Journal of Apiculture 34(1) : 39~46 (2019)
DOI: 10.17519/apiculture.2019.04.34.1.39

Multi-point PCREHZ 0|23t
Black Queen Cell Virus (BQCV) ZSH 7jjat

Development of Diagnostic System to
Black Queen Cell Virus (BQCYV) Using Multi-point Detection

Somin Kim, Byounghee Kim, Moonjung Kim, Jungmin Kim, A Tai Truong,
Seonmi Kim™* and Byoungsu Yoon*

Department of Life Science, College of Fusion Science, Kyonggi University

(Received 11 March 2019; Revised 15 April 2019; Accepted 23 April 2019)

Abstract |

BQCV multi-point PCR was developed as a rapid multiplex detection method for BQCV, one of the
viral pathogens of honeybees. It could detect BQCV specific genes qualitative as well as quantitative
detection based on ultra-rapid PCR. Three primer pairs (RNA dependent RNA polymerase, capsid
protein, 3C like protease) were specifically designed for accurate the detection and were optimized for
minimizing the detection time and increasing the sensitivity. Our advanced diagnostic system have the
accuracy by lowering the concern about the variation in the BQCV detection site. In addition, it should
be an opportunity to identify mutations that are mixed with other viruses.
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Hpo| 2 A 2k0] §-3t(fusion)e &3 EH AHE = A
7} ok g9 A3 itk (Dalmon et al., 2017). 3],
Deformed Wing Virus (DWV)9] 7%, 23 -Sofjof &
B == Hho]|E 22 Varroa destructor Virus-1 (VDV-1)
I 5YE NEE B (Apis mellifera)o| X HEE]
o123 gJo] (Wang ef al., 2013), DWV ©]2]¢] u}o] g
20 A = Hio|H A 74 A WA} o4 E AL it
tjEo], BQCVY 3% A% APAFolAM=
#F7He FAATL Aol BHEl HE §lo] BQCVE &
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S0t oA 12 FustE HERo] f7EY
QIT}(Tapaszti et al., 2009).

T A&t AES S8 2 AN =2
Ultra-rapid Real-time PCR (UR-qPCR)?] AR&-%|31
9lth. UR-gPCRE Rapi:PCRY 0| H& FHHL o] &
sto] PCR 24 Yo a72Ql dHY9s F8 2 PCR
DA 9] AZHE Ha3E 4= A BHEoR 2 H, 2008
d E9 HYAd 29l American Foulbrood (AFB)
A& JE=o HFoE At (Han et al.,
2008). 71 ]3> Z = UR-gPCRZ 0|83 HEH2 I
&5 AFEAL AoH(H F,2017a; A F, 2017b;
74 %5,2017c; 9 5,2017;7 5,2018).

1%<¢F Black Queen Cell Virus® g2 93|
Real-time PCR< ©]83 W& d150] Ao
o (F %, 2008), #Z)+= Ultra-rapid Real-time PCR
= o83 o5 BRo|gjA 2 XdhollA gt 7HA] B
A ZH BIEJTH(Wang et al., 2016). 1L} o]=
T} PCR $Z 22 23 BQCV © Ao o3t A
gt Aol E7bu]star gt 49 Ho| Zato|mF A}
&3to] Wol7} EAjsh= Hiol2|2 9] HEo] ST

2 =24 BQCVY thFst Eo] Zato|HE of§
3t multi-point URRT-gPCR-Z 7R3} 2., one-step
PCRS o] &3} 20& o]yj9] ®E BQCV AL 75
stA skt e BQCVY e w2 U=
o Al&EAS 7HA L °]°1 A 49 27D A A 9

Zcko] HEstA o]Fojd o U= HilA} gt ¢
£°], BQCV Y& FHA# %017]' dojut A=l o
& BFo= So] ZtolH 345 o|&5t] HEY
OB T2 virusete] EAE HolE B 4 9t
A717F 8 Aol

e 2w

EY AT =Y 2 Total RNAC| =&

2 ao) AH4E BQCY 44 94 ARt ARE
4 A7 % YA G Aebd T o5 oA
22t Spusiglon] ol olgstel RNA 358 113
3Rt RNA &2 R&A Blue Kit (Takara, Japan)S

ARgSEo] A ZRALS] W of| whet =35kt B Al
AE 29 1742 (90 ug)E 53 total RNAE S 54
om FZF total RNAE spectrophotometer= A5
3L o= —70°Ce] B3l ATt.

BQCV £0I S MXIC] THZZE! DNA MIZH 2 Z2l0lIH 9
Mg

A =3 DNAE pBQ-RdRp, pBQ-3CL, pBQ-VPE 3
7HE AR o599 AMEAL B AlRoA
BQCV HEA| Tmt H|wsto] FEA RS B sh=
E3 A|R2X AME QITh(Fig. 1). GenBank Accession
No. EF5175159] RNA dependent RNA polymerase
(RdRp), 3C like protease (C3G), capsid protein (VP)=
target &2 A|ZE| Q0™ ZF F7]+= 831 bp (4457-5287),
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Fig. 1. Determination of annealing and polymerization time in
multi-point URRT-qPCR against BQCV. Panel A is mini-
mum of annealing time for BQCV URRT-qPCR. Panel B,
minimum of polymerization time for BQCV-URRT-qPCR.
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318 bp (3452-3769), 2,415 bp (5848-8262)°]T}.

BQCV digt Eo| PCR Zzto|H 342 BQCV
(GenBank Accession No. EF517515)9] 8214 W&
open reading frame (ORF) % capsid protein, RNA-
dependent RNA-polymerase (RdRp), 3C like protease
2 @33} b HOIH 42 So| Zefoln] L
AA SR TH(Table 1). ZF Zato|H A2 bionicsAt
(Korea)©l 2 =|s} it
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i BQCVE wWE dE5 fd 4 de AtE
Aetaa} 2314 PCRY Z+ cycle 5 SIS 3%
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Ct (Threshold cycles) %2+ Ct gho] SH == A|7H(Ct
time) S48 FHAITHE 32004 027H4] 4
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AA 22 AE 7K AZHE ST
BOCYV S0 S&X £114 HSS U2 Multi-PCR Z21
A5zt

=3 DNAO| tigt Zefo|mgo] B4 2&9 &
%7} 2 A Y uj, URRT-qPCRY] 0|4 & A4 o)A
RS 7M7) gzl &4 =9 =9 FZg 4
dg s

234 PCRE Genechecker™ (Genesystem Co.,
Korea)E AHE3H.0m, o]d], 2114 PCRY] A|7H 27
< @A AYS B AR At s AAEHSIT &4

ST 45~65°C2] oA st on] Zeto]w 9

Table 1. Information of BQCV specific primer set

s 1 uME 595t Hwstgih. 2+ 29d 5ol
xztol 143 2 x Rapi Master mix (Genesystem Co.,
Korea), BQCV A %3t DNAZ % 10 uL 9] HH3H S =
Astod, Ultra-rapid PCR< R8skl ZF Ct gf 2o
RS S5 2 245 AT
BQCV multi-point URRT-gPCRE 1%t Reverse
transcription Al2t X =3}

BQCVE] 214 AZo QoA WAl A&
cDNA 32, PCRoﬂ/\LJ EA §HA} 22 1:—] ik
BA AR 4 A B, AabE e 2= AA HAF &
BAE =T £ A sk F2 a0t} whaEkA
PCR A& Aol 9= FA ¥2n, 2314 PCRI
A& 7 GAAF AIZES o= A=A, EFF AIZE
off whah QA g0l ojd FHo= Wssh=A] &
Akl I AZEE 108, 78, 52, 38, 1&, 022
2 50°C9] reverse transcriptions Z}7] 48431 o,
BQCV # ANE(F7]|= Y, AFE AFAHER
E] 323 30ng9) total RNAS FF o2 vh3A|A 7+

27014 Ct ghg vl $A45te] FFe AN Cr
timeZ AtS H|@ 3T RT A|7HE A Qe 24L& o

HAPE B9 HH5E 2402 g

ES

1A
flio

82 I3t BOCV 2 AHIE AISS 2HE Al

BQCV multi-point URRT-qPCR Y] F&AS H 7|35}
7] 9J5ted, 75 29, APRIE o, ARE B2
HE 223 Total RNA & 30ngg $3 02 BQCV
HES AN st A=) i8] RdRp, 3C
like protease, capsid proteins E0]3 22 AE5H=3
7o) Zetolm 2 RiE HABIH o™ PCR ¥HE 212

Detection . "o GenBank Product size
site Name of Primer DNA sequence (5—3") Accession No. (bp) Reference
BQ-PCRFl  ACTTTG AAG GTT TCG ACG CTT CGG
RdRp BQ-PCR-RI  GAC GGA ATT TAT AAT AGC AGT GAG AT 233 Wang et al., 2016
BQ-PCR-F2  AAG TCC GTA GTT CAC AGA GA .
€3G BQ-PCR-R2  GTT GGT AAC AAA GAG AGG AGC EFS17515 285 This study
vp BQ-PCR-F3  TCG CAG AGT TCC AAA TAC CG 150 This study

BQ-PCR-R3

TAT CAT CTC CCG CAC CTA CC
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A= A= DNAE
A7 B4 BlAske, 2304 PCR~] TRoR /\Fﬁo}
Fom, 234 PCRY ZF SAYA AZF 274& 71t
5}o], BQCV multi-point URRT-qPCR ] 4 A& A
e =&

1.0x10° 22}¢l pBQ-RdRpE 7|HE A3 211
4 PCR 7|24 Z} cycle®] SAAITFS 3%04 12
7R 2783 A3, ZF Ct 352 329014 30.07 cycles (Ct
time; 10 14%), 2294 29.98 cycles (Ct time; 95

453)2 Z4FOR BQCV Bo| fAAe] 522
gl o Udeh. E4AITt0] 129 45, DNA 5%
& UEhfle F334do] 1.0x10° ZAHEE 1.0x10°
BEA7A] FARSE Ct 3421 6.50£0.18 cyclesOll Al §A|
of Z2HE B 4 o AW 2Ho| BeHsITT
BT U, 2L 2 2 BN
Uk 3%9} 222 AAZ] 214 PCRY} v|wet Ay}
5217t 2% 01]*1 202.9] ZH2A|E BT EHAZ
3zolM 122 245t vlmste] 4% 7P Ha
SN 2% iJ&%o}"“‘E}(Flg 1A).
1.0x10° Ex}¢l pBQ-RdRpE 7|A &2 ARE&SE 211
& PCROIA Z} cycled] SIS 32904 027t
A 274e A3k, 7+ Ct 312 3%04 29.98 cycles (Ct
2204 31.79 cycles (Ct time; 9&
50%), 12014 32.77 cycles (Ct time; 9% 34%), 0%
oAl 29.91 cycles (Ct time; 88 14%)2 SHE S
™ BQCV £°] fAA9] FZ-5 1 4= Ut Ct
time2 FFAIZE 029} 1Z2E H|ZFPS 0, 1& 20%
Apo|2 2 AAAE BT SEAIHS 3%
Z27sto] vlwsS o] A& 7Fe FHE TR
022 W= lrh(Fig. 1B).
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Y5 cycle AJ7He} ZHand
wE Ct gF Z}e]Ql dCt 32 2217} 1.71 cyclesZ2 3A|
20|15 Holx] kot 7k step cycle A7+ ZhA7t A
ZolA] RSP 2854 Sttt 2 step ARt ko]
T2 Ctiimes] Holg w]et 2, 2 24} 0] v}
Ct time9] ztol= HgzRo] 7|2z2AR}t 10° £4}
A w, 69.74% WEA YebL, 107 ExellA] HE3
A2l 10> BAZIA] 77.06%, 64.49%,63.92%,90.14%,
119.92%, 115.35% w27 Yepgtt. 108~10° 2219
A1, 2%, 027} Ho 85.80+23.53%2=2 W= 4
Byttt 712249 12, 3%, 329} v|wstES o, 4
S4B fEsHA UEHTHFig. 2).

gHH, S 027HA] R0l st 5%
= O] ol 71EXAY FF RASHA UE
t}. Tag DNA polymerase?] ©|Z @] w2 70°C

A 60 nt/secol”f’—] a&2 Uehflen, 55°Co0 A
L 24 nt/sec? EEL U)o, 90°C o]Ate] =
< 2EoA= vl A &9 DNA /o] o]FolFl
ot 9ok (Innis et al., 1990). 0] E3}| 55°CojA]
95°CE X & &&= 5<F Tug DNA polymerase”Z}
AE 7Fsd Ae Hob &5 &2+ Ramping time
ol 2&Who 2% 2H3] £3(100~300 bp)o] 7H55}ch
L A 2oFQeh ®3F U4 PCRY %<, Tag DNA
polymerase®] £4+2. 2 PCR cycle©] 30~45 cyclesZ
Azt ]9l o, o] PCRY] S Agtshe & 24
Aok B #A; = HF 40 cycles o[dolA A=Y
7] HZell ¥t PCRE A9 A&9 of#&°] AT
,2017). & A= 2 HEAS vt
A Tag DNA polymerase ] AR 243519 PCR
2 S0cycles7HA] 7R3 SH.o, o]2 Fa) AR}
(10°~10° B2HE A& 33t

Fﬁ

BQCV £01 | Xt X11= PCRE ISt PCR X2 =&

BQCV9| RdRp F-& A&S 97t 234 PCRY 4
Z27Hs TALELE 51~61°CY) Hejo|, 9] o]9]9
=M= AFE dEe] o2 -2 FH
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Fig. 2. Comparison between the shortest condition (1 sec-2 sec-0 sec) and the stable condition (1 sec-3 sec-3 sec). Panel A is comparison about
Ct (cycles) between the shortest and the preexistence condition. Panel B, Comparison about Ct time (min:sec) between the shortest and

the stable condition.

A iAIBFATHARR B AA]). S E7} 51°CllA 107
BEAY o, Ct 3+ 34.5cyclesZ 7 w24 A5
Qo PCR 287k Ct time 108 1320t}
weba 22 EALELE 51°CE Sgslged, 2 7
Z AZH10& 13%) Y 9423t DNA SZ%(F; 212)&
1T 4= AUt

BQCV] 3C like protease F-5-2 50~56°C2]
old}, BQCVY capsid protein F-2-2 45~55°C2] ¥
%o}, o] Z 3C like protease-> 10> Ex}Y f, 53°C
oA 34.14cyclesZ 7H w27 SA =21, capsid
proteind 53°CollA 102 x4+ o, Ct g2 35.18
cycles® 71 wW=A S4 = i}

BQCV | multi-point A& Y= TAHALEY
E3to] 4oz = B (3C like protease, capsid
protein)ol| Al HH o2 HEH 53°CE SHXERE §
Uk T (Fig. 3).

BQCV Zx11=% RT-PCRE 9ISt Reverse transcription
AlIZH 2| X3}

cDNA 3+ 4 PCRe| &S T4 ¥+ 23¥Y 9
AAF A 7He =&3F1AF A| 29 Total RNA 30 ng&
o|-§3to] JHAL A|ZE 10 ©|3tE ©Hdte] AdS
2PstaS o, SPH Ct 2 58004 24.38 cycles
2 71 wEA SHEJS Ct it EHE 54 44
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Fig. 3. Optimization of annealing temperature for each primer set
against different ORF at BQCV. The optimal annealing
temperature was determined at 53°C for BQCV multi-point
URRT-qPCR.

Apo] Ba; =5 Aaket A3k, 10204 1.20x10* &
A7F AEEAoH, 7EAA 1.07x10* B2}, 589
A 6.03x10* B2}, 384 1.51x10* EA}, 184
501x10° B}, 0504 3.55% 10% BALZ 0FfA] 5
E7HA = RTAIZMS £2 =& vlEste 2oz gl
shom, RTAIZE 7231} 10&94 23]8 Ct 3t 3
S5 & pollA Y AaAE Ech(Fig. 4).

AL RS AlZF Y 5= cDNAS] 2 H|H| A
A Ao g HZIEL, S5E o)A JAAL ¥ A
aapolz] grorm, 029 HHA A E cDNAA
o] ZH3] o] 1, PCRS F3 & §-7HA9] 4
£0] 7FsdtR e g, 2714 PCROA FAAL BH-S
Z1gskA] gkaik BQCVY AEol 7hstt AL 2 wd
=3}

Algrsk= BQCV 50| 2314 JAAL AAIZF PCRE
7129 PCR 7|¥ = TE2A IGHAF AZEE ZA &
5T ¢ USE AFHeE dFsiglen, 2y o g
A RRSAIZES 2] 9k o, HE AR 10
24} o]4Fe] cDNAE Al ¥ o= 32 SIS
ot & A5 5519] RT ¥H3-2 93 A48 dole
5,88 Al & 27] FAREQ] 95°CE St Al
o 2T AP0l 7hHsdhE HEAth 3 RT
AZE 08 2AA 97 18%9] BQCVe HE A7t
= Holm, 7H W=A BQCV A 9= A58 & Ue
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Fig. 4. Optimum time of reverse transcription for BQCV detection
according to Ct value and molecules of DNA. The optimal
reverse transcription (RT) time was determined at 5 minutes
for BQCV multi-point URRT-qPCR.
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BQCV 59| 4#} 2114 PCRY F-a4< B7}st
| $18te, A71%= 9, A e o4, AFLoqA A
ko A2 5 53| Total RNAE FE3190H, o5
#02 BQCVY 3 point URRT-GPCRE 4-35}5}.

BQCV 59| Zzto|H Tm #19] Fa¥ 9= RdRp
9] A% 76.69+1.46°Co|H, capsid protein®] 3%
78.96+0.81°Co]™, 3C like protease®] 7%~ 80.55+
0.52°CE =3I o] & Ei 2 AA] 874 AL
3 S e s BQCVE A& 9 #4% 21,
AR 63 F 5314 BQCVE HE0| 7Fs3IA. Al
F 12 HaPd® o A2 VP FEo|A 73.94°CE
FaEHC 4.21°Co X5 Ho|Al §lof H|Fo|A F
Zolgtal HHs1¢ o™, RdRpe} 3C like protease F-&
A& Ztzke] FaH o EgE= 77.82°C, 80.42°C
2 Ueht F9uks o2 A= B3 AR 295
of| A<= RdRp2} VP FEoA SAWH3-Z Hlom, 3C
like proteaseol| A= YN EAUTH A= 6°4+=

= FEoA SA4NRS Eo| BQCVol A=A &
L AEE BAHHL AR 3,404 = BE BB oF
WSS Holm BQCVel A= eH HE 49
Hol7h IE A= AR EHUTH(Fig. 5).
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Fig. 5. Representative data of multi-point URRT-qPCR for sample 4 from Suwon.Panel A, the fluorescent graph for each BQCV specific gene.
Panel B, the value of Tm to amplified PCR product. Panel C, electrophoresis of amplified PCR for confirmation. lane M is the 100 bp
DNA size marker (100 bp, 200 bp, 300 bp, 400 bp, 500 bp); lane RdRp, RdRp detection from sample 4 using 3 point-URRT-qPCR; lane
VP, Vp detection; lane C3G, 3C like protease detection.

Table 2. Detection of honeybee infected BQCV using multi-point-URRT-gPCR

Sample No. Detection site Ct(cycles) Tm (°C) Detection Collection place
RdRp 30.61 77.82 P v
1 VP 9.14 73.94 N T ua?ﬁﬁp J
3C like protease 8.89 80.42 P © °
RdRp 3044 71.02 N Suwon
2 VP 31.69 - N Greomo 1o
3C like protease 30.67 80.74 P yeonge
RdRp 31.68 7523 P Suwon
3 N 28.12 78.15 P o 4o
3C like protease 30.76 81.06 P yeonge
RdRp 16.91 78.15 P Suwon
4 VP 20.05 79.77 P o 4o
3C like protease 17.33 80.09 P yeonge
RdRp 16.46 73.94 N Suwon
5 VP 17.34 7361 N G e:)lnoi: o
3C like protease 2776 80.42 P yeongg
RdRp 16.78 73.61 N Joi
6 VP 27.95 75.88 N P
3C like protease 18.97 78.80 N ]
A 4 AlFoA= Tm 32 53 BQCVe] 7 AE oE ORF AI7HA] HE&Z AARTCEX WAE
AE AMARJA v AAINA BHsEr| o] §olsked 748 FAT BQCVE f4A; #olo tigh ©?AE &
[e]
=T

on], 1 XjolZ B 50|y 5=

A% Bold 22

Qx| o] 2Usek. GOl AR AR 63 F
524 BQCVE Zgol Salsgion], o g 53
BQCVE] Welghe SHelat 4 99t E3k BQCVY)

T AT

E3, A4 BQCV 74 A|RE o] 43t HYA A

AAE, g utgd 3.57x 10
7FA A& 33} 3 vk 1.55% 108

A9 HiolH & —‘:ZIE
Akl sigsh=
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Hio|2AE 7H A8 42 5E], cDNA A2}t 2421 o
AL B RE HE7A] 247 87 58%, 5% 22% Tt
o] BQCV 75 AT 4= lglen, Algnitt Al 7}
A FAA 5 HEH= #9071 Adelstel BQCV Wi
o] FHA} Ho] 7Hs S oA E 4= AT (Table 2).
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