2
o, o] 2H FYPO & AT cDNAS kg
RPA®} PCR = 8§ HLEEof|A] 5UgE oF©] cDNAS
ZF3 0 7 35} Zg}o] "H(Table 1) A8k ),
A2 A, DNAS A3} Real-time RPA HH-8-0f| ]
=431 cycles(FH$- A2} - 41 18%)5E] DNAS] &
Zo| Q1R E| Q) 01, 405-0] HA| WS A|7F U X<
Z7} oFAFS Wt} 22 o2 ALRSH 10° Bt
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106 DNA molecules (pGEM-BQC&-}'PS), Ct=373 PS5,

4402
3280
g 1145
cDNA 16.1.13, Ct=431 155}
/ C=867
- -
| - :
J . -
A T T T i T i TR S e DA S S TS ) ' ..‘

Fig. 4. Amplification of BQCV-VP3 sequences from cDNA using
real-time RPA. cDNA from BQCV-infected honeybee was
used for the template of Real-time RPA. As positive or
negative control, with 10° copies of pPGEM-BQCV-VP3 or
without template, Real-time RPAs were performed,
respectively. Ct values and final fluorescence values were
estimated for each RPA, 3.73 and 4402 (Positive), 4.31 and
3280 (cDNA), 8.67 and 1145 (Negative), respectively. In
right, BQCV-specific 131 bp long products were only
observed on lane 1 (Positive) and lane 2 (cDNA).

9] pGEM-BQCV-VP3¢] t}j3l RPA WH-g-of A= 3.73
cycles(Hh-g- AJ2F -3 43%)0]| 4| DNAS| F-30] &
1=tk 131} negative HH3-0f| A= 9F 2] &= RPA |t
52 AIETh =2 867 cycles(RE-g- AJAF 5 82 40
Z)-E| DNA 5-30] Q1A & Qi)

2¥o) 37} RPA®) Lo} e ol - Abe)
Z719] woFS H ¢l o, 379] 2po|= Ct valueL}
% 9Y PE ololth. 4 s A Y g5
7} 4402, 3280, 11455 ZA =] 9l0.0, o] = 7} Ct 3k
373,431,867 cycles@} n| - G-AFSE A o] ittt F &
B4tEt 7} Threshold cycles (Ct gh)5= 3] A 3
9o, 3] A A = (Regression coefficience; R*)= 0.9443
I AL = A= e

DNA 2% 9h-3 £8 o|F, 2t & AHE5 15%
agarose gel= 7] 953513 21, cDNA2} pGEM-
BQCV-VP32 33 © & A8} Real-time RPA HF-3-9]|
A SF AR B o4 27190 131bpol| A YEhd
= ZRISHAtHFig. 4).

2hH, BQCVl 7 &8 =5 ¥ A|2HE cDNA+,
RT-RPA ] 7 29} 7+o|, Real-time PCRS 0|85},
BQCV-specific sequenceE FEZA| 3 2.1, Ct Ff 24.09
cycles(RH-3-A1 2k 3 66+ 5%)] 4| -8 DNA F-35Z
Q128 4 9191ch 2 E G GhE 40 cyclesHA] A
%491 Z7PHE Holon], 2% ke sIBes

o 5 N b By

ol
)

) Negative control (undetermined)

5173
_CDNA 16.1.13 (Ct =24.09)
d 1 v 0

(e J

Fig. 5. Amplification of BQCV-VP3 sequences from cDNA using
real-time PCR. cDNA from BQCV-infected honeybee was
used for the template of Real-time PCR. As negative control,
Real-time RPA without template were also performed. 24.09
cycles (Ct values) and 5173 final fluorescence values were
estimated, only in RPA with cDNA.

1l ¢DNA16.1.13 (Tm = 80.5°C)
f
| |
—
l SN
Negative control (undetermined) - _-
L R S T T N N T T Y R R R ) e m S i iil

Fig. 6. Melting temperature analysis and gel electrophoresis after
real-time PCR. (Left) The temperature of mid-point (Tm)
was measured at 80.5°C in only PCR with cDNA, as same as
expected. (Right) In agarose gel electrophoresis, expected
131bp long DNA was only observed in PCR with cDNA
(lane 1).

=4 w910, Wb, 29 glo] 4 H negative ¥H-&
%15 DNA S-30] 291 %] 9k Skth(Fig. S).

Real-time PCRo] &]3}o] cDNAZ R ¥ FZA]7]
PCR AHE-2 87 E A (Melting temperature analysis)S
%£5}4] Tm(temperature of mid-point)2 =45}t =
A% Tm ZF2 80.5°Co| ¢l o1, o] = x| 3 DNA
pGEM-BQCV-VP3Z %3 © & BQCV-VP3-FIRI I
efoln} g ol 47 PCR AHgol 4] & Tm 2k} &%)
S} 202 DNARNE FUg So| 7]AdS
SHAZ T2 B ol 5=l th(Fig. 6).

BQCVo| e Ed =5 E A|2HE cDNAE +F
© =2, 7}7} Real-time RPA 2} Real-time PCR-S- =Y 3%

|
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BQCV-cDNA, Ct:5.89
1968

L 936

519
EAE 8 A
| l
g DWV-cDNA, Ct10.25 Negative control,
Ct16.85

e
—
-

Fig. 7. Specificity of Real-time RPAs with cDNAs generated from
BQCV- or DWV-infected honeybee. With BQCV-cDNA
using BQCV-specific real-time RPA, BQCV-specific DNA
amplification was recognized at 5 min 53 sec (5.89 cycles).
With DWV-cDNA using BQCV-specific real-time RPA, un-
specific DNA amplification was recognized at 10 min 15 sec
(10.25 cycles). Without templates using BQCV-specific real-
time RPA, un-specific DNA amplification was also
recognized at 16 min 51 sec (16.85 cycles). (Right), BQCV-
specfic DNA, 131 bp long, was well observed by agarose
electrophoresis (lane 2). Un-specifc DNAs were also
recognized by RPAs with DWV-cDNA (lane 1), or without
templates (lane 3), respectively.

:"‘é

232 3FBQCV) 131 bp2] VP3 geneo| % e+3]
= SRASEAT. A 7 kS AlZEE W] LSt
| 71K Do) == A -2 Real-time RPA2] 7

A2} S 45 1821 E1 2R g Eo] d7|4E
Z= Q1% © 1}, Real-time PCR_—] |

1
o

A|m
(o]

r o rZ
1 oo
it}
o
-0,
)
ot
>.
2

¢

m’l—ETQ-[oﬁ-{or_Eole]o

EX QHX AZ0| Uitk Real-time RPA%}
Real-time PCRY| E0|/4 H|u

Real-time RPA©} Real-time PCR 2FA} 71|, T3 of| 4]
574 violt &5 HE8) W= 50]/d (specificity) ol 2}
o7} Q=2 & vt o] ¢)3le] BQCVY 7+

% ZH 3 DWV(Deformed Wing Virus)ol| 7+ % &
H*ETH Z}7F A RNAE & 2 skl o m, 242}
cDNAE A|Z}slo] 21z} 5= 7hA] BAup o] 250
2 ARESEoITh A2t Bl E flste] FHP R ARG
3t BQCV cDNAQ} DWV ¢DNA: 77} Eeko AL
at9l.o.m, AFR-al Zajo]n] = BQCVE] VP35 7o
E0] % ¢l BQCV-VP3-FI/R10] ¢ THTable 1).

Real-time RPA°J| 4] BQCV cDNAS F3 o2
2] A 55 532(5.89 cycles)F-E] DNA 0] &

O, DWV cDNAES 3 0 2 3} u}-Sof 4] 1}
A+ 5 105 15%(10.25 cycles) F-E] DNA &£0] 29
5] i}, 38, 9 glo] 4= 2 RPA ¥HSo] Al
165 512(16.85 cycles)F-E| DNA Q| 5-2£0] Q1| &%}
CHFig. 7).

RT-RPA 0] 405 HF-S- & 37]| 2] HF-S-of Tl X& &
BZLO 7}7) 1968, 936, 5195 LpEp o o] 7wk
2-9] Ct value?l 5.89, 10.25, 16.85 cycleQ} S+ 7] F
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Fig. 8. Real-time PCR with cDNAs generated from BQCV-, or
DW V-infected honeybee. The fluorescent graphs of Real-
time PCRs with BQCV-cDNA or DWV-cDNA, or without
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131 bp long BQCV-specific DNA was observed only in
RT/RT-RPA product with BQCV-total RNA (lane 1; right).
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Fig. 10. BQCV-specific RPAs using different incubation devices.
Lane 1 to 4 were RPA products using 37°C heat block,
37°C water bath, at room temperature (25°C) and Real-
Time PCR machine, respectively. Without template, same
RPA reactions were performed in 37°C water bath (lane 5).
131bp long BQCV-specific DNA were observed only in
lane 1, 2,4, respectively.
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