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Abstract |

Acute bee paralysis virus (ABPV) is an infectious disease causing paralysis in healthy honeybee
colonies. Because ABPV is highly homologous with relative viruses, it is difficult to distinguish ABPV
from especially IAPV or KBV by molecular diagnosis. In this study, for accurate and specific
detection of ABPV, a secondary nested PCR detection method following the primary detection
PCR against ABPV was developed. It could be able to detect from less than 100 molecules of
ABPV. The detection time was also minimized from RNA extraction to PCR. Using ultra-rapid
ABPV-specific detection and nested PCR, the presence of ABPV was detected from infected bee
samples within 50 minutes. It might be expected that this kind of detection would be helpful for
accurate detection and monitoring of ABPV in environment.
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277} Hz2 2H9lE o] &, ABPV, BQCV, CBPV,
IAPV, Kakugo virus (KV), KBV, kSBYV, SBV 5 9% o]AF
o %4 wholei szl Aol B IEYTHH 5.
2007; & 5-,2007; 0] 5,2012; ¥l 5,2016; & 5-,2016).
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2} 5 DNA stage”} glal Hpol2] F5t
virales®]] 2:3}FcH(Chen and Siede, 2007; de Miranda et al.,
2010a; b).
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ol 4 A5 AR He) Qubal PN 15
%] ¢ thBakony er al., 2002). o] BFo] & A= EH Z-of
(Varroa destructon?) 2117 Bl 279] kel
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sho] G217 Q1 TEA S 50500, Genbanko]
X 315 ABPV 87 A}F(Accession No. AF150629)4
RNA dependent RNA polymerase (RdRp) A&} <=

AF vho] 229l KBV B IAPV ] RdRpflP 3| -TL
HE 4~ 9 HOlE gjafo 2 ol 3dhy S AAE A

=T X

Al3F I HFig. 1).
ABPV 2] RdRp 50| - A}=208 F7| o, 5

382 93t A|Sta A BamHIT}; Hindll12] ATz}

18 A7|& F7fsto] & 226 97] A7) 2 AA S

o]i= ABPV-2260| 2} g g 511 T ABPV-2262] A|2-S-

25to] 671 2] long-nucleotide S 4 A5} a1 =5 A2+

S} 3 (Bionics, Korea), ?1-5-8Hd 2 434 3191 th(Table 1).
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5270 6124

ABPV-RdRp, 855bp (AF150629) —*

L R ) | T AT TAATTCOACATITTTT
ABPVAF4BE0TIN TOCATTAATTCOGACATC
ABPVAFABGOTIN COCACTRATRACGM
ABPWMGTITHE) COCACTRATACON

ABPVINC_DO2548) COCACTARTACGER

KIVAVITSFION TOCTTTRATACT
EEVNC_OD4BOTY TOCTTTOAT M’.‘.-'L..n

ACTIT m..tm'l:-ﬂc\c.-t\c'!—mm.; AARATIRC

LAPWICCA 2L HEDN TRATCT GAT CREATA
IAPVIHOESSTISLN TARTCTOATCRIACA
IAPVIEFF 19380} TAATCTGATCAGACA
LAPVINC_DO90FSN TAARTCTEAT CRGALR
IAPVEIMBEASSN TARTCTOAT CRIA
IAPRKCEDODSEN TAATTTGATCAGH
IAPVKCER0IEAN TARTCTGAT CRGH i g T =
LAPVIKCHS0I 0N TAATCTOATCASACATIT T T AATITG a 3 = = TR AGCATAAAGATG =~ AlA-=

Fig. 1. Alignment among 17 sequences from RdRp in ABPV, KBV and IAPV. From full genome sequences of 4 ABPV, 3 KBV and 23 IAPV,
17 RdRp genes were selected and aligned. In the RdRp gene of ABPV, region that clearly differed from KBV and IAPV were selected
and artificially synthesized.

Table 1. Six long-nucleotides for ABPV-specific DNA (ABPV-226)

Name of long-nucleotide Sequence (5°— 3’)
ABPV-RdRp-F3
GCGGGATCCGCATTAATTCGACATGTTTT
(29 mer) E—
ABPV-RdRp-F2
(56 mer) GCATTAATTCGACATGTTTTGCTTATGGATGTATATAACTCAACACACATTTGTGG
ABPV-RdRp-F1 ACACACATTTGTGGTGATTCCGTATATATGATGACACACAGTCAACCCT
(62 mer) CTGGTAATCCGGC
ABPV-RdRp-R1 CGCAAGCCCATACTGTTTATGAAACAATTTAGAGGTGTTGTTGCCGGA
(59 mer) TTACCAGAGGG
ABI;Z(;RdR?_RZ CGGAATATTTCTTTGAACAAAGTTCAAAGACCATTCGCAAGCCCATACTG
mer
ABI::;Rde_RS' GCGAAGCTTTTACATAGCATTTTGTTCCGTTAAGGGCGGAATATTTC
mer

*underline indicated restriction enzyme site, BamHlor HindIll.

o135 o] WhH-S oF<&3)H, ABPV-RARpFIR1S  ABPV-RARp-F2/R2E A}-&-3F 23} 328 o] A 2hof| A&

AFE3Lo] 104 A7) A27]9] 12F FHE YA o1, 3} S 1, primerE A 2|5} PCRY] 24 2 2421

o] ABPV-RdRp-FI/R19] Z+ H £ 025uM, X} 23 o] A2t} £ A8 23},

TOPsimple™ DryMIX-HOT (Enzynomics, Korea)S g AYAFE 22} 23 (181 bp)2 1/1,0002 3] A 5}¢,

of Z} ¥h-3- & 20ul 2] PCR RE-g-oo] =& 2435131 ABPV-RARp-F3/R3E ARE-3E 2| 32} =3 o A 4to]|

a1, 12} 3 ABARS 9]31 template-less PCRE] A& AHE8F oW, primerE A ¢]8al PCRE] 24 4 =

Z7)HA 95°C 58 5, HA 95°C 30%, £4] 50°C 30 AL 1277 o] A&t} S shA a5kt

Z, AR T72°C 3025 13)3 0 2 & 3535412 Zl8)s} 7k o] AXEH RS o 15% agarose A7 F 5=

AP TRC SRS WA Srasiol Haet FAo RS Basidt 5 77
AL 1) 29104 bp)& V1000 31415ko], £ h4le %, 212 S ABPY So| S7URHABPV-



168 4E

5*_4
0
l]

ZIxo| . 2

|ol

281 - Truong ATai - @4

Table 2. Primer sequences of ABPV-specific detection or nested primer pairs

Name of long-nucleotide

Sequence (5’— 3’)

Amplicon size (bp)

Detection ABPV-RdRp-DF GCATTAATTCGACATGTTTT 208 bp
primer ABPV-RdRp-DR TTACATAGCATTTTGTTCCG
Nested ABPV-NT-F CTTATGGATGTATATAACTCAAC 166 bp
primer ABPV-NT-R TAAGGGCGGAATATTTCTTT

226)5 HAG A= DNAS A 2tst 3o, o
ABPV E0] 723} DNAX pABPV-RARp2262} 11
S1IF. S E @714 2] sequencing $A41S AL
Alo 2] 23141 © ™ (Bionics, Korea), 54 g ABPV-
22691 BHl sk

ABPV Eo| QXX HEZ ¢Jvt 0| primer ¥

ABPVO] So] 4718 A%5}7] 912k 5ol primer
WS AT ABPY AE 0% e Sol
primer 2] A1EF-S- 9]3} o], NCBI (National center for
biotechnology information)2] Primer-BLAST 3£ & 13
= AHE-5FS o, KBV IAPV Y] @ & glo] ABPV
The SolA o2 HES 4 U= detection primer %
(ABPV-RdRp-DF/DR) 2! nested primer 4 ABPV-NT-
FR)E AAT 4= 9L 3 th(Table 2).

ABPV EO| detection ¥ nested primer 4£9]
Y 5%

ABPV £-9] detection PCR % nested PCR 2] 4] of| A
detection primer®} nested primer®] %45 X= = -3}7]
S5tol, 2k ABPV So| primer 52| HF5ES
500nM (5pmole/ul), 1.0uM (10pmole/ul), 2.0uM
(20pmole/ul), 40uM (40pmole/ul) o2 ZAJ3}o] 211
% PCR2 =343} 3ltt.

7+ Wk-S- o 223 DNA pABPV-RARp226 10 % 10°
B2E F3 o072 AR8-5}9 11, 2 X Rapimix (Genes-
ystem Co., Korea)o]| Z} ‘5= 2] primer -2 € o] HH-&-
o oF 2 10ul7} B =8 2AJ5Fo] 2114 PCRE 43
3} T}, o] u] detection primerE /\}—9—5} %2114 PCR %
AL %x7]) HA 95°C 30% 3, HA] 95°C 2%, &4
55°C 2%, AAF72°C 225 13 A 0 & 3lo] £ 503] 4

0] %) ©. 1, nested primersS- A]—%—?} %1% PCR 248

|

718 A 95°C 30% &, tHA] 95°C 2%, B4 45°C 2%,
A T72°C22E 134 07 £ 503] Aot

RNl

ABPV EOo| detection & nested PCR9| %|X
THRE

= 915k 30§W—4 PCRE 122 o] W9 ‘3} A 0le
Genechecker™ (Genesystem Co., Korea)S A-8-51% 2
L, HA &8 PCR (Temperature-gradient PCR)©]
7153 PCR 7]7] 21 PTC-200 Peltier thermal cycler (MJ
Research, USA)Z A}-8-5}o] 50+10°Ce] &%= H Qo]
N ZFPCRE] E4715 L5 & 2Ea o,

7} vk o 2 =3 DNA pABPV-RdRp226 1.0 x 108
TAE TR o2 ARESHRLAL, 24248] Eo| primerid:
9] &% % 10uM, TOPsimple™ DryMIX-HOTE A}
£510] 2% 200l PCR ¥1-g-9lo] ¥ =5 2 45}5ict.

A= 1.5% agarose A7 9502 A5 o,
Z DNA S Z A5 9] densityE Image J 22 13
(https:/imagej.nih.gov/ij) 0.2 =7 3}6] Z} primer 2]
TR o2 225191, o] AT= 214 PCR
o Hg-5t0] AZHTh

Primer ABPV-RARp-DF/DR-S A28t 2314+ ABPV
E 0] detection PCRE ZA] 2= 50°C, 52°C, 54°C, 56°C
o) A 4=a5}g 00, 7t whg o A %3 DNA pABPV-
RdRp226 1.0 x 10° B2}EE] 10X 10° BRI 7HA &S =3
O 2 A5l AL, E0] primer?] FF-55= 10uM, 2
X RapiMixE AH8-3}0] 2|E 10ul PCR ¥H-g-fo] =
= 25U PCR 248 27| A 95°C 30% 0|5,
HA] 95°C 2%, &A] 7} 50°C, 52°C 54°C, 56°Cof| A 2%,
A T12°C 2% S i

= 1340 7 5o] 25034

ML



Acute Bee Paralysis Virus (ABPV)2| & &5t

£2 95t Nested =145 PCRY 7Hat 169

Primer ABPV-NT.FR-S AF4-3F % 314> ABPV E0]
nested PCR-& 46°C, 48°C, 50°C, 52°Coj| 4] 4=35} %5 S
1, PCRE] 24J-2 nested primerE AH8-3F A& A| 25}
H ABPV £9] detection PCRY} U 351A| ZAJ 514t
PCR Z A& 27]HA] 95°C 30% o] %, HA] 95°C 2%,
T4 7H46°C,48°C, 50°C, 52°CO|| A] 2%, A1 A} 72°C 2%

213102 ol F 503) 1 Skt

ABPV EO| detection &
AEANH R HE o 5%

nested PCR9| |t

ABPV E-0] detection PCR 2! nested PCRQ] 2| & %A
sholl A 31 F ZF A O] AlTHS A Al A F PCRA]
oSS Al =it

A M2 AL ek 222] ABPV o] primer= 7
%3} DNA pABPV-RARp2262 1.0 % 10° E- A5 E] 10
X100 BAL71A] A 3499k AL % 714 PCRS] 73]
© & AFg-3F9 0.1, 2 X RapiMix @} H £ = 40uM 2]
primerE AR8-510] & 10ul PCR FHg-4 0 2 2 AJ5}9]
T} 2314 PCR 2% Wh2-2 % 503 22 Y519 =
o] 3|4 9] 7} tHA o] A 7FS AR O 2 2% oA 12
2 7FAaA7IHA 2314 PCRo|| E Q5 2ok ZZ 4]
715} A 2eAE A0 2 st

HH2AS AHokekT Kok ABA0S
=), olo] wh& FaeAeh 4
Ct (Threshold Cycles)@} =& E 2719 3] 4]
(regression equation) X 3] A Ar4=(regression coefficient,
R)E elaoict.

=

TAAZZEE ABPV Eo| QWX AZ

EHA| RO A RNAS] &2, HA EHo|A 7
A AsE] 1.5ml Y4lEe]3e] Pl 100wl DW.E
7t &, AAE LNy A71A st 127 52
F2-of A 1027 A x| 8lo] =0]aL, 1.5ml
-8 homogenizerS AHg-51o] E45}SITH
o2 157F 13000rpmof| Al YAl Eefsted, 1 A4
10ul2 ABPV Eo| PCRO| 27]7|d & A8}

#
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32 ot Mz ox b o

LJ%%HE

ABPV £-9]| detection primerE A3t 12} PCR-&

x RT RapiMix (Genesystem Co., Korea), | F5 %=
40uM 9] primerE g o] WH-g- & 10ul7} & =5 A5}
At 2 AL AHALA 50°C 152 285, 27
HA] 95°C20% &, HA] 95°C 12, &4 52°C 2%, AR

72°C2%E 13- 0 & 3lo] & 503 A 2] 2114 PCR
< AseT.

_4

ol ZEo| BHelE|x] g2 wabsl 10x
10° BApe] ZEAFRS 212} 1/1 0002 84 5}o] Z31
2= nested PCRO] 528 © & A}-8-5}19 © 1,2 X RapiMix,
2 ZE% = 40uM2] primerE g o] §¥H-8- - 10ul PCR ¥
Sojo] Hlw 245t ofu), 27 27| WA
95°C20% &, WA 95°C 2%, &4 48°C 2%, A&} 72°C
E 13A 0 & o] F 503 [ O 2 nested 2114
PCRE =385}t
A= Ctgr Tm (mid-point of melting temperature)
2ol WL 9 $418 Eajo] o] 4:20] ABPV7} 7}
Qg on, uolei s 2] A% W AP HEES B

S oleAE 2, ANSh At

oFo 10x 10!
Z_'

st

My

It ¢ 0%
ABPV Eo| gHx}t 2g2d

ABPV E-9] long-nucleotide 52 =214 © 2 AE-5}
o] 222 02 226 bp2] ABPV RdRp G2 ZH 3+

= skl o], FIR1C| &J5h 5341
104 bp 27|15 7HA| 1L, 0] & 58 & & ARE-5Fof F2R2
of] 215l A=A A tq1L 181 bp, 224 © 2 F3/R30]
o] ARE =226 bp 7|5 7= A 24l
3F5HFig.2).

912349 ABPV RdRp 37 ZHABPV-226)= ¢17]
Aol BAL A3Ystgl o, Aglas olAH 9 18
o712 A 93 208 & 7] 4] D o] ABPV (Genbank
Accession No. AF150639)2] RdRp -4 A} 5912} 100%
o) 2] 5+-2 BHolalgitt. o] 208 7] A A A4ke] 4] ABPV
Eo| =8 primer 23} ABPV E-0] nested primer %3

o] 9122 A A5}l thFig. 3).
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Fig. 2. Artificially synthesized ABPV RdRp specific DNA. Using six ABPV-specific long-nucleotides sequentially, the artificial synthesis were
successfully performed. Panel A, 104 bp long DNA fragment with long-nucleotide F1/R1; Panel B, 181 bp DNA with F2/R2; Panel C,

226 bp DNA with long-nucleotide F3/R3.

ABPV-RdRp-DF ABPV-NT-F

GCATTAATTCGACATGT TTTGCT TATGGATGTATATAACT CAACACACATT TGTGGTGAT TCCETATATATGATGACACACAGTCAACCCTCTGGRTAATCCGRCA

ACAACACCTCTAMTTGTTTCATAMACAGTATGGGCT TGCGAATGGTCT TTGAACTTTGT TCAANGAMATAT TCCGCCCTTANCGGAACANMTGCTATGTAN

ABPV-NT-R ABPV-RdRp-DR

Fig. 3. Location of ABPV-specific primers.

ABPV Eo| detection ¥ nested primer 4£9]
Y 5%

Z11<; PCRYof| 2-8-A17]7] 913+ &= 42| ABPV
50| primer®| 2|4 F=E 2§sl7] £} 500nM,
10uM, 20uM, 4uM 9] HFEE &2 XA5le] 2i1s&
PCR-2- %135}l cH(Table 3).

2|4 o] primer 3= S H 7T = Gl %
T d1k 212132 melting graphof| A B]50]%] F-3
A& HolA| o= 2704 AA s

pABPV-RdRp226 10X 10 BA}2 F3 0 & AML-3)
= o], 28] ABPV 50| primeri= 2L+ 40uMoj| 4] 7}
& Hﬂ}— Ct”ﬂrlﬂo HAFFEUE 7= A= 2

2 = ABPV 0] primer 42] X427

Ni

[e]

NS

O

ABPV Eo| detection %! nested PCR9| %|H
THRE

ABPV 50| =& primerE AHE-3F ABPV 59|
detection PCR-2 40°CHLE]| 60°C7IR]| 9] EA =5 A}
88 =7 RS Safaloict. A, AgE 4
A BRI By 1 ZFEAFEO| WREY
o5, B3] 50-56°C2] HSAGA] TS PCRAFZ O] A3

APE QATHARR BIAAD.

o] 41}5 E|& 114 ABPV E£9] detection PCR
O BA LT 50°C, 52°C, 54°C, 56°CO A CtgF 2 H &
UL AFAL 71 F 02 HHe] EYLES 7ol

o}

ABPV E-9] detection PCR-E EA-2 =7} Z7}35Ho|
uhe} Gt S7Fohs A 3ke Halem, 50°Co 4] 7}
e Ciils 7= A& Eele o= Qi 17
U A& SHoA = 42 % 52°Col| A 7HE &
R0 LAV 32,2 219 T4
= Ha A W 74%??_ AE 7= A gl skt
TP HE e 2= A —iL 1}017} RNe=
ko135l gi Tt uel A 52°CE ABPV E-0] detection PCR
7% EHLER Aot ol ) SEE RE A
E9] TmZ}FE 78.89+0.24°CE =7 &) Q) th(Fig. 4,
Table S1).

ABPV E-9] nested primer& AF-8-3F ABPV E-9]
nested PCR 3} 40°CE-E] 60°C71R| 9] AL =& A}
B3 &1 PCRS =335} Q1 et o] 3 A4 &=
oA vlH g FEAEO| TaE 9oL}, B
4650°C2] £ HS]0A] HTh BE PR AHEo] )
APE| LT 2 B A,

o] 2i1}& E|& %114 ABPV £9] nested PCRO]|

2

1o
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Table 3. Ct, Tm and final fluorescence for each concentration of primer

Detection primer
Final concentration

Nested primer

Ct (Cycles) Final fluorescence Ct (Cycles) Final fluorescence
0.5uM 1746 £6.00 263.83+39.43 18.24 +£3.60 290.00+£12.12
1.0uM 13.50+3.21 273.17+24.29 14.17£3.12 272.83 +£12.67
2.0uM 13.66 £3.47 267.50 +£24.28 1431+£3.11 280.00 +£5.73
4. 0uM 11.88+331 244 .83 +£22.53 1224 +1.84 183.50 £10.67

Tm values (°C) 78.84+045 79.08+0.22

13.00 4.00 1500 (40
_ 14.00 | _
12.00 3.00 é 3.0 =9
= = — 13.00] -
g‘ 200§ ilZOO‘ 20 g
G100 0 g 0
S 3 S 1100 3
10.00 100 2 10 o
a 10.00 | e

—-©- Ct - Detection limit —©- Ct 8- Detection limit
9.00 0.00 9.00 0.0
50 52 54 56 46 48 50 52

Annealing temperature (°C)

Fig. 4. Optimization of annealing temperature in ABPV-specific
detection PCR. Ultra-rapid ABPV-specific detection PCR
was performed at each annealing temperature. The annealing
temperature range of detection primer was set at 50°C, 52°C,
54°C and 56°C 1.0 X 10® molecules of pABPV-RdRp226 was
used as template in ABPV-specific detection PCR. The
fastest Ct value was found on detection PCR at 50°C,
however, the detection limit of 52°C was more sensitive.
Therefore, 52°C was determined as the optimal annealing
temperature in ABPV-specific detection PCR.

A BAJLIE 46°C, 48°C, 50°C, 52°Col| A Ctgfr & X =
AL AR T E0R M Ao FHLES T3}
ot

ABPV E-0] nested PCR-E& SA] 2% 48°Col| A 713+
W2 Ctils 7HAIHA] S A ol 93k HETHAI(1.0 X
10° BA7H) 53)5 712 BRselon], 4 Cs
ABPV £:0] nested PCRO| 2|2 &2 =2 2743513
o} o|uf] ZZ % HEAE O Tm}S 7879 +0.22°C =
=4 =] 3 th(Fig. 5, Table S2).

ABPV E-9] detection PCR-2 primer | &%= Z}
QUM(Z]F-5 ), T2 = 52°Cof| 4], 12| 3L ABPV =
o] nested PCR-Z primer Z| 45 = 4uM(Z]F5 %), &
2T 48°Cof| A Wik Ctghi} =2 HETMAIE 7HA
= S I =M, 7} primer Agof 2]t 211

PCRo||A] 2|4 271 0 & ALg-3}9ict.

Annealing temperature (°C)

Fig. 5. Optimization of annealing temperature at ABPV-specific
nested PCR. Ultra-rapid ABPV-specific nested PCR using
nested primer was performed at each annealing temperature
(46°C, 48°C, 50°C and 52°C) with 1.0 X 10® molecules of
pABPV-RdRp226. PCR at 48°C show fastest Ct value and
more sensitive detection limit.
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Fig. 6. Detection limit in ABPV-specific detection PCR. Ultra-rapid
ABPV-specific detection PCR using detection primer was
performed at optimal condition. pABPV-RdRp226 was used
as template in PCR that were diluted from 1.0 < 10° to 1.0 X
10° molecules/PCR, respectively. It was calculated regression
equation (y=-0.3252x+11.761) and regression coefficient
(R?=0.9937).

ol w2 3] 7)== R=099372 VrebL} 322 A
AL BolFEith Tmk-2 7880+031°C= 4 =]
Cth(Table S3).

ABPV E0]| nested primerg& AF83F 2114 ATF
PCROA = 31719] 7} A1 22,22, 22.9] 2710)
A SRR ol A e Gl S NS
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o] YA o2 FEo| 5L

o] 24l 10X 10" 4} o]/
slolat Tt Ceglkat

4 B2} 5 AR 8948 y=-03069X+11.954
2 A= gl om, o]of whE 3] 7] 4= R'=09995=2

Ueht 2 B S HelF
021°CE =4 =] I tH(Table S3).
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Fig. 7. Detection limit at ABPV-specific nested PCR. Ultra-rapid
ABPV-specific nested PCR using nested primer was
performed at optimal condition. pABPV-RdRp226 was used
as template in PCR that were diluted from 1.0 X 10% to 1.0 X
10° molecules/PCR, respectively. It shows regression
equation (y=-0.3069x+11.954) and regression coefficient
(R?=0.9995).
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Fig. 8. Quantitative analysis using ABPV-specific detection UR-PCR. Ultra-rapid ABPV-specific detection PCR using detection primer was
performed at optimal condition. pABPV-RdRp226 was used as template in PCR that were diluted from 1.0 10% to 1.0 10°
molecules/PCR, respectively. Panel A, amplification curve that can be confirmed that 1.0 10% to 1.0 X 10> molecules are quantitatively
detected. Panel B, melting curve. Tm values of PCR products using 1.0 10® to 1.0 10> molecules were identical value, however, Tms
using 1.0 X 10" and 10° molecules were differently estimated. Panel C, 1.5% agarose gel. Lane 1 to 9 are PCR products using 1.0 10° to
1.0 % 10° molecules, respectively. 208 bp long PCR product was not seen on lane 8 (1.0 < 10") and 9 (1.0 < 10°) only.
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Fig. 9. ABPV-specific nested PCRs of diluted PCR products using ABPV-specific detection PCR with 10" molecules as a initial template. Ultra-
rapid ABPV-specific nested PCR was performed at optimal condition with diluted primary PCR products. Panel A, amplification curve
according each diluted rate. Panel B, Tm values were identical except negative control. Panel C, 1.5% agarose electrophoresis. Lane 1 to 8
are PCR products of 10" to 10 using ABPV-specific nested primer, respectively.
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Fig. 10. ABPV-specific nested PCRs of diluted PCR products using ABPV-specific detection PCR with 10° molecules as a initial template.
Ultra-rapid ABPV-specific nested PCR was performed at optimal condition with diluted primary PCR products. Panel A, amplification
curve according each diluted rate. Panel B, Tm values were identical except negative control. Panel C, 1.5% agarose electrophoresis.
Lane 1 to 8 are PCR products of 10" to 10® using ABPV-specific nested primer, respectively.
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Fig. 11. ABPV-detection using ABPV-specific detection PCR with 8 samples. RNA extracted from each honeybee sample was used as initial
template, and performed by ABPV-specific detection PCR. Samples were collected from S (Suwon), Y1 (Yonginl), Y2 (Yongin2), G
(Gangneung), UI (Uiseong), U (Ulsan) and J (Jeju). ABPV-specific gene was only detected from Y1. Panel A, amplification curves.
Panel B, Tm values of Y1 and G were similar to Positive (79.15°C). Panel C, Only Y1 amplified PCR products was identical size with
Positive (208 bp).

Table 4. Ct, Tm and quantities ABPV-specific gene using ABPV-specific detection PCR
ABPYV detection PCR

The name of samples

Ct (Cycles) Tm (°C) Quantities (Molecules)
Negative control 0.00 0.00 -
Positive control 1047 79.15 23x10%
Suwon, S 0.00 0.00 -
Yongin 1, Y1 27.28 78.49 7.8 x10?
Yonggin 2, Y2 30.27 71.89 -
Gangneung, G 31.20 78.16 4.1x10"
Uiseong, Ul 0.00 7420 -
Yeosu, YS 35.56 73.54 -
Ulsan, U 31.11 72.55 -
Jeju,J 0.00 75.85 -
Average Tm value (Positive) 78.60+0.50°C
Average Tm value (Negative) 73.61 £1.54°C
Total reaction time 20 min 35 sec / 50 cycles
ABPV o=, 750 7 gddem, ymA 6 PCRO 2 15]9] PCRYEC = HEJMA 7} F-237t
MAEe S = i 5h= 2]4]o] @13l o, o]0l ABPV E-©] detection PCR

ShH, 2 170 AHFig 9, 10 ZuHFOR E o g PCREZAZES, 217 100004 5145}
A &= ABPVol tfslo] 7+ ABPV £ 9] detection ABPV E0| nested PCRQ] 7] F£& 0 2 A}835}o] 2
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Fig. 12. Secondary ABPV-detection using ABPV-specific nested PCR with 8 samples. 1/1,000 diluted PCR products amplified by ABPV-
specific detection PCR was used as an initial template, respectively, for ABPV-specific nested PCR. Panel A, amplifications curves.
Panel B, all Tms except Y2 and YS are identical with positive one. Panel C, all amplified PCR products except Y2 and YS are identical
size with positive one. ABPV-specific gene was detected from lane S, Y1, G, Ul, U and J.
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SUPPLEMENTARY DATA

Table S1. Ct, Tm, final fluorescence and detection limit of ABPV-specific detection PCRs at each annealing temperature

Annealing temperature (°C) Ct (Cycles) Final fluorescence Detection limit (Molecules)
50 1063+0.23 265.1£351 1.0%10°
52 11.12+0.70 266311550 1.0%10?
54 11.18+0.77 266.7+£23.71 1.0%10°
56 1122%+0.76 264.0£7.00 1.0%10°
Tm values (°C) 78.891+0.24

Table $2. Ct, Tm, final fluorescence and detection limit of ABPV-specific nested PCRs at each temperature

Annealing temperature (°C) Ct (Cycles) Final fluorescence Detection limit (Molecules)
46 12.97+0.87 17994193 10x10°
48 12.69£1.09 181.0£46.36 10X 10%
50 1298097 178.0£44.19 10X 10
52 12.89+1.24 173.0%27.50 1.0%10°
Tm values (°C) 78.791+0.22

Table S3. The Ct and Tm at ABPV-specific detection and nested PCR

Molecules of recombinant ABPYV detection PCR ABPV nested PCR
DNA* Ct (Cycles) Tm (°C) Ct (Cycles) Tm (°C)
1.0x108 11.75+0.53 79.19 12.98+0.84 79.20
1.0x107 1478045 78.86 1628 0.07 78.98
1.0x10° 17.02+0.33 78.86 19.20+0.02 79.09
10x10° 20.61+0.26 7897 22571047 79.20
1.0x10* 24.74%0.78 78.86 25.84%0.53 78.98
10x10° 27.12+1.37 78.64 29.04%+0.75 78.65
1.0%10? 2947%0.81 78.21 32.64+0.53 78.76
1.0x 10! 29.15+6.78%* 73.23 34.68 £ 1.66%* 7235
1.0x10° 32.08+2.11%* 75.05 3526E2.77%* 72.36
Negative 30.39£0.00 0.00 35.99+3.08 0.00

Average Tm value (Positive) 78.80E0.31°C 78.98+0.21°C

Average Tm value (Negative) 74.14%+1.29°C 72.36+0.01°C

Total reaction time 19 min 32 sec / 50 cycles 21 min 21 sec / 50 cycles

*quantities of initial template for both ABPV PCRs.
**Cts of non-specific amplification.
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Table S$4. Ct, Tm and quantitative analysis of ABPV-specific nested PCR with diluted PCR products of ABPV-specific detection PCR
with 10! or 10° molecules as initial template

Dilution Ratio of Primary Diluted 10" molecules Diluted 10° molecules
PCR products Ct (Cycles) dCt,, Ct (Cycles) dCt,,
10" 6.45 - 8.28 -
10? 732 0.87 9.38 1.11
107 10.30 298 13.29 391
104 15.11 481 16.34 3.05
107 17.98 2.87 20.24 39
10 2093 295 25.19 495
107 23.94 3.01 28.18 299
10 26.81 2.86 3221 4.03
Average dCt;, 291 342
Average Tm value 79.17+0.18°C 79.09+0.25°C
(Positive)
Average Tm value 00%0.0°C 00%0.0°C
(Negative)
Total reaction time 21 min 21 sec / 50 cycles 21 min 21 sec / 50 cycles

Table S5. Ct,and Tm using ABPV-specific nested PCR with 8 samples

ABPV nested PCR
The name of samples
Ct Tm
Negative control 0.00 0.00
Positive control 11.15 79.15
Suwon, S 1432 79.15
Yongin 1, Y1 1032 78.82
Yonggin 2, Y2 40.87 7387
Gangneung, G 13.30 78.82
Uiseong, UI 19.02 79.15
Yeosu, YS 0.00 0.00
Ulsan, U 36.86 78.82
Jeju,J 21.03 78.49
Average Tm value (Positive) 78.91+0.25°C
Average Tm value (Negative) 73.8710.0°C

Total reaction time 21 min 9 sec / 50 cycles
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