Journal of Apiculture 32(3) : 171~180 (2017)
DOI: 10.17519/apiculture.2017.09.32.3.171

< o] 1 o] A
Aam - Parl - AR - e e

Z7|CHEtn o|ZeHE A ntEtn}, M RO SOl nthEt MAF S oIPA

Development of Ultra-Rapid Reverse-Transcription PCR for
the Rapid Detection against Slow Bee Paralysis Virus
(SBPV)

Somin Kim, Sujin Lim, Jungmin Kim, Yoon-Kyu Lim' and Byoungsu Yoon*

Department of Life Science, Kyonggi University, Suwon 16227, Republic of Korea
'College of Veterinary Medicine, Jeju National University, Jeju 63243, Korea

(Received 15 September 2017; Revised 25 September 2017; Accepted 25 September 2017)

Abstract |

Slow Bee Paralysis Virus (SBPV) is a pathogenic virus against honeybee and bumblebee, causes
the death of adult bee by paralyzing the fore-leg of bee. In this study, for rapid detection of SBPV
from bumblebee, SBPV-specific Ultra-rapid Reverse transcription PCR was developed. After
optimizing of SBPV-specific Ultra-rapid PCR, the existence of 1.0x 108 SBPV-specific DNA
molecules could be recognized in 3 minute and 35 seconds. Even 1.0x 10" molecules of SBPV-
specific DNA could be measured with quantitative manner. Meanwhile, from both imported
bumblebee and bumblebee produced in Korea, SBPV were detected using proposed method. In
the laboratory as well as in the field, SBPV-specific Ultra-rapid Reverse transcription PCR would be
applied and might be expected as useful tools at production of bumblebee or inspection for the
import and export system of bumblebee.
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M =2 cell virus (BQCV), Chronic bee paralysis virus (CBPV),
Cloudy wing virus (CWV), Deformed wing virus (DWV),
X oF ] o H(Bombus terrestris)©l] T3t WY A v}o] Israel acute paralysis virus (IAPV), Kashmir bee virus

A= HE A QFES B (Apis mellifera)ol] THEh (KBV), Sacbrood virus (SBV)2] 70| A 5] G ol A
A2 A dejz ASo|n, oAl % Black queen AZH vk Ath(& &, 2009; F -5, 2010). =3, A.
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mellifera®} Bombus species©| X] 7% © 2 Acute bee
paralysis virus (ABPV), BQCV, DWYV, Slow bee paralysis
virus (SBPV)Eo] WA 2 A& v glom, 53]
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PCRO| 7W =] QTHH 5, 2016). o] = Fefjof] & T
Hol FHozRE Yy ¢ d15<¢l SHB (Small
Hive Beetle)©] 50| -84} A&, 2t 8 WA=
Z2A1E A& 5ol A8H o, = 2 HA% 5ol -4

& = d
A5 ZE3}0, o] o) ZAfok 37 ol F5 et B

Table 1. Slow bee paralysis virus specific primers information
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(Bombus terrestris) 2 AH8-5} 91 TF.

Total RNA £-2]+= RNAiso Plus Kit (Takara, Japan)S
ARg-SEo] A|ZFARe] Ao whe} =35k ATt oF& st
A, @7E AAT HYE A= 19 E 20ml tubeo]]
37 glass bead (pore size : 1mm, Germany)2} £ 515 5,
1.0ml RNAiso Plus A]2F-2- Y37 MagNa Lyser (Roche,
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isopropyl alcohol& @17 15%7} vortexingdlo] =3}
%o, 4°Cof| A 13000rpm, 10427+ Y14 22| skaL 4
Sohe 4 A3HSIL. RNA 2152 75% ethanol & A}
3}o] washing 714-2 21 93t 5, DEPC X2l 25
£ AR8-5}o] total RNAS] -G 0 & oL H 5} Gt} =
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Name of primers

Sequence (5" — 3’)

PCR amplicon size (bp) Reference

SBPV F
SBPV-C3G peptidase R

CGCAGGGTGATCATGCTAATG
ACAGCAAACACCCGGACTAA

224 W 55,2017




SBPV Z1&

RT-PCR 173

SBPV Eo| 9HMXIo| X X%t DNA H|=t 5! Primer
e

SBPV Eo0] 842} %3 DNA (pSBPV-329)= 7
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174 ixa] .

w|  10uM—s]l

8uM
D) 4uM
9 2uM
g
] 5. 1M
2 ™ 0.5uM
5 0.25uM
3
o

L

= 70 80 90
Melting temperature (Tm)

20
C; (Cycles)

Fig. 1. Optimization of primer concentration using SBPV-specific
Ultra-rapid PCR. Using various concentrations of primers,
optimal concentration of SBPV-specific primer were
selected for Ultra-rapid PCR. At the final concentrations of
10uM and 8uM of primer, Ultra-rapid PCR showed the
fastest Cr values of 7.96 and 8.39 cycles and the final
fluorescence values were also measured to be excellent.
However, when the concentration of the primer was set to
10uM and 8uM, the C; values were unstable and no exact
quantitative manner using higher numbers than 1.0 x 10
SBPV-specific molecules, as initial template. Based on these
reasons, optimal concentration of specific primer was
selected as 2uM each (C;=22.08, C; time=7min 59sec,
F=262).
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Fig. 2. Minimum time of annealing and/or polymerization in SBPV-specific Ultra-rapid PCR. The annealing time and polymerization time
were shortened to set the minimum detection time in SBPV-specific Ultra-rapid PCR. Denaturation step was fixed at 1 sec in each cycle
of PCR and the times of annealing step and/or polymerization step were shortened from 3 sec to 1 sec.
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w}e}A] SBPV £0] % 314 PCR-2 PCR A| 28] 9] ¢}
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Fig. 3. Detection limit of SBPV-specific Ultra-rapid real-time PCR
with 10-fold diluted specific DNAs. The detection limit of
SBPV gene was estimated using SBPV specific Ultra-rapid
PCR under the minimum times of thermocycling (1 sec of
denaturation, 2 sec of annealing, 1 sec of polymerization in
single cycles). Until 1.0 X 10" molecules of pSBPV-329,
specific products were amplified, respectively. Tms of all
PCR products were measured as 8045+ 1.15°C, except 1.0
% 10° molecule and PCR product using non template.
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Fig. 4. Regression equation based on SBPV molecules and Cr using
SBPV-specific Ultra-rapid PCR. dC; indicates difference
between each Cr values (cycles) of PCRs using 10-fold
diluted initial templates. Means of dCryq is 3.20 = 1.49
cycles. Quantitative measurement was possible from 1.0 X
10% molecules to 1.0 X 10> molecules. At the detection limit
in the presence of bumblebee gDNA, means of dCy, is 3.43
+0.55 cycles. Quantitative measurement was possible from
1.0 x 10® molecules to 1.0 X 10! molecules.
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Fig. 5. Detection limit of SBPV-specific Ultra-rapid real-time PCR
with 10-fold serial diluted specific DNAs with gDNA of
bumblebee. The detection limit of SBPV specific genes with
gDNA of bumblebee was estimated using SBPV specific
Ultra-rapid real-time PCR under the minimum times of
thermocycling (1 sec of denaturation, 2 sec of annealing, 1
sec of polymerization in each cycle). As initial template,
until 1.0 X 10" molecules of pSBPV-329 was also amplified.
Tms of all PCR products were measured as 8047+ 1.32°C,
except PCR products from 1.0 x 10° molecule and non
template.
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Fig. 6. SBPV specific UR-RT PCR with various bumblebee
samples. UR-PCR was performed with 100ng total RNA
from each sample as inital templates. The Reverse
transcription condition was 50°C, 1 min and the PCR
condtion was 95°C, 15 sec of pre-denaturation, 95°C, 1 sec
of denaturation, 59°C, 2 sec of annealing, 72°C, 1 sec of
polymerization in each cycle for 50 cycles. SBPV specific
gene was amplified from the samples of Belgium and
Suwon. Panel A is the fluorescent graph of amplification and
the peak graph of Tm of each amplicon. Panel B is amplified
DNAs on the agorose gel. Lane 1 is sample from Suwon.
Lane 2 is from Boseong. Lane 3 is Cheongsong. Lane 4 is
Belgium sample. Lane 5, 6 are 1.0 x 10° molecules and 1.0
X 10*> molecules of pSBPV-329, respectively. Lane 7 is non-
template.
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Table 2. C; and Tm value of SBPV-specific UR-PCR with bumblebee sample
Sample Negative Positive (10%/10%) Suwon Boseong Belgium Cheongsong
Cr 40.83 23.4/33.39 41.20 48.35 41.62 41.65
Tm 7552 79.15/79.15 79.48 0.00 79.15 0.00
Result - + + - + -
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Supplementary Data

Table S1 . Other SBPV primer information

Name of primers Sequence (5 — 3)
SBPV F CGCAGGGTGATCATGCTAATG
SBPV detection F GGGTGATCATGCTAATGTCG
SBPV-C3G peptidase F GAGCATCCAGTTGTTCGTTC
SBPV R ATAGGGCTGCATGTTGCTGGT
SBPV detection R ATAGGGCTGCATGTTGCTGG
SBPV-C3G peptidase R ACAGCAAACACCCGGACTAA

108,107

108,107

2

103 102
100

Fluorescence (F)

3
Fluorescence (F)

Fluorescence (F)

2 ) 2 “© 2 B
C; (Cycles) C; (Cycles) C; (Cycles)

Denaturation-Annealing-Polymerization

1sec-2sec-1sec 1sec-1sec-3sec Isec-1sec-1sec

Fig. S1. Comparison among fluorescence graphs according to time reduction.
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Table S$2. Comparison of Cy, dCyyo, and C; time of SBPV-specific gene according to time reduction

Denaturation-Annealing-Polymerization

pLE- 1159 II)NA 1sec-2sec-1sec Isec-1sec-3sec
molecules
Cr dCryg Cr time Cr dCqy C time
1.0x108 12.60 - 3min 35sec 5.96 - 1min 50sec
1.0 x 107 17.29 4.69 4min 55sec 6.31 0.35 1min 56sec
1.0x10° 1940 2.11 Smin 31sec 6.31 0.00 Imin 56sec
1.0x10° 22.30 29 6min 20sec 6.31 0.00 1min 56sec
1.0x10* 26.98 4.68 7min 40sec 6.31 0.00 1min 56sec
10x10° 30.02 304 8min 32sec 6.31 0.00 Imin 56sec
1.0x10% 32.00 1.98 9min 6sec 5.96 0.35 1min 50sec
1.0x 10" 40.74 8.74 11min 5sec 6.31 035 Imin 56sec
1.0x10° - - - 6.31 0.00 Imin 56sec
Mean of dCr, 599 226
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