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< SUMMARY >

| A=WE \ D-02

Purpose&

Contents

The aim of this research is development of rapid and accurate detection
and quantification system against infectious pathogens which cause the
major diseases in bumble bee. It would be also able to present a control
method of disease-transmission in the process of production of bumble
bee. And it would be helpful to establish a useful quarantine-test for

export and import of bumble bee.

Results

In this research, we developed new detection methods using Ultra-Rapid
(UR) PCRs against SBPV, ABPV, K.oxytoca, L.fiusiformis in bumble bee.
UR PCRs against oher pathogens including BQCV, CBPV, DWYV, IAPV,
KBV, SBV, kSBV, P.larvae, M.plutonius, that were already known from
honeybee, also tested using sample of bumble bee.

Firstly, based on these UR-PCRs, we were able to complete a detection
system against total 13 pathogens of bumble bee were in once..

Secondly, we developed oligonucleotide based DNA-chip for the detection
of bumble bee-pathogens. Totally, 13 different pathogens of bumble bee
could be differently detected with quantitative manner. In addition,
standard genes of 13 pathogens were also prepared. With these specific
DNA, the standard experimental tests against each pathogen in bumble
bee-diseases were also proposed.

Bumble bee-pathogen specific UR-PCRs and DNA-chip, that we
proposed, could be applied directly to quarantine-test for export and

import of bumble bee.

Expected

Contribution

O Application to experimental quarantine-test for export and import of
bumble bee.

O Application to tools of disease-control in the process of production of
bumble bee with quantitative manner.

O Establishment of process for mass-production of pathogen-free bumble

bee for export of clean bumble bee.

Keywords

pathogens of | Ultra-Rapid export and quarantine

PCR

DNA-chip

bumble bee import test
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2719 HEH HAEE TE8Y, A9, EEF 7YY dLEHLE o8 doA= A

2 A9EF TEUS AT A929 A, 39A R A AP 3% I 2 284

4,
o
e

fll
oy
N
)
o
()
e
s
™
>,
oS
4
of
i

(Bombus terrestris)® S ¥MH(B. ignitus)o] ™3k H
YA L A s giste] dA e vle Bol gloew, BHE F /M Bel AFE MY
T wH(Apis mellifera)ol X H4E AHE 4 HIAE dH7F AGHFAANE dF &

Aol 2ls ol 9l

HA 3] 5(2003) EuFH(B. ignitus)ol A AWl Aspergillus flavus®] =AZE 3Helsl S
o, ALY 5(2008) M Ud¥ AH(Bombus terrestris)? 8 (B. ignitus)ol A B4 Al
o #ElE AlEs, NYHFIE FH: AT SR Bacillus fusitormis (A&, 35740%) <k
Klebsiella oxytocas AAstRow, SHbH {8 MT OS2 Pantoea dispersa (A M,

35740%) 9} K. oxytoca (A&, 35740%) A A $F v} Sl T},

A

r
:
il

ok

A, #FEoA daE HAdA vlolel A& VFo R sto], H F(2009a)> A FHFEAA =
Y #x=Z Deformed Wing Virus (DWV)e] &A1& 215t o HlZ o]o] THMH| AR
DWV7F EA4gHs BAFAT(H 5, 2009b). olo] H 5(2010)2, A EFFHAA 75(DWV,
IAPV, BQCV, CWV, CBPV, SBV, KBV)¢] &dulolf A7t EAES gl o, suhd
A &= KBVE AL vyrA 659 A5 &lg v 9t

ag]ar, oY 5(2013) MU A ofe] Aol A Nosema ceranae? 0] Q714 d&

F71e] AT ARES, NG F9dy subdoe] EoA ozl WA M, B X
Wi 7188 Xt (Nosema ceranae)s el 333k k4ol Aog BT, oA 24
H HAA T o4 FRIHA e A5 A dig Ao FFol o dAAA
A% Blo] ofdrt FEHT

_19_




D-03

ol
w
1]
H

i

—_
o
e
O

o

o)

e

q
it
¢

p—

0
I

rJ

X/

X

Fol % oluleh, o e

)

3l

el

ofp
il

7

o
ofy

bol, Fujel ¢

1)

H

AT ¥

A 3 4.

K
!
T

3
ol
mo

, A9 &

99

o
=

W AA

K

Els

719 A

@

L5} A 7

I, A

]

i

, o2 H e At A Ao,

ol
il

™

—_
fite)

)

o

A A skaLa & 3l

ofy

!

)

(1) 249 Z2yAgd AHEHL e 74 AAES A998 2Ad] 48

TR

Z::L

A A Dol 7B B A7 ol Rl MYFT = (Apis mellitera)®l 7,
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ol 15&2 Paenibacillus larvae (AFB; W =5AW) Melissococcus plutonius (EFB;
HAFAY), Ascosphaera apis (CB; W5¥), Aspergillus filavus (SB; A131W), Nosema
apis (=A798), Nosema cerana ((=A7"}H) Acute Bee paralysis virus (ABPV; &4 w7}
H| ¥ ), Black Queen Cell Virus (BQCV; S o€}, Chronic bee paralysis virus (CBPV;
WA ukH| ) Deformed Wing virus (DWV; W&8Y703), Israel acute paralysis Virus
(IAPV; o]2&tdl wln]®) Kashmir Bee Paralysis Virus (KBV; 7RA"] o] &%) Kakugo
Virus (KV; #Zx®H3), Sacbrood virus (SBV; Yd%%°}H) korean Sac Brood Virus
(kSBV 3= wFEotd) Tolw, o7jde oF wHe RIIAF(d;  Vorroa

destructor)s°] A< H Aol

ol W3t FHAAHAIHS PCRW, AAZF PCRY(Real-Time PCR), %314 PCRH
(Ultra-Rapid PCR), 52PCR%Y (Isothermal PCR; LAMP) Solw, A7 = WA #HY

Al dHol dishe], Hi= Aol skl Aol sojgrar, HEF AR HAA ] wistel=, 1
e "oxd,  d@FgAdex 2 FRE AN e "IggE (el

Immunochromatography) & %= 7%= 3 9l t},
A, AASE Al FgEFe Auxd
A1t PCR¥ (Real-Time PCR)2] & ole} ] XMUdF EH(Apis mellifera)el 8 <A A
ke Al 7Hd g5 BolFE Primer 52 obdiel 2ol A= JHGE 1.

WA 7 primerd¥ ¥ A (Standard DNA sequences)E ©| @9 PCR system

5L AFUF AAN 2FNA FolFAA Aol FIUAAE F§

op
o
=

A 10097, larvae 100917 #3%), ol & &% AFES 9ot dAHo=z gnsg & syid

PCR system® #3lel, AR fal ¥ WaAs] =492 47 Fstux o9

o] Ase whgoz sguel AAE F88 72 WAA AAEE Sol primerdE 7]
woz 49 oz Jvs, grle AAATelA Py FEA FS, WAA] WY

< algste], FgE Fd BAAY Sol dAVIMde HEE S8t vh2] Molecular

N
o
B.
=
OQ
FU
_‘
o2
ol
o
11]
_|_,
off
o
38
)
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¥ 1. PCR detection® primer®E (€4 PCRE, 3% 2 %1% PCRE)
ESRE R PCR 4HE
primer™ primerA & (5'—3") 59 /PCREH/£3
(FrAAY) (bp)
U= RAY | AFBI6SNF - GTGTTTCCTTCGGGAGACG - Paenibacillus
(16S) AFB16sNR | CTCTAGGTCGGCTACGCATC Jarvae/PCR
Paenibacillus
SRRt AFB MtpF3 | ACTCACGGAGCTACAGAACA
( : 229 larvae/PCR/Phu et al.,
Mtpr AFBIMtpB3 | CCGAAGGTCCTTTGTAACGA
P 2011. JA26(3)
Paenibacillus
mz2 Ay | AFB 16SNF  GTGTTTCCTTCGGGAGACG
168) 233 larvae/UR-PCR/Han
16S
AFB 16SNR | CTCTAGGTCGGCTACGCATC et al, 2008, JIP
Melissococcus
aem gy | EFB-NSF  AAGAGTAACTGTTTTCCTCG
564 plutonius/(RT-)PCR/H
(165) EFB-NSR  ACGCCTTAGAGATAAGGTTT
a et al., 2006.
Melissococcus
awm gy | EFB-gyrF3  CGCCCAATTGTTGAAGCT
229 plutonius/ PCR/ Phu
(gyrase) | EFB-gyrB3 CGTCTCCCACAATTGATGA ol 2012
5w Ascol8S-F  GGCTGTAGGGGGGAACCAGGA )
994 Ascosphaera apis/PCR
(18S) Ascol8S-R1 | CGGGTGGTCGTTTCCAGCCTC
) 52 Ascol8S-F | GGCTGTAGGGGGGAACCAGGA
b | [e}
CCTCAAACTTCCATCGGCTT 701 Ascosphaera apis/PCR
(185) Ascol8S-R2
AAGAA
LURES QP-Asco F TTAGAGGGACTATCGGTTCT )
148 Ascosphaera apis’/RT-PCR
(18S) QP-Asco R | TAACAAGATTACCCAGACCT
RS A.apis-F3 = GCCGATGGAAGTTTGAGGC _— Ascosphaera apis/UR-
(18S) A.apris-B3 ACAAGCTGATGACTTGCGC PCR/Lee at al, 2011
Ao Asp 185-F  ATCGGGCGGTGTTTCTATG _
312 Aspergillus filavus/PCR
(18S) Asp 185-R | ACCGGGCTATTTAAGGGCCG
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Fungi 18S
CGCGCAAATTACCCAAT
i UF
- 1210 Aspergillus filavus/PCR
(18S) Fungi 18S
UR GGCGGTGTGTACAAAGG
Nosema-F | CTGCCTGACGTAGACGCTAT
= A} '
AP N osema-R | CTTCGATCCTCTAGCTTACG 592 | Nosema apis/PCR
- CTACGTTAAAGTGTAGATA Nosema cerana/PCR/Lee
waepy | NosemaE3 ey 012
Nosema-B3 | TCCCATAACTGCCTCAGAT et al, 2010
Nosemal80-F | ATTGGAGGGCAAATCAAGTG Nosema
A v 180 cerana/UR-PCR/Y 00
Nosemal80-R  AGCTTTCGCTTCTGTTCGTC
et al, 2008
Nosema | Nosema230-F = ATTGGAGGGCAAATCAAGTG Nosema
212 cerana/UR-PCR/Y oo
cerana | Nosema230-R - CTTCGATCCTCCAGCTTACG
et al, 2011.
TTATGTGTCCAGAGACTGTA
ABPV-PF .
TCCA %01 Acute Bee paralysis
ABPY GCTCCTATTGCTCGGTTTTT virus/ PCR
ABPV-PR
CGGT
TGGTCAGCTCCCACTACCTT
BQCVE | aAC Black Queen  Cell
BQCV GCAACAAGAAGAAACGTAAA 700 Virus
BQCV-R
CCAC
BQCV-RTF TCGCAGAGTTCCAAATACCG Black — Queen  Cell
BQCV 159 Virus/UR-PCR/Y oo
BQCV-RTR TATCATCTCCCGCACCTACC
et al, 2011
BQCV-Q-F | ATAGCCACTTCACCTCCTTCC Black — Queen  Cell
BQCV 59 Virus/UR-PCR/Y oo
BQCV-Q-R ATATCATCTCCCGCACCTACC
et al., 2011
AGTTGTCATGGTTAACAGGAT
CBPV-F .
CBDY ACGAG 155 Chronic bee
cgpy-r | TCTAATCTTAGCACGAAAGCC paralysis virus

GAG
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CBPV-F3  CATCAAACGGGAGTCCGG Chronic bee paralysis
CBPV 298 _
CBPV-B3  ATCAAGGCGTACTTGCGG virus/No et. al, 2010
TCATCTTCAACTCGGCTTTC
DWV-F o
DWV TACG 479 Deformed Wing virus
DWV-R  CGAATCATTTTCACGGGACG
Q-DWV-F | TCATCTTCAAACTCGGCTTTC Deformed Wing virus/
DWV 121 UR-PCR/Lim et al,
Q-DWV-RI  CAGTCAACGGAGCATACCAA 2013
Q-DWV-F  TCATCTTCAAACTCGGCTTTC Deformed Wing virus/
DWV 262 UR-PCR/Lim et al,
DWV-Q-R2  CACACACTTCACCACAAGGA 2013
Q-DWV-F2 TTCAACTCGGCTTTCTACGG Deformed Wing virus/
DWV 194 UR-PCR/Lim et al,
Q-DWV-R3 TCGACAACTTTCGGACATCA 2013
TGTCCGAAAGTTGTCGAAAG -
Q-DWV-SF Deformed Wing virus/
AA .
bwv CACCACAAGGAACAGATAAA & UR-PCR/ Lim et al,
Q-DWV-SR 9013
TTAATCAA
TGTCCGAAAGTTGTCGAAAG o
DWV-UR-F Deformed Wing virus/
AA .
bWV CACCACAAGGAACAGATAAA n UR-PCR/ Lim et al,
DWV-UR-R 2013
TTAATCAA
DWV-UR-F3 GTTGTTTGAGAACCCAACTTG Deformed Wing virus/
DWV 133 UR-PCR/ Lim et al,
DWV-UR-R3 CGCTTGCAACCACACTTTCA 2013
IAPV-VP2-F3 GTTATAGGATTACCGTGGTGA Israel acute paralysis
IAPV 237 Virus/PCR/No et al.,
IAPV-VP2-B3  GAACACGTATTGTAACTTCTGT 2011
IAPV-162PF AACGACCCGAACAAAAACAC Israel acute paralysis
IAPV 162 Virus/UR-PCR/Kim
IAPV-162PR | CGCAGGCATCATACACAACT

et al., 2008
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IAPV-URR .
ACAATATGCAAAGGATCACC Israel acute paralysis
T203F .
IAPV [APV-URR 203 Virus/UR-PCR/Unpub
CATCCAACTCCCAGAATTTA lished
T203R
KBV-F | GATGAACGTCGACCTATTGA . .
KBV KBV-R ___ TGTGGGTGGCTATGAGTCA 415 | Kashmir Bee Virus
KBV-F  GATGAACGTCGACCTATTGA . .
KBV KBV-R”  CAGTTAAGGGGTGTTGTTGC 4l Kashmir Bee Virus
Kakugo
KV-F3(2)  TTAACGCTGAGCATGGTA
KV 270 Virus/PCR/Lee et al.,
KV-B3(2)  ACTCGCTTCATTTCGTCTT 2012
SBV-F | ACCAACCGATTCCTCAGTAG .
SBV SBV-R2 _ TCTTCGTCCACTCTCATCAC 258 | Sacbrood virus
SBV/KSB | SBV-FV  GGTGTATATGCGAGGAGG 318bp SBV
267bp kSBV
V/cSBV SBV-RV  GCAGTTTCATCTTCATCTTC 279bp cSBV
Sacbrood
SBV-F3  CGCGAATGATGTCATCTGT
SBV 225 vitus/PCR/Lee et al.,
SBV-B3  ATCTTCCAACTGCACCAC o011
SBV3-824-F
3 ATCCAGCGCGTCTTGAGT Sacbrood vitus/ PCR/
SBV SBV-Semi- 136
GAATCAAGGGGTGGGTGTTC Yoo et al,, 2012.
136R
(2) A9 Eo] ¥y HAA g A

$Ho= BYHE

| 71 del 2

i

AA ) thalo], Nested PCRS 7]Hbo & 3l
, AAtEl PCRAME O] t3te] direct sequencings =3t
2N W/ /af gAY EAE

FAA A2

f
A

]

LIS

Nag iy

do

i)

o #nahe
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(3) A9 5o Al g PCR &4 A 2de &

of g Tl AN BAL 155 FAA B4 R, DEANE FAA] FHA (3
AAG/A G 15, B B0A5/mg AGD), 3) EAGE WA f94 g Fol @
Aoltt,

(4) Fl9E So] BLAES T2 2 oo g Fo] AAZIR S AT

FgEe F9 Solo HdAEe] AT & 5ol Badnk v (HAH 5,2008). ©] B

(Bombus terrestris)o| Xl Bacillus fiisiformis®t Klebsiella oxytocas Y89t

K
ol
R
o
4,

o2
k3

o
4
o

SHM (B, ignitus)N A= Pantoea dispersa®t K. oxytocaZE W3+ H

2 AAIS vl k. o] 47 MTe EHolA WYUAR BHaw v glow, B HAA A= o
)

I=]

o AnE HGRelA Hletn Ed WAFORA Y5 RE 4% PCRY)

mlo
rE
o
u

AR D A A AR A AR HA Ads Al o Al B2 H Al
At FEF FEFU|TANA Hgs A= A (Veterinary /Phytosanitary
Certificate) H+= 2 &3l 3 (Certificate of purity/ identity)(782 A% F&79 Akt

els = Y AFoE AFFAY ASSATS T8 F s IF

JTHE AlFstolof . "ehal sklen, ol sk Wets A
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=

714, AA = AFem F9 &

=i}
=

ol 74} A

, SHE 5

2] 7Rt (seed disinfection)

% 50ml/min/20°C; Ak 2ul

4 AR A

%

(gPCR, Immunochromatography#)

- 7ol

[ A&

o mAasy el 2 Aol
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A1d Y SEOA 2F o] 8d3
<E A Y& AY BEL Journal of Apiculture 32(3): 223-2359 4 Yoon et al.

(2017)l] 938 Survey of insect pollinators use for horticultural crops in Korea,

20169 AE =Fo= 2w H AS AAEI AA>

LSy SEus) 239 A Mg 2 AR

Ul 2670 Aol dheto] 201610 =AbE A=, & " §7F T 25.8% (55,2085 7H7F

SR mES FREo ALddon, ALE SR w3 F BESrE 479777%
@3]

AbgE RN EF(E 479,777 BaH)S Zsd R Auww EWH(Apis mellifera) )
344,690 B, M IFHAHE(Bombus terrestris)©l 119,104 B, 2719)¥ F(masen bee)”}
12,051 %+, & F{ly)7F 1,3175 722 A A Yoon et al., 2017).

Sl A szl 5ol F2 AMEEHE T2 AL Aed 11FeR detEon, i
=27], o], BEvtE, 15, WAE AQFE Fu, s, Q0] ofF Folddu o5 F AuiH A
< 45194 ha® JAEHALH, olF sHEu/l2FS AHEste AMHA S 26896 haz F A

HiH A F 59.4%0°] o] 2 th(2016). o]+ 2011del] FaqE 22 Ao vl &
o] &5 Aufw A o] 48.4%0°]AH Flo] HEte] 10%°]% SHEMMLET S AHEshe Al A o

53, 20119 RAA Fub R ErbEe] i B Y 4o AMWA F 458% 2
40.4%"ro] s EEHs AFES Ao®m FYAEI oY, 20161 2] ZAel| A, ZH7] 64.8%
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9 63.6%E AATt= Aoz vEeERY, ZH7] oF 20% point”Z} SdARole] FUFES H AT
(Yoon et al., 2017).

71 1170 A& 2= Aol AMgE shRuls)] e F FE 4492870190, L=
H2 = o] 723%9] BogE AAshH, Fddo] 251%, wH I FHgH &3 A&,
HE 2 24%, Faajuyel] stete] AFE= 3 = 328 7F 02% = YEFSETH(Yoon et al., 2017).

2. U SEui/] ZFY ALE v & 2 R W3 (2011-2016)

1170 AA 2= gk skt 259 A8 FE2E 2011 ZAHYoon et al., 2013)<}
201614 Z=AFH(Yoon et al, 2017)9A fFYwv|st S7FAE Holal Qom, F sHivjs] 359
B AA7E 3068565 ol Ao, A= 449287802 A E o] oF 15u9e F7HA

53], F9e] A5 AA7E 526848 ol AW Ao wEte], A 1129748 o2
of, A7 AgE el gl 2n o) FrtEo, shEwil 2% F 7HE 3

2wt =% 5% 4 BIANAA HBe] AHgFo] 1080 FH

)
i

Hi
flo
o|\
L
o

o

39
o

1
T

P

_

ok
)
&

g An T ATE FoolAMRt, 2ga g T Ao ARl ols s sl

o] Aj=2o] A A HYoon et al., 2017).

>
oo
)
kl
%0,
dlo

3. 32w/l 2359 714 R 7 7

st 25 T EHY 7Y7hAE W RB0009 02 HA Ao, 9-157H It 7F 54.9%

2, 3697 226% 2 SHEE,  HAS HAFIY FAGH] Hit TY7EE S 61,000
Aoz AALYoH, 6-99At7F 85.3%, 3-6WA U7} 138% = L@ Al Az g
H2E Ho] FAuh 3, B EFo Hir +Y7FES 59,0009 02 FAEA e, 6-99t

AH7F 77.8%, 3-6RFAth7F 222% =2 SHH ol JA AA &L AAE Bl FAH(Yoon et

At
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gl b7 o] AmFEAel fguel o Hste] g A g Aol opu ARt

4. v BA 7z} EAI) 259 &8 FF

1170 A4 Aol A, w2 3000m*(1,0008) & 2+ sHEwj7) 2% 3
ol 142 B7o 2 FHAgHL 154 HFo 2 ZAEATHYoon et al, 2017).

EY

A B

’

A 1578 Ak, 73, W), W, Aber] B2ue)) Bsol Joy, fAZRE ofF o)
ZF )9 AuiWA 3000m*(1,0008) B z+ st 2o HiFr AFREaE, BEol 142
L t}

2 HAgHe 154 B o g2 FAE AT Yoon et al, 2017).

’

M
o

4. B2 25 i AEA(FR)S B}

SR 2FE AHEE L1207 o R, gl 2359 AN SRS A Z
o, FF AbEEel oj7de] 39.4%, A A 97e] 57.6%cIoH, Stk o
t 3.0%= YETh ol aielA SRzl e Aol HE Sdd Ao

Aol (Yoon et al, 2017).
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(Lot No.: T20170616)°1™, ©] Kit= =82 5 AANA FFEobi-ay nlolzfx =

|E+= Hlo] 2 :=EA}LS] Antigen Rapid SBV Ag test Kit
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ONE STEP S&2015 0l sty Fict
554 2wl (A7)

HIOIR - E LS PFEFOIEUT T e

= BY
Anigen Rapid SBV Ag Test ¥it

2

£ AEE FHo K3 ANIML] G popuniy vlolEs SRlg YAt AR
g FEQ]Uic, elERME e YHNOE solid phaseR 31 AP $12o] of
£ GER Yol wiolA YAE B F, HARBME FM HYde
£onMg SHE At FA Fof Easts JPagokaly sfolsa gigic] iAlMe
2 ac mjse] Aigeie] gk 0js CHEE A Uoiyoin sla3A B3 whgktel
immurochromatogrophy Y2jof 2l8) Wuegoll wiah ofZ5lHA o|o] JAbd fiajal
-EAEel Sl bt ShEE GpRebule wiojsn "’J’iﬂ 22802 igetHA o
= rgng-n;: E4hps YA direct-sandwich F2lo] 26 o3l Ay MapEo
A gelch

= HE FY8
9 z 24 A4 53y
- A, diadol 28 | ferad SIS 21Re) 5BV AgR BA7}
¥ volmy MERa | sio] oln, eiine) 2og A F(S)I7 G
R 2, AAzrEe] BAMelE WAMC)IH 4
AAb |- 8 AT FE E20| *r-ﬁm SAlzt Bals|of glon], uie|
EELES Edfo] gaso] U | AL 2EMo= Ziziol A HE, Bepy

g EadelE = |8 E3A0IE sis, @4 ojme 2Re

- A E £ el Bages) A FAse
- Hams HuEe] glatch

2N 349 B A370 pual gl 24 49

£ Aaiv] < SId A S Al

i T AolS gyo) Y9t BALY A4

= HTE == N Y B2
g ¥ [ gsa | YAR Ex R | &%
HAG clutols

u [BA 0.6+
CUelER HREs FE |ags wagonvny vz g | 0.5
AR K] P CEXE 0.5%
‘*%i;'- o YN 0.15:
reE Utasopsoful viold A &) | 0.058 T
AOIFE FROE - (0D 10:540nm), [0.0145u

¢ Rl e 2am

§ €4 (chicken IgY) 0.083%
BHTE FFOE - (0D 10:540nm) | 0,008
HARE CEY N FIET
2T =4 |30 We
EaiAg FIAL A
o Al M 053
5139 |50mM E8 A-2118r2(pHB.0) Tml
EEE L HEHY [Triton X-100 0.1%
EEA |oPAEa UEg 0.02%
EEEe CEZIED

A TAE g B maoly

u M2 EY

HY=dopErzin] HelE °l§a}d -g‘;Bi 3 HACIMY FEEorTay veiEs
UG PN o= Pashy uag)

= AE Y

I Azl g My
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2. A9 BLA volY s Idd "2 2vtEaRy AF AL
Gsgottalyg nlo]g 2(SBV)$E o], Hgel dg HAdAES B2 AF, 9 B

Aot Aol om, AR EEHo A W E B WA sl HgdolAE WA gl
webA, g agntE 2 (IC)He) o3 wHHEAA Y] JAHIESLS it FHdE HAA
of HAtel AkE&E & Sl Ao®m A (F)He] L=EAL (F)HIYet So] MEEal =
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A3AE T A=2w AR G He=Z RPAS o+

1. TwistAl RPA7IdF AgA|e] I o3&y

TwistAb= G=rol 2A7F e, 8 RPA(Recombinase-polymerase Amplification)™ <
7IWro g2 gk So] §AA SEWN vgdt V| ESS EA8AL UTh

o] 3|ALY] AFS Al RPAE 7RO ® 5o FHAE SEsta, ol& PFForE A4 sH
st WHES T2 HoFgoy, Ul RPAC lateral flow detections AFAIA, PO =

A A AR specificity’ s Bt =ol= WHES 418k ok

RPAS] o W3dte] TwistAt+= “How does RPA work? The RPA reaction exploits
enzymes known as recombinases, which form complexes with oligonucleotide primers and
pair the primers with their homologous sequences in duplex DNA. A single-stranded
DNA binding (SSB) protein binds to the displaced DNA strand and stabilizes the
resulting D loop. DNA amplification by polymerase is then initiated from the primer, but
only if the target sequence 1is present. Once initiated, the amplification reaction
progresses rapidly, so that starting with just a few target copies of DNA, the highly

specific DNA amplification reaches detectable levels within minutes.”2 2% 3} gt}

RPA2] Ado] t3ste], “Why recombinase polymerase amplification?2] #| &0 2 o}z

o} o] ttER o] #asta gtk oo AF-E xsletd ofdle} 2k

7}. Speed. RPA is fast, and at typical optimum reaction temperatures of 37-42°C just a
few nucleic acid molecules can be amplified to detectable levels (typically) in 3-10
minutes, although this will depend on target size. In many cases, one person, with no
specialist training, would be able to take a sample, prepare it, run the assay and get
results within half an hour. Compare this with the 24-hour turnaround times that are
currently typical for clinical samples that must be sent off for processing at central

laboratories.
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L}, Sensitivity. RPA can detect single copies of DNA and tens of copies or fewer of

RNA in complex samples, without the need for prior nucleic acid purification.

t}. Specificity. RPA is so specific that the technology can detect and amplify a single
molecule of DNA that is present in a sample containing potentially hundreds of
nanograms of unrelated, complex genomic DNA from multiple, diverse species, including

human DNA.

Z}. Low temperature operation.

RPA operates at a constant, low temperature (optimally 37-42°C) and does not require
initial melting of the sample DNA. For some applications the RPA reaction can even be
supported by body heat, if necessary. The reaction is also robust at off temperatures and
low temperature setups, and will even work, albeit more slowly, at the typically ambient
temperature of 25°C. At this temperature results can still be obtained within an hour, as

long as the biochemistry has been appropriately configured.

v}, Sample tolerance.

RPA i1s very forgiving of sample type, and in some instances can work directly on
complex samples, such as blood, nasal swabs or culture media, which have not gone
through nucleic acid purification. Often, it may be enough to subject the sample to basic
pathogen lysis methods, such as treatment with heat or a weak alkali, to release the
nucleic acids. The most appropriate sample preparation method required for each assay
will be dependent upon factors such as pathogen titre, presence of inhibitors and lysis
requirements, and will need to be designed into the assay procedure. This robustness of
RPA to some complex sample types make the technology very well suited, in principle,

for potentially wide-ranging field-based and point-of-care applications.

B}, Broad applicability.
RPA can be readily applied to any DNA or RNA target. End users have already reported
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developing ultra-high sensitivity, one-pot RNA detection assays by adding reverse

transcriptase to the reaction mix.

A}, Multiplexing.
By combining multiple primers in the same reaction tube, a single RPA test can be used

to amplify and detect several different targets.

o}. Broad applicability.
RPA can be readily applied to any DNA or RNA target. End users have already reported
developing ultra—high sensitivity, one-pot RNA detection assays by adding reverse

transcriptase to the reaction mix.

A}, Multiplexing.
By combining multiple primers in the same reaction tube, a single RPA test can be used

to amplify and detect several different targets.

2}. Low cost burden.
RPA requires only a basic detection device, which means that end users can use our
products to develop user-friendly diagnostic assays and kits for a wide range of

applications and settings.

7}. Flexible reaction formats

The core reaction components are either provided in a stabilised, dried form for easy
transportation and storage without refrigeration for up to 12 months (application—specific
variation in stability is possible and long-term storage under refrigeration is still
recommended) or in a liquid form more typical of PCR reagents, which provide the user
with the capacity to vary reaction volume and component ratios for their specific

applications.

_37_




f
n
m:2
}Oll
w)
R

E}. Multiple detection formats
RPA can be applied to a wide range of detection systems and instrumentation, including

fluorescence, real time probes and sandwich assay formats.

i @A TwistAbel 4 Buls sl gl 71E9] oo} wul7hA < 7] %&shd ogg) 2,

(1) TwistFlow® Salmonella.

Sample lysis and DNA amplification kit for lateral... £105.00
(2) TwistGlow® Salmonella.

Sample lysis and real-time fluorescent DNA... £299.00
(3) TwistAmp® nfo.

DNA amplification for lateral flow detection made possible... £240.00
(4) TwistAmp® exo +ListeriaM

Kit contains all enzymes, oligos and reagents necessary for... £299.00
ShA| TwistAZ7F 438t A& &0k 2 HuXe #l 6 F AFHAHNA F=H3 ezt

B Ao TwistAt RPAZI 4 92 HAA Ay E9 AW 2 37}

2o A= TwistAY AES  AEEH Had A HEE  RPA
(Recombinase-polymerase Amplification)® & 7l1&slsdom, o] Ao A RPARA <k

Axp 2o 54 3 Adde Frbskdu (A 3 &, Al 9 A 3 oA 10 4.

o] QoA RPAS Fad e A% ASeAon, WhAsE 1G] 71&etn], RPAC
g 71%o] wr wgEool @it WA, RPAR
4 Ame] wEge RoFA Lot waw.
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k-
Al 1 A Slow Bee Paralysis Virus (SBPV) A& A&L 3

274 44 FREL AAneR A

<¥E Ao W& Journal of Apiculture 32(3): 171-180 (2017)¢] Development of
ultra-rapid reverse-transcription PCR for the rapid detection against Slow Bee
Paralysis virus (SBPV)9] A E o=z AFH AHAY>

1. A &
N SFH G H(Bombus  terrestris)ol gt WUA wielgxas EF O ANGE EXH(Apis
mellifera)el] Wt HAAZ HS dHZ AEoH, I A% Black queen cell virus
(BQCV), Chronic bee paralysis virus (CBPV), Cloudy wing virus (CWV), Deformed wing
virus (DWYV), Israeli acute paralysis virus (IAPV), Kashmir bee virus (KBV), Sacbrood
virus (SBV)9] 7Fo] AMFFGHEAA HEH v AvHH =, 2009 H 5, 2010). =3 A
mellifera®y Bombus specieso| <] 7§24 o2 Acute bee paralysis virus (ABPV), BQCV,
DWYV, Slow bee paralysis virus (SBPV)E°] WHUAZ HEH v} Qow, 53] Bombus

species & YHF-olA SBPVe MW Eo] 53] 5ol Hid vl A At (Dino et al, 2015). ©]

o] 5 HlolEl T SBPVE v & EHnlo|gj =9} o] [faviridae familydl 43FH, ¢F 95khb
A 2] positive-strand RNA viruse]th. SBPVi= oA 19749 & nfolg] 2~ XoF 34
AT T 8] HdaENew, SBPVe| #ZEE AAE AHEE] s HAe= g F oo

[e]
©
217} viul ok sle] SBPVEF W™ A tH(Bailey and Woods, 1974).

SBPV @&ol te ATt fguel tad dAAEe i A7 BF PCRE(M 5,
01714 A AAL vk Aok, FhAA S
SBPV #ES 9% Bl A%sel, @7 Hg4el 5@ wwe ATE vk gk %
el gl ool gy AL Thelshs AL, SBPV dEe] BuE 9131V 7

Az z2E 7] o g
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et B AT AgHgue] WAAE o ysE SBPVE moh mE P&} o] PEY
uth S @G FE2 9lshe], SBPV So] 23& PCRYS Azl Awsind shgorn,
o] SBPV 5ol Zu% PCRYE ol§dte] =l FduelA SBPVE AFstm d33 o}
stz slejstuat stk

2. A5 R Y

b, F9dE A8 X 2 total RNAY F&
Hd AEE 20169 89 AV E 54, detdE By ANEE
A &5 9™ (Bombus terrestris) S Ab-83F T,
Total RNA 2% RNAiso Plus Kit (Takara, Japan)& Ab&3te] A|zpzbe] 2| Alel| ule}
Tt gEetd, S AA HIH AR 198l S 2.0ml tubed]l ¥l glass bead

(pore size : lmm, Germany)} £33 & 1.0ml RNAiso Plus A ¢FS ¥ 31 MagNa Lyser

g, WrlolollA Fie

—
a1
B
Y

(Roche, Switzerland)® 28ttt 249 A8 200ul chloroformg % il
vortexingste] & estl o, 4°CellA 13,000rpm 1027t 142 sfe,

ox

—_

AqYS 1.5m
tubed] =4t AlRdT AT 2 FI 9 isopropyl alcoholS il 15%7F vortexingdh]
et e, 4°ColA 13,000rpm, 10£3F A2 star e S AAsAT RNA JHE
& 75% ethanol& AF&3to] washing #4S &gt & DEPC AMEd F/TE AH&3h
total RNA2] gHox w3t F=% total RNAE Biophotometer (Eppendorf

Germany)E AF&3}e] OD260 (Optical Density 260nm)e. .2 A =39 -70°Col| R 3k

o) % Aol AT,

M’

Y. SBPV 5o] fAA9 A= DNA A2 2 Primer A4

SBPV o] {12 AlZ=3 DNA (pSBPV-329), 4 71oista A #3ta} ZA &3
Ao FHE AL Atgstd o, oz SBPV primer % % Ultra-rapid PCRol %<l
primerES AW3le] ALt A2 AR W AuE3I LS Table 13 Supplement Table

Stell YeRl A

th. SBPV So| A 231& HES ¥ PCR =3 A3
%1% PCRY HA3E ¢3te], FPo =2 A3 DNA pSBPV-3298 A}&31% o,




f
n
m:2
}Oll
w)
&

oD260e.2 AHs F 10 x 100 BAZ 7|Fo2 %3 PCRol A&t 2
PCRS 93t Thermocycler= GENECHECKER (Gene System Co., Korea)& A}-83}3 o,

2314 PCRE &% 9 A7 27& 05T 7] WA 152 ¥, 95C 84 3%, £4 3%, 12C
T 325 7|so® o193, F 50 FHAES Pt HA annealing ==+ 50-65T
Hed A Fetdern, HAY primer %+ 10uM, 8uM, 4uM, 2uM, 1uM, 0.5uM,

o

25uMel Al Z+7] Cr (Threshold Cycles)#td Hul FFzke] SAHo = ZASAT o] %,
A9 NS Cr

\
o

34 PCRe 2% 9 AIZF 20L& A47)e 7|Ex2d3y H4

ro

A GG NFon Axgadn

Table 1. Slow bee paralysis virus specific primers information

PCR amplicon
Name of primers Sequence (5° — 3)) Reference
size (bp)

224 Wl s, 2017

SBPV F CGCAGGGTGATCATGCTAATG
SBPV-C3G peptidase R ACAGCAAACACCCGGACTAA

SBPV 5] zid PCRe HA HE AgtelA 5ol HE9 dAlE FAHsH7] Sste
3

oA 12744 gaAA 7

—_

=
==9k AR 2o wE Cr #3 Cr gl FAH= ARKCr time)S SAsHAH. ©

Apx

%3 DNASl pSBPV-329Z2 10 x 10° Ea%E 1.0 x 10° 744 4
s4jslel, 214 PCRe] Faow ALgaidon] 2% PCRY 7 wAdlq Azt @ £
1

!

PN

R4

Ll

7% 7Hgksked, SBPV o] %114 PCRe| A d&E Az ol A& 7153

A
X

ol. F19¥ gDNA £Ajsto] SBPV 50| 2u<% PCRY HEdA R B%F ¥4

H19 gDNA EAjstell SBPV HE3HAIE SA46t7] f1sted, SBPV oA &3 3ibs

Ho 2 SBPV 5o fxAte] FEH#FS skt PCR ¥H8-2 5ule] 2 x Rapi master mix
o} 1u¥ ¢ SBPV F/SBPV-C3G peptidase R (HF % 2uM) primero]l F9¥ gDNA
(100ng)E #H7tste] T 10pl= A4t sk om, & PCREY 2F dAolA AlZF 3
= A Ao HAge £ ZAGke], 95T =7 WA 16% §F, 95T ¥A 1

Z,09C &4 2%, 2T % 1258 E£+22 5131, F 50 3dS skt

rob

ol

ew 2

-

o
o
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v, Zu] F9de A SBPV 5o 214 RT-PCRS AL A&

wule] #ujE 3 Q= AgFdEe] SBPV i RE wwsly] fetd, A% 4, A
HE 1A, AAEE AE, A7)ooA Astd FHdE 7 1nkglel tiste] Total RNAE &8
gttt Total RNAE 7 100ngS AR&stel Fdde] diste] SBPV 5o xiid o xlA}

PCRS S33Ftt. PCR ¥H32 5ule] 2 x Rapi RT master mixe} 1ul® 9 SBPV
F/SBPV-C3G peptidase R (% &% 2uM) primer® % 10ul® ZAste] 335HA
SBPV Eo] 114 9HAl PCRE GENECHECKER (Gene System Co., Korea)Z AM&3}1%)
ow FHAstE PCRe =% % A7F 242 50T, 1+ JHAAF dbg & 95°C, 16x %7] W
A, 95°C, 12 WA, 59°C, 2% &4, 72°C, 1= T¢< 181doz 9 F 50 3|dS g3t
AT

3. 2% ¢ &

7}, SBPV Eo] fdx 2314 AES 9% PCR £ A3

SBPV Eo] Zid PCROA HAHe A 2=5 vofstax A=xF DNA 1.0 x 10°
Aol pSBPV-3295 AM&3low, 234 PCREY 2% % A 24 BT 27 WA
152 %, 95C WA 3%, 50-65C &4 3%, 2C & 3%x2 ¥Hxoz F 50 3IA
Z1 skt
SBPV Eo] A2 234 AE7FsY &% 53-65T9 HWHolw, 50T 4, A=A 7
Zo] od9 HHzW YA At Mg wE Cre £4 2= 59CY 9 2314 3
Hom ZAEon oo o]27]71% 2% PCR X3 AIZHCr time)& 8% 22%o|Ath
el SBPV 5o] a4 PCRolAM HAH &4 %% AA Cr ¢t 2 Cr time, 283 3

F ABPYEEY, F=262) LRI S5 A8 0 590 AHSATHAR AN,

T3k 2314 PCRoIA SBPV 5°] primerd #4 $%& T3t7] 93t Ax3 DNA 1.0
x 10° #2+e] pSBPV-329% AH8-3k91.m, 2t 10uM, 8uM, 4uM, 2uM, 1uM, 0.5uM, 0.25uM
(7} HAFEE)e] =9 primers 27 AHEStel AR AT 5ol primerd] HA FEE

g wE Cr g3t HE BREe NFoR BusA
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AE%, Z 10uMe}F 8uMe] primerE ARE3F 2314 PCR

e B, HE FA% w13 3 R SAHHS

PCRS 4pM =+ 2uMé] T5% primerg A3 2114 PCREUG 12 3ol wE Cr
e B Ao o= 1.0 x 100 Ak ojule] FujEF 7] FHo] tid FTZojA Hoh &
g3t Aoz FAdHAT. T, °o] AF % primers %314 PCRE SHAA A EoHA S
e BHYgow, 1.0 x 10° Aol 27 F3& AHEade 49 Aol dA3] "ol

rr

Ao VGETHAE R WA A,

o8] o]f T o ® SBPV Eo| 1% PCROIA HA primerd %+ Cr (2208 3 #)¢ Cr
time (7% 59%)dlA W& AZANS BIow, HF FAF262) BFAdA 73 ZAE
el 2uMS A primer =% ZA s HFig. 1).

@
=

Fluorescence (F)

3004

T u rj
40 50

0 " i 70 a0 @
C; (Cycles) Melting temperature (Tm)

Fig. 1. Optimization of primer concentration using SBPYV -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 10 yM and 8 pM 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 Cr 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 (Cr= 22.08 , Ct time= 7min H59sec, F= 262).
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1. SBPV 59| 479 Ha HE Aol wE AE ¢4 53

Tad aswa g SBPV A HAd AE Ak 98, PC

el AFhe 3FxA 12744 24dste] Z2ad% PCRS A8l WA

rlo
—
PN
il
R
o

1.0 x 10° #2}¢1 pSBPV-3292 7] @2 Al&3 2314 PCRolA 7+ 3| Ao E4XS 3%

oAl 1z27+A A AT 7+ Cp e 3x%o)A 2892 3 A(Cr time= 9% 37%), 2%

29.89 3] H(Cr time= 9% 30x)o2 ZAHESow SBPV 5o fAze] FE& Folg 4=
3

AR EAAIZFe] 129 45, DNA &

2

< 10° BAZA BAF Cr 39l 6 QAN FAG] FEDS B 5 Qo] 4FH ZHo #

rkﬁ

detthar ddsidvh. 22 230 24 SAARIN 3x9) 222 AT =2

Z2 AdHAT

10:00 290 10:00 7 \ r 290
r o F280 @
< 820 280 = o 8204 =
4 ro y ¢ 270 @
£ &40 260 § £ 640 L 260 §
£ - § £ - D\D_\D L 250 g

5:00 ® 500

£ 20 § E Y
= = k= &+
& 3:20 . . r 230 T:u & 3:20 1 r iig Té
140 | =+ C; time (minisec) 220 4% Lo | = C; time (minseq) T

=0~ Final fluorescence (F) 210 =~ Final fluorescence (F) (21

0 200 0 200

3 2 1 3 2 i
Annealing time (secs) Extension time (secs)

Fig. 2. Minimum time of annealing and/or polymerization in SBPYV -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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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

80.45+1.15C, except 1.0 x 10° molecule and PCR product using non template.

71 226l A SBPV f3d#HE 1.0 x 100 #2449 27] FHoIME AFH oz FEo] 7hs
e Hol FAT 1098 FaA 27EAE 119 Cr w9 AolE dCry 2+ A8k, 1.0
x 10° BExpolA 1.0 x 102 BEA7A ] He dCr g2 ¢F 320 Aoz A=A 1.0 x
10" #219) 27] FPolA Hit Cr 3 4074 ™ol Aar, it Cr time 118 45203
3, Tm g %3 79.63CE SBPVe frawflol ¥ weha] kA2l HEe Zash
TE 42 1.0 x 10" A} o] olgt Awatth

SBPV Eo] §4da hal FHFE YolF SBPV Eo] %214 PCR (N; non-template, Fig
4L 19 3 A N Cr lines de TFHo] #FEJAOH, o] Tm #e SAHHARE &
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¢

A A %3 DNAQ pSBPV-3292 A}£3F 2114 PCRoIA <4 349 38 DNAY %9
el z}

39.234 (y= %7] SBPVY Ex)&, o] o 37 A<=(Regression coefficient):= R?=0.9900°]
At}

Cratol 4N, o]o w& 3|72 (Regression equation)< y= -3.2586x +

With gDNA
45 - 3 y=-3.4602x +39.916
2 R? = 0.9985

Without gDNA
- ¥ =-3.2586x +39.234
R? =0.9900

Cr (Cycles)

15 D‘Eﬁ
10 -
' Means of dCjo(w gDNA): : 3.43 + 0.55 cycles
Means of dCq;io(w/0 gDNA): 3.20 £ 1.49 cycles
0 - ; j .
0 1 2 3 4 5 6 7 8 9

DNA molecules (1 x10")

Fig. 4. Regression equation based on SBPV molecules and Cr using
SBPV -specific Ultra-rapid PCR.

dCr indicates difference between each Cr values (cycles) of PCRs using 10-fold diluted
initial templates. Means of dCryo 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 dCryp is 343 £ 055 cycles. Quantitative
measurement was possible from 1.0 x 10° molecules to 1.0 x 10' molecules.
2. H 9 gDNA &Aj3te] SBPV ¢ 2314 PCRY A&
Fl9d gDNA EAlste] SBPV 5o] 234 PCRO <tAA AlzF 27074 34 F w4, £

A ZF 1%, 2%, 1x2)A SBPV #2129 Ha AEFAE A5t 100ng 2]

o
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e oDNASH 37 SBPV Eo] 2 A%3 DNA 1.0 x 108 & 3|Asto], 1.0 x
10° BA714] 21314 PCRY FH o2 Alg3dlo] HAEIAS =43 tHFig. 5).
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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 80.47+1.32°C, except PCR products from 1.0

x 10° molecule and non template.

100ng F19® gDNA2 EAstol %= SBPV 5o] fdAE, 1.0 x 100 B2 27 F871
A, AFHoR FEHC 2T BASFE 109 84412 PCRE Cr % #Fe]<l, dCri
S 7] Axsd e, 1.0 x 10° 271 8 x4 1.0 x 100 E1744 Alatd ZF dCrop
Hat dCrio #42 °F 343 3| o2 AtE A o= Fdd gDNAC H7F §lo] Fae 2
ES 9 frAE ghe® SBPV-5o] 214 PCRE %
oll 100ng F9E gDNAE A&e A AF=F 9 Ao woA Fasin, 7Hdo] g+

= EO%TME]'
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ot 1.0 x 10° #x9 SBPV 5elFdoAE FETS sl oy §3 £4& &3l

SBPVe] fEM9lel 8047°C 9} 2 AolE Holi 7387

My
@
fru
AN
o
i,
2
A
o,

b
ol\

I
o,
)
ot
tlo

H198 gDNA 100ng® EAjatel, 14 514¥ A2=3 DNA pSBPV-3295 AH&3 SBPV
Eo] %114 PCRoIA 7 Crito]l SA4EP o, oo wE 372 (Regression equation)<
y= -34602x + 39916 (y= %7| SBPVe &)=, 314 A (Regression coefficient)=
R*=0.9985°] A t}(Fig. 4).

vk, SBPV Z49 94 AFE AAAd A Y SBPV o 231% RT-PCRS &3 A&
SBPV 5e] x4 PCRe @74 4 = 38k7] fl8ke], SBPV #Hdlo] F4 5= <)
Aok Fgd AZEZHE total RNAE #estgon, sld Hdd g w257 E 359
total RNA 100ngg AM&3te] SBPV 59| %214 RT-PCRS F33th. A2 4, SBPV
Howzle] 429 Had, 28 U AL 1] AlRE5H
SBPV EAlo] gk FAdwte-S A4 5 AAh(Fig. 6).
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Table 2. Ct 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 75.52 79.15/79.15 79.48 0.00 79.15 0.00
Result - + + - + —
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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 50C, 1 min and the PCR condition was 95T, 15
sec of pre-denaturation, 95C, 1 sec of denaturation, 59C, 2 sec of annealing, 72C, 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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A SBPV 5ol
THor BdHT. A€ SBPVE Tm #2 9 7948T, W7ol 79.15%, SBPVe] ¢

 FEe] HEWH(80471.32C) kol SIFFOR SBPV A $Eow BT Aolth
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5. Supplement data

Fluorescence (F)

=
(=]

105 10%
103,107,
10t

Fluorescence (F)

o

Fluorescence (F)

»
C; (Cycles)

8

Cr (Cycles) ¢, (Cycles)

Denaturation—-Annealing—Polymerization

1sec—2sec—-1sec

1sec-1sec—-3sec 1sec—1sec-1sec

Supplement Figure S1. Comparison of fluorescence graphs according to time

reduction

Supplement Table S1. Other SBPV primer information.

Name of primers Sequence (5" — 3))

SBPV F
SBPV detection F

CGCAGGGTGATCATGCTAATG
GGGTGATCATGCTAATGTCG

SBPV-C3G peptidase F GAGCATCCAGTTGTTCGTTC
SBPV R ATAGGGCTGCATGTTGCTGGT
SBPV detection R ATAGGGCTGCATGTTGCTGG
SBPV-C3G peptidase R ACAGCAAACACCCGGACTAA
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Denaturation—-Annealing -Polymerization

pLF-159 DNA
1sec—2sec-1sec 1sec—1sec—3sec
molecules Cr dCr1o Cr time Cr dCri0 Cr time
, 3min 1min
1.0x10° 12.60 - 5.96 -
35sec B0sec
4min Imin
1.0x107 17.29 4.69 6.31 0.35
55sec 56sec
Smin 1min
1.0x10° 19.40 2.11 6.31 0.00
3lsec HS6sec
_ 6min Imin
1.0x10° 22.30 2.9 6.31 0.00
20sec Bbsec
7min 1min
1.0x107 26.98 4.68 6.31 0.00
40sec BBsec
, 8min 1min
1.0x10° 30.02 3.04 6.31 0.00
32sec HS6sec
‘ 9min 1min
1.0x10° 32.00 1.98 5.96 0.35
bsec S0sec
11min 1min
1.0x10" 40.74 8.74 6.31 0.35
35sec HS6sec
Imin
1.0x10° - - - 6.31 0.00
Hbsec
Mean of dCryg 5.99 2.26

Supplement Table S2. Comparison of Cr, dCry9, and Cr time of SBPV -specific

gene according to time reduction.

2 del gL gavls 535, 43S 10-2018-0007200 (FFH 5 1-1-2018-0067549-71),
el WA “zas PCRYES o83 AgFdEe WA SBPVe dAEWwTo=
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A2 A zx35 FAA SFHS oS AFAIE AAELA

91 Lysinibacillus fusiformis® A& HEH

<¥E Ho W&& Journal of Apiculture 32(3): 181-189 (2017)9] Rapid Detection for
Lysinibacillus fiisiformis, a Suspicious Pathogen of Bombus terrestris, using
Ultra-Rapid PCR9] A& o= 24X d AY>
1. A &
Lysinibacillus fisiformis + V&4 994 o= 1901d A5 2dsdTh L

fusitormis = 20073A7VA Bacillus fusiformis & <4e1 % oW, Bacillus 40] Al&E3F =wHA

A FEH L-lysines X33t ol SO =2 Lysinibacillus &0 ZHEJow, NEFA L

-

fusitormis & FFEH A Ahmed 1 et al, 2007). T3k L. fusiormis ©+= 4™ HojEZ oz <&
HA SFEANAAZE mu|A 7] = A4 59 Tetrodotoxin®] A TFE LA o oo A

F&5 e w7k v (Wang et al, 2010).

Aol 29 T ZI8ste AEAs el Aldt, SolF & EFEe] 100F0] |
v Aom Hauwa ot FHE AFH D E(Bombus terrestris) N A 7187 §ef7F EAE
3 71 AlZEA ol BaE vl 9l o (Schmid-Hempel, 2001), Fujoll A= AWALS < sk
(Bombus ignitus)®] wZolA A 91t (Aspergillus flavus Link)o] 22 € H7} 9 ATH
5, 2003), @3 FH F(2009)F FH T (20100004 = E=HO] vlo]H 2Tt HgHF| w7
ofF5 Fstom 2 Ay o] AEFGEAA TFe] npol vt wak FH

He Ae Agoz slsiin.

b

-~

AH =X

AN

L. fusiformis 7V FG4H o] HAARA o4 =7 AlZtE AL ] 2502 AMSE A
FHAFH] TR HARA, o] dlS st ALSolA HUY AdES B §
gatdaL, ol A L. fusiormis 7F FE o] Fo|th(Z 5, 2008). HAINF o]& L.
fusitormis 7 7] AT oR F gl HaEo] FHAHES AAAIZ AA], e ARAL
H o o]x HS AMFoR AMANA v AR

o] Aol
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AA7A L. fusiormis AZE] A3 A+ FAGEe s HdAEdd gigk Az o5
PCRH(W &, 20174 A AAlE v} dRov, L. fusiformis ] HAES 913 1o d%

S %314 PCR (Ultra-Rapid PCR)2 59°] #dAE5 10% oW

718 S 3l (Han et al, 2008), H<2 wdEo] SHB (Small Hive Beetle)e] E9°] &
AA A & HAdAEe 22145 HAE 5ol H&Ho, & U 5Z3 SolfHdxE TF
ko] o]lo] EAE AHFHoR THTE F Ados HAFAYHA T, 2017, o &5, 2017)

rr

oehA], B AT E 2314 PCRES AE3te AMIgHdde] HAA=Z gise L
Halol, o5 T3l L. fusiformis ] FGE HUA o
olZ AHFHow HES= WHE AAstuA ATt w3 =

Qol A gholE 3 gl sEulAE FGE AN BAAe] EAeRE FAHnA HAt

fisiformis® 7VE wE 7

B WEsE e @

_|_, m.m(
BN
o
ftlo
-

2. A% R Y

7}. Lysinibacillus fusiformis T35 2 W&
Lysinibacillus fusiformis ¥a15% ATCC 70555 KCTCAA ®F wtom [
fusitormis 2 ¥H A2 AFELS

oz wjestel Agetst

LB %] (Biobasic, Korea)oll 4] 37T, 16A|7+s 7]+

=
N

U, J9 A8 813 9 genomic DNAY F&

Heogd A EE 20169 8¢ AV |E Y, A e =5
AH M UF A (Bombus terrestris)S AH-&3FS] T
F9H™ genomic DNA (gDNA)S w2l & H3te], WA A5E st on, ol HA9d
A% 1vtg] S 2.0ml tubeol] ¥ 3L glass bead (pore size: Imm, Germany)®t &3+ §, MagNa
Lyser (Roche, Switzerland)ell 23, 6,000 rpmo. & 2 3t= Aot EHS DNeasy®
Blood & Tissue Kit (Qiagen, Germany)? WW< wal gDNAS E#3on, F&4H
Total gDNA+ spectrophotometer® 260 nmolA 3=z AHsta, -70Co H#A3H o

5 49l g
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L. fusitormis ¢ gDNA ## @3t DNeasy® Blood & Tissue Kit (Qiagen, Germany)¢]
WS wgtovl L. fusiformis 7} gram-positive?l H-& 7Hekste] A AAIZL AldFS 99T ol A
St #AT FH, A7 kite] gDNA #7 WHSE HE&3AY. F5%F Total gDNAE

spectrophotometer & A #@3&}11, -70Ce| B #slH o] Ao AL&3}3]T].

t}. L. fusiformis 5°] 24X AZ3F DNA A2 2L Primer A4
SH2F A %3 DNA (pLF-159)=, A7 st v 78ty 224 =3
Ao FrE AL AFEEF o (7l 5, 2017), ©]&= GenBank CP010820.1 (L. fusitormis

L. fusiformis E©]

full genome)®] 4568067-4568195% ®ASta Stk pLF-159% L. fusiformis Zil<:
AEH HAE Qg Aoz AMEHGon F5 AA FgHdAe] BHUA HE
¥+ DNAZMN HAE:oHE dAdo AEHJY L fusiormis 9] Glutamyl tRNA
amidotransferase F A4S TZs= L. fusiormis 0] Zeto]lw 3 A& 2183} tH(Table

1.

Table 1. Lysinibacillus fusiformis specific primers

PCR amplicon
Name of primers Sequence (5" — 3)) Reference
size (bp)

129 ql s, 2017

L.fusi detection F2 CGTGACGCTGGTGTTATTTTCAC
L.fusi detection R2 AGAACCACCTGGAATCTTATC

2}, L. fusiformis §°] §AA 214 A& & 9% PCR 274 I3 3}

Zi1% PCRO HH3tE 9fste], #do=2 A£F DNA pLF-1595 AR&st3lew, OD260
(Optical Density 260nm)C.&2 AZst & 10 x 10° ExE 7]Fo2 1% PCRO AME3HS
t}. 212 PCR 7]7]+= GENECHECKER (Gene System Co., Korea)E AF&3tgom, il
% PCRe| &&= % AIRF 232 95C =7] WA 15% ¥, 95C WA 3%, €4 3%, 2T T
¢ 3%E Vo ® ¥, F 50 3AE AT HA annealing =%+ 55-65C HE
oA 3t e HAO primer F%+ 10uM, 8uM, 4pM, 2uM, 1uM, 0.5uM, 0.25uMel A
Z}7] Cr (Threshold Cycles)#t¥ Hoh @333 st =4 o]F, 2i1% PCRY

-
Sk R OARE 208 AV ERdNY AY SR Ak Cr wht AW F3EE

H

oz Azt

N,
N
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v, L. fusiformis 5°] AR H4& AE Ao ©E AEF A 27FEHF S

L. fusitormis E°] %1% PCRY HA AEF Al7Fo A
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ot
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ft
I\
o,
ol
&

fletel =34 PCRY 7ZF 3d & WA, &4, 89 xS A4 3xddA 1x27HA

10 w2 Cr ## Cr #Hol FAHHE AIHCr time)S
Z4sth o] FAoAE AxF DNAQ pLF-159% 1.0 x 10° EA%FH 1.0 x 10°
B2 A4 8Xste], 214 PCRY F3 oz Al439on, 234 PCRO 7t @A o A

siformis £°] 2114 PCReo] H4A A A7 Yo A=

>
)

)
rlo
ki
I
P
ki
)
N
_0|L
£
b,
S8

v}, L. fusiformis gDNAE ©| &% L. fusiformis 5°] 2314 PCR AF
L. fusiformis E°] %14 PCRel| A3t L. fusitormis gDNA A& 23S A3t7] 9ste], =

st 2l 23 DNA pLF-1595 Ag3te] 13 A=A HAS 95}, L. fusiformis ANA F5
gt gDNAS FYP o= vt 27|Fd ol e L fusiormis 5o A2 T35S =4
SF S T}

PCR WF-§2 5ul9 2 x Rapi master mix2} 1pl# e] L.fusi detection F2/R2(H % &% 4uM)
Zgfol o L. fusitormis gDNA(H 1L 50ngoll Al HA 1ng7tA 3A)S H7bste] & 10ul=

zAste]l skl o, olwj 9] positive controlZM 1.0 x 106 Bx}9] L. fusiormis A
& ¥t AxF DNAE AH838t L. fusiormis PCR AHe9] 4 59 5°] Tm
(Temperature of midpoint) @t Hl st =314 PCRE 24 @Al A A7 2 2% =7

< A APoA HAsIe =S AFEste] 95C %27 WA 162 F BT ¥ 1%, &4

Ab Ul F9E A L. fusiformis 5o % 2|

Flol] AujElz Q= MAFAGR-Y] L fusiormis FAAF-E ATEr] fEke, 4=
Ak HgE Zb 1ukelel] tiske

gDNAE 83ttt gDNAT 7t 50ngS AF&38te] Fgdol dlste] L. fusitormis 5°] %

1% PCRS 339 t. PCR wHg2 5ple] 2 x Rapi master mixet 1pl® 9] L.fusi

detection F2/R2(HF &&= 4uM) Zlo|M= F 10ul= FAsto] FaqstAvt. L. fusiformis

A=) ] A=
o, A= By, dEEE AE

Eo] %14 PCRS GENECHECKER (Gene System Co., Korea)E Al&3t9lom, PCR %

AL 95°C, 156% =7] WA 3 95°C, 1= WA, 57°C, 2% &4, 72°C, 2% T¢9 o=
50 3= st

o
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3. 2% ¢ &

- AFe] pLF-1598 AF&3stdom, 234 PCRE =% 9 AZF 21& 9T %7] WA 16x%
£, 95C WA 3%, 55-65T %

7 wE Cre &4 2% 57CY w 2328 d|Hdoz FHAHFJAOHW o] o]27]71H]
2% PCR H3& AZHCr time)e 10% 44xoldct. webA L. fusiformis 5°] 1%
PCRelA #HA &4 =% Crah(2328 34), A% ¥

o
Y,
olN
JH
o
7
o
&
|
=
>
o
+
o

AnE Bl 57CE AR tHFig. 1).

2404

5001 55°C—'ﬂ
5 S57TE
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o = 800 63°C—»
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Figure 1. Optimization of annealing temperature using L. fizsiformis-specific
Ultra-rapid PCR.

The optimal annealing temperature for the Ultra-rapid real-time PCR was tested in the
range from 55C to 65T, the lowest Cr of 23.28 cycles and the fastest Cr time of 10

minutes 44 seconds was measured on 57C, annealing temperature.
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w3 Za1d PCRONA L. fusiormis £°) primer® HA == +317] ¢35k 2+ 10uM,
SuM, 4uM, 2uM, 1uM, 0.5uM, 0.25uMe] &%= primers 27t AFE

primer®] H* TR 7P wWE Cr 33 AT RS VIR ddsidon, HF s
AuMell A 2314 PCR< 7HE e 2028 349 Cr #2 Bion, HF F3 =3 /M
=4 2AZYA. Wb L. fusiormis E°] 214 PCRAA HA primerd %+ Cr
(20.28+0.08 3]14)9t Cr time (7 56x)olA 7Hd weE HAEAS HAoHw, HF
B ah(223£17.67) EFAA M e AdE B aMe HA Zdoln wREE
245 AH(Fig. 2).

Cr (Cycels)

Final fluorescence (F)

Concentration of primer (uM)

Figure 2. Optimization of primer concentration using L. fiisiformis-specific
Ultra-rapid PCR.

Using various concentration of primers, optimal concentration of L. fisiformis-specific
primer were selected for Ultra-rapid PCRs. Using each 4puM primers, Cr was estimated
the lowest cycles than others. Also, Ct time was estimated the fastest time than others.
Based on this reasons, optimal concentration of primer was selected as 4pM (Cr=

20.28+0.08 , Cr time= 7min b6sec, F= 223+17.67).

. L. fusiformis 5°] AR A& AHE A WE AE A =A
PCRE] 7} &@Al9] A3t @52 23E a0 oA Al AA Aks 2d o e 7HE
L. R

FR@ 2a2H e
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3.
fusiformis-specific Ultra-rapid PCR.

sec in each cycle of PCR and the times of annealing step and/or polymerization step

The annealing time and polymerization time were shortened to set the minimum
detection time in L. fusiformis-specific Ultra-rapid PCR. Denaturation step was fixed at 1

were shortened from 3 sec to 1 sec.
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webA L. fusitormis 5°] 2314 PCR<2 PCR Al2&=gle] bAA mgh n#fste] Z2F 349
222 TP

w3 L. fusiormis 590 1% PCRONA L. fusitormis FAAe] Eo] X5 93 F

= Az7eE =As9r 1.0 x 10° pLF-159 #2458 F3 oz AL&3)
_/;\__

8
lo
=
W
Y
Koy
b
h

fusitormis 0] %1l CRe Aoz, HA3td 2=x2dstd ZF A, &4, T3 A
Zy 1%, 2%, 222 A%ty 50 3| AS st 7] WA 156% $F 1359 3wt Cr
lineo] =232, Cr time 4% 8%t} 38 3| A (Cr timee 11% 34x)A T Hd &

BiE HoFAen, 50 3 21E PCRE 16+ 47x0] 55 At (Table S1).

r U
X
ek
o2l
off
o
X

t}. L. fusiformis E°] 2314 PCRY AS

—_

L. fusitormis E°] %1% PCRO <t A A7k 247 A 5 WA, &

o,

, THAIZ 7
%, 2%, 22)NA L. fusiformis FAAS] HAa AEIAE FJsAY. L. fusiormis 5°]
Az AzF DNA 1.0 x 10°8 9% 8)45ted, 1.0 x 10° 8274 234 PCRY FHOo =

Agete] AEAAE S48 rHFig. 4.

A7) 270NN L. fusiformis F+AAE 1.0 x 100 28 27] FHAME ATHon =
of e Kol $4% UAES FAsATh 107 Ao 271 BAF 7o) Crgk Aol
°F 330317101231,

Z dCr2 3, 1.0 x 10° EAel A 1.0 x 10" EA7A 9 Hit dCrak
1.0 x 10" #x9] %27] Fgol % Fa Crak> 3674 3 do)dar, Hyt C
Zo)al, Tmak T3 7847CE L. fusiormis 9 Fa&H ol Eg= At wehrd oA A<l
Az B3 Fo % 1.0 x 10" B2 o] Aolgt Ay},

T time< 11& 11

L. fusiormis E°] FA4A Rl FHFE Yols L. fusiormis E°] 1<% PCR (N;

o

rr

non-template, Fig. 4)2 40 3] d H-Z A Cr lines @
L. fusiformis 292l Tm3} 3.99C 59 #olE Holx= 7T456TCT =2 FHAHHo Eold
o] oldS HA AT F A
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Figure 4. Detection limit of L. fiisiformis-specific Ultra-rapid real-time PCR with
serial diluted specific DNAs.

The detection limit of L. fiisiformis gene was estimated using L. fisiformis-specific
Ultra-rapid real-time PCR under the minimum times of thermocycling (1 sec of
denaturation step, 2 sec of annealing step, 2 sec of polymerization step). 1.0 x 10
molecules of pLF-159 was also amplified. Tms of all PCR products were measured as

78.55%0.73C, except 1.0 x 10° molecule and PCR product using non template.

g7, AZF DNAS! pLF-159% A48 Zi1& PCROIA 9% s4¥ 3 DNAS %ol
uel ZF Cratol SAE Ao, old mE 392 (Regression equation)< y=-3.1871x+39.192

(y= 27| L. fusiformis ¢ ¥A)2, o] w 37 A<(Regression coefficient)¥ R?=0.99470]
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Figure 5. Regression equation based on L. fusiformis specific molecules and Cr
using L. fiusiformis-specific Ultra-rapid PCR.
dCr indicates difference between Cr value (cycles) of PCRs using 10! serial diluted

nitial templates.

2}, L. fusiformis gDNAE ©|$3% L. fusiformis 5°] 231% PCR A F
Az DNA pLF-1595 Ab&ste] 73 A &2 (Fig. 5o BAS 184, L. fusiormis
A FE3 gDNAS T3 o2 uist 275 st L. fusiormis 5°] FAAY SF

S A% L. fusiformis 9 1 ml 9l Y AN 02 FE gDNAE &=#8std, o] 5 50ng,

d

2ong, 10ng, lngS L. fusiformis—5°] %314 PCRo| ZH2f 7] 3 o2 AFE3FA T

L. fusitormis—5°] Zi1% PCROAl L. fusitormis gDNAE T3 o2 A4 F%Ho dds
HAom, Cr g2 50ngolA 2093 3] A (Cr time= 6% 22%), 25ngol Al 23.45 3] A (Cr time=
7+ 8%), 10ngol A 26.64 3] (Cr time= 8 7%), IngellAl 2818 & (Cr time= 8% 35%)
o2 ZAFA @A, 1.0x 10° #2449 pLF-1595 AM&-3 %314 PCRS 223|149 Cr &
et o, L. fusiformis gDNAYA W& 524 FHd29] 4 E= L. fusiformis gDNA®] #2;
5 AL 5 A A HH(Fig. 6).
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Figure 6. The comparison between gDNA of L. fiisiformis and target gene on
pLF-159.

The Ultra—rapid PCR of L. fiusiformis—specific gene was performed using 50ng-1ng
oDNA of L. fusitormis and 1.0x 10° molecules of pLF-159. Panel A is the fluorescent

graph of amplification according to initial gDNA. Panel B is peak graph of Tm value.
o, U #BujE = JAGHoA L. fusiformis §°] 2314 PCRS o| &3 L. fusiformis
L. fusiformis 5°] =114 PCRe F&A& H7lst7] 918k, oA dujx i e 9
H A
ste]l L. fusiformis 5°] %34 PCRE sttt AH&d A9 Mg, 5 54, 24, 3
A, AE 2 UNAAA 25 L fusiformis7y AEF 0o, 53] FUe] A5 A5 3329
ol

Aol Hls] 10008 oA W& L. fusiormis7t A= AR A=A Asto]l sHEaitt

(Fig. 7).

o
Iy

L. fusitormis E°] %= PCR A3, RE A BAA L. fusiormis E°] FAAx} FEo] A
_O«D':L 7L

A" L fusiformis °] Tm %< U(Suwon), XA (Boseong), &< (Changwon), %

iﬂ

>

A=l §AEM AN L fusiformis 50 7l &S AT = UM
&

(Cheongsong) Z+7ZF 78.47°C, 7T1.82°C, 71847°C, T84T C=E, L. fusitormis ¢ ¥A FZo &
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M (7855+0.73C) ot s|lFstoe s L. fusitormis +AAe] STEAS AA4GT 5 gt
(Table 2).
240
."W
w01 OLF-159 —
180 : / Changwen |||
@ L Cheongsong | i
)] Changwon - Suwon
g "E 0] Boseong || |
Y 12 Cheongsong ———» [/ o |
7] / f T (1
2 S 1
5 uwon i ] | |
= [ |
w | Boseong - e
4} 1]

T T T T
40 Fi] B0 50

Temperature (Degree)

&0
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C; (Cycles)

Figure 7. L. fusiformis-specific UR-PCR for the detection with commercial
bumblebee samples.

UR-PCR was performed with 50ng gDNA from dead bumblebee as inital templates. The
PCR condition was 95C, 15 sec of pre-denaturation, 95°C, 1 sec of denaturation, 57C, 2
sec of annealing, 72C, 2 sec of polymerization in each cycle for 50 cycles. L. fiusiformis
specific gene were amplified with commercial

bumblebee from Suwon, Boseong,

Changwon and Cheongsong.

Table 2. Cr and Tm value of L. fusiformis—specific UR-PCR with bumblebee

sample
Sample Negative Positive Suwon Boseong Changwon Cheongsong
Cr - 20.41 34.05 34.53 24.04 33.05
Tm - 78.47 78.47 77.82 78.47 78.47
Result - + + + + +
ol A& Ay L fusiformis 7F =] BviE I e H G HAAR SA%S HoAFE
AoR wy FHxe ®Hirt d Aotk & AZFA AHRHE Alsv 2 o T AMAlE FF
shel Abgatglon], Bt T 0mgel AW AAZ PE BT T27ug gDNAZ 259
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L. fusiformis 7} 7] QAT R FH g T Eo] HdEES AAAZ AQNA], = AL

A7 | Fo o HY MToRE AMACA T A ANA AAEA dAHsr]= ol

& Aolt}k zZF AbAlo E3E o] A L. fusiormis ¥ ALY, U, HA, ALY SAARE

7} 1.05 x 10° &EA/mke], 761 x 10* Ex}/vkg], 539 x 10° 2b/vhE], 155 x 10° &E24/0}]
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doR yeht 1 fe] FHE vk F5 B AFHE AMESt] L fusiormis ¢ F
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4. 28 3 8%

2008 M FH G- w22 HA R Qdeto] HgHel i WAA R 1 The o] AlVlE
Lysinibacillus fiisiformisc= @A7MA = F 9 HAAZN oA LB AFe A= T
A w2 A3 L fusiformis AEWHS 1¢ke A0 R L fiusiormis E°] %1% PCR
S NS, J9H HAFoR2HY L fusiformis A& AQ%HE AHS HASS Aot}
HA e L. fusiformis §°] FAA 3% PCRS AE3t9S W, L. fusiormis ¢ 7+
FE 10 x 10° BA5E 7FoR 47 2% vell #4F F dden, Ha 1.0 x 100 4
o] Az DNAZMA Addom 4 5 vk B3, L fusiormis 50 w34 2al%
PCRE ol&3dte] el A FAA oz Aitd FAdES Artstd o, 470 A elA 2+ 170
AN A A, L fusitormis 7 AER weEh, Ul HAx2 HGdoA L fusiormis 2

EAE A% = AT L fusiormis 5°] 1A 2345 PCRYES 284 oA #5

~
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ofulet ol A A

AES o7l #8338 WHol 2 Aoin ¢ Yoyt HYH FE

2 9% R Jzow AR Adach

5. Supplement data

Fluorescence (F)

180

Fluorescence (F)
Fluorescence (F)

0
Cr (Cycles)

0 40

CTO (Cycles)

CT' (Cycles)
Denaturation—Annealing —Polymerization
1sec-2sec-2sec 1sec-2sec—1sec 1sec-1sec—1sec

Supplement Figure S1

reduction.

. Comparison among fluorescence graphs according to time
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Supplement Table S2. Comparison of Cr, dCri9, and Cr time of SBPV -specific

gene according to time reduction.

Denaturation-Annealing —Polymerization

pLF-159 DNA
1sec—2sec—-2sec 1sec—2sec-1sec
molecules Cr dCriy  Cr time Cr dCriy  Cr time
4min 4min
1.0x108 14.37 - 15.29 -
22sec 24sec
S5min Smin
1.0x107 17.47 3.1 19.24 3.95
19sec 32sec
) 6min 6min
1.0x10° 2143 3.96 22.27 3.03
3lsec 25sec
_ /min fmin
1.0x10° 23.46 2.03 25.29 3.02
8sec 17sec
8min 8min
1.0x10* 27.39 3.93 29.18 3.89
20sec 23sec
, 9min 8min
1.0x10° 30.40 3.01 30.19 1.01
15sec 41sec
9min 8min
1.0x10° 32.47 2.07 30.09 0.1
53sec 40sec
11min 8min
1.0x10"! 37.44 497 29.25 0.84
23sec 25sec
1.0x10° - - - - - -
Mean of dCrig 3.30 2.26
6. 53 24
oA Y& giskuls 53, YW s 10-2018-0004043 (- S 1-1-2018-0036998-31),
g el WA “ZaE PCRYS ol &3 MYASYE AN YA Lysinibacillus fisiformis®] 7

e
o
E
(o
fru
DO
(@]
—
(0]
(@]
—
—
—t
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A 3 A %231% PCR (Polymerase Chain Reaction)< ©]-& 3

Hgd WAA Klebsiella oxytocad A& AEW M

<E Ao Yy&<& 20189 3¥ Journal of Apicultureo] ¥ JAHA>
1. 4 &

e shEmi/EF o2 AREH AL s AR & JFS T UTh

199439 A& = oF 230059 MY FHA™H(Bombus terrestris)©] U= 7] A2 L
), 2004 °F 30,0008 ool FAHJT(E &, 2008). o] F = Aito] Frhsie] 2010
d =l J9E et A A4 A9 S sk dvh

A& AFoA A mellifera®t Bombus speciesol A 27 Deformed wing virus (DWV),
Black queen cell virus (BQCV), Acute bee paralysis virus (ABPV), Slow bee paralysis
virus (SBPV)E+& AZFHor H=E3 v AdAde™(Dino &, 2015), A &FGHAA
Lysinibacillus fiusiformis, Klebsiella oxytocas w2lstil, olEo] A2 HIHe BHAadA Al
Td 7HsAdS AASHATHA 5, 2008).

oAM= ASFAGH HAA F Klebsiella oxytocadl W3t A& HEWHS 7fdstal
4 stgieh ool WE Eo] primerdS A Zo] MW F A slo], ¥ genomic DNACIA]

<
s
Koxvtoca®) £AA%2 & W AQoR #4T & d 2u% 44 428 Awal

PR =
2. A5 2 Wy
7h Fl9d A8 X 2 DNAY 584

ATl A AREE HEE AlsE 20169

A% F9, AehdE BA, 3%

o=
M
=
X
et
kT
)
X
o2
it}
o2
HE
S
3
o
I
%
o~
3
@D
a
.
[\’L

L
5 -

Korea)&  Abgstel g™ Ivpgj2iy  Zeedv. FE5% total gDNAE

spectrophotometer® A #@Falgd o™, -70 Col HAsIH o]F A3 o Al-g3}%t).
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. ;123 DNA &1

Hodd HAA R JAEE K oxytocas ATCC 16862 4<3ste] vldslsd i, gDNAS F3
3Fo] diol dehydratase-reactivating factor %] Hi&-& PCR %33, pBX-vectorel] &
233t HFE71EARE ARESY. A" K oxytoca  E°] A F3¥ DNAE
pBX-K.oxytoca208°] 2} W™ 3}%) 11, o] GenBank AF0177812] 2,065-2,272% 71 (4 o] 2084

7NE "HAska 9l
t}. K. oxytoca 5°] primer AA % Az

Table 1. Information of K. oxytoca specific primer set

Pathogens Name of primer Sequence (5" -> 3)) PCR product size (bp)

K.oxytoca-DC-F1 =~ ATGAACGGTAATCACAGCGCC
K.oxytoca 145
K.oxytoca-DC-R1  TGTCCACGACCTCTCCG

K. oxytoca 59| primer %< GenBank number AF0177812] 2,063-2,20797] H&<1 diol

—

Z

), 7]
ZF 21,17Tmere] Zol2 AAEA oW o] primerE-> BionicsAHKorea)ol| 2| sle] A 2al$d
tH(Table. 1).

dehydratase-reactivating factor +7Z1#le] dH & Eojx o=z FE3 4= 9= primer?|

o

2. K. oxytoca €°| primer ¢ HF g4 & =

K. oxytoca 5°| primer®] HZA 35 sttt A A 3t= primerd] HA &4 2= 3 HA
TEE FANAY. HAY T 2xE Az 2=FHl AA PCR
(Temperature-gradient real-time PCR)S &3ttt 1.0 x 10" ¥4 = A %3 DNAZS F
g o7 Algsle] Exicycler™ Quantitative Thermal Block (Bioneer, Korea)® <33ttt 7t
GAe] SEXAL 95 T 27 WA 33 %, 95 T WA 10%, 42 62 C 4 10x%, 72 C
3 1029 =792 40 cycle &, PCR

TAA 90 CT7HA] 3ttt 2t &4 %o wE Cr (threshold cycle)#k ¥ AHE9] #HF

3

Y ghel wa BAL B A4 B4 eEE WA

AE ] §A L% (melting temperature) 41 70




o}, primer %2 §H BAH 2 AZ8A =3

PCR AHE9 &3 &4 & Tl Sol4 SF3 H5ol4 FEHS et &3 42
Tm (Temperature of mid-point) & YERS oW, Eo] i H|Eo] A& Tm #9 =
olE &3l T F AMTH

AEIAE FAstuA, AFF DNAE 1 x 10° ZAFE 1 x 100 #2704 1004 4 3
A3sto] Z} PCRAIA 38 DNAZ AH83F3 . PCR Genechecker (GeneSystem, Korea)<
AbEstR o, 212 95 T 7] WA 30 F, 9 C WA 4%, 59 C &4 4%, 72 C =

Ao 2 50 cycle 33k}

et
o~
BN
o
FN

o A G H9E AAANMY LA HE R BA

R B4, 44EE 3

o}-)t

of] A]

gDNA 50 ngS AF&3lo K.

oxytoca 5°] %1% HAE=S Y59t s AAZF PCRY Genechecker (GeneSystem,
A

Korea)E AFg&3llow, PCR A& 95 C %27 WA 302 %, 95 C WA 4%, 59 C &

7F. K. oxytoca £°] primer #9 3 T4 2% =X
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f
n
m:2
}Oll
w)
&

AZE3AE 2As 12}, AZT DNAS 1 x 10° EAFE 1 x 100 2274 1004 o

dpx
ol

Alste] ZF PCRAIA 73 DNAZ AR&stdth =312 95 C %=7] ¥4 30 %, 95 C ¥4
4%, 72 C T 4% 27122 50 cycle 23t}

ol QM K. oxyptoca 5ol FHAE 1 x 107 #49] 27] FE74A T% 7hsds B
Ak olwf TZLE 1 x 100 EA9 %7 FRAAME 7Hs AR, e BAS B8 T
Zo] SolHAE Fatdlrt. SolAl HEolAY §3S 89.03 TE AL, H] 5 0]
Al HAZEFolMe 7B56 T2 2A & §31& &3 Fd#9 F75 J9T =+
(Figure. 1).

1 x 10° 2 9 Seo] fxzae 1755 37 wel] HEF 7bsstda, o w 2 AZHCr
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Figure 1. Detection limit of K.oxytoca-specific Ultra-Rapid PCR with diluted
specific DNA.

The detection limit was estimated using k.oxytoca-specific Ultra-Rapid PCR under the
optimum times (4 sec of denaturation step, 4 sec of annealing, 4 sec of polymerization).
K.oxytoca gene was detected up to 1.0 x 10° molecules. Tm of koxytoca—specific PCR

products were measured as 89.03 C, non-specific PCR product were measured as 75.56

C.

_72_




O MG A AAANMY BLA HE R B

Aard H9E It 25 E 47 gDNAS ARS8kl Koxytoca 5°] 214 PCRES 33t
C 0% &, 95 C WA 4%, 59 C &4 4%, 72 C T% 4
]_

b
~
w
ox
w

Z9 2HOoZ 40 cycled FA3ATE FA dR2wozZA A2 DNA 1 x 10° £x
FPor @ west.

Zkzbel wHgdo|a EEl® gDNACIA K. oxytoca 5o F+AA2 5= SRS 5
B A g G T §HE VIFoR so] P4 8340 |
Atk 23y 6 A o] HAgH gDNAoA = BF A &8 kol A Hlof
Aar, oo 4 HARZ AASAT 7 PCR A& §H2 83 )

80.14 T(E9), 8344 T(54), 83.77 T(HA), 0.00 THF)o2 FAHE] EE ARAA &

w
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Figure 2. Detection of K.oxytoca-specific Ultra-Rapid PCR with gDNA of Bombus
terrestris from each area.

The gDNA of Bombus terrestris was isolated from each area, Gwangju, Mirayng,
Changwon, Suwon, Boseong and Cheongsong. Extracted gDNA 50 ng was used to
K.oxytoca—specific Ultra-rapid PCR as templates. The presence of the K. oxytoca specific
gene in the gDNA isolated from each Bombus terrestris was determined by melting
point analysis. Based on the melting point of the positive control group that was reacted

together, the positive was determined to be around 88.40 TC.
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However, all of the gDNAs in the subspecies of six regions were deviating from the
positive melting point values and were judged to be negative samples. The melting point
of each PCR product was measured as 83.11 T (Gwangju), 83.77 C(Milyang), 80.14 C
(Changwon), 83.44 C(Suwon), 83.77 C(Boseong) and 0.00 C(Cheongsong).
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ok
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delA glom, ol&2 AMdF I

, Sl w24 Koxytocas 7

s

AEE doA g2 HARY ¥jlo] Huh 2 AT
Z3laA K. oxytoca E°] 214 PCRHES /&3t AS B szt ko),

K. oxytoca E°] 1% PCRE & Z4d3td 1.0 x

—_

0° Aol K. oxytoca 5o FAA )
EAE 78 362 Wl 2T 5+ Aow, AL 10 x 10° 24 Se] Ax3 DNAZA A
5 b53e FAsgnh T ANE F9 AZES A8ste] K ogroca 5o 1%
PCRE +dstom, Fl & 65014 AAstgom, 24 wie 1g S8 F Tm@el #
tom, 63 RFOIM K oxtocadl Sl FAAL AEHA e HU3
Atk o= AZF DNA 49 K ogtoca 5ol §44 @749 b Lrds 559
2% w70 neh Tm@el A o7k ¥ Helstel 4ol 94 FRee B,
K. oxvtoca 5o #774 x3% PCRYS 484 Ul 27 opet el 44 A5
of 8% Wyolet ARHM AW FEYL AT 4G ATl AgE] WY Ao ]

ols71& 7]t}

1%
o
off
:(?L_"
N
o

ol

2 od] Y& gl 53, YRS 10-2017-0183625 (¥ 5 1-1-2017-1309698-64),

drge] WA R WA FHBRA A SAET 358 PCR Zetoln B o]& o] &%
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Al 43 FJF9E HAA 115 disk AAT FFEL A&
A& Qe

<E A W& Journal of Apiculture 32(2): 99-109 (2017)°] Development of
real-time PCR Detections against 11 Pathogens of Bombus Species® A Z o =2
aed AA>

st et 5o o] &2 AdAAL W wde] & JIFe FAow, Bl (Apis mellifera)
g a1 M G- (Bombus terrestris)©] T8 ShEwl] £F o2 AMEEI Qv H g E o
e A8t A= FHS v m=, el A ol gtstA o] FolA] AE3E H Sl
om A& T, tivt 281 e & SRR FAdES FYete] AMEsta vk
(de Ruijter et al, 1997, Dafni et al, 1998; Masahiro et al, 2000; Velthuis and Van Doorn,
2006). =uie] A, AAAE] WAl FriebAA 1994d el A& 2,300%w o] A gFFE G
(Bombus terrestris)®] 457] AlZstdom, 2004301 F 30,000% 7 ©]4o] =¥ n}
ANS U &, 2008), ol F FGHe] =] BAE AA S7kste], 2010 oldf =W F<dE

FoE dolMwA Ao Fou 59 e AL Ak

ml

Dino 5(2015)2 A. mellifera®t Bombus species| A 22} Deformed wing virus (DWV),
Black queen cell virus (BQCV), Acute bee paralysis virus (ABPV), Slow bee paralysis
virus (SBPV)ES AHEH oz HAE3 vp o, 53] A melliferadl = DWVE 2H E o]

Hir

& RS Bombus species & LF-oA SBPVY WH Eo] =85 Hol Fu} 3, =
AFE FH 5(2009) EHO| mlo]l# el DWV7ZF AUFHGHY} sl &8-S A
o7 ol ar, oJojia AMAFHAFHIA 7F9 EHuloly~ = DWV, BQCV, Israeli

Lo

o

acute paralysis virus (IAPV), Cloudy wing virus (CWV), Chronic bee paralysis virus
(CBPV), Sacbrood virus (SBV), Kashmir bee virus (KBV)E©°] &3S gHelst uf gt
(5 &, 2010). T3k 7 5(2008)2 A YHGHAAN  Lysinibacillus fiusiformis, Klebsiella
oxytocas WEstil, olEo] AR FFHe HUdG AT 7HsAdS AASHATH

= WA HAe]l ¢ American foulbrood disease (AFB)2l 121+t Paenibacillus
larvae 1813 F+Q WYX vlo]y %5, & IAPV, CBPV, korean Sacbrood Virus (kSBV)
ol detod, i ¥

2&

o] ZAE w=A Feetes Mo r sk AAZF PCRHS 7|

Homw (F &, 2009, 7 &, 2010; Han et al, 2011), =¥ Q8 HAA Y FI4H HE=S
£13 DNA-chip®= 7H&¥ ®v gl o (Wang ef al, 2016), S GHS AAtHA o2 &) v}
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N mat FAAS oF7|she 8% 2 WYA, = BQCV, CBPV, DWV, IAPV, SBV, kSBV, P.
larvae, Mellisococcus plutonius$t 198 5ol WHA(FKH) 3%, 5 SBPV, L. fusiformis,

A F 11T EAR-E 3 Mo Ader AA4d & e xus 842 HEHE st

1Ak BFA T
2. A5 ¢ ¥y
7b. 189 88 2 DNA<S RNA9 &3

9l AEE 20161 89 AU|E BT, Aotk BA, AAEE AE AddE 2, 44
HE oA SR A GH Y H(Bombus terrestris)< A+H-8-3F AT

Genomic DNA (gDNA)°] #2]+= G-spinTM Total DNA Extraction Kit (iNtRON, Korea)
o] NFHWS wgtow oF&dw FHAW AR 1vtgE 20 ml tubed] ¥ il glass bead
(pore size : 1mm, Germany)®} &3+ ¥ MagNa Lyser (Roche, Switzerland)® ¥ 4) 3} 31t}
49 A= 300 gl lysis buffers Y il 15% vortexingste] &8l 2™, 500 w0 binding
bufferE F7F2 Yol 943 &3k & A& columnel loadingdtit}. ©]= 13,000 rpmol A

1870 A8 3 %, collection tubeo] W2 &HE AAsI L, columnol 500 pl2]

washing bufferE % i1, 13,000 rpmeolA 1#7F YA EE st M #H 3T o] % columns

15 me A Her &7, 60 e TFTE columnol] ¥ FZE gDNAE &FA]7]

313000 rpmellAl 1#7F d4EE 2 DNA &9 FHadth. 5% total gDNAE
S

&t

™

spectrophotometer® g @3t o™, -70 Coll Hysty o]F 23 o
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Total RNA #2]+ R&A Blue Kit (Takara, Japan)S AF-&3to] A Zx}o] x| Al uwle} 4=3Y
stttk oFEstH, F9E AR 198 E 20 ml tubed] ¥ il glass bead (pore size : 1lmm,
Germany)®t =313 % 1.0 m! R&A Blue A ¢S ¥ 3 MagNa Lyser (Roche, Switzerland)
2 B3An. E4E Al=el 200 xl chloroform= ¥ i 15%7F vortexing 3F¢] 33k &
w4 TollAl 13,000 rpm 10%3F 94 & ste], AeAWS 15 ml tubed HATH AR A
Solal e 339 jsopropyl alcohols 23l 15%%F vortexingdle] &3l om, 4 CoA
13,000 rpm, 10%F A4 F2letal Asds AASAT. RNA A= 0 T2 F0[& 75
% ethanolS AF&3dle]l washing ¥4 33t 5 DEPC AHgHd =HFZ AL83to] total
RNAS gdo 7 FH3Iett 59 total RNAE spectrophotometer® A #atlar -70 C
of Byst o5 Aol AHEstt

U, F9 Eo] primerE9 AF Z AZF plasmid DNA &xH

g BdA 115l skl GenBank (NCBDlA @714

e 5ol primersw A7 3l dlF PCR =9 dol= B 214% PCRol|l A %st=

ne
o
f
et
do
(o]
_?L
ol
N
N
N
N
_?L

= 120 bpHF-E 250 bp Atol7F HEE AASAL. ZF HEE primerg2 AAYE AEIAF
(Bionics, Korea)oll ]| 3to] A3} th(Table 3).

Hdw HAANR JAE= L fusiormiss ATCC 34542 458ko] v 9kéllal, genomic
DNAZS F%3lo] Glutamyl-tRNA amidotransferase %z} HES PCR %3l
pBX-vectorell F&3}ste] RF71A 2 AESIATE ARE L fusiormisSol A EZ3 DNAE
pBX-L.fusiformis 1592} W 3}$ 3L, o] GenBank CP010820.1 (L. fisiformis full genome)
o] 4568067-4568195% 71(Z o] 1598 71)E "©HAlstal A th(Table 1).

Table 1. Oligonucleotides for the amplification of L.fusiformis—-specific DNA

Target” Primer Sequence (5—3’)

Glutamyl tRNA L.fusiformis detection F GACTGTGGTTGAAAAGCTACGTG
amidotransferase L.fusiformis detection R GAGCCTCCACTTGAACCACC

" target DNA is located in GenBank CP010820.1 (4568067-4568195; 159 bp long)
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|
foFstd i, genomic DNAES F%3e] diol

juy)

T3k K. oxytoca= ATCC 1686< 453
dehydratase-reactivating factor f+7#F2] Fi-& PCR %3%3}3l, pBX-vectorel] & &3}sl4]
F+=7142 AFEEAY. AFE K oxytoca E°] AF3 DNAE pBX-K.oxytoca208°]# ™
W3l 3, o] &= GenBank AF0177812] 2,065-2,272% 71(4 ] 2084 7]1)E ®H g3l A th(Table
).

w

N
o

3k Slow bee paralysis virus (SBPV)2] 749, GenBank EU0356162] 4714 ES 7]
330 5o d7IFEES AAsg o, o] A7IAEe] A& F2%k long-nucleotide s
7 %3] AH(Bionics, Korea)oll ¢ sle] aawkgkar, &3 A4 2 7} 2ot primero] ¢ 3§ PCR
2 3 A zsg . FEH 3309719 PCRAHE S pBX-vectorol] E&3}slo] 7|22 A}
43t9en, AFE SBPV 5o] A3 DNAE pBX-SBPV-C3Gelgt Wwatddch ol&
GenBank EU035616¢] 7,190-7,519% 71(4 o] 330¢97])E ®HAstal th(Table 2).

it

Table 2. Long-nucleotides for the artificial synthesis of SBPV-specific DNA

Name of Long .
pathogen ] sequence(5->3")
nucleotides

SBPV-C3G-F4 AGTAATATAGCATTAATTAAGTTACCGAAACATGTGCCTATGTTTAAGGATATT
SBPV-C3G-F3 TATGTTTAAGGATATTAGCAAGAGTATTGTTACGCAGGGTGATCATGCTAATGT
SBPV-C3G-F2 TGATCATGCTAATGTCGGCCATTTCTGTTCTATAGTATCACAACAATATGATGA
SBPV-C3G-F1 ACAACAATATGATGAGCATCCAGTTGTTCGTTCTCAGGTACCTGTTACATGGAA
SBEY SBPV-C3G-R1 TGTTCAACATGGCGATCACCAGCTATAACCAAATGCTGTTTCCATGTAACAGGT
SBPV-C3G-R2 CCCTCGCACGTTATATTCATAACATTTATCCATTATTATCTGTTCAACATGGCGA
SBPV-C3G-R3 AAACACCCGGACTAACGAGCGCACTCCCGCACATGCCAAACCCTCGCACGTTATA

SBPV-C3G-R4 ACCAGCAACATGCAGCCCTATAACGCCGCCGTTTCCACAGCAAACACCCGGACTA

* target DNA is located in GenBank EU035616 (7190-7519; 330 bp long)

o AAZ PCR 4 =3 &d& 9% 2% 74 243 PCR

Hodd HAA 11F) 3 ZF primer 2] PCR Z#olA HA annealing <% Z71& %

71 98] =8 AA7F PCR (Temperature-gradient real-time PCR)S 42818}tk A A

7 PCR2 2x fast RT-PCR premix (Nanohelix, Korea)& Al&3t L, HAFF5%= 72 05 uM
forward/reverse primer, 2} 1.0 x 10* &2} 49 DNA7F F3 o2 AlgHom & 20 w
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Table 3. Primer sets for the specific detections of pathogens in Bombus species

PCR
Pathogens Name of primers Sequence (5' to 3') amplicon
size (bp)
BQ-DC-F1 ACTTTGAAGGTTTCGACGCTTCGG
BQCV 233
BQ-DC-R1 GACGGAATTTATAATAGCAGTGAGAT
CB-DC-F1 CCGACACATACTTCACTCTCTCAT
CBPV 230
CB-DC-R1 GTACTTGCGGCGAGGTTCTG
DW-DC-F1 ACTATAAGAATTTTGGTCCTGGGT
DWV 223
DW-DC-R1 ATGTCCGTTATCGGAGAACCTGA
KBIA-DC-F1 ATTTTTCAACTTTTGATGGATCAC
IAPV 213
IA-DC-R2 AATTGAGCGGGGTCGTTGCA
SB-DC-F1 AGTGGGGATGAAATTACTAG
SBV 236
SB-DC-R1 CGCACATAATGCCTCGGTAATA
kSBV-RPA F CTTACGCTAAGTGCGCGCCCAATACTATAC
kSBV* 121
kSBV-RPA R GAAACAATAACTTTCCCGCACTGAAACTTA
AFB-DC-F1 ATCGTAAAGCTCTGTTGCCAAGGA
P. larvae 243
AFB-DC-R1 TCCTCTCCTACACTCAAGTCTCC
EF-DC-F1 AAGAGTAACTGTTTTCCTCG
M. plutonius 208
EF-DC-R1 TCCTCTTCTGCACTCAAGTCTTC
L. fusi detection F2 CGTGACGCTGGTGTTATTTTCAC
L. fusiformis 129
L. fusi detection R2 AGAACCACCTGGAATCTTATC
Klebsiella-F GAACGGTAATCACAGCGCC
K. oxytoca 208
Klebsiella-R CAGCATATGGCGGTCGC
SBPV-F CGCAGGGTGATCATGCTAATG
SBPV _C3 224
SBP,V €3G ACAGCAAACACCCGGACTAA
peptidase R
B-actin 151 F ATGCCAACACTGTCCTTTCTGG
B-actin™* 151
B-actin 151 R GACCCACCAATCCATACGGA

* Min et al, 2016.
** Yang and Cox-Foster, 2005
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volumel. & F3 3ttt A A7+ PCRE ExicyclerTM Quantitative Thermal Block (Bioneer,
Korea)®= 3331, PCR 2712 94 C, 3%7F pre-denaturation 3+ & 94 C, 10x7t
denaturation, 42 ~ 62 T2 &%7#jo] 10%7}F annealing, 72 C, 10% %} extension®] Z7 S
2 40 cycles W33ttt PCR AHE 9] § 4 % (melting temperature) 2418 70 Tl A 90
CT7HA w8ttt F9dH HAA 115l die 2 3 2% =1 Ao A Ct (threshold
cycle) Lefz o] HF 3 @t 2 PCR A& W E S48t HA 1S A3, o

E A8 2=z 2 Jehydoh

g A A9S AF FA9E gDNA A ALEF

A HYA 2 1150 et 1 x 10° 8 1 x 10° 22 9 A %3 plasmid DNAZS
T DNAR 3o, o]&5 A F19E gDNA 50 ngol 23t A Z3=A g AS A
AlZF PCRE A ®=+ 7}7F #dste] vlust ot Real-time PCR xx1& 94 T, 3%t
pre—denaturation 2383}, 94 C, 10% 7}t denaturation, 53.7 C, 10%7%} annealing, 72 C,
10%7F extension®] Z7H o & 40 cycle F3Y&A . PCR AHE 9]
A 90 T7HA 1% (HA o2 1 CTH F7HA7IH &3 ks 545

Gze mEselo] peak 1AZE st

[k

o] F1H& Tm (Temperature of mid-point)¢} 22 Qwjoly o5& z}zte] PCR A= 9]

3 Tmo =z AAEATE. F5 714 thak PCR 429 Tmi#HS 7|08 H|Eo| A uks-

e 9ste], AW WAA 7 1% So] faA td AxF plasmid

DNAE < spectrophotometer® 260 nme &3 %ol AW Ax =43t 7z} DNAEH =

o
e
ot
2
e

e

27714 Bxrel 2 Atk zF Al %3 plasmid DNAE 1 x 10° #2458 1 x 10°
ZA7EAl 1082 AL 815kl 72 PCRoIA +3 DNARZ AFE3SIth A& aed F9
DNAS$E 7} PCRelIA primer?] 74 #E& == 05 uMo] H =5 sk3lon, 2x fast RT-PCR
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}Oll

premix (Nanohelix, Korea)& AF&3lo] H g ®HAA| 5o PCRe @%%ﬁ]% A3t
AAZE PCRE wbgl 24 F AMdFAdE e 50 ng gDNAE F71ste] o]ste] PCR WH$E
S 333tk Real-time PCR2 Genechecker'™ (Gene System Co., Korea)g AM&3F3lo
o, OZ

% annealing, 72 C, 10% extension ¢ 27 S =& 40 cycle %33} t}.

712 94 C, 12 pre-denaturations 783} aL, 94 C, 10% denaturation, 54 C, 10

Hh AgHFE AANAN OF AAIF PCRE 9 E H4A A

S
ik
=
ol

Sflel HEHRL Qb AGAGY ARe] PAA ddelRE Busy] s, A% @

F,oAvE By, B4R A%, A4dE WY A4 F04 4R 99 7 1k

of thale] gDNAS total RNAE F&3t3tl. Total RNA % 1 pgg complementary DNA

(cDNA)® A 8to] virusol thgk HES A =3F31aL, gDNA, cDNAE= 7} 50 ng= AR&3ho]
Fod=H WAA BQCV, CBPV, DWV, IAPV, SBV, kSBV, SBPV, P. Jarvae, M. plutonius,
L. fisiformis, K. oxytoca s 11%°] tiste] vt A AZF PCR (multiple real-time PCR)<
Fastant. 7 A9 g diste]l ZF 05 uM primer % (7} HEFEE)o] AFEEHAL
o ZE 20 w0 volumel ® F3stArth thE A AIZF PCRS Genechecker™ (Gene System
Co., Korea)& Al&3stion, PCR 712 94 C, 3% pre-denaturation %, 94 C, 10%
denaturation, 54 C, 10% annealing, 72 C, 10% extension®] A2 & 40 cycleS P35
o PCR FAHES] §4EA2 70 TolA 90 CT7HA 339

7F 59 A58 xr 2 DNAS RNAS £

F9E AA 1vkel= FAZ 70 mgl = SAH oM, o171 FEH gDNAE =71 3
@ 14 ng/pt FECIR O, A9 1okl % A 57 o) DNAE 28 & Atk @9
Ay AA(HTE 70 m)R5E FEFH total RNAE B 557F 20 we/pl 3 °19oH
Wit oF 98 e AL 4 UATH DNAS AZE 20 e total RNAS ALgake], S dAL o)
&5 AAFAom, Aozl 20 ul cDNA F 1 plE F3 DNACSE AE3te] DNA WA <}
o]l PCRoOA & o2 ARg3Hdth
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U, A9y HY9A e Bg £ primer®d AY 2 ¥F DNA

7} primer®] A= Genbank (NCBDel 5Zd sidFdAE &lsta SojAo] =2 AE

I
J{m
o,
933
¢ d
o
oX,
o
Lot
?i
Q

=

3

@)

=R
=
w®

o
=g
)
ot
oX,
ftlo
N
M\
o
ol

RE WAy vpolg 259 FdE PCR AE=x210S golul7] fsto], 27 S83std 1+
7] & (standard template)o] ZQ3t¥om Ao gUez2 AEA &r7F 53] o8& SBPV
(Genbank, Accession No. EU035616)= peptidase-c3 like -FAANA, L. fusiformis
(Genbank, Accession No. CP010820.1)= Glutamyl-tRNA amidotranferase % A}oll A, K.
oxytoca (Genbank, Accession No. AF017781)% diol dehydratase-reactivating factor 7% A}
ol Zt7] Bo] FHARAE AFHAH &= PCR THEY FE3E F3td grnd 5 9

At

t}. Bombus pathogen specific Real-time PCR9 3 &4 2%

Flade 11 Al
Z+7Fe] primerdS AHE 3 PCROlA #H 4 annealing %2 T3ttt 27 PCRE9 2y}
oA, BQCV, DWV, SBV, SBPV, M. plutonius, L. fiisiformis®} K. oxytoca®l A%+ 4 &
o] FHA7F 42 T ~ 62 T annealing == oA Hwe PCR FZEAES W= Zo]

#&F Qo CBPV, IAPV, kSBVS P. Jarvaes2 48 C ~ 58 C annealing =%°]A &

o\

g

(o
o,
o

2 99 primerdES A& HAH PCR £45S dystur

o] PCR T%°] a3 Zo= yeyt

w3 HA 9 annealing &% =712 Zb7] 45 C (SBV), 52 C (SBPV) 53 € (BQCV, M.
plutonius, K. oxytoca), 54 C (CBPV, IAPV, kSBV, P. larvae), 56 C (L. fusiformis), 57 C
DOWV)= teks] SHHJ oL, st £30A 115 HAA H=S 1% PCRY annealing <
TE 532 C2 Sg3th ZF annealing <=2 38Hele} g4 7 A 25 A=Az
Ao = veb ol vk(Figure. 1).

ol Z} WAool 3 A annealing ==& NE 2AAZF PCRAIA Ht} 818 = AL

Ao, & AFe] BHQ 11F =¥ thF 447 PCR Fael glof, 1159 0@ PCR

_82_




| EELES \ D-05

Table 3. Primer sets for the specific detections of pathogens in Bombus species

PCR
amplico
Pathogens Name of primers Sequence (5" to 3')
n size
(bp)
BQCY BQ-DC-F1 ACTTTGAAGGTTTCGACGCTTCGG 023
BQ-DC-RI1 GACGGAATTTATAATAGCAGTGAGAT
CB-DC-F1 CCGACACATACTTCACTCTCTCAT
CBPV 230
CB-DC-R1 GTACTTGCGGCGAGGTTCTG
DWYV DW-DC-F1 ACTATAAGAATTTTGGTCCTGGGT 593
DW-DC-R1 ATGTCCGTTATCGGAGAACCTGA
APV KBIA-DC-F1 ATTTTTCAACTTTTGATGGATCAC 013
IA-DC-R2 AATTGAGCGGGGTCGTTGCA
SBY SB-DC-F1 AGTGGGGATGAAATTACTAG 036
SB-DC-R1 CGCACATAATGCCTCGGTAATA
LSBV kSBV-RPA F CTTACGCTAAGTGCGCGCCCAATACTATAC 121
kSBV-RPA R GAAACAATAACTTTCCCGCACTGAAACTTA
AFB-DC-F1 ATCGTAAAGCTCTGTTGCCAAGGA
P. larvae 243
AFB-DC-R1 TCCTCTCCTACACTCAAGTCTCC
EF-DC-F1 AAGAGTAACTGTTTTCCTCG
M. plutonius 208
EF-DC-R1 TCCTCTTCTGCACTCAAGTCTTC

L. fusiformis

K. oxytoca

SBPV

B-actin™

L. fusi detection

F2

L. fusi detection

R2
Klebsiella-F
Klebsiella-R

SBPV-F
SBPV-C3G
peptidase R

B-actin 151 F
B-actin 151 R

CGTGACGCTGGTGTTATTTTCAC
129
AGAACCACCTGGAATCTTATC

GAACGGTAATCACAGCGCC
CAGCATATGGCGGTCGC
CGCAGGGTGATCATGCTAATG

208

224

ACAGCAAACACCCGGACTAA

ATGCCAACACTGTCCTTTCTGG
GACCCACCAATCCATACGGA

151

* Min et al., 2016.

** Yang and Cox-Foster, 2005

_83_




D-05

o
binding efficiency & 7F&3te], 115 A PCRoIA 77| o] =t 71;%01] 74 et
i FHE S annealing =%+ 532 T2 ALE It (Figure. 19 7F=4). 11§ 257
gk annealing +%==2 532 CTE& AA 39S w9, BQCV, CBPV, IAPV, kSBV, SBPV, P.
larvae, M. plutonius, K. oxytoca™= Zt # A annealing < == At83l9d PCRE¥ AHSH
AZ ®BQov DWV, L. fiusiormiss Zt PCR annealing 2==2F Z} 38 C, 2.8 T¢] o]
5 Holi, T3 SBVY A$+ 82 T Aol& HQl wF HA 2Ex7oA] "ol PCR
A¥E BAY ol59 AS Ct #ollAd Hif 1.06 cyclese] £4& B o}t 7 PCR AHe2

TE FE9 DNA 3ol YEh o] 9] XA & =e|dto] WA H A ofsAtt.

-~
s
o 60
£
2 @® 57
P © 55
@ 22 54 54 54 54 0
o = T
23
£ ® 53 ® 53 @ 532 C
& @52
- e
50
o
£
™
E 45 @ 45
{
<
40 !
=\ -4 2 2 el 2 2
i & A N
& & & ¢ DN ¥ A &
N &

Pathogens

: Arrange of available condition in real-time PCR
@ : Optimal condition in real-time PCR

— : Recommendation of temperature condition for 11 species multiple real-time PCR

Figure 1. Optimal annealing temperature for detection of Bombus pathogens

Real-time PCR conditions for each target were optimized excluding annealing
temperature. PCRs were performed using 42 C 7 62 C or 48 C ~ 58 T as annealing
temperatures. The template DNA was used for all real-time PCRs as same amount of
1.0 x 10° molecules of each specific target. Best annealing temperature was determined
as b3.2 T for all PCRs against 11 pathogens (horizontal red line). Vertical line was
indicated accepted temperatures for annealing in each successful PCR. Black point was

best annealing temperature for each specific PCR.
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PCRES 333912, kSBV-specific 42 A=
7%, 50 ng gDNAS] &4 F5¥9 F#sA 1.0 x 10° 2A7A Fd3] 45D 5+ gt
(Figure. 2).
2 100 BEApol hE So] f1Ate TEL H g™ gDNAC 93 H] So]% FZAaE 9]
RO SolfHdx S3e] FeAo] HojAl= Ro=
ng9 F 9 gDNAS AHE3t9S A, od AFe 23 ¢ =ofxe oz foHt
(ZH= v A, ek 7D o)A AlRRRE ZeT F e

39 WA Sol FAA FEoIA FHAYA VAL HY ot 2UOE AR

=

Jm

S,
s
4

o

K
= 107 ..._‘\ 107 e 10— it 10— 10—
1§ 108 — /7 105 =»ir 107 = 100=—2  Ap: —/
'.i g ‘0‘15’ >
g i

o —_— - p—— T —

(B 3 o é & 1l 1z 14 16 1 26 =2 2 2 = 3 ¥ 34
L Cxie

Figure 2. The limit of kSBV-specific detection with gDNA or without gDNA.

Template DNA were serial diluted from 107 to 10" molecules of kSBV specific gene.
kSBV -specific PCRs were performed using each diluted template, with and or without 50
ng gDNA from Bombus for estimation of detection limit. “c” were indicated PCRs with
50 ng chromosomal (genomic) DNA from Bombus. N is a negative control using
deionized water instead of template DNA. kSBV-specific primer could detect 10° molecule

of target successfully, with or without gDNA.
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1% A9 393 22he] Sol Fa4 thskel 247 PCRAA 2 primer o] 04w
g stk AP gDNA 50 ngol A 9, 4 Sol /de 10uy A%

I
AAZF PCRES 33t om, ths PCRS 93 annealing 4 2% 532 C (&

o
ni
ot
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o,
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-
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1o,
J{m
o,
M
x
5
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4
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S
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=
e
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2
x
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rlo
ot
o

oA #REASH, BQCV 5o FFHAHES Tme 87.8 Toli, H] Hol4 FHAHES Tm
4

& 785 TR 43 93 T2 #e]7t 3lof

BQCV, CBPV, DWV, IAPV, SBV, kSBV, SBPV, P. larvae, M. plutonius, L. fiisiformis,
K. oxytoca®= Zt7] #2 WWom 5o §xa FFAHEe] Tmgtel SAsA o, 7 ¥
Ao digk Tme] H ZH2F 7921 C, 8791 T, 81.98 T, 80.73 T, 8326 T, 76.09 T,
81.82 T, 8886 T, 86.24 T, 7880 T, 7250 T=E AAE AT o] A A HE i3

Hl 5o]d THA=E Tmas SAsRor, 5o S Tmakat 9 ¥7lskin

ol Fog HAdA HES 9% v PCR #AEH e, 24d44 1F A AHes 7t
T8 SAsINoH, ol o&stH, F9dE AR total DNASF total RNAE FE3haL,
DNA #Hg Al thalol= 22 DNA A 82 AFE3lH, RNA ¥ 9 A(RNA viruses)oll tha}
o ¢cDNAE %E°] Zt7] 11€° PCRES ®Ald dste= zlojnt & HAPHe] AdAA

3% 50 ng 3ARS ZF PCRoll Ab&3stal, ZF 5o 71d& Aldk A ste] 2+2He] PCRe
Aoldtt. A=A DWV, SBVY 4% 10 x
10" o EAA Seldom #AED 4 gldem, CBPV, IAPV, kSBV, SBPV ¢ 5o 5%

>
ol\
I
2
o
_?L
Y
)
N
olf
i
o
[nt
I\
ol
o
rr
N

A= 1.0 x 10° & WPEE B, BQCV, P. larvae, M. plutonius, L. fusitormis, K.
oxytocadl = 1.0 x 10° o] WA =E ®o]l F¢ o (Figure. 4), ©l+= F9¥ gDNA 50 ng
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Figure 3. CBPV-specific detection using CBPV-specific PCR and its Tm analysis

CBPV-specific DNA were amplified with standard condition using CBPV-specific
real-time PCR. Target DNA were serial diluted from 10° to 10' molecules per PCR
including 50 ng Bombus gDNA. Deionized water were used as negative control. Tms
were calculated as 87.8 °C for specific targets and as 785 °C for unspecific amplicon (10!
molecules of CBPV-specific DNA). Amp, Melt, Peak were indicated changes of
fluorescence in each PCR amplification, re-association, and dF/dT, respectively.

N, mm P == 10 10°, 10%, == 10°% 107, 10" molecules of specific target.

Table 4. Tm values for the amplicons of specific targets and unspecific amplicons

in Bombus pathogen-specific PCRs

Melting temperature of specific Melting temperature of unspecific

Pathogens
amplicon(T) amplicon(C)
BQCV 79.21+0.28 75.46+0.24
CBPV 87.91+0.37 78.59+0.68
DWV 81.98+0.34 72.88+0.74
IAPV 80.73+0.34 91.54+0.76
SBV 83.26+0.43 -
kSBV 76.09+0.34 78.15+0.50
SBPV 81.82+0.29 -
P. larvae 88.86+0.50 74.22+0.65
M. plutonius 86.24+0.41 -
L. fusifomis 78.80+£0.33 -
K. oxytoca 72.50+0.36 70.50+0.66
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Figure 4. Detection limit of Bombus pathogen-specific real-time PCR

PCRs were performed with serially diluted, each specific DNAs including 50 ng Bombus
DNA. Accurate detections were available under condition of limited molecules of specific
targets. “17, “2”.and “3” were indicated 1.0 x 10' , 1.0 x 10%, and 1.0 x 10° molecules of
specific targets, respectively. Each accuracy under these conditions was calculated over

0.98 in regression coefficient.

Hh B35 AA1ZF PCRE AHEE AYSAIE A8 BdA A& 4 43

AT 0 APdE FAAA A0E A9Ee 4F
& ARE AHESYOr, BE H9W YA 1vh)22E gDNA% total RNAE 717 #]3)
of Astgith. FW WUA ol A7 PCRE ¥4 Amolx #e¥ RNAIA A2

cDNAE FZ2o=2 1159 PCRE ®Ald T3t Ao=ZH WA o] FXHAES g9l
sle] 1 EA RS AAsAT
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E3 AR FFe] MEFGRAN =

C, 865 T Tm#te 7Fxl A= Fad 2e v 5o]5& % yehyth o] BQCV-
TEHS A7GEAAE AdE 27190 233 bpst AABHE Fow ey Ad7dE R

A 319 tH(Figure. 5; Figure. 6).

, BQCV, SBV, SBPV, P. larvaecl thate]l 217

TE& Ho Fa, 7+ FHEAANA SBV TEFAES 830 T Tmke e

oz FAoE o BQCV 3422 725, 805, 845 T2 Tmats R o specific
2 AdEy, S84 8T E e YA/ R AAFES A,

SBPV Z%hze] 49 815 € Tmghs Welilt PCRAEC] #aEgeody, &4 A7t
L7971, P (+/)om AASFAT(RF WA,

i weke] Mg FgHol e, SBY, SBPVE] F¥4bEo] #AEASH, SBV FHA

= gAEACdA 835 T Tmgto]l Aol FA(+)ez AAe N e, SBPV T&Hita2

Cel Tm#ts el PCR S3&AbEo] dd e oy, &4 HAZE @757, ¢4

BE JEo AFF UL SBY FEAEC] 840 T Tm@e Heha, of w3t
Al

de 277l Fdd(+/-) ez BT AdaE e Mg s =

FodE Hol= HAAZE TAEA ol ATH (AR v AA].

SZol A A A E e oe 1159 WA F04 Aae 7o) AR Sol

F77ke] PCR AHE9] Ctgtst Tmak ela 47195 o3 AL Bl #333

ZH P, 7+ FZAEE I Tm EXolA Z7] 805 €T EE 815 T2 =A4HJoH
s

2E A7 95 Wdiste] Aeld AaE AASA oly s dv (AR A A]).

, SBPV T3t =52 35, 2, B4 ARoAM, d3gte] A S7HE= Aoz #

:i

o] A3 o SBPV F3AHE9 A7 224 bDA DNA AFE-Eo0] ok&lA #2H Y
U]Zﬂ]‘D —I;Llﬂoﬂ SBPV &4+ oA R aH l:l]- Oj\ol:r:] B g1 =s 9
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Figure 5. Tm and electrophoretic analysis of Bombus viral pathogens-specific
real-time PCR using Bombus species produced from Boseong, Korea

cDNA originated from Bombus sample was used to perform 7 specific real-time PCRs.
After PCR amplifications, melting temperature analysis were performed independently

against 7
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viral pathogens. BQCV-specific DNA (233 bp) was accurately detected based on Tm
analysis. CBPV- (230 bp), SBV- (236 bp) and kSBV- (121 bp) specific DNAs were not
found. With only these results, the existence of SBPV-specific DNA (224 bp) could not

be determined.

L. fusiformis K.oxytoca
70
Positive | _GIPositive Sample
500 Tm:78._§\ Tm:72.1 Tm:82.07
Ta 504 \ \
Sample n
5 91 Tm:79.1 \ 5
™ - = ﬂ %
k] 30-
|
300 j u
I
’{ 10
/
0 / T EEE R

&0 0 P %0
Temperature{Degree)

Temperature(Degree)
Figure 6. Tm and electrophoretic analysis of Bombus bacterial pathogens-—specific
real-time PCR using Bombus species produced from Boseong, Korea

DNA originated from Bombus sample was used to perform 4 specific real-time PCRs.
Melting temperature analysis were performed independently against 4 bacterial pathogens.

It is determined that all 4 bacterial-specific DNAs (P. larvae 243 bp, M. plutonius 208

bp, L. fissitormis 129 bp, K. oxytoca 208 bp) were not amplified from Bombus sample.

4. 28 2 99

DWYV, IAPV, KBV, SBV, BQCV, kSBV, SBPV and Paenibacillus larvae, Mellisococcus
plutonius, Lysinibacillus fusitormis, Klebsiella oxytoca ¢ $19338 BHAA S| )3t = A
A S EAS AAHSHPCR)IS Nt dtte] AlgelA F59 3AHe 11§ PCRE
of 22 A % HoR AMEE F dow, ZF HdA 5ol %4 DNAZF PCR 7|2 %
10002 #7F EA g rhd
o7 FEZHAL

-2]7F Algtst= o] g PCR A&EWeol H9He A S 93 HAAHA ] AR H 7 E

7]t gt et

AT 5o] PCR T3&it=sS A, Ad9or 202t 4&4
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A 5 d "vd<sPCR5Z# 5o] DNA-chip
115 3449 A=9 M
<¥ A9 WL Journal of Apiculture 31(2): 133-146 (2016)°] Development of a
Detection Method against 11 Major Pathogens of Honey Bee using Amplification
of Multiplex PCR and Specific DNA-chipd] Al&Eo =z 43dH AY>
1. 48
ol A WA s vholH ) A, Xt EFoA F 35F0] Rixol 2™ (Chen
and Siede, 2007; Runckel et al, 2011; Li et al, 2014), o]%F =Wl = 15F HAA 9 =)
7F g9 vk vk 2 A e 3l deel M B vEE = doR ddd 1159 3
AAE o= g Mo HAEA o= HAAZ AR T FRAR EAd=E 3A
szl sF it

1% #¥ F8 #HdAs, 2 7130 s Sed 2

o

= 932 H= T4 (American
Foulbrood disease; AFB)2| €l Paenibacillus larvae, +%35 A% (European Foulbrood
disease; EFB)e] USl+t Melissococcus plutonius® 2t AlvtAl WHYATS ¥shsty, WEH
(Chalkbrood; CB)e] WA Ascosphaera apis, “31.%(Stonebrood; SB)e] 2 HW A<l
Aspergillus flavus 18]31 <3 WY S 9X 3 Jd= w=AvpHE e A Noema ceranae@)
A 3% Yoz stk Tk HdEo] oy $ oGz 1 FH 7t FAH gul npol# A
A AHe] tiste] BQCV (Black Queen Cell Virus), CBPV (Chronic Bee Paralysis Virus)
DWV (Deformed Wing Virus; €70&-7%), IAPV (Israeli Acute Paralysis Virus), SBV
(Sacbrood Virus), kSBV (Korean Sacbrood Virus; 38 &5 oliuH)e 655 A=

e} —1- AN

o]% kSBVE U 5%F HHoA A" SBVEY dFow 2010 old I EFH
75%0)4S HAMAIZ ddAZ FEEHZ 9 om(Choi &, 2010). T3 oz EFyH+=
Noema ceranae= <2 =AvtE AJAAQA Noema apiss WAT ALz WIQE WAL

9 7184 WAA I % S,

A7) 1% B9 WAASA U Fol FAA AAEe, F2
Mol s on, e A4 BAe 24717 9%

Abe o] JidbE Q e} (Carletto et al 2010; 9 5, 2016).
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o MEEYAe] AL A& 9o, 49 AF PCR (quantitative PCR)H o] B
¥l om (Han et al, 2011; Bu et al, 2005), 574 WA wE HAES flete] 2as% PCR
(Ultra-rapid PCR)¥ o] 70t= 2 aL(Han ef al, 2008; Yoo et al, 2011; Yoo et al, 2012; Lim
and Yoon, 2013), @GA&EHALE  9lste] Ultra-fast PCR (UF-PCR)®™ % LAMP
(Loop—mediated amplification)® o] R ATH} 5, 2016; Lee et al, 2016). =3+ H T} =
- BWYA HAE S Hstd, 74 =E "gdAd ud WaRvEIaHI Y
(Immunochromatography)©] 7W&& 1 Qo ol 77k nigo A4 Aiko] Alzkd A

o2 metx 3 tH(Unpublished communication).

otol AzE WA HARSL, BF 54 WA EAold 2 1 Fe @A wy
ol 7)o, #¥ AWARRE QA7 FAJAAE W] detd, Be TRe 54 w9
Aol e AZWES b P Fastolof st BEAdWe] AgiopdA o= ¥
AATE ol 4 9l FFA AAREARAD 7 A A multiplex PCR A}

Holm, Sguazza & (2013)2> =¥ WA wtoly~ 6F ABPV, BQCV, CBPV, DWV,
IAPV, SBVY] 7/ EAoiF 5 #A43 4 9= multiplex PCRAAIH S A At 18
o] multiplex PCREAIH S o}7t2 92~ 7|5 AolA dld PCR 2H=29 A7|2 #4351
oful shal, HF =W Hiolg]X 6FRES O RE Frhe FolA F&el ATAQD Wol 3l
o},

x

sk, DNA chip< 4 oligonucleotide (probe)E< 717} & AT S =E slide glass 3|
v M v € (micro-array)® in situ ¥ A (spotting) Al A, FE A A7|A<EdS 717 o] DNAZF
7} probel DNA:DNA hybridization® Al &= A Ho]tHE.M. Southern, 1992). <&, &°]
How FEZAZ PCR AHEESS, Ex9 5o A7IM<Ee 7 probess HAIF DNA-chip
o hybridizationA ] S 24 D74 E Eo]Alo] PCR¥ hybridization® & Hj7} Al7l 2 &

ol MEHAIL, =2 Folda olF A9 A, probed] Fgol Aol A k= A

ol arE o], o WA FA A ()l vFetA S&E A H At (Sarshar T,

2015; Li, 2016). z#u, = AW disto] 44, A4 BAA HAE 3T & =

gebd, B ATE 54 WAAe) A7) gE ne F ade B9 4w duwe, 59

A, 484 WA AAR FEA717] sk, 11E vl FaudA A HES A
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multiplex PCRHS 7|Wsta, 2t YA 5o] PCRAES, 72 HYA 59| probed B 1A

71 DNA-chipo & #A 3= Ao A2 AAPHES AlZo] kst aal 4t
2. Az & Uy

7. A1& #33% RNA 3 DNA &1

= AW A Es 2016 59 AW e 89 kSBY AAAE AHESAT A4
Hol g 9oty 4w Hroz wEH 35S TSI, o]& MagNa lyser (Roche,
Korea)® H43la1 RNA iso plus (Takara, Japan)E ©]-&3}9] total RNAS <283
t}. #2]¥ RNA+ spectrophotometerd] oJst A= > 2 F 1 pgS 200 unit M-MLV

reverse transcriptase (Bioneer, Korea)E ©|&3to] cDNA A4 & T3, o] cDNAL

total RNAE2> -70ColA Byatw Ao AH&-313

Table 1. The recombinant DNAs of honey bee pathogens

GenBank accession

Pathogens Name of Clone N Reference
0.

BQCV pGEM-BQCV-RdRp EF517515 Giang et al, 2014
CBPV AM-CBPV EU122231 # &, 2008
DWV pLUG-DWV-RdRp NC004830 °] &, 2015
IAPV pDrive-IAPV-RdRp NC009025 Unpublished

SBV pBX-SBV3 AF092924 Kim Cuc et al, 2008

kSBV pGEM-kSBV-VP1 HQ322114 Unpublished
Paenibacillus larvae pBX-P.la-16s-797 U85263 Unpublished
Melissococcus plutonius pDrive-EFB X75751 3t &, 2005
Ascosphaera apis pBX-A.apis M&3264.1 o] &, 2004

Aspergillus flavus pBX-A flavus D63696 Lee et al, 2015
Nosema ceranae pCR2.1-Nosema DQ486027 In this study
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W WHAA 1159 3k Eo]% PCR primer 1142, 227] primerE9] 93k Multiplex PCR
< 7FsetAl shrl fleke], = AdE 5o PCRAFE©] DNA-chipel ®AIAIZ] probes
(oligonucleotides) ¥+ 9-4=3F hybridization®] 7}s3tAl 3171 $13ke], Table 19 A Zz& Ao &

AR 7 WA Sold @/MLS TAs] AARAL 7 primers] FEAL F

Multiplex PCR®] #3/d& Real-Time PCRE &3ato] H7hetdow, F23ek primerel] dof
sto] H&, LA, AdLeian, HFH o2 DNA-chipel EAAZ probesae] SolAd <
At AAA 2w MRS wkEE gt DNA-chip® probe oligonucleotide S ®
hybridization2 #& #743st7] ¢3te] PCR primer 112 Z} primer® 5 -dho] &3¢
Cy37F 2g% ez =& A#5Ao™(Bioneer A, Korea). Primerd &2 H7}o] A3
Real-Time PCR< SyberGreens 33 o=z AL&31 T Real-Time PCR 7]7]+& Exicycler
TM96 (Bioneer, Korea)S A}-& 311t}

Table 2. Origins and names of primer sets for multiplex PCR

GenBank accession

Pathogen Name of Primer Reference
No.

BQCV BQ-PCR-F1/R1 EF517515 this study
CBPV CB-PCR-F1/R1 EU122231 this study

DWV DW-PCR-F1/R1 NC004830 this study

IAPV KBIA-PCR-F2/R2 NC009025 this study

SBV SB-PCR-F1/R1 AF092924 this study
kSBV kSB-PCR-F1/R1 HQ322114 Unpublished
Paenibacillus larvae AFB-PCR-F1/R1 U85263 this study
Melissococcus plutonius EFB-PCR-F1/R1 X75751 this study
Ascosphaera apis AA-PCR-F1/R1 M&3264.1 this study
Aspergillus flavus AF-PCR-F1/R1 D63696 this study
Nosema ceranae NO-PCR-F2/R1 DQ486027 this study
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. Zd WY 11F0] & 22-Multiplex PCR9] 3 3}

WUA So] DNA %2 7 AzFAES Agstdon, 2ge A48 FF DNA

11¥F

£

Z_'

copies® 10°7H=2 ataith WA, 2+ HYA Eo] DNA F38& Aoz Eo] PCR primer®
S Abg3sle] 7ZH7] &4 3 (annealing) %8 PCR (temperature—gradient PCR)S <33}
o, A A3 ex 2 Jts X WIS Fagoen, olE 7Fo® 22-multiplex PCROJ
HA &3t 2=E AASIT PCR #H892 dutdq oz 20uE 7T 2 o, A&
¥ PCR premix+= Greenstar master mix (Bioneer, Korea)?] 1t}

11% DNA ol th3t 22-multiplex PCRS PCR cycled] W& 373 we S7F 2 7 H
AA Ho] S AFEe] ol wet Fristgl e, olo] wet 22-multiplex PCRO =4 2 %

HA3te 22-multiplex PCRe] #7112 22-Asy-primer mixE AF&3ta, %7] HA oA 9
4T 5% %, ¥ A 94T 30%, 55 @A 52T 30%, A% A 72C 3024 dgste] F
22-Asy-primer mixtT, 5°] PCR4F=3 DNA-chipel © ¥ probe oligonucleotides 3}
hybridizatione  &%1A1717]  #138te, d]di A (asymetric) %9 PCR primer #E&=
primer-mixture® FA % ot} = ZF HAA A g 5] primer¥ES 14 E= 41 =
= 1:2 (forward : reverse primer® %)= ZFo] ZAI3 Z o & hybridization® 2zt SBRZ:
(Spot/Background ratio)= EWZ HAH]| &S ot o] AxE EUlZ FH A 22-asy-primr

mixs ZA 3T
Z}. DNA chip® oligonucleotide probe A4 2 A2}

DNA-chipell &A1 Z oligonucleotide probeE-2 7z} WA Eo] PCRAMES UYH A71A44
S Al o, WYAE R 5o]4 hybridizationo] 7Fesdtes AAste] F& Al =E AT
(Bioneer, Korea). E0©°] oligonucleotide probeE<S DNA-chip, K-CAPYe] &)= o]
hybridization % B7F44& 71521, o] A Multiplex-PCRell €]§k 5o] PCR AI&E53%
E o] A hybridization, =22 12 H]E 0| & hybridizationS H7}8te] A A, wA g HFAHS
HHESEI T A A" DNA-chipe] Al#e K-MAC (Korea)oll A © 931 2™, hybridization
o] Hr oA E K-Macd K-SCAN-CAP™ scanner (K-MAC, Korea)$t 3##  software
program (K-MAC, Korea)S AF83}3i ol

_96_




f
n
m:2
}Oll
w)
&

v 115 Y 8 HYA A& 9% DNA chip A%

Figure 1. K-CAPTM, DNA chip for detection of honey bee pathogens manufactured
by K-Mac, Korea

K-CAP™& K-MacAtell A #A12td 43 DNA-chipel™, 9184 200ue] 9AREA S 2&
F A= ol frElEe] BEE Aotk PCRE& AR A fFel&o] &71A
o 1 )8 ©H o] probe oligonucleotideES v Al #iAAZ 4= = WHolth(Fig. 1).

HH AW ol 11Fo ol o=w A E probe oligonucleotideE-2, LA ol Z+ probe

rlo

7} 20 pmole/pl TEE 40 pmole/w7t HEE FEE FAHEACH, o] probe &N
sciFLEXARRAYER S11 (Scienion, Germany)S A}F&3}¢], aldehyde’] 2 HWHAEZE 3
K-CAPIM®] frelE ©@Hdd 9% Holdoz 7k 200 pl¥ T (spotting)stSith. w5
probet= &7 200 me] spot FEN7} HJow, FAIF A (center to center; CTC)= 180 m
7F H =2 Z2AHEHAT. Probed #F F 25T, 70%9 #+% dtolA 3A3F FeF K-CAP™

=5

el aldehyde”]¢}  probe®] amine”]¢te]  A¥E  FEstow, wE TR OF
Prehybridization Buffer (2x SSPE, 0.2% SDS)E A}F&3lo] W] AgslA] H3gk of i<

probeE< A A3FA THK-MAC, Korea).

v}, Hybridization ¥ Washing & & 3}

22-Asy primer mixE AF&3ste] 7} WA Ho] AVIAMES FIHSE st multiplex
PCRS whxl %, 7} W Aol 5o]A<d PCR AtEe] AAdHE PCREJELS Zb7] 43
(hybridization)el] AF&H AT EA3= 95C HE WA 5 52T, 300 rpme A&
(Thermo—mixer comfort, Eppendorf, Germany)3}oll 4A|7F =8st= Ho] HA 9 AyE B
dom, &3t F Al (washing) A 4x SSC buffer, 0.2x SSC buffer, DW. o2 %
& 300 rpm¥ 42C &% oA 534 AlH st Zo] HAY Aew yeyt

o] HA EAst x5 Asly] fste] 47T, 52T, 60CE wusgon, AAnAe] 2& 4
Al 24 (2xSSC, 4xSSC)E vlusttr. A¥el Hr7be FRTE AZFH $ 7 spotd
SBR (Spot/Background ratio)#< 7]<S 2 H| 1l 43}t
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A}, Multiplex PCR¥ DNA-chipS o] €3 & Fo HAA 1159 d3 FF AAHE
o 39

11Fe] el 3t 2F F9& %

J|m

ol frH A 10° &AM 20 pg)E A= FlelH,
¥ primer sete= 22%F 2 PCR primer’} vl Aoz 3% 22-Asy-primer mix (100
pmole/reaction) @} XA A primer PC1S 0.2 pmole/reactions AF-&3t+= Z o]t} PCR W3-l
2 F 20 Wl o™, Greenstar master mix (Bioneer, Korea)E 7]WFS & multiplex PCR<
TRt
Multiplex PCR 2712, %7] WA o7 94T 58 5, WA &4 94T 30x%, 53 oA 52T
30%, AlA A 72T 3024 13 ste] F 40 cycles WHE3F= A o)W, hybridizationS 52T,
300 rpme] & 3Floll A 4A17F Z8Y3}ar, washing= 42T, 300 rpme] & 3tollA z}7] 0.5
ml 4xSSC buffer, 5%, 0.5 ml 0.2xSSC buffer, 5%, 0.5 ml D.W. 522 24 MH& 3}
, AFA o2 LightCycler® 480 Multi-well-plate 96, white (Roche, Korea)E A}-&3}¢]
3500 rpm, 2% 7+ ¥AET 5] DNA-chip £WUS 7 %A]7]+= ZAo|t}. Hybridization®] <
A& K-SCAN-CAPMO. 2 ~A73tar, AF&%E SBRZH(Spot/Background ratio)S ETHE H7}

s A EE APWOR sy

[
L
.
o
)
ofo
o
Ho
ot
-

SBVe Zdd AAE AHES & N E

kSBVO #od¥ wUdFx #HHo FFOo07REH total RNAS 589, 2 5 1 wws
Abgste] & 200 cDNA W5 33 $ 1 T s FI 22 AREske] 22-Asy primer
mixE AF&3F Multiplex PCR % DNA-chipo] 93+ hybridizations <33ttt & 23

o EEAAbgel F3hel AAstglt,

ShA, AS5S 95te], DNA-chip2 golA A8% cDNA-targete] w255 kSBV-specific
Real-Time PCRS A}&3lo] target ®A5E =439t Real-Time PCRolAl AF8-#

primer &< 22-Asy primer mix®| 2% kSB-PCR-F1/R1¢]% 2™, Real-Time PCRe| %=
A& 5 mM kSB-PCR-F1/R19} PCR premix¢! Greenstar master mix (Bioneer, Korea)=
st o™ multiplex PCR9] 74-$-9F o] 8L 1 kSBV cDNAZ 733}t Real-Time
PCRO =112 %7] ®A &A 94T 57 & F WA @A 94T 30%, T <A 52T 30

Z, AF @A 72T 3028 F 40 cycles wrEsIT dH O O AHES 95
pGEM-kSBV Az3 DNAZ targetZ 3t ov, o5 Z7|F8% 100 £ 10" &4,

P RA g o WA 4 S, AFS AT ANHHL FHAt
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7t ¥ 11F HY9A S dig 5ol PCR ¥ multiplex PCR & % 3}

of gk 5ol PCR %< &<lst7] #ste], Z1¢]i multiplex PCRollA
A% annealing&%=% T3] 938kl 7} o] A% DNA 10845 FHoz 7 5o
primerS Y3 9 5 pmole® AFgE3to], Zb7] AlabE 8 4 (temperature of mid-point; Tm)#k
& FHoR 2= PCRE A8 th(Fig. 2).

of gt 5o] primer AE ZF 5o] PCRoIA 7Z}7] 5ol FE& HAFY
ow FHEA (melting temperature analysis)ol A Z}7] 12F¢ TmztS YEeEWAL 115
| 2=48 PCRO Z3E wgoz 7P v HAASdA 52 TFYs Hole
PCR annealing==%=7} 52C<2l Aoz AR 7], o]&5 multiplex PCR2| annealing &%=
AR SEATHA A = A A]).

J{m
[

L" pBX-EFB564, 52°C +
pEX-EFBS564, 52T+ 3 pBX-EFB5GA, SO°C * f
1/

: ] pBX-EFB564, 50°C *

Fluoresconoe inlensdy
T

TA0_TVRA_ GAET: i _f
y! pBX-EFBS64, 46°C 4
PBX-EFBS64, 46°C pBX-EFBS6d, 48°CY
N pBX-EFB564, 48°C" e =4
S = — -t =
M @& & W m ' WM W R W R W W W R W
- . | Temgwrators |

Figure 2. The amplification of M. plutonius (EFB)-specific DNA with specific
primers using annealing temperature-gradient PCRs.

(Left) Fluorescence curves. M. plutonius—specific PCR products were differently amplified
depend on annealing temperature, 46°C, 48C, 50C and 52. (Right) Melting-temperature
analysis. The Tms of M. plutonius—specific PCR products were estimated in range of

87.5-89.0C.

HH WAA 11Fo] 3+ specific Multiplex-PCRS, 11%(2270)¢] Eo°] primerEg 7} 1
pmole® &3 3lo] Wre o Z 22 pmole?| primers AH&3StaL, ZF Eo] DNA 10°8242 3
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PCR productEs w93 o=z AL 5 g7, 5o] primere] A 9 A

Al DNA-chipdel 5o probeEd Hb-gAo] £L& xS e 4 T primer-mixE
A ste]oF st FHF4 o2 DNA-chip#e] wbgAo A% 74 -3k multiplex PCR

o o= 22-Asy primer mix (100 pmole/ each PCR)&} ™

%0

4 primixE AT &

3t} (Table 3).

Table 3. Composition of 22-Asy primer mix for pathogen specific Multiplex-PCR

& DNA-chip
Forward Reverse
Targets Template(20pg) Name of Primer

primer/rtn primer/rtn
BQCV 455 x 10°copies BQ-PCR-F1/R1 4 pmole 1 pmole
CBPV 10°copies CB-PCR-F1/R1 1 pmole 4 pmole
DWV 5.14 x 10° copies DW-PCR-F1/R1 1 pmole 4 pmole
IAPV 3.88 x 10° copies KBIA-PCR-F2/R2 10 pmole 40 pmole
SBV 490 x 10° copies SB-PCR-F1/R1 1 pmole 4 pmole
kSBV 499 x 10° copies kSB-PCR-F1/R1 1 pmole 4 pmole
P. larvae 494 x 10° copies AFB-PCR-F1/R1 1 pmole 4 pmole
M. plutonius 420 x 10° copies EFB-PCR-F1/R1 1 pmole 4 pmole
Ascosphaera apis 468 x 10° copies AA-PCR-F1/R1 4 pmole 1 pmole
Aspergillus flavus 422 x 10° copies AF-PCR-F1/R1 1 pmole 2 pmole
N. ceranae 4.10 x 10° copies NO-PCR-F2/R1 1 pmole 4 pmole

Total primer quantity/reaction: 100 pmole

7z} Eo] DNA 10°2 A2 F3 o2 22-Asy primer mixE A3 H A 3tE multiplex PCR
, ZF 5°] DNAE A&3 TZAF o, 9% target DNA (1072l tiate] Z7] Ct
(Threshold cycles)#kel 20-23 cycles® WERSGTH(H, kSBVSF IAPVe] Ctak2 28 cycles).
ey 115 259 HF ¥333F (final fluorescence intensity)S 3.3 - 50 Ko ®HYd &
o], o] %¢] A<l hybridization®ll A &g & EA7F AabE el Akl oh(Fig. 3).
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Fig 3. Multiplex PCR using 22-Asy primer mix with each pathogen-specific DNA
As template, each 10° molecules of pathogen-specific DNA were added. 22-Asy primer
mix were used to each PCR. The Ct values of BQCV, CBPV, DWV, SBV, AFB, EFB,
Ascosphaera apis, Aspergillus flavus and Nosema ceranae were estimated 20.0-23.0
cycles, except 28.0 cycles of TAPV and kSBV. All final fluorescence intensities were
pointed on 3.3-5.0K.

U, 49 28 A48 DNA chip A3

I Al A AFE¥E DNA chip2 K-CAPIM (K-MAC, Korea)2. 2, fr2l&d Adg& &=
7F A=) = FHE, 0.2 ml PCR tubed W2 Azste] PCR¥ DNA &3} dhg&
Al AT = dEE QAT TubeWl o] F2l% -2 DNA A d e AME5 = A
& 20mme] 9F frEjdelw, nAugde] V& MAAE 48 fFEde JtE 7, AZ 7,

% 4971 9] oligonucleotide probeES Z3 A7l spotE2l widol™ 7} spote A& 0.12mm

rr

2 spot =247 72 (Center to Center): 0.18mm=E 3}t ZF probe oligonucleotedeE <
HE A 25te], AANE probeES spottingdte] DNA-chipS A& AL, spotE2] 91X =
Goz motst = %= HE 9% FEA(HC; hybridization contro))@] $1XE vz =] A 3FA T}

AHEE spote] = Set 1914 1970, Set 2014 197H, 91X FA 4= F 427001l eH, 11
Z ZH YA Eo]3 probe 19F2, Set 1914 20 pmole® spottingslil, S wjd =
Set 2914 40 pmoleS spottingdte], 3+H 2] DNA-chipZ doA F Hel dHbE AxsE o
T JE=E A (Fig. 4).
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Figure 4. Positions of each spot containing oligonucleotide probes on DNA chip,
K-CAPTM.

19 different oligonucleotide probes were mounted on spots in each set. Different
quantities of oligonucleotide probes were used on spots in Set 1 (20 pmole) and on spots

in Set 2 (40 pmole), 4 positions of Hybridization control (HC) were located.

11F ¥ FaHdAd 3t Eo] oligonucleotide probed = % 1950z ZF WA 9
FAA WHolA 55 1y ste] B4 probeES A 83ttt SBVeF kSBVe AH$- 7 3F,
259 Y& 5] probeE spottingst o™, DWV, IAPV, AFB, EFBe 4% 7} 259 5o

o

probeE, BQCV, CBPV, Nosema cerana, Ascosphaera apis, Aspergillus fluvus < 2t 1
9] 5] probeE H©H A3 tH(Table 4).

o U YA 1159 5o DNAY tig Multiplex PCR/ DNA-chip®] % &
Paenibacillus larvae (AFB), Melissococcus plutonius (EFB), Nosema ceranae,
Ascosphaera apis, Aspergillus fluvus, SBV, kSBV, DWV, IAPV, BQCV, CBPV¢ 115 #
H YA 5ol DNAS FYP o= Abgate] HFxlel o3 A4S Fd30t 2+
Z712 10°22¢] DNAE PCRFY o & 22-Asy primer mixE AM&3ste] PCRS 285}l
°]& DNA-chipdl 443t &35 AP * AHAZ S AAH FEEA k= Aol

—

22-Asy primer mixS AFE3H ZF H YA Eo] multiplex PCR 252 vl2 DNA-chip’
o] 59| probeE# hybridizationA|Z 2™, 7t So] PCRAHE] wel 5440 J4S HoF

At (Fig. 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15)
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Table 4. Positions and names of oligonucleotide probes on DNA chip, K-CAPTM

Spot site Probe concentration / spot
—_— Probe
Set  Set Genbank accession No.
X ) oligonucleotides Set 1 (pmole) Set 2 (pmole)
Bl El BQCV-PP2-R 20 40 EF517515
B2 E2 CBPV-PP1-F 20 40 EU122231
B3 E3 DWV-PP2-F 20 40 NC004830
B4 E4 DWV-PP4-F 20 40 NC004830
B5 E5 IAPV-PP5-F 20 40 NC009025
B6 E6 IAPV-PP6-R 20 40 NC009025
B7 E7 Apis-PP4-R 20 40 D63696
C7 F7 Apis-PP5-R 20 40 D63696
Cl F1 SBV-SPP3-F 20 40 AF092924
C2 F2 SBV-SPP5-F 20 40 AF092924
C3 F3 SBV-SPP6-F 20 40 AF092924
C4 F4 KSBV-PP1-F 20 40 HQ322114
C5 F5 KSBV-PP3-F 20 40 HQ322114
C6 F6 Nosema-PP1-F 20 40 U85263
DI GI AFB-PP1-F 20 40 X75751
D2 G2 AFB-PP3-F 20 40 X75751
D3 G3 EFB-PP1-F 20 40 M83264
D4 G4 EFB-PP3-F 20 40 M83264
D6 G6 flavus-PP3-R 20 40 DQ486027
Total Probe oligonucleotides
19
. . . AFB target asy 22multi mix (4hrs hybrid)
» B
. . 6
o & . 2‘2;'1”;”1_';!'],'!? L[i!ﬂj!llii illlns‘éullsié!

Figure 5. The fluorescence image and signal intensity of Paenibacillus larvae
detection using 22-Asy primer mix and target DNA.

The 494 x 10° molecules of AFB-specific DNA were used and 22-Asy primer mix and
HC primer were added. The AFB specific D1 (probe set 1, 20pmole) and G1 (Probe set
2, 40pmole) were 9.36. D2 (probe set 1, 20pmole) and G2 (probe set 2, 40pmole) were 5.4
and 5.34. HC sites were Al, A3, A4, and G7.
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. . . EFB target asy 22multi mix (4hrs hybrid)
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Figure 6. The fluorescence image and signal intensity of Melissococcus plutonius
detection using 22-Asy primer mix and target DNA.
The EFB specific D3 (probe set 1, 20pmole), D4 (probe set 1, 20pmole) were 10.95 and

9.68. The SBR value of G3 (probe set 2, 40pmole), and G4 (probe set 2, 40pmole) were
10.56, and 10.24.

. . . A.apis target asy 22multi mix (4hrs hybrid)

i I|||u|1|ll||| ! llil i

3 TR Y30 sECc0yusEEzRICADEEE

BGs —

Figure 7. The fluorescence image and signal intensity of Ascosphaera apis

detection using 22-Asy primer mix and target DNA.
All B7, C7, E7 and F7 of Ascosphaera apis specific probes showed 10.99 on SBR value.

B7 and C7 contain probe set 1 (20 pmole). E7 and F7 contain probe set 2 (40 pmole).

' . . A. flavus target asy 22multi mix (4hrs hybrid)

'. =_=:'=:=;=l~—u‘_‘__AAAA___,,:C.J.:.JJQ
2 a

Figure 8. The fluorescence image and signal intensity of Aspergillus flavus

detection using 22-Asy primer mix and target DNA.

The Aspergillus flavus specific probe D6 (probe set 1, 20 pmole) and G6(probe set 2, 40

pmole) were 2.91 and 3.23.
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. . . Nosema target asy 22multi mix (4hrs hybrid)
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Figure 9. The fluorescence image and signal intensity of Nosema ceranae
detection using 22-Asy primer mix and target DNA.

Both  specific probes C6 (probe set 1, 20pmole) and F6 (probe set 2, 40pmole) of

Nosema ceranae were 10.98.

.. . .. BQCV target asy 22multi mix (4hrs hybrid)
12
6
o LILLIL I|il|||ll||||ih|u|| Ill||IIIII|IIIII|II 11
. IR EROOUDHEE EREDung TTegB8EEE

Figure 10. The fluorescence image and signal intensity of BQCV detection using

22-Asy primer mix and target DNA.

The E1 (probe set 2, 40pmole) of BQCV specific probe showed 7.97 on SBR value (Bl

did not match up with grid in software program).

. 9 . CBPY target asy 22multi mix (4hrs hybrid)
12

L
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Figure 11. The fluorescence image and signal intensity of CBPV detection using

22-Asy primer mix and target DNA.

The B2 (probe set 1, 20pmole) and E2 (Set 2, 40pmole) of CBPV specific probe showed
2.93 and 6.45.
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. . . DWYV target asy 2 2multi mix (4hrs hybrid)
12
- & 10

s®

Figure 12. The fluorescence image and signal intensity of DWYV detection using
22-Asy primer mix and target DNA.

The E3 and E4 of DWYV in probe set 2 (Set 2, 40pmole)showed 4.56 and 10.13 (B3 and
B4 did not match up with grid).

e ., .. IAPV target asy 22multi mix (4hrs hybrid)
12

™ 4283 HEROCEORARTAEGOTEGEEE D
33

Figure 13. The fluorescence image and signal intensity of IAPV detection using
22-Asy primer mix and target DNA.
Both B5 (probe set 1, 20pmole) and E5 (probe set 2, 40pmole) value of IAPV specific

probes were 11.42.

. . .. SBV target asy 22multi mix (4hrs hybrid)
12

Figure 14. The fluorescence image and signal intensity of SBV detection using
22-Asy primer mix and target DNA.

The SBV specific C2 and C3 in probe set 1 (20pmole) were 3.88 and 11.1. F1, F2, and
F3 in porbe set 2 were 9.79, 813, and 10.72.
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. t . kSBV target asy 2 2multi mix (4hrs hybrid)
12
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Figure 15. The fluorescence image and signal intensity of kSBV detection using
22-Asy primer mix and target DNA.

The kSBV specific C5 (probe set 1, 20pmole) and F5 (probe set 2, 40pmole) were 8.01
and 5.83.

Z}. DNA chip 3¢9 d% A&

AEet xF21E wel kSBYV #4YE AR 3¢ A4 HAANE Fdsdn AEAEE T
Hqog 197 x 106 B2 & AF&3+9 a1, 22-Asy primer mixE A28l 7]& kSBV Eo]

4 % band® FYE bandE <1ttt ©] & DNA-chipdll #&3te] 443+ 4315 %

A2 kSBVel Eo]&2 probeE2l HHAA HAAES] multiplex PCR AHEE9|
hybridization® H-S <QIAH RS HA probes ] whEo] W QLA E L
Zt WA digk vk 540 By EUA s, HEAHS® kSBV HAES AARZL F AU

t}. (Fig. 16).

e
e
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. . . kSBV detection in honey bee sample

™ o LT T s s S L ]
FEIL T axsacoBOCadEII USRI BEEE
o &
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Figure 16. The application of DNA chip detection using kSBV -infected honey bee
sample

cDNA was used 1pf (total 20ul cDNA generation). The C5 and F5 of kSBV specific
probes showed 3.35 and 4.52 on SBR value.
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£3], asymmetric primer®} hybridization A]7F< hybridization®] && 7§Alo] <lo]
23S Uetideh b HY9A9 asymmetric primer 232 E3%slglS wf, i+ 3.82H)
SBR# S7HeS R 115 HYA HdE=o FF3E 22-Asy primer mixE A3 Fth &

Sk 4A]ZF hybridization< 1A 3t hybridizationel H]3 A 117.51%, Hdl 391.25% 5 7}3F%

o

al, oo ¥ hybridization AP ZAE 4A)17F o2 A A5 ., hybridization 2A] 7Holl A =
AE wo] Adate] Huto] whel 2417 = 1A)7Fe] hybridizationol] 23 A= 7} st
Aoz oiger).

B o] ol DNA-chip2 oligonucleotide probe A4, H&, A4 2 3 A= /HA, o

il

2 wkg A 1A 58 AA oligonucleotideE o] A A 3l multiplex PCR =71 2 23
¥zdo] gHHo HF ALEHA. ¥ WA HEC o] HEE 5 HAdA] AH
A H1EH A7 WA JAHJLL, olA7A oy HAdAE FFH R

He 2 70 multiplex PCR 52 574 WA AEWS 338t AdeAqnh. 18y
EAEHE 3 Ho dAE SR dA BAAAE & ¢ de 29 multiplex PCR %

DNA-chipd =R oz, IdA " FHEAN HES ATHeR A4 IdHown F84=

3 reverse transcriptions multiplex PCR¥ DNA-chipdl =%3}¢] One-step DNA chip
HES F7ote A2 AFAY Hels Fdste sty EdFol 2 Aol™ reverse
transcription, multiplex PCR, hybridizationZ7}#] 3F el 3sto zx o do] 9S8 =

2~ 0]

T AL Aot} I H|Eo]¥ W3S Ao )= CBPVS SBVZF 18]l Asocsphaera apis

o} Aspergillus flavus 7+2] WFg-& XA 4 = MEE primer®} oligonucleotideE A
Aoz 3 el e A A = o AW FA HALRA =stuz &
W Ha HE A, HE HE A 52 HUt Vel o] AR JAEHE AAS S
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A6 A EEH 6% HUAA i 234 vFs PCR A=W /M
<¥E Ao W& Journal of Apiculture 32(1): 27-39 (2017)°] Development of

Ultra-Rapid Multiplex PCR Detection against 6 major Pathogens in Honeybee$]
Aoz wxgd AA>

Aol =52 7hedol mig = dAZMA Ll =28 AW T Sl S 2 TS

¥ (American Foulbrood, AFB)

=)
2
>
=t
oX,
b
rlr
™
BY
oX,
i
ok
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N
ko
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rio
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f(rt
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9| Paenibacillus larvae®t +H5AH (European Foulbrood, EFB)¢ Melissococcus

plutonius, ME*¥ (Chalkbrood, CB)9 Ascosphaera apis, “131% (Stonebrood, SB)¢]
Aspergillus flavus, 12]3 =AvlH  (Nosemosis)e] 941+l Nosema apis$®t Nosema

ceranae’} )

fr 5 (200909 =dl =¥ AW B WEe digk ZARelA], 20099 Fulel A FRE =
of AW A5 5 588 %7F wmRAH FAE ANeHW, wAnY 429 %, A 249
%, MEY 129 %9 ToZ YEY
A Maw 665 %, =AY 233 %, FHFAE 155 %, WEY 106 %, VHHAH
46 % o= YElygtow ol Hyw B AWARAAM P Jarvae, M. plutonius,

o,
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b
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i

fl
i

)
2
o

Ascosphaera apis, Aspergillus flavus, L8] 1. Nosema apis®} Nosema ceranacs< T+
D IPIS, PETLS. y D.

A 2 JaAd HAAZ g ) 3 ol AW U ofyE} ol x: Wt
BES A HHEY ZAlA Fo FAEZ AFHL dew (Roetschi ef al 2008; Wilkins
et al. 2007), 53] Nosema ceranae® 745 20161 wHW=o|A Aoz 1 EA7F =

o] HAHYIE At} (Frazer et al 2016).

ghA, = WA gk FHA HA
o, ol 5Fo] Y HEH} AZ FATH sivh = 55X WA oigh
PCR #ZY (Van Nguyen et al, 2010, + &, 2007, 7% &, 2008), WAe] =44 HE=&
2402 st A= PCRY (7 &, 2008a; ++ &, 2008b; -+ &, 2010), &= AlZF W WA

o wWE HES 93 21% PCRW (Yoo el al, 2011; Lim and Yoon, 2013; Luong et al,
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2015), 183 A4 HE8A4 S Asst dFd 2245 HAAPH (Ultra-fast PCR; UF-PCR)¥ 12
W
H

g7l 5& ZZ (Loop-mediated isothermal amplification; LAMP)o] =3 2AH gt

o7 7ol ¢hoH(Lim, 2013; Lee et al, 2016; 9 %, 2016a). atA|wt o83t HEHES
A 52 27 WA gk PCR AAMeE zigde] 7ol graoja] lom thekst WA
gk dHo] S fste] 5o PCR A LSS 244 3 stofof st BATS 7HA L 9
=3

wElaA B Ao = EEH HAA slel sk i Y] dAE dol 659 FL AL

A e A EE wdAd vste] FE8A A/ AF AAE 7He e PCR-chipg t Akl

st o A ZE PCR-chipS 7|Who 2 Ak AI7HS H A3 215 TA JAdHS /st
3

azk skt ol AdAd AHaks @R kel A&l xas EA Aol Jhed

j
off
%

ko2 Q& T FFE melting temperature (Tm)E
24 wHel T8 6% HWHAY 5ol §HA HAE e PCR-chipg o] §3te] Al

S 5 Qe 2nE AWES AEstag s

2. A5 % W

7HAR s 2 A8 2 759 9 2

e

<
T

o

BY fF ARE 20169 78 470 FRFAN A9 FIHA XS AFH AES A
Yol Atk AQE fF ABE -70 CAN YERE sGgor], e B

s &5Ed st #2334k Biophotometer (Eppendorf Co., Ltd, Germany)& A}-&3}
of A3 F 70 Coll RA3H APl AHgstATh

Y. 298 yHAH 9 Eo] FAX2 EH housekeeping A A+
ARG B HH WA So] f1A AxF DNASLS, Z7Idstu Ay asta) By E

g A gre ZoR, 7} A3} DNAES 7ZF A §4dx ZREH vaste] 7}

i

7 Eol grlMge] EAFES FAsPom, Aol FA4 AW ¥ FLFHLS Table 13}
2.
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Table 1. The recombinant DNAs of 6 honeybee pathogens and B-actin gene

GenBank
Pathogens/gene Diseases accession Gene Information Reference
No.
L American
Paenibacillus larvae UB5263 16S rRNA 9 5, 2016b
Foulbrood
Me]zssoc?ccus European X75751 16 FRNA 3 = 2005
plutonius Foulbrood
Melissococcus European . Van Nguyen et al,
Dlutonius Foulbrood AP012200 DNA gyrase subunit B 2012
Ascosphaera apis Chalkbood M&3264 18S rRNA o] %, 2004
Aspergillus flavus Stonebrood D63696 185 rRNA Lee et al, 2015
Nosema apis Nosemosis U97150 16S rRNA Lim et al, 2014
Nosema ceranae Nosemosis DQ486027 16S rRNA % 5, 2016b
B-actin Housge:spmg AB023025 mRNA Unpublished

. 6% 28 A9 A@e 9% PCR-chip§ Lol

6520 = WHAA AES 8] 16S rRNA (P. larvae, M. plutonius, N. ceranae), DNA
gyrase subunit B (M. plutonius), 185 rRNA (A. apis ¢ A. fAavus)®t small subunit
ribosomal RNA (N, apis)e] Eo] 7|4 dolA] ultra—rapid multi-PCR (UR-multi-PCR)-$&
Zojolw RS AAstglow, 2 4] {59 PCR w39 #E& 93 il o= AR
&7] 934 housekeeping F+AA¢1 B-actin Zekol™ A& AAFAT (Table 2). &3 &
Zefolw BEL Table 19] A3 DNAS 5o] @7|H G0l 7ste] AR on, Zeto]
o] 3+ -2 BionicsAt (Korea)oll = 31/ st Th.

2t 63 HAA Ztolm B dE 54 FHdA HE A

7w g

o

Lo,
Jim
L

A2 A% DNA 53 (Table 1)< 10° copiesell A 10° copies
DNA 74#] A< 3slAste] 27] FHF weE AF dAE st Multi-PCRE
GENECHECKER (GENESYSTEM Co., Ltd, Korea)°lA] Rapi:Chip (GENESYSTEM Co.,
Ltd, Korea)S Alg3ste] F3stqom (& 5, 2016a), 7 welle 5 w9 2 x Rapi mix
(GENESYSTEM Co., Ltd, Korea)2} 1 w0 2 o] Z+7+o] forward 9} reverse B YA So] X
gholv (7 HF = luM)H 1] A% A3 A= DNAZ F 10 b PCR wks-4o
2 A9t Multi-PCR ¥H&& 95 C %7] WA 30%, 95 C WA 4%, 52 C T% 4%,
72 C A% 42, F 403 == 50 31 343k
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Table 2. Primer sets of 6 honeybee pathogens and B-actin primer set for

UR-multi-PCR

Name of species Name of
] Sequence(5—3’) Reference
(Target gene) primers
Paenibacillus larvae AFB-DC-F1 ATCGTAAAGCTCTGTTGCCAAGGA @ = 2016b
(16S rRNA) AFB-DC-R1 TCCTCTCCTACACTCAAGTCTCC ’
Melissococcus plutonius  EFB-DC-F1 AAGAGTAACTGTTTTCCTCG 4 = 2016h
(16S rRNA) EFB-DC-R1 TCCTCTTCTGCACTCAAGTCTTC ¢ <
Melissococcus plutonius  EFB-PC-F1 GCGAATGAAGAAATTCGTTCA .
(DNA gyrase subunit B) EFB-PC-R3 GTTGGGCAATATAAACATACCCA This study
Ascosphaera apis AA-DC-F1 ATCGGGCGGGCTTTAACTA =
(16S rRNA) AA-DC-R1 TCTGGACCTGGTGAGTTTCC % 5, 2016b
Aspergillus flavus AF-DC-F1 GAACGAGACCTCGGCCCTT =
(16S rRNA) AF-DC-R1  GGGTTTAACAAGATTACCCGGACC % 5, 2016b
Nosema apis NoA-F3(179) TAACAATGTAGTCGTTATTAGC This study
(16S rRNA) No-R2 TACCACACAGTTCGATTGGTC Lim et al, 2014

Nosema ceranae No-DC-F2  GGTAATGGCTTAACAAGGCTGTGA

=

9 =, 2016b
165 TRNA) NoDC R CCTCATATTGCTTCTTAAAAAAATAAA 5,
Honey bee B-actinl5]-F  ATGCCAACACTGTCCTTTCTGG Jang and
-. t
(B-actin) B-actinl51-R  GACCCACCAATCCATACGGA oo
o4 Aug A% A3 2u 99 A8 499 33
Wkl At #W ojelel W AETL B skel, BA el FEF

2 FH O R Bactin FAAS] TEF S F25t Y PCR WS- 5 109 2 x Rapi mix<}t
1 0 e B-actin 151-F (HF &% 1 uM)® B-actin 151-R (HF % 1 uM) Zzto|H
=9 oo ik (Ha 1 pgol A HA 1 ng 7HA M), F 10 w2 235 TIPS
1w olw ¢ positive controlZ4 148 x 10° copies®] B-actin FHAA}E FEstE= AT
DNAE AF&3te] B-actin PCR 2t&Eo] &4 #F5 9 5o Tmgts Hlasith. Multi-PCR
HES-2 95 € Z7|WMA 30%, 95 C WA 4%, 52 C & 4%, 72 C A& 4%x=2, F 40384
Tkl

B}, EY¥ genomic DNA &4 Al 6% HYA] Zgoly Ad Ui 3 {FHAY HE
A

1259 Y4 A (Black queen cell virus, Chronic bee paralysis virus, Deformed wing virus,

Israeli acute paralysis virus, Sacbrood virus, Korean sacbrood virus, Paenibacillus larvae,
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Melissococcus plutonius, Ascosphacra apis, Aspergillus flavus, Nosema apis, Nosema
ceranae)®] E=AE FAs AAZF PCREY AioA ojust HAAE AEHA 2 ZEH of
He o] Ak 50 ngd 62 HYAY zHzhe] A%3 DNA F3E 10° copiesel Al 10° copies
DNA 7HA] A4 314 3lo], ZF welld 5 ple] 2 x Rapi mixet 1 w0 Aol z+zFe] forward
9} reverse YA Eo] Zelol i F 10 i PCR whgd oz ZAs T Multi-PCR
HEg-2 95 C Z7IWA 30%, 95 C WA 4%, 52 C T 4%, 72 C A& 422, F 4034
Tk

2 AW AW RS Eolv] A9 A4 Zeelu FES Y] fAstel, 2 FAA
NFats Zalolms HAE T2 4 uM, 3 uM, 2 uM, 1 puM, 500 nM, 250 nM = Z & 3}o]
well & & 10 = A om = e e Ik 50 ngell
DNAE 1 x 10° copies® 3o 5 ple 2 x Rapi mixet $1¢ 717
M 9] FE2 multi-PCR ¥&2 38Utk Multi-PCR #&2 95 T =7¥
C WA 4%,52 C T 4%, 72 T AF 422, F 403 FdstAh

UR multi-PCRel A 7 WA MAEE =ol7] fgt HA &4 2x9 ¢S ¢34, 5
2T - 66T MHlolA FA4HE Ctats 22d=Z vl B89 72 well G F 10 =2 =
Adatglon =3 oo ik 50 ngell 2 WA So] AT DNA 10° ke 24749
WA A9 forward ¢ reverse 5°] Z#oly FEE AHEse multi-PCRE 95 T
2714 16%, 95C WA 4%,52 C - 66 C T 4%, 72 C A 422, F 403)d =71
o7 Fstth

(@)
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i
e
i
ok
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N
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=
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72 C, 3x= dAs e 403)do w2 HPsFTt AHEH PCR 242 & ¥ 10 wloll 5 ul
o) 2 x Rapi mixs} 7 @QAY A7 wEe] ZejolulE Aslalglon, By duae] A4
50 ng@ ANzx3F DNA 10° - 10° copiesE Ab&3tglon, oju] Ab-g&3t zhzhe] %3 DNA

TAE #Ha AE A e BaAe] #AE dAS A Sistel At

o rE

2, BH QJAE ol &3 21 thF PCRY H&EA H7)

o

UR multi-PCRS 3 65 & WA a4 A& AdS Hrtst7] 9sted, A7 S5

Fol A AFHE A ANBEZEMNA, Aspergillus flavus®t Nosema ceranae®| XA 4350l A

L

7] AAaS =38l PCRE W&t th Patho Gene-spin™ DNA, RNA extraction kit =
o]-§ste] wH 3 wmigE2FH iS FEEA Wdoem, Zz w9 HAA JAE A%
multi-PCR& welld & ¥FS-oH 10 2 3ol 50 nge] HWH ko] Alg% ] on 2 x Rapi
mixet 7} WAAE FHAstE zefolw shw Ak, HA HEAE 2wt x9gst
A TH.

N

3. 243

e

o
7F 6% WA Zolw Ao g 53 FAXY HE A

Z21EFTFELAANS (UR-PCR)AIA 6F =d WUA zZetoln 2o mE 52 FHzt
o HE AAE FAHS Adl, 2 BdAe dsE ARF DNAS <F 1 x 10° oA 1 x
10° 22712 A% A ste] o]F FHo 7 U Paenibacillus larvae 16S rRNA -4 2}
NA F39] 4%, AFB-DC-FI/R1 Z&lolw H4 1.23 x 10° £A47}

A3 (Fig. 1, A), A&4EY §-HEAANA 5°] Tm (melting
0 noew, 5ol Tmak

= ol dEitEe Fode Adst= V=] HAw(Fig. 1, B). 3 o2 =l HdA

oo
O
o
fu
=
J|m
ea
=
8

)
=
4
ol
ot
N
3
Ll

Eo] {FHA (Mellisococcus plutonius 16S, Mellisococcus plutonius DNA  gyrase,
Ascosphaera apis 18S, Aspergillus flavus 18S, Nosema ceranae 1659t Nosema apis 16S
rRNA)9} #H o] housekeeping A (B-actin)7} ¥3t5 o] I+ AZg DNAS ALE3 5
Faae AMNolA 2t Zepoln] Aol gk HE A= 47 124 x 10, 1.35 x 10°, 1.17
x 10°, 1.06 x 10°, 1.03 x 10% 1.36 x 10°, 148 x 10" A% oW (Fig. 2, A), &3 23 &
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AA e 54 Tmakg B9 SEe §942 SAs9 (Fig. 2 B.

180 70
108,10°,10% 10°
160 4
50 4
10%,10%,10% N
1404
L
50 4
120 “
S 100
E
E 80 4 04
=
&0
20+
404
104
201
a T T T T 0-
0 10 20 30 40 5 60 65 075 B 85 9 %

Cycles Temperature(Degree)

Fig.1. Specificity of PCR product according to initial templates of target gene for
Paenibacillus larvae

Target gene of Paenibacillus larvae was amplified with AFB-DC-F1/R1 primer pair.
Panel A is the fluorescent graph of amplified target gene according to the serially diluted
initial templates. Panel B is a peak graph of Tm value. The PCR condition was 95 TC,
30 sec of pre-denaturation, 95 C, 4 sec of denaturation, 52 C, 4 sec of annealing, 72 T,
4 sec of polymerization in each cycle for 50 cycles. AFB-DC-F1/R1 primers can detect

1.23 x 10° copies of recombinant plasmid inserted with Paenibacillus larvae 16S rRNA.
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Detection Limit

7
@
i
o
=
u 4
=
(=]
L=
< o
=
[
1
0
15 20 25 30 35 A0
Ct Value
O Mplutorus O A flavus & Mapis X Mplutonius.gy X Planae O Aspis + Nceranae =B-actin
B
P.larva M.plutoni M.plutoni N.cerana
Pathogen A.apis A.flavus N.apis B-actin
e us us.gyrase e
Detection 1.23 x 1.17 x 1.06 x 1.36 x 1.48 x
124 x 10" 1.35 x 107 1.03 x 10°
limit 10° 10° 10° 10° 10t
Range of
38.68+ 87.13% 80.50+ 87.25%0 89.48+ 81.93+ 79.13% 81.79+
positive
0.35 0.35 0.32 .36 0.34 0.65 0.73 0.84
Tm value

Fig. 2. Ct value and detection limit according to initial templates of target gene

Panel A showed the Ct value of each pathogens according to the initial templates and
positive amplifications were classified with considering the Tm values of them (xgy :
DNA gyrase). Panel B revealed the detection limit of each primer pairs and range of

positive Tm values of each pathogen.
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=3 W= ol =Eesty g gk Ao EA A FHEAL AHRNESl dFS F
7] wjiEel kel A gkek = ko] WE AsteE A Fasith UR-PCRell A§Hsh &=
H oA ARE HY o] S 93, Als DNA (genomic DNA, gDNA)+= W oy 3 n}
g (H 73 mg)EFY F 159 pgs FE5H9 L, F=¢ MAE2 E19 housekeeping
AAFel B-actin F-AA] AES Y8 27 1000 ng, 500 ng, 250 ng, 100 ng, 50 ng, 25 ng,
10 ng, 1 ngS Wkgoll ARSI TE B-actin F3AF 53 FF X Ao A A4S F
sk, 7] @ A= 28 ol HF & e Ze M X+ 100 ng, 50 ng, 25
ng¥ 10 ng ol em, 25 ngel gDNAE FHo=Z 9& v 714 =2 HFT Jd& &S
1000 ng¥ 500 ngell A+ 7Hd @& d3 3 Ut (Fig. 3, A). =3 i s
B-actin®] Tm#k2 o4 A3 9] 81.79 + 0.84 W 9 el FxskAth (Fig. 3, B). =3
100 ng - 25 ng® FEA Ctat 2424 7HF w27 S350, ojojA 10 ng¥ 250
ngoll A Ctgk 25, 1000 ng@} 500 ngell A& Ctgkel A=A Z%th (Table 3). ol+= =9
FAF (1000 ng¥ 500 ng)= AHES B 54 A $F 55 ddsir|d FASTS
Hol FAT. weba ko] dake] ofgk Jgfo] glom, WA FHAAE Xt Hd e

e AFEE7] Slote], ARTAZ Polq BEHE AT A, HF AP @, Lelw 24

O

dF (dT

10
204 }
1] T T

o 10 z0 30 40 €0 65 70 75 80 85 S0 95
Cycles Temperature{Degreaee)

Fig. 3. The optimal condition of honey bee nucleic acid to UR-PCR
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The amplification of B-actin gene was performed using 1000 - 1 ng gDNA of honeybee
larvae. Panel A is the fluorescent graph of amplification according to initial gDNA and
Panel B is peak graph of Tm value. The amplification of B-actin gene with 1000 ng and
500 ng initial gDNA was done poorly. Only in 100 - 10 ng gDNA as a template, the

amplification curve was formed regularly and the optimal usage of gDNA was 50 ng.

Table 3. The Ct value and Tm value of B-actin gene depending on the

concentration of initial templates

Amount of
1000 ng 500 ng 250 ng 100 ng 50 ng 25 ng 10 ng 1 ng
genomic DNA

Ct value 0 0 25 24 24 24 25 29
Tm value 82.07 82.43 82.07 82.07 81.71 31.71 81.36 82.07

o ¥ gDNA EA Al 6F BAA ZolH ol i 53 39 AE A

=19 gDNAWS Z WA DNAZF 3 A A5 dE AE SAdstar, 7 ¥
Aol slFats AT DNAE 1 x 10° oA 1 x 10° £27kA A% 8]43ke] 50 nge] #¥

gDNA¢®} &3135to] o] & Z+zte] UR-PCRO| AHE-8F9 ). Paenibacillus larvae 16S rRNA &
o] Zufolm2 HW gDNA EA shellA Hx 123 x 10° #2744 #EF 7bsatsiod
(Fig. 4, A), olu] 5o]¥2l T dlste] Tm2 8895 + 0.352 F1H AT (Fig. 4, B). ©]
Qlol  Mellisococcus plutonius 16S, Mellisococcus plutonius DNA gyrase, Ascosphaera
apis 18S, Aspergillus flavus 18S, Nosema ceranae 165+ Nosema apis 16S rRNA2] 7444
of Wiate] Zh7b 1.24 x 10°, 1.35 x 10°, 1.17 x 10% 1.06 x 10°, 1.03 x 10% 1.36 x 10°¢] #x#}
A HZEol 7hestiien, ofuf 7 Tmgkel Wel= 8716 + 035 8029 + 0.50, 87.31 +
0.42, 89.57 = 0.36, 81.80 + 0.65, 7896 + 1.260.= YEIRO ™, o= HAAAFAAIe] 7} W

T2 Adsts 5ol A2 AEo] 7hed Aol (Fig. 5, B).

el & vield 343 gDNA= Bt 1.59 pgoll sidst3lar, 50 ng®l genomic DNA <=4
aloll Paenibacillus larvae®] 16S rRNA Az FAA= 123 x 10°9] EA74A #HE5S &
dRomE o]E Jog AA((159 pg / 50 ng) x detection limit of each pathogen)3d} Sl
w], 1.59 pegoll @3t o 3k mbglel] 391 x 10" copies ©]A+e] WHLAT dS AS A
=0l 7hed Aow gttt A FHa A o & 353 H gDNA 1.59 ug

2 7|02, Mellisococcus plutoniuss= 3.94 x 10°, Mellisococcus plutonius (gyrase):
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429 x 10°, Ascosphaera apise 372 x 10°, Aspergillus flavuse 3.37 x 10* Nosema

-

ceranae = 328 x 10°, Nesema apis ¥ ZY7Zr 4.32 x 10* copies®] HYA 7} A 45 7

180 70
1804 &0+ 108,10%, 104, 10°
10,100 ,10°, N
140 & &
504 '
1204
g 100 404
E = |
E 04 s 304 |
&0 |
a6 4
40 4
a4 10 4
I:I ] L ¥ G' L T ¥ L]
i 10 =0 30 4C &0 65 70 75 B0 65 40 e
Cycles Temperature{Degree)

Fig. 4. Specificity of PCR product according to initial templates of target gene for
Paenibacillus larvae mixed with honey bee gDNA.

The target gene of Paenibacillus larvae was amplified with AFB-DC-F1/R1 primer pair.
Panel A is the fluorescent graph of amplified target gene of Paenibacillus Ilarvae
according to the serially diluted initial templates. Panel B is a peak graph of Tm value.
The PCR condition was 95 C, 30 sec of pre-denaturation, 95 C, 4 sec of denaturation,
52 TC, 4 sec of annealing, 72 C, 4 sec of polymerization in each cycle for 40 cycles.
AFB-DC-F1/R1 primers (Final conc. 1 uM) can detect 1.23 x 10° copies of recombinant

plasmid inserted with Paenibacillus larvae gene with 50 ng genomic DNA of honeybee.
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a2 0 O

1
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20 22 24 26 28 30 32 34 36 38 40
Ct Value
o Mplutonivs DA3pis aAfaws » NMeeranse = Naps ©Mplutonius.gy  + Plarvae
B
. M.plutoni
M plutoni . .
Pathogen P.larvae us(gyrase A.apis A.flavus  N.ceranae N.apis
us
)

Detection 5 5 ) ) 5 ) 3
lirmit 1.23 x 10 1.24 x 10 1.35 x 10 1.17 x 10 1.06 x 10 1.03 x 10 1.36 x 10
1mi1

Range of
. 87.16% 30.29+

positive Tm  88.95+0.35 035 0.50 87.31+0.42  89.57+0.36  81.80+0.65  78.96+1.26
value ’ ’

Fig. 5. Ct value and detection limit according to initial templates of target gene
mixed with honeybee gDNA

Panel A showed the Ct value of each pathogens according to the initial templates with
gDNA and positive amplifications were classified with considering the Tm values of
them (xgy : DNA gyrase). Panel B revealed the detection limit of each primer pairs and

range of positive Tm values of each pathogen.
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%314 PCRel A3+at 63 AW (759 F4d2D)9 B-actin Fd2 Zefolwe] HA FE&
ggst7] Yste] HEF F= 4 uM, 3 uM, 2 uM, 1 uM, 500 nMZ 250 nMe] 9]l A
UR-PCREHES X stqitt. 33] wHE Aldste] 72 wed SAH= Ctaghd A5 I8 3,
melting graphol Al B 5o] Al g xrt FAAHA e A HA Zgon F2& A
Agstaa &g, 2 A3 AFB-DC-FI/R1, EFB-DC-FI/R1, EFB-PC-F1/Rl,
AA-DC-F1/R1, AF-DC-FI/R1e HF %% 2 uMS A& o et 744 S48

Ao, No-DC-F2/R19 NoA-F3(179)/No-R2& % UME AFE3E Blo] HE
7 fElekdal 3 Boactin 151-F/RE HF T% 1 uMoAAE 53 SZ& RYu
(Table 4).

Table 4. Ct and range of Tm value according to each concentration of 8 primer

pairs
conclz:lition P.larvae M plutonius M(Ziurt;l::& A.apis A.flavus N.ceranae N.apis -actin
250nM 32°(NS) 24" (NS) 28"(NS) 0(NS) 28 0(NS) 31(NS) 26
500nM 30 29 25 39 28 0(NS) 35(NS) 22
1uM 26 25 25 34 25 33 32 20
2uM 25 25 21 34 23 29 29 19"(NS)
3uM 25 24 22 33" (NS) 24(NS) 29 30 19°(NS)
4uM 24 24 177(NS) 33™(NS) 22°(NS) 29 24 19™(NS)
Tm(C) 88.21+0.5 86.93+0.3 80.29+0.2 86.84+0.4 89.10+0.2 81.45+0.1 78.41+0.3 81.94+0.3
8 2 5 8 9 7 4 3
NS: non-significant signal, “: non-specific signal and *": Strong non-specific signal
6% A9 xnd e AW 44 3¢ o=

UR-PCRS A&l 9ol 2 FF &%+, PCR 9 719 &% As&HEe) &=

(Ramping time)E Fo], AA ¥h& A @FAZ F e T2 240tk A 65 4

W (7FY FAA)E B-actin TR FFo] BT Ve w2 TF 259 Aol 8
Atk olel FF 2=E 52 CollA]

FARe] HZEFo] VM xS FA3t A P Jarvae 16S, A. flavus 1859} B-actin gene
L 66 Co 53 &% dMxE fHAZo] 715t e, 1 t&o7 M. plutonius 16S, A. apis

18S+= 64 C 28]l M. plutonius DNA gyrase, N. apis 16S+= 62 C, N. ceranae 16S+=

60 T T 2% 7tA 5F 7bsstdh 2egste] 2 A3 A H43s+= UR-PCR A&
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Lo

tzgk EEXE 1

v}

e x + [
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+
0 0 : *
s 8 g % S ®
O 20
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3
0 o —#
52 54 li 58 60 62 64 66 68
Annealing temperature(°C)
O— 0 Javae O Mplutonius b~ M plutorius.gy Aapis
*— A favus O Mcersnae +— Napis =— - actin

Fig. 6. The optimal annealing temperature of 6 species pathogens and B-actin
gene

For confirming the optimal annealing temperature of UR multi-PCR, the annealing
temperature was controlled at 52 C to 66 C. Paenibacillus larvae, Aspergillus flavus,
B-actin gene can be detected up to 66 T annealing temperature and Mellisococcus
plutonius, Ascosphaera apis gene can be detected up to 64 C. Mellisococcus plutonius
gyrase (gy : DNA gyrase), Nosema apis can be detected up to 62 T annealing
temperature and Nosema ceranae can be detected up to 60 C annealing temperature. As
a result, the optimal annealing temperature was 60 C(x). 10° copies of DNA were used

as template and the concentration of each primer pairs was based on optimal condition.
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Fig. 7. Minimum running time for detecting 6 honeybee diseases and B-actin gene
In order to confirm the minimum detection time which can amplify seven kinds of gene
and B-actin gene, the polymerization time was controlled from 1 sec to 3 sec. Template
DNAs were 10° copies of recombinant DNA. PCR condition was 95 C, 15 sec of
pre-denaturation, 95 C, 1 sec of denaturation, 60 C, 1 sec of annealing, 72 C of
polymerization in each cycle for 40 cycles. The time of polymerization which can amplify
all 8 genes was 3 sec. Accordingly, the total running time of UR multi-PCR was 12 min
57 sec. Panel A was the fluorescent graph of amplification and panel B was peak graph
of Tm value of each pathogen. Panel C was a fluorescence panel in window (upper) and

agarose gel electrophoresis (below) of amplified DNA.

o yobrt Zhzhel 6F AW (759 #FHdAbel dEd UR multi-PCRO FHA HEAIRE
(Ramping time ¥3H)<& 128 57204 #HE A= 10° copies”7tA HE 7Fs3dlsitt (Table
5. T3 o wmE A7 ol HAA HE JHsds vgxletr] fla & A At 2x2E A
{3 AA 29 A7 128 172 (Ramping time Z3) ol A= 10° copies®] N. ceranae 16SS
A 5% AW (652 FAARES, 2Py AF A 1%, AA 2 A7 11E 37%
(Ramping time ¥3H)ol A= N. ceranae 165} M. plutoniuns 1655 A 9]3 5% AW (5%

of FAxhRtE HED 5 UMHk (Table 6).
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Table 5. Detection limit of UR multi-PCR and Ct and Tm value

. M.plutoni
M.plutoni . .
Pathogen P.larvae us A.apis A.flavus N.ceranae N.apis
us
(gyrase)
Detecti
crection 10° 10° 10° 10° 10° 10° 10°
limit
Ct 26 34 35 34 24 30 30
Tm 88.26+0.81 87.31+0.41 80.64+0.36 87.78+1.01 89.06£0.66 81.53+0.76 78.62+0.83

Table 6. The minimum running time for UR multi—-PCR detection

Total running time . | M.plutoni

(With ramping | P.larvae M.plutoni us(gyrase A.apis A.flavus | N.ceranae | N.apis B-actin
time) * )

12" 57¢ (1173%) + + + + +

127 17 (1°172%) + + + + -

117 37¢ (1“171%) + - + + * _

Al 2 A ES ol

%

Z31% vdF PCRY #&4 B7t

UR multi-PCRe] F+&84& #7187 flste], dHd A & Al5=2 HE gDNAE &
stlom olE FPor Add WAAY HAAS FdS = AdHAIRRE FEH 65 =
H WAA T Aspergillus flavus®t Nosema ceranae® Z=AS &2d = dglow o] 3
T = 3 vy 2F Y 343 gDNA S0ngs AF8-3te] UR multi-PCRE %185t th(Fig.
8).

UR multi-PCR ZA¥}ol| A, Aspergillus flavus®} Nosema ceranae E°) A2 ZFZ3 37

N

H]

A

o] Al FFo] HFEI Yo}, 7+ AEe] FHEAMNA Fo] WA fFHAAe] FEH
H 5ol% 42 %S gA 78 5 Ao 8" Aspergillus flavus$t Nosema

ceranae®] Tm#t-2 ZH7F 89.21°C, 82.07°C=, 7t WA el ¢ T3 Tmat B9 (8957 +

0.36°C ¥} 81.80 + 0.65°C) ¢tol &g Tdozn & HAAY FZJdes HAAT 4+ Yot
(Table 7).

2 AFAA gk 7 A AW o]9] yw ] 47k Aol tisiA Fd g E 9 A
TAE T3 A ool rteetlon, Aes e HA Ag ARg WE B 5o]F FF
Aol HAHJAN, BF AFH v 5o|F FFEo mE =W 5 2reWste Ao

fetA(dF/AT), 2] Tmgkel FAHM, ol wdxA TFHFd= fA 22 + g+
(Fig.8B).
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Fig. 8 UR multi-PCR for detecting Aspergillus flavus and Nosema ceranae from
a honeybee sample

UR multi-PCR was performed with 50 ng gDNA from an infected honeybee sample as
initial templates. The PCR condition was 95 C, 15 sec of pre-denaturation, 95 C, 1 sec
of denaturation, 60 C, 1 sec of annealing, 72 C, 3 sec of polymerization in each cycle
for 40 cycles. Aspergillus favus, Nosema ceranae and B-actin gene were amplified.
Panel A 1is the fluorescent graph of amplification with gDNA of infected honeybee

sample. Panel B is the peak graph of Tm wvalue.
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Table 7. Ct and Tm value of UR multi—-PCR detection with honey sample

M plutoni M .plutoni

Pathogen P.larvae s us(gyrase) A.apis A.flavus N.ceranae N.apis B-actin
Ct 28 33 0 28 23 26 26 21
Tm 72.79 0 0 83.50 89.21 82.07 82.43 81.36
Result - - - - + + - +

4. 28 2 99

=9 63 T2 #d4d dle o4 ddsty]l % PCR-chip 7% 214 v PCR &
He Mt 65 T8 =l 98 BHAdAES, A AW naRAge] A,

Paenibacillus larvae?t 8534w W+l Melissococcus plutonius, B3+ 22l
Ascosphaera apis(®EW), Aspergillus favus(A 1)} Nosema apis, Nosema ceranae
(=AvE)E Adstdch ieE PCR-chip 71¥F 2114 th5 PCRE, ¥ F8 WHY4 6%
of thate] zt7] 10° BEApol ol EAT A9 BT AFH TEE HYoeH, F

of Ad AZHCt-time) 6F F 4% 9 W9, 252 7 Ul ern, F 4039
PCRE 11+ 42%, §4%4 1% 15622 F PCR &

FHAEA)olA Y. ¥ DNA 7|2 & A3 PCR-chip 7|8 2314 ths PCRS 100%°]
A3 AgES wgow Y genomic DNAE AFE3F Aol A false-amplificationS ¢

ol e}

)

CRZ Ad4d W 2% Ad

AW

e
0%
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A7 A EHY Huy, #W5Y dF Jds AT
Ascosphaera apis 2 Aspergillus flavus A&H /N'&

<E A9 Y&& Journal of Apiculture 31(1): 31-39 (2016)°] The Development of
Rapid Detection Method against Ascosphaera apis and Aspergillus flavus for
On-site Diagnosis of Chalkbrood and Stonebrood in Honey beeg A|&HF o2 WxEH
Ad>
1. A

rf

ju)
=

M O Ascosphaera apisdl 9ste] A= A AHOZ A gpiss Maassenol| <38}
o 1913d A& TASAY. Ascosphacra apiss T2 FFol T2 AAHT, 52 BAE
HAZAA Ze WMEy 2o mokog £So o274 3t} (Bayley 1967, Flores et al 1996).
E3E A, mpolg A RAWI A sARES dod o Ade Adele] B A

=2 AsHAT(e] =, 2005).

=

o
el

1%

WS Aspergilluso] Zlgtol ofste] WHHET, UHES doye= W WA T M
& A9 e dod)e= HWAAE Aspergillus flavusel™, ol FE HFFoA #HdAdxz HY
7V freel T fFgste] Ade 5 NEHY Fo 4 gd A=27)
Uk Rk ofyel HustA 2= ARAlY] EEFE fARSe] S¢tow HAA Y
(Bayley, 1967; Puerta et al, 1994; Deans, 1940; De Jong, 1977; Bailey, 1981). ©]& 3t 54
o, Fuelel A Aaua WEYSs Sssto] AREeR oy A HAAd wep A
I MEYS skl AREStaL lvk(e] 5, 2004).

5
g

o,
F
_|>i

o
e

Ul o] M YF B (Apris mellifera)®t S-S HH(Apis ceranae)s W74 o=2 12 714 =d

ol Wy d3l zAE, WEHo] ALY AWAE F 451%E AA Ao, AHuHS

37.05% 5 A TS HAFAY. o= ol Aspergillus favusdl] &t Hivo] ®Ht} Z
o=,

Aetd Ao E F3o] = Aol obdrt ois =7

’

o

A5 e BoIFE 3

d

U+ 5, 2014).
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71 AdAA AxAE e gy, dATY T84S A4 8ke] Ultra-fast PCR system

UF-PCR& SyBr Green¥ Z-2 intercalating 3% =7} DNA Alolo] A= oo &34 7
L7t S7HE = As 71 dEE ato], o] 24 FFH ¥ DNAS 3 33 s AFHo=w
Hglat7]ol, PCR AF=9] 5% f7& 4o Zex #Asta, o] #go] g Jto g
7hestthe Aol Aok ek dwrHor A 83 100 W PCR-tube”t o 8x 10 ul
PCR-chip& AF&3}l7]o] PCRY thermocyclingol A Ht}h wE AAE7} 71538te], Brp A&
gk PCRo] 7FsstH 3k 8709 s HAE Ao a8 = = A= v (s, 2013).

Ascosphaera apis®] A=W A%, real-time PCR AW (Lee et al 2006)3} LAMP ¢t
H(Lee et al 2011) s°] sl on, AJge] DNAZ FH real-time PCR XIeel <3l
AL 17 o] 87HA, AFATS 9 LAMP zete] 49 1 Azke] fHAAIZEe] &
TH At real-time PCR¥Y} LAMPRIW@H 2 Wt olAl 43 {2z 7|dte] AEH

e A kol Ascosphaera apis®] real-time PCR AZ&We AL 107 FF9
Ascosphaera apis 5°] DNA ¥A7FA] A=A HZEo] 7

Ascosphaera apis 5°] 10°7] 452 DNA 27174 Aek 71538k

_,d
olr
p‘L
.
=
o>
=
av)
N,
aul
T
1o
o
o

Aspergillus flavus 74Z&H-S LAMP & (Lee et al, 2013)¥} Real-time PCR % & (Bu,
2005) To] HaElom LAMP A 1 A7k real-time PCR W2 ¢F 1A]7F 30+

ARk 285t AoR ged Aok 7] RaE W @ Nuye gEEse BE

Real-Time PCR 7]t} LAMP7Ivte] AghSolth. o5& ' AGAclA 41§37
FE NAT FAA4 Ao, FRAFAA AGHI e A maHE AL 717

A zol AwstnA s,
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2. A5 2 Uy
7F. AlE 37 DNA 8xH

201549 12€ AFd FedolA FHE Auw T W5 ddE fE5S 718 2N AR
2 gt sl 5SS MagNA lyser (Roche, Korea)®

Extraction kit (Bioneer, Korea)E Al-&3to] dAMA DNAS &g sgow
F, -70CAdA mAst Ao ALgsdth PCRARNA FPo2 A8 Ascosphaera
apis 9% Aspergillus flavus ¢ 2} 18s ribosomal RNA ##AA52] A Z3 DNAAELS 7]

o st dddeA gEsk (o] 5, 2004; ©] 5, 2006).

Y. Ascosphaera apis-specific PCR¥} Aspergillus flavus-specific PCRE ¢ 3%

primer®] A

UF-PCRS 93t primers A4, F% A#39 2 (BionicsAl, Korea), ©]E primerdE-&
W4 Real-Time PCR®Z H7}ste] AwHétgith Real-Time PCR-S Exicycler™6 (Bineer,
Korea)S A&stalom, +3& pBX-A.apis, 2.34 x 10° molecules ¥+ pBX-A.flavus, 2.83
x 10° molecules®, 7t primer¥ X% 5 pmoles 77 Algstew, T3 2% 50760C
gradient real-time PCRS &3lo] &1 &3%3k, Threshold Cycles (Ct value)e] kS 7]
o8 Z} primer®d FETES Hbet] HF 4 BHAAY HAE oz AA A

(Table 1).

M

o

Table 1. Primer sets for detection of fungal pathogens in honeybee.

Pathogens Name of DNA sequences (5->3) GenBank PCR product Reference

primer accession no. (bp)
Ascosphaera Asp 312 F TCT AAA ATG AGA D63696 312 Lee et al,
apis GTG AAA (18s rRNA) 2004

Asp3l2 R CCT TCT TGA TCT
ATT TGT TGG C

Aspergillus QPAsco F TTA GAG GGA CTA M&3264 230 Lee et al,
flavus TCG GTT CT (18s rRNA) 2006
A.apis B3 ACA AGC TGA TGA Lee et al,
CTT GCG C 2010
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t}. Aspergillus flavus-specific PCR¥} Ascosphaera apis-specific PCRe AZE 34

Real-Time PCR=Z 7} A1Z3% DNA +3 5 1 ngHH 10 ag (attogram)”7}A| serial dilutiond}
o] Z7] FYF wE A= IAZS s, UF PCR 7]17]1%  Genechecker™
(Gensystem, Korea) 2.2, o] 9A] 1 ngH-E 10 agZ7tA serial dilutiondte] 2o A& 3

s w s,

AF&E PCR mixy SsoFast™ EvaGreen ®Supermix (Biorad, USA)°|W, Aspergillus flavus
HAEzAAE= 3 vS T 25 pmoled] Zlo|HE AME3} 1L, Ascosphaera apiss= 5 pmole®)
zetolmE 7} PCRel AR&atddth whgdl& F 10 weolew, UF PCRE 94T
pre—denaturation 100% H& ¥ 94C denaturation 10%, 57C annealing 10%, 72T

extension 1024, & 30 cycle® 3313t}

2. 4 DNA A stol Aspergillus flavus-, Ascosphaera apis—specific PCRe] A
Z 34

2
X
ot
g
z
=

HS 1 ngHH 10 agZ7tA serial dilutiondle], &&lz ojw 3t A A o=
A DNA 1 ng¥} &7 DNA template® A}&3tth. PCR¥ 23}
shAl A3 FAskA DA

i
i,
N
\“’O
rlo
mﬁ N
jz
2
=

ML
1%
rlo
P
N
oEL
ol
2
k)
il
)
it

v}, Ascosphaera apis 78 =Y HAAE A8 Ascosphaera apis—specific PCR

Real-Time PCRS %3} Ascosphaera apisdl 7FaE Aoz Zholg ol oAz DNA

|

2 RS, 11 ngs FHO 2 Ascosphaera apis-specific PCRS 33t} &

© 2 Nosema ceranae®| 79 ¥ AZF2 AAMA DNAE AF-&3} ).

5t H | Aspergillus flavus-specific PCRS Ascosphaera apisd ZFa¥ ¥, Nosema ceranae
of ZHeE EHS o ® v E5o]4 PCR 53o] glavhs &l PCR 24 2711&

7] FEF] AE A AP sLsHA s
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v}, Aspergillus flavus-specific UF-PCR9 A HEA T

Aspergillus flavus®] 18s rRNA #Z A& E3hst A 23 DNA, pBX-A.flavusE 7 PCR

ofl

283 x 105 A= FP oz AL o™, Aspergillus flavus-specific UF-PCR9] %A &
2x SsoFastTM EvaGreen ®Supermix (Biorad, USA), 2.5 pmole specific primers (Table 1),
PCR ¥ F 10 = 3}t

Aspergillus flavus-specific UF-PCR¥} Ascosphaera apis-specific UF-PCRe] &% Z7&

UAS FAlo] stz LA 243N o™, 94T pre-denaturation 30% 23 F

Ne)

4C denaturation 5%-1%, 57C annealing 5%-1%, 72T extension 5x-1%%, % 30 cycle

< st

A}, Ascosphaera apis-specific UF-PCRY A A& 3t

Ascosphaera apis—specific UF-PCR®] %42 2x SsoFastIM EvaGreen ®Supermix (Biorad,
USA), 5 pmole specific primers (Table 1), W3 9 ZF 10 wl= 3ttt Ascosphaera

apis-specific UF-PCRQ] &% ZA-E& Aspergillus flavus-specific UF-PCR9] 1A} =3}

A 248 o, 2 GAl(step) o] AlE2 HEo] 7 AU R A7) S45i

3. 23

e

o

7}. Ascosphaera apis-specific PCR¥} Aspergillus flavus-specific PCRE 3%+

primer?] A

Ascosphaera apis®ty Aspergillus flavus®] specific UF-PCRS ¢ 3te], AA #|2+¥ primer®:
52 WA Real-Time PCRZ H7Fste] Attt H7loll A F8L Ascosphaera apis®)

A5, pBX-A.apisE, Aspergillus flavus® 735, pBX-A.flavusE A}&3}%
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Aspergillus flavus UF-PCRel|l A 8A1Z 3 H primer 252 Asp3l2 F/R, Aspl63 F/R

o | K

Aflavus-199 F/R, T+ Aflavus-163 F/R#BE°|9 2™, 25 annealing &% 50.0C-60T
WA A3t AaE Ho] Fovy HA annealing &% & Tl 23 %, annealing
L5 500CoA HE A9 AAE FHA 9 Ct (Threshold Cycles) 55 a1#]dto] Asp3l2

F/RES Aspergillus flavus®] UF-PCRS $3F primerd o2 & A5t th(Fig. 1).

M 1 2 3 4 5 6 7 8 9 Asp 312, 60°C

Asp 312, 57.78°C

= A.flavus 199, 60°C-—

Ttensty J

e I

e

A flawe163,53.33°C

 Fluoesc

- . e
Fig 1. Primer selection for Aspergillus flavus-specific UF-PCR
(Left) Lane M is 100bp ladder marker (bioneer, Korea). Lane 1; PCR was performed with
pBX-A.flavus using Asp 312 F/R pairs at 50C, annealing temperature. Lane 2; same
PCR at 5556C. Lane 3; same PCR at 60C. Lane 4; PCR using A.flavus-199 F/R pairs
at 50C. Lane 5; same PCR at 5556C. Lane 6; same PCR at 60C. Lane 7, PCR using
A flavus-163 F/R pairs at 50C. Lane 8; same PCR at 55.56C. Lane 9; same PCR at 6

0C. (Left). Fluorescence graphs of PCRs using various primer pairs (Right).

Ascosphaera apis® UF-PCRYl A 8AlZ primer &< QP Asco F/R T+ QP Asco
F/A.apis B3%E°] A3t A3E Hol Fou, HA annealing &E&5 Fohv 2438 T,
annealing <%= 50.0CAA #HE A9 A=, #HAQ Ct (Threshold Cycles) 5& 1183}
o] QP Asco F/ A.apis B3 primer}< Ascosphaera apis®] UF-PCRS 93t primer’} o &2

skl th(Fig. 2).

Al

rr

ol
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M1 2 3456

QP Asco F & A.apis B3, - =
55.56°C L
QP-Asco, 55.56°C — -

| Fluorescence ntensity J
°

Fig 2. Primer selection for Ascosphaera apis-specific UF-PCR

Lane M is 100bp ladder marker (bioneer, Korea). Lane 1; PCR was performed with
pBX-A.apis using QP Asco F/R pairs at 50C, annealing temperature. Lane 2; same PCR
at 55.56C. Lane 3; same PCR at 60C. Lane 4, PCR was performed using QP Asco F &
A.apis B3 pairs at 50C. Lane 5; same PCR at 55.56C. Lane 6; same PCR at 60C. PCRs
using QP Asco F & A.apis B3 pairs were slightly better yields and Ct values than PCRs

using QP Asco F/R (on right) in same conditions.
Y. Aspergillus flavus-specific PCR¥ Ascosphaera apis-specific PCRY A& %A

ot o FFeo fF e AEEA, WA EA FF ¢ FS Adsor =
UF-PCROIM, Aspergillus flavus %+ Ascosphaera apis 9 & TAE Lolr vz &3
P

%3 Ax% DNAE A% 3]sl 242} So] UF PCRE 242t dAshqrh

pBX-AflavusE 58 o0& A8 Aspergillus flavus o] AR HES HA 283 x 10!
ZH100 ag)7FA %, Asp3l2 F/R primer’dS A3t HA 59 Aspergillus flavus—specific
PCRoll 93l FZo] 7tsds HoFrh g 283 210 ag)dl st 7] PCRolA =
ZZo]| oy oyt o o] agarose gel A7 %3 UF-PCRY &Fo=z A <l
A = A oH(Fig. 3).
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M N1 2 3 4 5 6 7

Figure 3. Detection limit of Aspergillus flavus-specific PCR.

In agarose gel electrophoresis (upper) and panels in window (low), the existences of
taget gene (pBX-A.flavus) were well recognized by Aspergillus flavus—specific UF PCR
using Asp312 F/R primer pairs. Lane M, 100bp ladder marker (bioneer). Lane N, negative
control without template. Lane 1, Aspergillus flavus-UF PCR with 2.83 x 10° molecules
of target template . Lane 2, with 2.83 x 10°, Lane 3, with 2.83 x 10% Lane 4, 2.83 x 10°,
Lane 5, 2.83 x 10°, Lane 6, 2.83 x 10!, lane 7, 2.83 x 10°. respectively.

pBX-A.apisE FH 02 AME3F Ascosphaera apis 5°] FAAS] AEL, A 234 x 101
2100 ag)7FA %, Asco F/A.apis B3 primer®S AM83 HZA3lE  Ascosphaera
apis—specific PCRoll 93] FZo| 7}53e HoJFAT Tl 283 4110 ag)oll thatk A7
PCReIA % SAHA ofystgiom, o] A 7153 UF-PCR oA eto=
AA AA = Ak (Fig. 4).

M

Figure 4. Detection limit of Ascosphaera apis—specific PCR.

In agarose gel electrophoresis (upper) and panels in window (low), the existences of
taget gene (pBX-A.apis) were well recognized by Ascosphaera apis—specific UF PCR
using QP Asco F/A.apis B3 primer pairs. Lane M, 100bp ladder marker (bioneer). Lane
N, negative control without template. Lane 1, Ascosphaera apis-UF PCR with 2.34 x 10°
molecules of target template . Lane 2, with 2.34 x 10°, Lane 3, with 2.34 x 10% Lane 4,
2.34 x 10°, Lane 5, 2.34 x 10%, Lane 6, 2.34 x 10', lane 7, 2.34 x 10°. respectively.
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t}. ¥ DNA &£A 3ol Aspergillus flavus-, Ascosphaera apis-specific PCR9 #
& SHA

i HAA e AME 9Fle] AMEHE HAAE FE FF e AFY AAlolH, o] olf =2
AAE 7N1EHo2 taFe] 8 f3 FAAE st Ak o] EH FAAe EA4 3
Aspergillus flavus-specific PCR¥} Ascosphaera apis-specific PCRo] Z}7} Eo] & 3 w714

& FASREA AR,

Asp312 F/R primer®S AM&-3F H 2439 Aspergillus flavus—specific PCRel|, 2ol 7+ =
A ge Aog soly #HO | ng chromosomal DNAY A #3E pBX-A.flavusE £
sle] 7}7] DNA F8 o2 A839th pBX-AflavusE 10° E25E 100 E2471%] 3] A 8o
}ol
glo] A e A (Fig. 3)3 e 502, 2 283 x 100 #2100 ag)e specific
targetE SolHom FRAIATH GA|, HATQ 2.83 210 ag)e] Fol 71 gk 47
PCRoIA S%2& Q1A ol on, o= 7|95 UF-PCRe oA Stoz A
¢1 2] = A vk (Fig. 5).

(ot
o

l

Z}71 Argst o, Aol A AM Aspergillus flavus—specific PCRS, & DNA &

th

X
o

Figure 5. Detection limit of Aspergillus flavus-specific PCR with chromosomal
DNA from honeybee.

In agarose gel electrophoresis (upper) and panels in window (low), the existences of
taget gene (pBX-A. flavus) were well recognized by Aspergillus flavus—specific UF PCR
using Asp312 F/R primer pairs with chromosomal DNA from non-infected honeybee.
Lane M, 100bp ladder marker (bioneer). Lane N, negative control without template. Lane
1, Aspergillus flavus-UF PCR with 2.83 x 10° molecules of pBX-A.flavus and 1 ng
chromosomal DNA. Lane 2, with 2.83 x 10° and 1 ng chromosomal DNA, Lane 3, with
2.83 x 10" and 1 ng, Lane 4, 2.83 x 10° and 1 ng, Lane 5, 2.83 x 10*> and 1 ng, Lane 6,
2.83 x 10" and 1 ng, lane 7, 2.83 x 10° and 1 ng, respectively.
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w3k QP Asco F/A.apis B3 primer’¥< AM£3F H A 3le Ascosphaera apis—specific PCR9]

-, o] 1 ng chromosomal DNAY A #3lEl pBX-A.apisE &£§3lo] 7z}7] DNA +3
o2 A&k pBX-Aapist 10° EA%E 100 £A4744 g4ste] 7b7] Algatd o,
2719l A AM Ascosphaera apis-specific PCRS, Z¥ DNA &3to] glo] AAg 7o 2
¥ (Fig. )3 = 2], 4 283 x 10> B2H(1 fg)9 specific targetZ7}A 5 Eo] & o7 Fi
Hol gyt Eo] 714 283 x 10! #2100 ag)ol st agarose gel A7) Eol e =
Zo] gelyx olystgoem, UF-PCRe #HolAE 283 x 10° 210 fg), 2.83 x 10> &=
(1 fg)& oFP o= AAsto ok A tHFig. 6).

M N 1 2 3 4 5 6 7
1 L

MR

Figure 6. Detection limit of Ascosphaera apis-specific PCR with chromosomal

DNA from honeybee.

il

|

d

In agarose gel electrophoresis (upper) and panels in window (low), the existences of
taget gene (pBX-A.apis) were well recognized by Ascosphaera apis—specific UF PCR
using QP Asco F/A.apis B3 primer pairs with chromosomal DNA from non-infected
honeybee. Lane M, 100bp ladder marker (bioneer). Lane N, negative control without
template. Lane 1, Ascosphaera apis-UF PCR with 2.83 x 10° molecules of pBX-A.apis
and 1 ng chromosomal DNA. Lane 2, with 2.83 x 10° and 1 ng chromosomal DNA, Lane
3, with 2.83 x 10" and 1 ng, Lane 4, 2.83 x 10’ and 1 ng, Lane 5, 2.83 x 10> and 1 ng,
Lane 6, 2.83 x 10' and 1 ng, lane 7, 2.83 x 10° and 1 ng, respectively.

AtE primerdS AFE3 HAFE  Aspergillus flavus-specific PCR¥  Ascosphaera
apis-specific PCR< 30 349 UF PCR A4 FE3 target F 58S HolF3loH,
2471 AN EA9 target geneS 2 HE Solgk FHo] Ve S HolFH , =9
DNA7} x38td & 23 (Fig. 5ol A, Aspergillus flavus-specific PCRS ZH ] DNAZ} ¢l
+ Ao A (Fig. I A9 disst AyE HoFE A WHstY, Ascosphaera
apis-specific PCR< ZHe] DNAZ} ¥t 7e 23 (Fig. 6)o4, ¥ DNAYF ¢le 3
oA el A (Fig. Dol vlate] 1008 59 Yo SEHHS HoFAth

- 138 -




\
o= AgE target DNA®S <o thste] %zte] UF-PCRE 1 W %7 T &S RoFE
Aoz FH9 target DNAZ F%538tA AEs) Wr9dste], waxr}t

apis-specific PCRelA+=, 4 7h44 % 49 AA DNAE Ab&stal, ALgsts= 7+

12
>
0,
N
&
%
s
3
S

primer?] 4% 5 pmole® & ZAHIEF AT

Y3, UF-PCRolA &34 %o] ogh AAS, &2 PCRAMES] A7]F5ol o3 d5e] Hs

2}, Ascosphaera apis #d B ZAAE A-&3 Ascosphaera apis-specific PCR

Ascosphaera apis®| 79 E Aoz ey EHAM Ascosphaera apis-specific PCR9] &

S selat et A A3 Ascosphaera apis-specific PCRS QP Asco F/A.apis B3 primer

S A3 ZlolH, DNA T3 o2 79 EHo| A chromosomal DNAE &5 w8 3te] A&

atlal, iz o® A2 DNA pBX-Aapis 10° 2AE AMEsAth & & gxzaow

A %3 DNA pBX-A.flavus 10° 22, 18131, Nosema ceranae’t 7FgE Aoz el
9] chromosomal DNAE AH&-3F31 T,

ARz HAH3stE Ascosphaera apis-specific PCRS @A Ascosphaera apis®ll 39 =
WA 5o X Ascosphaera apis® =S QAA|SHA dH o™, Nosema ceranae 739 =HI
Aspergillus flavus-5°] 4714 <4 (pBX-A.flavus)el]l thste] Fask &S H o3 tH(Fig.

7).
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Figure 7. Specific detection of Ascosphaera apis-specific PCR with Ascosphaera
apis—infected honeybee.

In agarose gel electrophoresis (upper) and panels in window (low), the existences of
Ascosphaera apis in honeybee and pBX-A.apis were well recognized by Ascosphaera
apis-specific UF PCR using QP Asco F/A.apis B3 primer pairs. Lane M, 100bp ladder
marker (Bioneer). Lane P, Ascosphaera apis-UF PCR with 2.34 x 10° molecules of
pBX-A.apis. Lane N, negative control without template. Lane 1, with 1 ng chromosomal
DNA from Ascosphaera apis—infected honeybee, Lane 2, with 1 ng chromosomal DNA
from Nosena ceranae-infected honeybee, Lane 3, with 2.83 x 10° molecules of
pBX-A flavus, respectively.

SV Aspergillus flavus-specific PCRY  F8A4& Nosema ceranae 79 EH9
chromosomal DNA$ %% DNA pBX-A.apisE Zt7] 4 #HEUWAoZE 31o], Asp3l2
F/R A& AM&3 HA3tE Aspergillus flavus-specific PCRS 33ttt 2d3+= % 2
ek SAdoldlem & Aspergillus flavus 79 =W HEWoz FHE SRFTHAE

= PAAD.

vt Aspergillus flavus-specific UF-PCR A A& A7

Aspergillus flavus® o] 97149S BE-F3 pBX-Aflavus 2.83 x 10°7] #2412 A}§-3}o]

o

Aspergillus flavus-specific PCR &4 AEFAHS =439 Aspergillus flavus—specific
UF-PCR+, pre-denaturation 30 sec ¥, 7 3| < ¥4 @A 3%, % 94 3%, 21 &
A 3= s om, & 3038 de] UF-PCRS Fd3std, &5 2 AA7HA F 1032 3327 &
25 o] A AnE A71gEAT UF-PCRE Fold dBoz FAee st or
(A5 W AA]), Yo}t pre-denaturation 30 sec ¥, 7 3 H T WA A 2%, TF 94 1

Z, A G 222 sto], F 303119 UF-PCRe 33t &5 3 374 &~88 A

7He F 8% 38%9 AIE agarose gel A719 53 UF PCRY Aol EF FAHAIS &
AE 4 Ak (Fig. 8).
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Figure 8 Minimum time of detection using Aspergillus flavus-specific UF-PCR .

UF-PCR were performed using Asp312 F/R primer pairs, after 30 sec pre-denaturation,
under conditions of 2 sec denaturation step, 1 sec annealing step, 2 sec extension step in
each cycles. Total 30 cycles were completed on 8 min 38 sec. Lane M, 100bp ladder
marker (bioneer). Lane 1, Aspergillus flavus-UF PCR with 2.83 x 105 molecules of
pBX-A flavus. Lane N, negative control without template. In agarose gel electrophoresis
(upper) and panels in window (low), the amplifications using Aspergillus flavus—specific

UF PCR were well recognized by naked eyes.

v}, Ascosphaera apis-specific PCR & A&7 &A1 7F

Ascosphaera apis® Eo°] 9714 <ES Hf3F pBX-Aapis 2.34 x 10°7] EAE AL&Eo]
Ascosphaera apis-specific PCR #Ha HEAIFS SAHSAY. Ascosphaera apis—specific
UF-PCR+, pre-denaturation 30 sec ¥, 7} 3|d & WA @A 5%, 5 @4 5%, 213 o
A bx2 st om, F 303119 UF-PCRE Fdste], ¢ts % #AAQG74A F 128 57271 &
2Fd} o] Ay ARE 7|9 E4Y UF-PCRe FolA dFoz % FAYS AT
T AA(Fig. 9).

to}l7} pre-denaturation 30 sec ¥, Zt 3 A

ofy
e
ox
e
N
w
P

Z2 3to], F 3089 UF-PCRS Fdstdon, &8 2 AA471A L88H A F 108
33%0]%t}. o] PCR A3+ agarose gel A7]9 &AM &Aoo UF PCRE &3l A

= FHo=2 AAT & AT AE v A A]).

e
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Figure 9. Minimum time of detection using Ascosphaera apis-specific UF-PCR.

UF-PCR were performed using QP Asco F/A.apis B3 primer pairs, after 30 sec
pre—denaturation, under conditions of 5 sec denaturation step, 5 sec annealing step, 5 sec
extension step in each cycles. Total 30 cycles were completed on 12 min 57 sec. Lane
M, 100bp ladder marker (bioneer). Lane 1, Ascosphaera apis-UF PCR with 2.34 x 10°
molecules of pBX-Aapis. Lane N, negative control without template. In agarose gel
electrophoresis (upper) and panels in window (low), the amplifications using Ascosphaera

apis-specific UF PCR were well recognized by naked eyes.

Aol e F Aae PF ANS AR Aol A5ENE BIY + Ak Tad 7
Folth, W Aol N B, x7] WA 022 ¥, WA WA 2%, T WA 1%, A%

SA 2%9 30 cycles PCRE 10°7F ¥4+ target DNAo| thale] & 8% 38%wuhd]

Aspergillus flavus §°] &9 7s3s HoFS

&, Ascosphaera apis HE° A5, 7] ¥4 30xE EFste], 5x WA 9, 5% F
A 5% Al @A F 30 cycles PCRS & 12% 578 o] fa8tA 538t o] =+

o ARl kodthE, o] AFWE @Y A

T2 ek ol 7ol oW v dmuEn ¢de A % NAdS £ JdSE 5 3

LAl AR B A, Z7HQ B el tE Bwe] b Hlolm, nE

g AAE APAE Fete AAFL A3 JAo] Aty 7o, Ao duEgE HAas &
S otk wEgI qude @4E B A9 A= Ultra-fast PCR (UF-PCR)Ol 7]¥H<:
i AoR o] Aol fFHA MhHo R B thE WAdA e U dF AFYH FTo= &
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oY AS Y3 Ascosphaera apis®t Aspergillus flavus
Ath ol= %1% PCR (Ultra-fast PCR; UF-PCR)el 7]
vkel AEWH o2 A fAavus®t A. apis® 18s ribosomal RNAFHAAES Eo|x o g HE3 =
Zetolw ANESS AL real time PCR¥} UF-PCRE ©]&3te] /sl Aojty, Ax=
A, Aspergillus flavus 8% 38&%o| 1 EAoF-E HAT 4= AU, Ascosphaera apis
= 128 57z #AAE ¢ Qg =3 o] AEM O R Aspergillus flavuse] %7 F3
10! DNA7ZHA] EAE &8 4 AYQom, Ascosphaera apis= %7] 3 10° DNA7ZIA] &
A7 FAHAT 2 AAHES A7 A glo] St R ARE A F v F

A3t olgo] Folatrt= AolM HdA AES A% @ Ao vig F88d dd
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a1

D
A 8 A BHavtAwAEY (Aethina tumida)d AN&EAHAEE
3 231E /FAR FZHY AE

<E Ao Y& Journal of Apiculture 32(2): 119-131 (2017)°] Development of
Ultra-Rapid PCR for the fast Detection of Small Hive Beetle (Aethina tumida)®)
AEo=Z wxd AI>

WA mupdw 2 H e (Small Hive beetle; SHB; Aethina tumida Murray)y ©F3Z & 710l A]
Ae BaEd o, 19989 v FRethel] 453g ol# (Thomas, 1998), W= Ao
g S7HA AAA LR F5 LA | Bl ATFolH A v, 5,
!

SolA Z FEE fdsla lom, 2014 ol"eletol A L EA7F B, FH

AR aepdw Il g 7E FEAgel vA = Hil= A4 HEs AHAYIE B8R Kodamaea
ohmeri® <= Fet= o, o] AR = WP et Ay {50 vjH S Foto] HE] A
g HES g AA A E A S (Benda ef al, 2008). T3 HR muldw A Y= &
ol WA nlolz] A2 Deformed Wing Virus (DWV)e] &Fax o] AW S ofr|sh

T ol By vk Atk (Eyer et al, 2008).

2 g olele Aol 4T A AWAA
o A AQY 2EAA PAT AT w=fe] AueA oviF 7t wrh v P

53 e ek, A diurk vEFAE ol F= 100l AA v

—_
do)
[{o)
o0
rL
i
fr
v
v
ox

A stgor, A4 Bt sA R YN £

o

s 59 TrapER MAS Aol mati o] Fo Aoz vopdr)
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2. A% R Uy
7b Eyavbdwdde AE 832 9 genomic DNAS &4 £3

Wb (SHB)E AT st $/ 457 48 Ade S 3

)
H
, &r¥ SHB frst 90% EtOHol A -20ToA Wdert sh A

COI At grE 9ste] SHB genomic DNA (gDNA)E &Figstgion, o&
FFS WAapde] Wa dAALE FAAZ F BAsta, 39S DNeasy® Blood &
Tissue kit (Qiagen Co, Germany)E A}b-&35te] A ZALe] X Alo] uwhe} R HAgS 733}
Ak =gl gDNAE COI #da7E #1218 mtDNAZE £3He A

o

=, Biophotometer
(Eppendorf Co, Germany)E AM8-3t9] DNAE A&s & -70TeA Bk

W (Apis mellifera)®] gDNAE ZA71distnl Fegor 3% FEozZREH FE392
w, o] E SHBEO| A FFdA dix 7|d=2 ALEedt F59

sttt

e

U, E¥Wo=2XE SHB COI §4X A=

T ¥ (Bee debris)= A7t FeFoRNE AY¢E o] WHE nluolM 35
W, ¥ 2 gramell SHB % 1vtelE ¥al A4 daE o] &eto] wapapdtel A wA &4
3lo] DNAS ¢5Ea S Al&siact. B3 SHB ofde &3 B¥ A 8% DNeasy®
Blood & Tissue kit (Qiagen Co, Germany)Z ©]-&3}o] gDNAZS <= g 3lar, 70Tl A
L e

2 gram®] FW SHB 3% 19tg]olA F5F% &3 gDNA (mtDNA %39 F 2 3.59%
gollen, F== 37ng/ul= FA AU & A7l 30nge €3 gDNAE AH&-sto] COI

FARE) Hol 2% WES B

L

mIo

. 5] primer A& 2 5o| A =3} plasmid DNA &H

Aol ARgE SHBelA SHB 5S¢ COI #HAE Fguslry] fshe ZF£3
(molecular cloning)& =33} th (Table. 1).
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GenBank®] DatabaseE 7|¥Fo 2 SHB COIFZ A FE8YH7IMES FE3 o, 1 A
713 633bp 7} HEE AAAT. AAE primersS 7z SHB-COI F/R=Z ®WHalgon,
AT B Ao "ol © U Aol A &S o F st} (Table 2).

Az"E SHB-COI F/R ¥ = AF¥ SHBe gDNAES AF&3F duk PCRolA 683 471
A7]9 PCRAES A& 4 9o (A8 nAA]), o] T-vector cloningg £3ste] F&
32 SR, dojz FEE pTop-SHB COI °olgF W sttt pTop-SHB COI o A<
O AVIAES AEIA FFIJIEE 9 F 5t 213k o™, GenBankel 7] Hal¥

KP134137 (v]=r4F SHB, 2014)¢F 7Hd @71 Dol fFAFsEATE (682/683€ #1; A& 1A A]).

Tablel. Recombinat DNA clone for Cytochrome Oxidase subunit I in Small Hive

Beetle
Identical
Target Insect Recombinant DNA Sequence in target gene
GenBank
Small Hive Beetle . Cytochrome Oxidase
. . pTOP-SHB CO1 KP134137 )
Aethina tumida subunit I (COT1)

Honey bee . ) .
. . pTOP-RPS 828 AADGO06003006 Ribosomal Protein S18
Apis mellifera

* DNA sequences of this clone is identical as reported sequences of KP134137 (236-908), except
only 563 position.
™ DNA sequences of this «clone is 100% identical as reported sequences of

AADGO06003006(26215-27042).

Mz
)
ol
o

AL
o
a1
o
H

2L
=

o] 94714 Y AuE swor Zud PCRES primer 243 4

I HAEe] EolAS Felsteli, 7 AFREMH
Eolxow SHB 9 dEo] st AokE =W (Apis melifera) 2 EEH (Apis
cerens), 191 A7) (2013)7 AAE WH sAEZe ZEHEBENWHU (Galleria

mellonella L.), 2t AR NH U (Achroia grisella F.), =3 E2a1%2 F4+2H (Vespa

of

AINCBI AFo]E 9] primer Blast L2138 %

mandarinia Smith), $32be] (Anax parthenope Julius), A4 (Tenodera aridifolia

Stoll), aL-sE7NM| (Lasius niger) 5% AEHA &S AYdSs AR o= g5
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Table 2. Specific primer pairs for SHB-specific CO 1 gene and Honeybee-specific

genes
Name of ey
Target genes ] Sequence(5—3) Reference
primers
SHB-COI F TGCGACCCTCAGGCATAACC
This Study
SHB-COI R TGGGAATCATTGAACAAATCCGGC
Aeﬂf’”a’ SHB207F TCTAAATACTACTTTCTTCGACCCATC
tumida, Ward et al. 2006
Cytochrome SHB315R TCCTGGTAGAATTAAAATATAAACTTCTGG
Oxidase SHB-DP-F1 TGATTCTTCGGACACCCAGA
subunit I This Study
€O 1 SHB-DP-R1 AGGCTCGAGTATCAACGTCT
SHB-DP-F2 CTACTTTCTTCGACCCATC
This Study
SHB-DP-R2 AATGCTCATAGAGTTACTGG
Honey bee B-actinl51-F ATGCCAACACTGTCCTTTCTGG Yang and Cox-.
(B-actin) B-actinl51-R GACCCACCAATCCATACGGA Foster 2005
RPS18 417 F1 GTCATGGGCACGAATATTGA
This Study
Honey bee RPS18 417 R1 TTACTTCTTTTTCGATACACCCAC
(RPS) RPS18 173 F1 CATGGCTAATCCTAGACAATACAAG
This Study

RPS18 149 R CCCAATAATGACGCAAACCT

Z. SHB CO1 fFdAe 1% HES 9% I 4 annealing =%

SHB COI 59] 3% FZ5 93 HHxH1S oA, 72 primere] # 4 annealing &

o] 55T+10TC Y WA =748 PCR (Themperature-gradient PCR)S %£3}o] 4=3) 3}
Aom, Z W T AEF DNA F¥< pTop-SHB COLE 2.09x10° #=F (F 0.003
femtomole = ¢F 3 attomole)E& AF&3st o™, ZF primerd & %+ 05uM, 10ul
2xGreenstar qPCR Master Mix (Bioneer, Korea)E A}&3lo], % 20ul PCR whgolo g
el B
PCR =% 2 &3zt AL Exicycler™ Quantitative Thermal Block (Bioneer, Korea)7”|
71l AAEHen, Z/WALS 95T Smine®  AASHI, oF WA 95T 30%,
annealing 2} 55C + 10ColA Z} 30%, A1 72T 30%E 13 do 2 3to] & 3H3)d 215
TR
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= |

A= Ct (Threshold Cycles)gt % 33 53 o] vlaE F3to] 7 primers9 #HA
annealing =2 FE39on, o] &% AL Genechecker™(Genesystem, Korea)S Al§
3 34 PCROIA AAEATE 214 PCRE 7+ Wk o pTop-SHB COI 2.09x10° =}
£ At 5

ARg8ke], HF 10ul PCR REgH o= At 24 PCRY =402 %71 W4 95T, 30
Z § WA 95C 5%, annealing ZF 52C - 60C ZF 5%, A 72T 5% 5 13)A o= 3}

2
F 4030 ASEY o F eEd Gt ¥ ¥¥ % 4= wud FH ¥E A4

D

=

annealing %= A Hsl

at

. SHB COI #dAe 2us% AES AF FH primer HF 5%

SHB COTI5e°] 1% S%& 9 HAAx=A T HA primerd] k== %

[40
off
=
K
5y

primer?] % %2  10uM, 5pM, 2uM, 1uM, 500nM & FAdte] Zi1% PCRE 3}

ZF W 10uE 2Askdew, ZF v @ pTop-SHB COI 2.09x10° 4}, 2xRapiMixel]
Tk Fx9 2 primerds Wil 2114 PCRE Aldstgleh ol =& %7] ¥4 95T,
30 ¥, WA 95C 5%, annealing 7} 52C - 60C 7} 5%, A1 72T 5%5 13|dow 3
408] A o] St

vl, A& & primer 3% 93 HA AE Az

et

A&

(o
=
A
RY

SHB Eo] 971449< &A% pTop-SHB COIE 2.09x10° Ex458 2.09x10° 2474 ¢
£ M slo] %2314 PCRY 8oz ALE3t o™, 2 x RapiMixE AM&38tal, Z} primerel

¥l H4 F%9 Forward ¥ Reverse primerE AF£3Fe] & 10ul PCR HF-S-olo &

=
o)
ot
i)
4,
N
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AL, B9l gDNA A HZE primer 29 FF &<

=19 gDNA°|A SHB 5o°] 7} primerd®] F3d2 SHoAFE &<lst7] 913 100nge] =

H gDNAS AR&3ioem, o] 214 PCROIA = SHB 5°| primer 3%l ¢ PCR2|e,

w=Hol IH [FARQ rDNACF B-actinl S S F A7l 5©| primergs AHE-3} %3t

7 Wkg ol e 10l F2AstYgow, 7 vhg ©F pTop-SHB COI 2.09x10° ¥4+ £+ 100ng
P

Y gDNAES Fdo 2 ALgsda, H4 559 ZF primer®, 2xRapiMix® %14 PCR

ftlo
>,
o
ol
3
i)
BN
Y
flo
P
)
(e
o
o]
Ol
@
w

0% %, ®A 95C 2%, annealing 7+ 52C - 60T

= gDNA$ SHBS©| @714 49S ®Ag pTop-SHB COIE A& E§sto], =

o] 7ld® Abgstion, olmM wizLe AGS FAHSAT wE & =l gDNAE
100ng® & A o7 AR e pTop-SHB COIZ 2.09x10° B2 2.09x100%=}71A)
A& Aol FPor ALEEIY PCR A4S 100ng =9 ofd# 9 gDNAS 2.09x10°
B2 - 2.09x10° E2be] A %3 DNAES AF&39 o™, 2xRapi master Mix, 3% Primer %
T2 Asd e e x7] WA 95T, 30 $, WA 95C 2%, annealing 7} 52T -

60C 2t 2%, A1 72T 225 13 o= st F 503 Hdoe® 2i% PCRe Aldeks]

Zt, B H-SHBAIE#E SHB COI 5°] A9 21

I

4% A=

2 gram®| sW 1vig]le] SHBRFo=ZHH F&9H &3 gDNAE % 359%ugell o, o]
30nge SHB 5o] 2u& A=k PCRO x7] 7|A&E AFESk3Ith. ®3F o] total DNAE
AR 8438t SHB 5o] i PCRel A&skslom, o =59 SHBe| ARAIZE &
gEo] ds w o]o EA sl tesdAE FA4, At Ward 5(2007) =
A ZeA SHB7F 2Ad Sate] SWolA PCRAAEA SHB-5°] 828 EAE
T3l wl Aot I S ok Ctgh(29.69 cycles)®Z Al A5t

G, 289 gDNAZH BHolA o= 5FoR AZs=AE FAstax 249 g

e 2w ol
2

(19

[e)
o
A1 RPS %! B-actin genes 211% AF PCRE T3HAA 4o 4 2 AF A 53

shgict.
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3. 2% ¢ &

o

7F. SHB CO1 #FAAY 2314 AEE A3 4 &4 2%
SHB E£9°] AZEE primer 3%°] 3 3 annealing &%+ A7t PCR (Real-Time
PCR) 7]7]1¢] Exicycler™ Quantitative Thermal Block (Bioneer CO., Korea)< A}-&-3F &

T4l PCR= =33} 3ith.

SHB £9] #&% primer SHB-DP F1/R1%, SHB-DP F2/R2%2] %, 46C - 65T HY
oA BuA g FFHAbEo] AEEHJOH HA Y 2% Wele SHB-DP FI/R1 primer %
o] AS$ 56T+ 4T 4, SHB-DP F2/R2 primer &2l 4% 54T+ 4T W o]t} SHB

207F/315R primer %2 4% 57C+ 3T W$I7F 4 annealing< =57, 342
primers< 52C-60C 2] annealing<=%= HYNA Z11% PCRS 3 A annealing>:==

Ta A AT (A8 wA A,

x4l

pr

PCR-& Genechecker™ (Genesystem, Korea)Z Ag&3te] =a&¢lon, 52T-60C ¢
annealing=% W {lolA Ct#hd 39 HuHES 7|T=o=2 HrstAdth (Table 3).

Table 3. Ct and Tm values on each annealing temperatures of three primer pairs

Annealing SHB-DP F1/R1 SHB-DP F2/R2 SHB 207F/315R
temperature Final Final Final
() “ fluorescence “ fluorescence “ fluorescence
52 - - 17.61+0.36 189.33+28.22 - -
54 15.99+0.53 181.33+26.22 16.85+0.47 205.00+37.33 19.46+0.68 172.00+32.67
56 15.17+0.34 187.00+£27.33 17.89+0.78 182.67+25.11 19.10+0.99 178.67+26.89
58 16.89+0.18 156.67+17.11 - - 21.31+1.54 158.00+32.67
60 16.96+0.56 157.67+22.44 - - 21.29+0.84 147.00+26.00
Tm values(C) 74.91+0.32 77.02+0.16 76.53+0.32
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SA4TCAAME SF Fgo] HLeA Yelds Aoz Fxddu. T3k g3 A4S F3)
7491 + 0.33TCoAA Eol&Ql FHx FZA4Eo] et SHB-DP F2/R2 primer *42] 73
F 54TAA 71 wmE Ctat 2 HsIFaS Jvepdddey, §48 24& &3 77.02 £ 0.1

6TCoA HolAl THFakeEe] Hetwa+ sttt =3 SHB 207F/315R primer ol A4

2112 PCRe Z7ol|A 3 %2 SHB £9| primer#E2 &% annealing%=+, Z} primer

Y. SHB COI #F3AY 231% HES A A primer AF 5=

1% PCR "ol 4

dk

& 7} primer FE52 Y] 938kl 500nM  (5pmole/ul), 1M
(10pmole/ul), 2uM (20pmole/ul), 5uM (50pmole/ul) 10pM (100pmole/u) 2] HF Tz 24
&to] 2314 PCRS A 33ttt (Table 4).

Table 4. Ct and Tm values for each concentration of three primer pairs

Final SHB-DP F1/R1 SHB-DP F2/R2 SHB 207F/315R
Final Final Final

concentration Ct Ct Ct

fluorescence fluorescence fluorescence
10uM 16.37+0.31 142.67+6.89 15.87+0.16 184.00£6.00 18.77+0.22 150.67£3.11
5uM 14.53+0.31 169.67+3.11 14.83+0.18 220.67+4.89 17.73+0.24 170.33£1.56
2uM 15.27+0.16 192.33+3.78 15.60+0.40 251.67+2.89 18.40+0.27 185.33£4.89
1uM 15.10+0.13 232.67+15.78 16.20+0.33 255.00+2.67 20.20+0.33 205.00+4.67
500nM 16.07+0.22 233.33x7.56 19.30+0.20 265.33+6.44 23.17+0.31 199.33%£5.11
Tm values(C) 74.91+0.33 76.69£0.16 76.86+0.32
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olo] SHB-DP F1, Rl primer 2 1uM HF =& AF&aS W e Ctat 2 =&
HE 43S veldol A4 primer 5= A4St ow, SHB-DP F2, R2 primer %49
B 2uMel A Z7HE wE Ctat 2 =2 HE A UE it SHB 207F, 315R primer
AL 2uMel Al Ctak 2 #HF F333 vwE F38) 10uM, 5uM Primer?] F=olA Ctghol Al

=]

= Felds Holu Egh SddA vA SAFY, 1uM, 0.5uME] Y2 Primers Eoll A=
HZ JA3e =4 =Ho] H} Ctike]l 20cycle oA ® E3sS B 2uMS HAH F
T2 AAsA

t}. SHB £9°] ZA&$§ primer 3% 93 & AZEF AT

vl

AE A A

37%9] primerell W] WA EE gRlstazt oA SyE #HA annealing &% % primer ¥

Tol A AxEE DNA F3E 2.09x10° EAHE 2.09x10° Ex74A] & Ao HE &7

lo
o B
o
w
to,
[-']I
Rs
o
oft
o
®
g
)
=
=
1o
o,
4
=
ke
M
r =l
2
=
tlo
-
_O‘L
22
i
©

@ V=-0.2615x + 10.619
- : R*= 0.9089

o ¥=-D0.2621x+11.454
R==0.9981

4 y=-0.3053x + 12.298
R==0.9935

n m
|

Molecules of DNA (Logy;)

15 20 25 2

Ct (Threshold Cycle)

w
un

= DP1 +»DPFZ = S5HB

Figure 1. Detection limit and Tm using three primer pairs for SHB CO 1 specific
Ultra-rapid quantitative PCR.

Ultra-rapid PCR with each primer pairs were performed using optimal conditions.
pTOP-SHB CO I were used as template in PCR that were diluted from 2.09 x 10° to 2.09
x 10 molecules/PCR, respectively. 2.09x10"' molecules template were amplified

successfully by
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UR-PCR using SHB DP F2/R2 pairs and SHB 207F/315R pairs, except SHB DP F1/R1

pairs.

SHB-DP F1/R1 primer %% AF&3F 214 Ak PCRoIA, & 2.09x10° EAo] o] AL

A Aes AFH FE] 9S FAsGov, ol FFe| FF FUL 0§ CtR 574

K
SE

I Cterd 8 EAFE AFE3 3172 (Regression equation) y=-0.2615x + 10.619 2
3] A4 (Regression coefficient; R?)7F 0.9989% =3+ & it AR 2.09x100 &2}9]
FEHME F 33 wE Ad F 13= AFHE Ao ® YEWt Tm (Temperature of
mid-point) & 75.88C+0.32TC = ZAHJom 209x10° 2} 2 F3S D% e thx4d
M= Tmeol 2F 7231C, 7264T=E Yely, Sold T3 b9 Tm (75.88T)¥ Aol& HS

.

1

SHB-DP F2/R2 primer & A}&3% J % PCRoA, 3 2.09x10" #AFo]do] <
A5 BEs] ARH FFol S Gt o, of HA 32 y=-0.2621x + 11.454%} 3]
2 R R=099812 45 ¢ JAth olm Tme 7750C+0.32CE A HAoH, 2.09x10°

)zl = Tmel ZF 72.317C, 7426C2 ey, Eold F:

b
=
Ap>

N

|

SHB 207F/315R primer 4-& A8 %34 Ak PCRAIA, 58 2.09x10" Aol o] 9l&
A5 Al AFA SEol Ha gelstalon, of A 3914 y=-03053x + 12.208% 5]
A

A g, R?=099352 945 £ A9t TmS 77.18C+032CE =AHHon, F33& 4
o T AE Tmol 68.19C = Ye}, Eold ZFZ A& Tm (77.18C)7 zto]E& W
A tH(Table 5).
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Table 5. Ct and Tm using three primer pairs for SHB-specific Ultra-rapid qPCR.

SHB-DP F1/R1 SHB-DP F2/R2 SHB 207F/315R
Molecules of
recombinant DNA
Ct Tm Ct Tm Ct Tm
2.09x10° 16.62+0.66  76.07+0.17 19.44+0.85  77.67+0.30 18.85+0.80  77.87+0.60
2.09x10° 20.15+1.47  75.67+0.18 23.58+1.66  77.49+0.01 23.13+091  77.60+0.50
2.09x10* 23.81+1.06  75.85+0.28 26.91+0.81  77.39+0.18 26.51+1.05  77.89+0.34
2.09x10° 28.10+0.87  75.67+0.18 31.54+1.72  77.71+0.38 30.10£0.94  77.69+0.17
2.09x10? 31.74+1.09  76.05+0.29 3491+1.24  77.69+0.17 33.09+1.53  77.60+0.50
2.09x10! 34.49+2.22  74.59+1.38 3837052  77.58+0.35 35.28+1.42  77.60+0.50
2.09x10° 37.17+1.70  73.29+1.38 40.19+2.14  74.26%0 38.93+0.99  77.60+0.19
Negative 28.06+7.40  72.97+0.46 3891+1.29  72.31+0 37.74+ 68.96+1.08
Average Tm value
. 75.84+0.26 77.59+0.25 77.69+0.38
(Positive)
Average Tm value
] 73.22+0.78 73.29+1.38 68.96+1.08
(Negative)
Total Reaction time 18min 40sec /50 cycles

g, T total DNAYA SHBAE® ¥ EZHDNAAZE primer #E9 3o

SHB Eo] A=8 349 primerE¥ #¥ DNA 59| primer 52 AF&3o] 100nge &

H oDNAY &4 slo] FHoRE 2% FHAA SIS A
RPS #3dA+= #Hol gDNA T9 a9 FAAE AIdsA FEAZHOoH, RPA-AZT
DNAE F3 o =238 PCRAETE= k7Y Tmakel zbolE R ory thke] ¥4 gDNAY]

EA oo wWE 22 ApolR B A H QT

SHB 5] 3% primer’d<S AFS3 Za1

dpx
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Figure 2. Melting temperature analysis of ultra-rapid PCR

with genomic DNA

from honeybee and/or SHB-specific DNA using various primer pairs.

RPS genes were successfully amplified by both ultra-rapid PCRs with gDNA from
honeybee and/or RPA-specific DNA. All ultra-rapid PCRs using SHB-DP F1/R1, -DP
F2/R2, -207F/315R pairs with gDNA from honeybee and/or SHB-specific DNA produced

correct or incorrect product, respectively.

ul, 9 gDNAS SHB Eo] 3149 &£ =

(ot
fijo

F3go=z 3 2314 PCR

o] gDNA9F SHBE©] DNAZF &89 Arefol A ZF primer ¢ SHBEo] AZ9
2 =A39th SHBE o] d71A49< &A1 pTop-SHB COI 2.09x10° #2}e A 2.09x10°
A74A A& A e T o]5S Zby] 100ng EW gDNASF A& &dtste] 7217] 214 PCR

o] g oz Alg35}A tHFigure 3).
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Figure 3. Detection limit of ultra-rapid PCR using three SHB-specific primer
pairs with SHB-specific DNA and honeybee gDNA

Ultra-rapid PCR reactions were performed optimal conditions for each primer pairs with
100ng honeybee gDNA. All ultra-rapid PCRs using SHB DP1, SHB DP2, SHB 207F/315R
primer pairs could be detected with 2.09 x 10' molecules of SHB-specific DNA under 100
ng honeybee gDNA.

14 PCROIA, 2% 100ng ¥ gDNA &4 3slolx 2.09x10"
om Eo]F FZo Tme SHB DP F1/R1 primer 4ol
A 7582C+021C& YEUHE, SHB DP F2/R2 primer %< 77.82°C0.25C, SHB
207F/315R primer &2 77.82C+0.17C= FA4%H, v Fo] FFo] dojt A 7} primer

=
A HE Tbede Bl F

*2

Aol thall 79.38C+0.59C, 79.53C+1.38C, 71.59TC+057Co 2 &A% o] A% 3|A3 HE=
SHBFHA 200x100 EA7A Sold Hek ZZ wgo] Aot oz AL
(Table 6).
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Table 6. Ct and Tm values for each number of molecular copies with 3 primer

pairs in 100ng Honeybee gDNA

Molecules of SHB-DP F1/R1 SHB-DP F2/R2 SHB 207F/315R
recombinant DNA Ct Tm Ct Tm Ct Tm
2.09x10° 18.38+0.83  76.06+0.12 23.08+1.04  77.88+0.18 20.90+0.76 77.78+0.19
2.09x10° 21.22+0.72  75.69+0.26 25.31+0.22  77.70+0.33 24.16+0.98 77.60+0.15
2.09x10* 25.65+0.41  75.76+0.13 31.92+045  77.91+0.16 29.17+1.37 77.68+0.28
2.09x10° 30.26+£1.00  75.76+0.13 35.32+0.67  77.82+0.22 32.45+1.26 77.80+0.03
2.09x10° 33.13+1.08  75.88+0.21 38.04+0.46  78.02+0.18 35.65+0.26 77.89+0.09
2.09x10! 36.57+0.77  75.75+0.45 42.92+0.70  77.61+0.36 39.54+0.64 78.02+0.18
2.09x10° 36.57+0.75  79.57+0.54 44.23+0.76  79.21+x1.71 42.16+1.03 78.47+0.00
Negative 27.22+9.15  79.19+0.65 4424+1.32  79.84+1.04 42.04+1.48 71.59+0.57
Average Tm value
. 75.82+0.21 77.82+0.25 77.82+0.17
(Positive)
Average Tm value
i 79.38+0.59 79.53+1.38 71.59+0.57
(Negative)
Total Reaction time 18min 40sec

v, 2 H-SHBAIE45E SHB COI £9] f2dA9 1% AF A

A BHA A SHBE ] f3Ae] AEo] 7FedAE bz, #4 gDNA 5o| primer
5 2% (RPA, B-actin)® SHB 59| primers 3% (SHB-DP F1/R1, -DP F2/R2,
-207F/315R)S Z}7] AFE3t= %2114 PCRS Al 38t} (Figure 4).
B-actin 2 RPS f#d = BHOZRE gDNAS FEo] Aes dojyl=x elstuz =
Z bgS AN e, F e fFHAeA A R Tmats 3
AAE sde A7]e] DNAZF 48 AS gelstdon (K= mAA), o= THOZNE
=19 gDNA7F F&do] &<9d sloth
SHB 59| primers 3%S Z17] AMS3st= % Z}
AR COL o d7IM D] SFEom, A3 SHBFAA EFHASS 3T Tm
o BHo=m agm Zb7] A7) FEel o BHog geldd & gl

Aok #Zol, 2g FWel SHB #% ¢ wE]7b EA8ks nl&olgtd, of7joA F&4
total DNAT 359ugeollem, zt 234 FHdA SFo] AF8E 30 ng total DNAS] &2
8/1000v}2] 2] SHBH#F oA F&H SHBS mtDNA7F £3HH Zlo|w, 24 PCRE ©] #
AEg 7HRE 5o TEAA HAFE Hoth

10

o4

—

e
B

- 158 -




IEHZ D-05
B-actin151 F R RPS18 173 F1, 149R
Positive Sample Positi
Tm:81.71 ." Tm: 81.71 Sample i T;SI, I;E 88
Tm:74.91 | i
900 \‘ / 200 /
| |
|
| .
5 600 ‘ 5 600
5 | %
300 | 3001
\
|
’,‘I
0 . . 0 - . r
50 70 £ %0 80 70 aa 50
Temperature{Degree) Temperature{Degree)
SHB DPF1, R1 SHB DP F2, R2 SHB 207F, 315R
Pasitive Sample Sample Paositive Sample  § Positive
wo) Tm:75.88 Tm:76.20 - Tm:77.50 T ; 77.82 - Tm :77.50 | Tm : 77.82
L ™ / - J
| [
\I \ l
g 00 |‘| g 60 o 50 |
: || : : |
\‘ )
[
300 ||-| 300 300

‘\llx /

T T T T T T T T T
60 70 80 @0 60 70 80 a0 60 70 B0 20
Temperature(Degree) Temperature(Degree)

TempesatureiDegree)
Figure 4. Melting temperature analysis of Ultra-rapid PCRs using 5 different
primer pairs with total DNA from bee debris and SHB larvae.

3.59ug total DNA was isolated from 2 gram bee debris and 1 SHB larvae. Ultra-rapid
PCRs wusing each primer pairs with 30 ng total DNA were perfomed. All results

demonstrated successful amplification according to primers-specificity.

A BW F SHB AHA9] H&o] o= AE7l & w7b#] SHB 5o| x4 PCRel 93
HEo] 7bed A APttt SHB &3 FWolr &2 3 total DNAE 1/10% A< 843}
o] o] 544 total DNAE %7] 7|d= SHB 5o] Zi4% PCRE A @At} (Figure 5).

%7] 714=Z total DNA 30 ng, 3 ng, 0.3 ng, 0.03 ngs AH§39l e, SHB-DP FI/R],

-DP F2/R2 primer 4% Zt7] AF83 234 AZ PCRAA X5 SHBEo] @7|A<do] A

Fdow 248 el
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Figure 5. Crs of Ultra-rapid PCRs using serially diluted total DNA from bee
debris and SHB larvae on regression equation using Crs and SHB-specific DNAs.
Total DNA was isolated from 2 gram of bee debris and 1 SHB larvae. Serially diluted
total DNA were measured as 0.008 (6.64 x 10° molecules), 0.0008 (1.37 x 10° molecules),
0.00008 (2.38 x 10% molecules), 0.000008 (1.31 x 10' molecules) SHB larvae, respectively.
Standard is indicated PCRs using serially diluted SHB-specific DNA. 8/1000, 8/10000,
8/100000, 8/1000000 are indicated 0.008, 0.0008, 0.00008, 0.000008 SHB larvae, respectively.

rlo

%7] 7142 A+89 total DNA 30 ng, 3 ng, 0.3 ng, 003 ng> 2z+7] 8/1,000, 8/10,000,
8/100,000, 8/1,000,000 wt&]¢] SHB frZol4 F%¥ DNA7ZF 3% o= & Ay A
= 109h29] 1 wkgle] SHB % AMAIZE Athd, 71 EAE 5ol4, AFgHoz 45T F
Atk ALkE AT ©]E SHB 5¢] DNAS 2 A=Fsl sk, 0.0087F2] 9] SHB 5ol A]
SHB 59| 664 x 10° 227} FEH Ak ZelH, 0.00087t2]2] SHB %14 SHB 5o
1.37 x 10° ##7F, 0.000087+e] 9] SHB %ol SHB 5o #x7F 238 x 10* #AH71,
0.000008v}2]¢] SHB {+%°l4 SHB 5o #x7F 1.31 x 10" 2271 7217 FEH AW o
2 A= QAT

ol SHB #%2° Edtolgtx FWe] dalEo] FHETE, o= olH|

SHBe £412 Q%a7l0t 28 %o Aues £o @ Ao

o
&
52
flo
o
AL
ofy
[‘E
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AgAT<20 Ward & (2007)¢] PCRE A4 AdA4 PCR AALZH, ¢4 PCRe %=1
| W4 50C 2 & % 95T 102 %, 24 32 W4 95T 15%, &4 % T¢44 6

0C 1o sto] 4034l o]=A st3dut. o= ZF AE2%=(50TC, 95T, 3 60T)% o] 5

Al ZH(Ramping time)& A 9]t Zg-ZEo A Fojzl A|ZETE 6230 o2, PCRo A&

3k 7900 Sequence Detection System (Applied Biosystems, USA)o] 2=WH3l TS

stob PCRE] #E Al 53] 2A1HS 238 Ao 2 AAbe

ghA, 2 el ARE¥ 25314 PCR2, 7] ¥4 95T 30% F, WA 95T 2%, €4 56T

6 =
=, =

N

’

rr

K
v

2%, F3 72T 225 13|41 2 &

AFE3LA T o] 2314 PCRY 4289 & AI7FS 18% 40x4o0W oy NBEL 403

A(15%) ol Ao FTEAR9 Ct#rs 4 4 AU HTable 6).
3

e Az BEL AFAPe] A welFE Ao SHBEAGRS BAL °

o] % 503]d & Genechecker™ (Genesystem, Korea)Z
=]

O

Z1% PCRY & v & AE84 FHL 40 cycles F9] Ctato]l &3 AHAHS HA=
Ao|tH(Table 6). o= PCR & T3 & A (polymerase)’} A &%(95T)d =%+ Al7He
sto] AiA oz g #HE Ao 7|edstE AoZ FukE ) 40 cycles o] Aol A% PCRE

A5PS mojErh B Ao Zm ]
x 508 7)ol or}, Ward 5(2007)°] ZAAE 4084

1% PCRE| 4%, 20} 579 54 BAE

A

PCR ZZo|A WAd2%
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A9 A 9HAA  AAZF  Recombinase Polymerase
Amplification (RT/RT RPA)d] 23 ¥ Black queen cell
virus9 A& A&

<E A W& Journal of Apiculture 31(1): 41-50 (2016)°] Rapid detection of
Black Queen Cell Virus from Honeybee using Reverse Transcription Real-Time

Recombinase Polymerase Amplification (RT/RT RPA)9 A Fo =z AFH AL>
1. 4 &

=S wlolg 2 wrE o}, X T B AAA HAA oste] AS wa glow, 1
< ol 24 WA= B 9 E oFr
g gul A A7 oEe AFoltt. A =
Paralysis Virus (ABPV), Chronic Bee Paralysis Virus (CBPV), Sacbrood Virus (SBV),

o
-
%
£
o
e ‘L
)
il
=
=
r
N
1
)
=
o
4z
AW
ofr
ol
£

Kashmir Bee Virus (KBV), Deformed Wing Virus (DWV), Black Queen Cell Virus
(BQCV) 5, &18%0] ¢4&# 2t} (Tentcheva et al, 2004; Berényi et al, 2006).

Black Queen Cell virus (BQCV):= F 93 bolxoA & H3yo doAZ F2FH, T2
WA ol (Chen et al, 2007), 7383 family Dicistroviridaed| 43}, TA7MA] 3=
U odpolgjs Low FEFHASL, FHTo AMEE Adupolgfs £How ARF HAG
(Mayo, 2002). BQCVe RNA #d#= F 719 ORFZ TFAHo] 1oYW, replicase®
= 5-2FH ORF$ capsid protein¢! 3-2% ORFZ o] Fo1x v}t (Leat er al, 2000).
BQCVE Stoo A & Hduke] @o] Ay = ol 22 ER1% AT (Yoo et al, 2008;
Kang et al, 2012).

BQCVel tigh A&s &9 /i o] wpolg 2o hed o F dhdkat o] npo]g o] A
o= 3te] wWr=A] Mmool FF=  dEFolm Multiplex reverse transcription-PCR
(Grabensteiner et al, 2007), One-step real-time PCR (Kukielka et al, 2008)3 #7o]
BQCVe| Agatar &3k 3ds g ofe] 74 A2tk 7|9k W Eo] s o] gt o A
AlZF PCR WS A#F 2 AZF PCR (quantitative Real-Time PCR; qRT-PCR)2] #H#3} <d
&= o] BQCV ofyel & =¥ ol s HAst=d JHE Witetar Aed AN

o2 QAAs o gh(Yoo et al, 2008).

r_{m
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El
a8y, qRT-PCR2 dwba o2 HApAIZbo] 4= AJbe] &A@ ¥m, A g thermo cycling 7
715 o= 7], FedelA aHe, 54 AFATES

ol vt ol Ay 4 S S5s87] Ast
%314 PCR (Ultra-Rapid PCR; UR-PCR) E+ %4l PCR (Ultra-Fast PCR; UF-PCR)%&
o] /Mxo], 3031 PCRE 5&-8iel ¢=Al7]+= MEE Heola k(Yoo et al, 2011;
Giang et al, 2015).

Recombinase Polymerase Amplification (RPA)S, PCR¥} = 2], 5294 54 #24x+2
AN LE ZFZA 7= A& ol (Piepenburg et al, 2006), Bt} W& FH42 ZZS 7|0
st 4 Qe Ador Jidte]l &y 3l ¢tk RPA+ recombinase, single strand binding
protein (SSBP), strand displacing DNA polymerase, “12] i specific primer &2 &4 o2,
HE 37°C s2olA whgo] 1= vr-gAIZHE 30 e 7F FH 5 ok 2 o] RPA

of ol thyst WAAS AAPEel A% wuHn gon, S5 FA4 Aedon P
bg

Ae992 Wel volln ok ey, #¥ w4 vlolel s 7%d kel RPA V1%
o] HER AL o} B glolon, wa #w el Aol hatel= RPA 7uk A%
o] eI AL AT

kA, A= RPA )&l 71ubs & EE vloleiss BQCVY AEWS AlZo] /st
1A} Flg o, o] 7|&S W uolala A, volrt iy WA Ao uld GAEHon

HAEAZ 5 QA 2 71EH FEAS Hrks) Rk sk
2. A5 ¢ Uy
7k Y HA A8

2 AFgA A8E BE B AlgEe FUt MYET BHQ Apis melliferacl ™, 20153
of gxo] FEErtEEH APE o] dxEHAY AT AgH AF AHAoth B AR
v we} Z}7F 50 mL conical tubeol] Hob, g A -70°Ce] HEE AT
BQCV-specific PCR A3}l wel, BQCV 7ol &RlE Alg& Adste] 2 Ao A&-3)
2ath =3 DWV (Deformed Wing Virus)-specific PCR A ¥}ol wg} DWV 7ol el
wHE Adsto] ARGl

-
.

of
i
h

o
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Y. AA RNAY ¢=5EdF % cDNA A

TR AR T F gy AF BEHES do2 A9t o, MagNA Lyser green Beads
(Roche, Switzerland)E Ab&3le] S Rtk A4 RNAE  Allspin™  (GeneAll,
Korea)E Al-g3sle] &8ttt %% A4 RNAE  Biophotometer (Eppendorf, Germany)
& AH&Ste e wEE SASASH, 1 ugdl AA RNAE FI 22 AccuPower® RT

Premix (Bioneer, Korea)Z AF&3lo] cDNAS A sle] -70Co] HAsATh E Ao A=

e

g4 2 3 9] cDNAE real-time RPA%} real-time PCR A& ¢ F& o= o] 839}

t}. A} =3 DNA F3 9 4] 2 quantitative Real-Time PCR (qRT-PCR)

pGEM-BQCV-VP3+= BQCVY VP3FHA7F &Al® Eeb2n =0tk (Giang et al, 2015).
o] = pGEM-3Zf(+) vector (Promega, USA)dl BQCV<e] VP3 fxd#5 F&35ts 3loln, o
= A DHb5aol H#AHAE o] A% DNAQ cloneol Al DNA-spin™ Plasmid DNA
Purification Kit (iNtRON Biotechnology, Korea)& A}-&3to] pGEM-BQCV-VP3E <+

A

2353 2 Biophotometer (Eppendorf, Germany)E ©|&3 DNATLE=E A3, F=4
DNAE -20°ColA ®atstw ARE-3k3ith

qRT-PCR< SYBR green® ##& o]&sgor RE W3S Exicycler'™ Quantitative
Thermal Block (Bioneer, Korea)S AF-&3to] 8ttt & wh&H2 20 pl= 3k a1, =4

2 HiPi Real-Time PCR 2x Master Mix, 1x SYBR green (Elpishio, Korea), 10 pmole<]
xglol 28]l 3o 2 pGEM-BQCV-VP3 DNA H+= cDNAE AM&3F30 T

2t ZEoly AA 2 A

BQCVel 4= &4 F stuel VP3 s S3st7] flal g & Zelo]WE A3t
9t GenBank database (Accession No. KR074231)o] wtz} AAE, BQCV-VP3-F1
(forward)2} BQCV-VP3-R1 (reverse)< Z}7 KR0742312] 97144 < 139 bpHF-E 269 bp
o] 9ol A= o= 131 bpel PCR 2bEo] A &HEs tzl 3hlon, nlo]y~
(Bionics, Korea)Aboll €] g st A&ttt (Table 1).
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Table 1. Sequences of specific BQCV-VP3 primers

Oligo name Sequence (5 —> 3)) PCR product (bp) Reference
BQCV-VP3-

1 CTGGGCGAACATCTACCTTTCC Giang et .
BQCV-VP3- bl 2015

Rl GCAATGGGTAAGAGAGGCTTCG

v}, Real-time Recombinase Polymerase amplification (QRT-RPA)

RT-RPAE 7|2 Ao & Twist Amp® Basic kit (TwistDx, UK)E A}&3te] =3 st}
RPA reaction mix+ kit®] W-8E<¢l freeze-dried reaction®} 280mM MgAcES A&}, 7zt
HES- I 7} 24 pmole?] ~glol (BQCV-VP3-F1/R1), #% 1x rehydration buffer, %
1x SYBR green I°] H =% 3143, vortex® 7FEA £¢3 3 o]= freeze-dried reaction
o] 9+ tube® %7]°] pipettingC & WEES E35FtHTable 2). £39& gRT-PCR&
200 ul white tube® Ao, ZF tubed FHOZ 10" moleculesd] 3EatE 1u9ll
pGEM-BQCV-VP3E #H7}sl9th. RPARES 2 280mMe] MgAcEs #H7bgk & 37T T2
AN AlFee] ) 18-S 1 cycle® 8o, HESA]ZF 40%°]W 40 cycle®2 YEIUYESE 31T
171 $15ke] SYBR green I (Elpishio, Korea))& % 73t

off

(Table 3). #AIZF DNA F¥%& 34

% Exicycler™ Quantitative Thermal Block (Bioneer, Korea)oll /] RPA ¥+3-S 31t}

Table 2. Compositon of BQCV-RPA

Composition Volume(«8)
Distillted  water 7.2
BQCV-VP3-F1  (10pmole/xl) 2.4
BQCV-VP3-R1  (10pmole/l) 2.4
Primer free rehydration buffer 29.5
10x SYBR green 1 5.0
Total 46.5
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Table 3. Qauntitative Real time PCR instrument set up for RPA

1 37C 1min

2 scan

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

5 store 8T

B}, One-step Reverse transcription RT-RPA (RT/RT-RPA)

cDNA® @43 RT-RPA Wrg& FAlo dstazt, F=¥ HA RNAE FFo=
Reverse transcription?} RT-RPA7} Zo] dd 4 9I%=% one-step 5N =433}
7122 o2 AccuPower® RT Premix (Bioneer, Korea)E& A}&389ow, 1uge A A RNA |
100 pmoles Oligo dT & 70Ceol| A 5¥%7F pre-denaturation A|ZA o™, HES T o] gols
RPA-kitZz freeze-dried reaction (dried pellet)oll $7]1¢] pippeto.= 2 Z3tetct. o] &%
Ao RPA kit & 280mM$e] MgAcE H7bstal, 37C9 &= oA RPARESS Al 4al3d
t}. o] 24 one-step reverse transcription RPAY cDNA $4 3 DNAS FZo] F Ao
P e ston, T vhEAIZFS 40708 FFe o3k DNA T3S AN ZUHA &

[ex]
AR

3. 2%

ik

1y

7}. Real-Time RPA %} Real-Time PCRE ©]£3F BQCV o] f2%9 AZE

Real-Time PCR¥ Real-Time RPA9 EE HkLoAN F3E&  AQx3 DNA<
pGEM-BQCV-VP3E& Al&3ld o mF 5d3 T DNAE A3t 3T A&
§ Zebolw (Table )& %4} BF 2 9714949l BQCV-VP3-F13 BQCV-VP3-R1e| 2}
=3

H2 39 Real-Time PCRY Z7&, 94°CollA] 30%7%F Pre-denaturations 2@ 3

denaturaion 94°C, 15%, Annealing 62°C, 15% Z18] 3 Extension 72°C, 15%% Total 35
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cycle2 2835t Real-Time RPAE 37°C 5204 40 cycle® % & 3$thH(Table 3).

Real time RPA<®} Real time PCRoIA BQCV-VP3 Eo] GHxe Z=Zo] &34 7}r9f
melting =% &2 93] &l¥ o, agarose gel A7 G FollA FA BT oA

131 bpel DNA ZH&25 AAskdw (Fig. 1; Fig. 2; Fig. 3).

Real-time RPA°l+= 3% 26% (3.44 cycles)ol ] DNA Z¥%o] el o 407 AA »
#

S A W AEH] S BAT v, templateglo]l %13

oo

¥ 53019 e Elow, ¥ Negativeoll A= 167= et 5+ gt 4 d 2ozt

e ¢ 7 UAT(Fig. D.

. %301

Positive Ct: 344 | _.
=T | Negative,
Ct Undetermined

.ﬁfﬁ-. —167

e~

EL

. . . o » . . . .
L TEE & ] [ ] 1] 12 i T ] E] 33

- BB oG @ B R R R &
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 template (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).
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HbH - Real-time PCR2 16.22 Ct #k (RFgA1 2 & 41% 42% )58 DNA % & 89l 3 5
ARoH 26 cycles (WFSA| 2 & 645 17%) A Aol A 55149 H1 &FF Fro] HAHH ol F

oF7ke] &3 gk Al BEH HF 35 cycles (WFSAIZ F 900l A 49889 HE I
grel ZA = At vk, templategle] ¥ Real-time PCR 30.88 Ct #t (WF&AI2F & 79
W 24%) °]F, DNAS| Sl 1= glon], JF 35 cycles (WH3-A12 F 90:)N1 4] 1521°]
HE dHFghol AU (Fig. 2).

ol

p~cal | I —-»5514
i "
£y = 4988
L -
l_-l - Positive Ct: 16,12 Megative Ct: 30.85
B \ \ 1521
- &l a3 i .;':i:_m F = F=1 == ] e a3 >

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 amplification 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.

Real time RPA¢} Real time PCRY F wWF$-& £8 o]F FZ9 DNAZ 15% Agarose
gel Aol A Aste] SZH DNAQ =79 IS 23ttt Real-time PCRe S AF
B2 JFstdd 131bpel XA AEE A &2l o ™ (Positive), template§lo] T

PCR<S 233} negative WH3-9 A= DNA o] JA=A LAUth(Fig. 3A).
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53 DNAEo] #&EQ =3 3 glo] 2 RPAE A 33k Negative WHS-ol A SZ

DNAS] & 37 #ad Aoz yeiyoy, 22 dHe dr9des & 2o F3AvhFig.
J

AABH= A A}
g ol H7] dEdelA 131 bp 2719 A3 DNA bandE ##E + sddew, 3 gl

’

wW
=
I
v
-
s
rlI
olo
e
i
il
flo
I
A
o
A2
fo
o
j=)
0
ko]
(@)
Q
=l
o
2
j)
Q
o
128
=
o
j=)
0,
U
> IJ>
mtm

o] X% negative W&ol &3 A7) DNA &S ##d 4 §lodth o A79s
o] A= RPA o3 %% DNAAELS, AA Hunspecific single strand DNA 53} §+
7l RPA°| A A€ %+ single strand binding protein (SSBP) 5 ol @ Ao 93 gel
mobility shift #7ge] g7 Yehd Aoz FE5AHFig 30).

Real-time RPA$} Real-time PCR F WHE 2% B PSS =HH3 o], Eo] A7 Y9
ZExS AFHor RUEHY & £ 9d&s 359 o, Real-time RPAX Real-time PCR
Ho w27 DNA FTEo] 7F3hs AT F o T3 A7|d s & A 25 +

o7 Lefolvlo] met FHsA 54 GNAGNS FEANYS T FAT & Ak

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 reaction without template. The expected size of BQCV-DNA was
131 bp long.
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. cDNAZHE Real-time PCR9 Real-time RPAZ o] &3 BQCVEY AZ

Real-time PCR¥} Real-time RPA Wt&-olA, FH o2 cDNAE AFEsk3ith BQCVel #4
H ooz Fole HERHEE HA RNAE FF3H1, 1 F 1 uge RNAE A&3}
Reverse transcriptase W8 Zladstqlon, o224 FHFo 2 ALET cDNAE HEST.
RPAS} PCR F W& RFoA A %o cDNAES FPOo & U xztolw (Table 1)
= AH&SATh

A3 EH, cDNAS AF83F Real-time RPA WS4+ 431 cycles (9F8 AlZ & 4% 18
Z)7H DNAS FZo] A ow 40%9] A vkE AIZF ]l A|&AQ T7F e B
Atk Loz AREsE 10° #xte] pGEM-BQCV-VP3¢] tdt RPA ®Hgox= 373
cycles (HF-g A2} 338 43%)o| A4 DNAS FZo] delx ). 184 negative HH-g-o A=
oro] ¥ RPA wHg-9] AWt} =2 867 cycles (WFS A2 § 8% 40%)4%-E] DNA F 30|
1A = AT

ore] 37§ RPAS] ¥FFadi=+= w9 FARS @33 @ 5719 BREs Bilon, 329 Ao
v Ct value®t HF F3F 75 oldvh 2t wkgo HF FF 52 747 4402, 3280, 1145
2 Z2AFEgoen, o= zZF Ct <l 3.73, 4.31, 867 cycles®t "¢ FAFSE Aol HE &
F#E7 Z+ Threshold cycles (Ct #HES FJAEA 9o, 3454 (Regression
coefficience; R*)+= 0.9443¢1 Aoz A= AT

DNA

ol\
I

S 237 o]3 7z} FZ AES 15% agarose gelZ A7 953819 o, cDNA
9} pGEM-BQCV-VP3& F& oz A}-&3F Real-time RPA ¥FgolA ZZE AES BFE oAt

27191 131bpoll Al YEFES E2lstAtt (Fig. 4).
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106 DNA molecules (pGEM-BQCV-VP3), Ct=3.73 Tl
Pk 4402

. 3280
T 1145
E‘_; bl ¢DNA 16.1.13, Ct=431 Mok
l’g] & [ Ct=8.67
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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 pGEM-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), 867 and
1145 (Negative), respectively. In right, BQCV-specific 131 bp long products were only

observed on lane 1 (Positive) and lane 2 (cDNA).

3 BQCVel 7Zds® ZHa3E AZ%E cDNAE, RT-RPAY 7 9-¢ #Fo], Real-time

PCRE o] &3}, BQCV-specific sequence® FTZAZow Ct a 24.09 cycles (WF-&-A12t

FAzte 517307 ZAFHQTE whE, 33 glo] S

B
ofN

Hel ZrbdE mglon,

negative W52 A3 DNA SZo| Felg A ot} (Fig b).

F 66% 52)004%E DNA 5% A4 & & Atk 48 3% e 40 cycles7HH A
% !

1
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cDNA 16.1.13 (Ct =24.09)

i

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.

Real-time PCRel <J3l9] cDNAZFH FZAZ1 PCR AHe2 §48EA  (Melting
temperature analysis)E &3}% Tm (temperature of mid-point)S =43}t =4 ¥E Tm
& 805T o|lom, o]+ Ax3  DNA  pGEM-BQCV-VP3& FHPOE
BQCV-VP3-F1/Rl Zete|m & o]&3 PCR AHEolA A& Tm #¥ dAste o=

cDNAZYH Fd3 So] d7IMds SIS BoFUAt(Fig. 6).

p
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Negative control (undetermined) — i

Fig 6. Melting temperature analysis and gel electrophoresis after real-time PCR.
(Left) The temperature of mid-point (Tm) was measured at 80.5C 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).
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tt. 5 FAA AZo] 3 Real-time RPA$ Real-time PCRS Eo]|A H| 1

Real-time RPA$} Real-time PCR YA} FHoll, oA EA nlo|H 28 HEFE e 5ol
A (specificity)dll zto] 7} J=AE vlastddtt o5 9135te] BQCVel s #4d3 DWV
(Deformed Wing Virus)ell #9 ¥ #HZHE 27 dA RNAE ©F wdsdoen, 72+7t
cDNAE Al&ste] zbzh 7 7bA] 24w e] Fg o2 Abgatinh. 43

go = ALE3 BQCV cDNASH DWV cDNAE 7+t 53S AL&

£ BQCVE VP3fAzAte] So]% ¢l BQCV-VP3-F1/R1°]11t} (Table 1).

Real-time RPA°|A BQCV cDNAZS F3 oz 3 uhLof A 5% 53%(589 cycles)FE DNA
ZXo] FelHgon DWV cDNAE FF oz 3 koA wkgA 2 & 102 15%(10.25
cycles) F-E DNA S3Fo] ¥} A 53 glo] =33t &2 RPA ¥HSoAl+= 163

51%(16.85 cycles)FE DNAZS] F*o] 21X %A tH(Fig 7).

RT-RPA9] 40%F wHg 3 3709 wkgof tist #HF Fggk> 27 1968, 936, 5192 YEFWE
ow ol ZF wkg-o Ct value¢! 5.89, 10.25, 16.85 cycle®t 74 %=7] 53 (initial template)

| A% 8 HA=rt 2 ¢ ds Ao AREHATY

Lo
ot
o
A
-
ol
N

I~

Real-time RPA ¥k-&

oo
of\

g o3 Z} FEZAES 15% agarose gelol A #eldl Az BQCV
cDNAE Fgo =23 ukgoAtt 131 bpe BQCV Eo]4<Ql DNA W=7} FlEglom,
DWV cDNA¢F & glo] JaH Hkgo A= 131 bpe BQCV Eo] DNAZ}F ZAE A oy

ek ol FAel wgolA wEold DNAZ Hudoz sl FEARM, oE9

a9

o}
FFol AAHE Aeow MUt ol E3, DNA T%S5 J39 Az BYHAHste 3

o
o
=
N
N
o2
offt
ox
flo
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Jot
ol
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ol
X
§2
dlo
ftlo
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N
rlr
pay

O % 383 real-time RPA9] 23k
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BQCV-cDNA, Ct:5.89

\ | —1bB68
* R g B e
i

DWV-cDNA_Cr1025 Negative control
Ct:16.85

Lo d@as & F W@ A i Wl s ORA % i W M M

L Cye ]

Fig 7. Specificity of Real-time RPAs with cDNAs generated from BQCV- or
DWYV-infected honeybee.

With BQCV-cDNA wusing 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.

stH, BQCV-cDNAE F3 o =23 BQCV 5o] Real-time PCR<, PCR A%} 43% 51%<l
Ct % 17.85%H 34 DNA® TS &<l 3 4 AUTE o] PCR Ct # 30 IFdFH I
Fikel T =8 wekstlon, 353 HE FA|ES H4RE SAHEUJTE =3
DWV-cDNAE T3 o =23 BQCV Eo°] Real-time PCR< 2

20375 DNA9 TZ&S QAT 4 qolew, HF 3 g2 13242 SAHHAT. "2 E
ek, F8 glol 33 22 BQCV 5°] Real-time PCRE, WHE A&} 694 12%°] Ct

f 272158 DNAS S35 AT = AL, HF FFa2 20092 SAH AT (Fig. 8).

=

o AA 4R
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71 370 PCRAFES  EolA  (specificity)E olR 1z, DNA ;%ﬂ 241 (Melting
temperature analysis)S AAEAT A=, BQCV-cDNAE F3 o =23 BQCV 59
Real-time PCROIA % BQCV o] PCR A& (Tm= 805)°] IAHNETE <A HAoH,
DWV-cDNAE F3 o= 7y 49 glo] 383 BQCV 50| Real-time PCR2 H] 5 °]4
¢l DNA7} ofstAl FHdtha A=l oh(Fig. 8).

DWVcDINA

™ Negative control
wl CE 2721

5492
=

BOCV cDNA
= Ct: 17.85 / - 2009
ol 1324
x - L a L L w - L t:'; k3 b 4 e ™ ™ ko » 34

T fLtE

EQCV.DNA (Tm = 80.50C)

e

MNegative control {Im = 74 5}

Fig 8. Real-time PCR with cDNAs generated from BQCV-, or DWV-infected
honeybee.

The fluorescent graphs of Real-time PCRs with BQCV-cDNA or DWV-cDNA, or
without template. The total time of 35 cycles PCR is 90 minutes. Times to Ct values

were measured
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43 min 51 sec (17.85 cycles), 69 min 12 sec (27.21 cycles), and 74 min 22 sec (29.37
cycles), respectively. (Bottom) Tm (Temperature of mid-point) 80.5C in PCR product
with BQCV-cDNA is identical as Tm of BQCV -specific PCR product.

BQCV, = DWV| 7tddl =2 HE 7217 cDNAE §Aste], 247 #8202 BQCV &
°] Real-time RPA® BQCV £9°] Real-time PCRS <33 Zy F Wy 2%
BQCV-cDNA F#olA 1 BQCV 5°] DNAS F%o] o]Fox= Ao
DWV-cDNA 5 BQCV F%°] §l= 4% H| 5014 DNA FFrko] ofs}

a8y, Eo] DNA FE& A3k Al7HS Real-time RPACIA] 5% 53%, Real-time PCRell
ME 43% 512 = WS ZF o] 2 AR S KB FAY £33 Real-time RPA

l:,‘
M= A71dEel 23 glo

)

oft
o
N
)
[
l-'EI
o
fr
=
J|m
o
2
-
Z,
2>
o|\
NI
i)
J|m
»
-}
Z,
o=

N

I

X

AR 22 A2 HES fEsts Aol vwig 238 Aoz AL

o

H & A~ e}
T2 F U= B

=R

2. A A RNAS|A One-step Reverse transcription RPA (one-step RT-RPA)e| <] 3%t
BQCV #A=

=] WANERFYH HAA RNAE &5&23taL o] Real-time RPA W55 Al&3H
szl fstel BQCV 5ol&Ql &3 94 AAZF RPA (BQCV-specific One-step
Reverse transcription Real-Time RPA; RT/RT-RPA)#H S 713kt BQCVel =
=HE Py dA RNAE FEstden, 7 F 1 ugel RNAE FFO=E, 200 unitd]
M-MLV reverse transcriptaseE RPA solution®} &L 3+A 24 3Fe] one-stepl & 37T ol A

BQCV -specific one-step RT/RT RPA°|A = 8% 36% (861 cycles)olA] BQCVel Eo]&
¢l DNAS FTZ& g9lad 4 Qlglom F3 o] gl= negative WFSAl A= 23+ 33% (23.56
cycles)oll Al oFgh Bl So]# DNA®| F3Fo] It HF FFa2 Z47F 1181, 3B3e=
A A (Fig. 9).
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o] 24 One-step RT/RT RPAE ©]&3% HA RNAE FH =3 BQCV #=0] 7Fe3d A

o gsglon Al g3 RPA WSS EAl0] 1T 5 A& Flsyh

Ao 2aFE FANY BG5S FTE golth o, AgelA BEY F At nrd A%
e ool

& A RNA Ze7|mw Fujdodd, HadAe] AAoA ntz d3dds F+7
=

DNA amplification by one Negative control

Ct: 8.61 || '
| 353

LL ¥4 % & 16 4F 4 1. W W 3 3 W M 3 31 %M % W 4

L Cyde

Fig 9. One-step Reverse Transcription Real-Time RPA (RT/RT RPA) assay.

For the detection of BQCV, BQCV -specific one-step RT/RT RPA were performed with
total RNA from BQCV-infected honeybee. With total RNA or without template, 8.61
cycles (8 min 36 sec) or 2356 cycles (23 min 33 sec) were recorded using
BQCV-specific RT/RT-RPAs. 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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vl RPAA 2717 7+ F494

RPA W82 37TC9 T&x7 stelA o]Fo How, oy 7HA] A= b 771 AHE3t
o & BQCV-specific RPARFS-S T3ttt AH&% 717+ &%, Heat block, PCR

7171 5 oleom FrpH o AurSw AYPF AT F 403 4] gE 77 (%) 3

Aol A Wkg-g sty o Hkg o]F ZF RPAMHES 3% 1.5% agarose gel A7]9%

A= 37Ce FLF2E 4489 0, 131bpe) BQCV 549 DNA W=7 744 28
Al ebskow, 37Co] %3 heat block % PCR 717 M % Fe5xE o] §3 W} wu
sto] FdiHo® oksiit BQCV 5] DNA band’} ##&EAth A2 33k RPASH +

@ flo] 3 RPA REZolM = ofd o3& ek dd = AtH(Fig 10).

M 1 2 3 4 5

Fig 10. BQCV-specific RPAs using different incubation devices.

Lane 1 to 4 were RPA products using 37C heat block, 37C water bath, at room
temperature (25C) and Real-Time PCR machine, respectively. Without template, same
RPA reactions were performed in 37C water bath (lane 5). 131bp long BQCV -specific

DNA were observed only in lane 1, 2, 4, respectively.
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of g S nio] 2] =(BQCV)E WO dpojejaA HWAAR, A AAL FFELA
ASRT/RT PCR)o g3 #HEdAd £ JdFFe= BQCVY #HZE Recombinase
polymerase amplification (RPA)H S #8390 BQCV Eolz el 2A7F RPAHS $&
skl BQCVel Sol# <l 9zl A7 DNA % 7|HS AjZo] sdstglth

Real-time RPA+« 37T &7 4027F 39 o 5ol DNA 32 33 71H4]7]
3Tt Real-time RPA°l 23 BQCV 5c°]#<l DNA %2, RPA HEE-A]
ZF 3% 26% vl A= 4 U, $FY 27]FH S AHEF Real-time PCRS 41+ 42
| 225Ut BQCVe #ds® #doA 4% cDNAE T3 o

=
RPAGIA & 4% 18%06] $44 ZZo] AA® W, %o 2& F82 X143 Real time

a

b
lo
>
o
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EWs
A 10 A 2 HYA vold 2y FFH Zd%—% A AH A
N AzFEL-FREL ZZ99 A2
<E Aol Y& Journal of Apiculture 31(2): 147-156 (2016)°] Development of
Quantitative Real-time Recombinase Polymerase Amplification (qQRT-RPA) Method
for Quantitative Detection against Pathogenic Virus in Honeybeed A|E o =2
TyE Ad>

1. /\-]i

T

2010 ol =1y G EolFuly nlol#{ 2 (korean Sacbrood virus; kSBV)E =ruje] &
B (Apis ceranae)E 95%°]d HAIAIZ Aoz dHA Jdoy = AMUYFE EH (Apis
mellifera)= ©lol g AFAS 7FAL o], b3 = F5e ABH =52 JF F
AA T kSBVe] A2 =] Wyl wholelzd gk AloHS A SHA vl st
now, A, 54 veolgl 28 HEWS ' mlojg 2o dE AR HH o 7HE 71 x#<

Tl 7lell, Zhdstal getet aelal AFA dEol hed dael d Y R Ay

X
ol
ol

i)

Al Aolgk & Aolth (f 5, 2009; 2010; ©] &, 2011; Han et al, 2011).

M& polymerase chain reaction (PCR)¥ S 7]¥to g 3 thkal
A A7 A2 PCR (real-time quantitative PCR; gPCR)® ©]
FoA AW om 14 Hal glvh ey o] ddye 1

7hel A7y daste]l AN oFdS ®ola glew, HAF ARte]l oY Hele S

33 Recombinase polymerase amplification (RPA)= PCRH I} tt2/ 52 XA EA
Ho g

FAAe] AVIMES SEATIAL, Bu w2 A2 SEAE T de AF T
Wy Qlth &, RPAY S recombinase?] uvsX<el co-factor, oligo—nucleotide primer®} Z 3§35}
uvsY, DNA A3l Sau polymeraseS ARE3te] 37C S04 W3S sy,
HES- A 7HS 4048 W 917F FH 5 a1 vk (Piepenburg et al, 2006). &A1 RPA o] &3k v}

G LA HEWEe] AE Rausa glow, ¢ A Ao Ha 4899

fr

PAR O ZH & AEAEH 37C s2vbgolas A 8402 & A

olt}. Xia & (2014)2 infectious hyphodermal and hematopoietic necrosis virusE 7+ ©] U
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o HEI AL HoF vl Jrf FHE, EH wlo]#] 22 black queen cell virus (BQCV)2
o
[e)

St A= 3 # 26 % vl wE target gene HES

|

ro,
off

2

A, NEREE %3 total RNA Z3E 8 & 36 %9 target gene?] 7HZo] Fold

o

g, RPAH S AFEsto] WA 4s AFste A, RPAHO e BhEEHE 59 olf
=2 Mol 9lth Xia % (2014)2 IHHNV (infectious hypodermal and
hematopoietic necrosis virus)®] A=A, fluorophore® 6-carboxyfluorescein FAME,
quencher® BHQ-1(black hole quencher 1)<, spacer® THF (tetrahydrofuran spacer)E A}
&3 real-time RPAWS Aot A7k A AddA 045 R 0943910 5<
Ho]FEQQtl. 3 shrimp white spot syndrome virus®] 7 Zo| A}&9¥ real-time RPAL:,
AEAAd AT, R 09001 S& HoFo] 4 FFo] oS e (Yang er
al, 2015).

2. A8 2 Wy

7b AYA R 2 B9 glo]g 29 Bo] AxF DNAE
oA AlgH AW AZ+= kSBV (korean sachrood virus)oll 7Fedo] 3elx EEFW 9
FZzoltt o] FEEL AV FBA LA ER(Apis ceranae)® E-tol|A] dWe] 9

d A Woem wiEE 55 AT Ao, kSBV-5o] HAZF PCRY 9l&to] kSBV7}

kSBV Eo] d74<de %33 A% DNAE pGEM-kSBV-VPlel®, GenBank?]
HQ322114°] 97144 823-13519] 5284715 E%3stal Qom, o= capsid protein % A}
o] gxtolrt I T2 A%3F DNA pGEM-BQCV-vp3E BQCVe VP3HAA7 &A%
A %3 DNAo|t} (Giang et al, 2015). o]5S B dAFolx F oz AL&3t
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1. Total RNA isolation 3 cDNA 34 (Reverse transcription)

EXHo §% AE 178 S 15m0 tubeo] %Il homogenizer® #33F & R&A-BlueTM
(iNtRON, Korea) 1ml, chloroform 200ulS il vortexing® = &3l om, o]E 13,000

rpm, 4T 10&3F A& st A&y 5, s &A= total RNAE

spectrophotometer® A #&t¢1ar, -70Co| H st AL-g3hsdc)

cDNA 3L total RNAS 1ugs AFE39 L, oligo dTE AFEs9th 25mM dANTP,
100mM DTT, 1x RT-buffer, MML-V reverse transcriptase (Bioneer Inc, Korea)S A}-&3}

Rom, 37 Tl 30 & BAAA cDNAE st ol 94T, 5 #ow 4 445 A
A A7

. RPA ¥ real-time PCR-& Primer A4 2 A%

kSBV (Genbank Accession Number. HQ322114)2] genome structure WY open reading
frame (ORF) % capsid proteing %2 3}3t= 91X 2 59| primer A2 A 239 HFig 1;
Table 1).

BQCV <2 749, Genbank Accession Number. KR0742312] AR E AR F+x w9d VP3
FTAAE THT & A= BQCV-VP3-RPA-F1/R1S A #3F% tH(Table 1).

II--I ol
A A A A

1 823 13501658 2221 2549 3127 6464 7043 7685 8755 8755

Figure 1. Location of primers in korean Sacbrood virus genome (Genbank

accession Number HQ322114).
PCR product using kSBV-RPA primer set was located at 914 - 1034 bp in HQ322114
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Table 1. Oligo—nucleotide primer sets about kSBV and BQCV specific target gene

Product
. Length | Tm . Refer
Target Primer Sequence (5'—3’) size
(mer) | (T) ence
(bp)
kSBV-RPA | CTTACGCTAAGTGCGCGCCCAATACTA %0 66
kSBV i TAC 121
kSBV-RPA | GAAACAATAACTTTCCCGCACTGAAAC 20 60
-R TTA This
BQCV-VP3 | CTGGGCGGACATCTACCTTTCCTCAAA 30 64 study
BQCV -RPA-F1 TAC 147
BQCV-VP3 | TAAAACGGTGGGATTGGCAATGGGTAA 30 64
-RPA-R1 GAG

Z}. Real-time recombinase polymerase amplification (RT-RPA)

RPAE= Twist Amp® Basic kit (TwistDx, UK)E& A}&35le] S35}t RPAE WA
reaction mixE A %3+ 2™, freeze-dried reaction® 280 mM Magnesium acetates £
s Y] = 7 24 pmole primer (KSBV-RPA-F/R), 1x rehydration buffer, 1x sybr
green (Bioneer, Korea)s &3 %, freeze-dried reaction® tube® 7], pipetting =& A
=] )

o] reaction mixt RPAWFZo] Az Z Ao real-time PCRE tube® &% ow, IQako]
Magnesium acetate (MgOAc)E tube 57Ul loadingsle] WHSAI 2 Al Z+S &3] sl
SFATHAFT 5% 14mM Magnesium acetate®] RPA2] 749, RPAS NS 90 w, 574 1.0
w140 mM MgOAcE 4ol §3te] ALE3.

RPA®E vk oz A zate]l AW} FUdstA Fdstg o, vg Fy= HF 10u=
=23 AAEATE HEF Ix sybr greene H7g AS RPA WHES AA7to®
monitoring 3taLA 3 Holw WS- A ¥}ALS Exicycler quantitative thermal block™
(Bioneer, Korea)oll x| F3ste], dFgto= et DNA AbE9 S48 AAte=Z =4
A

WS AIZES A gs] FA57] 9l8ke], Exicyclere] =%/AF 231&, 37 T 5+, 2025 1

cycleZ A4 H(HS-AI7F 20 & = 60 cycles).
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v}, Specific-kSBV real-time RPAY A& ASH 7w

kSBVe 7oA HE FEAE23H, total RNAS FE893, 1 5 lugs AF83ho]
cDNAZ A Z3tgtt. AzE cDNAE 822 specific-kSBV real-time RPA WS AFE
sto] target geneg 7HE3FYTE Real-time RPA WSS exicycler™ quantitatve thermal
block (Bioneer, Korea)E At&3dte] @3 #t= 54U, 1 cycles 20 22 3fo] AIZF ®

sholl wel FAE = 2HPZE Flste] 9 DNAY AES AAZ S48

v}, Specific-kSBV real-time RPAS] A= A

7% DNA® d£3]45 Fato] 755 x 1004 755 x 107 42 ZH7] RPAC AR&3H9ith
Quantitative real-time RPA¥ exicycler™ quantitative thermal block (Bioneer, Korea)Z
Abgstel @ ghE AlRbel whet S48tk 73 DNAS ol whE A=k =742 threshold
time linee S3ato] 24 &4 ghoz Waste] AFS SAsA

o2 T3S AMEE AR 3 DNAS pGEM-BQCV-vp3E 232 x 10%l A
2.32 x 10"2A74A] A& 8 Asle] FA3F WHOZ real-time RPAS W dsle] 4HS =4

&ttt

N
>
>
=2
=

Ab. Primer €% ZA o mE RT-RPA 3= W]

Real-time RPA ®F&o| A specific primer %5 *#d3o] RPAY W3E gdagz=z =
A3ttt Primer %% AF ¥ % 096 uM, 048 uM, 0.36 uM, 0.24 uM, 0.12 uM= Z}7]
g2A stdlon, 389 pGEM-kSBV-vpl2 755 x 10°914 755 x 10° #45 A=, 3|4
st ZF7] RPAO] AFE3F9Th Real-time RPA WFEE exicycler™ quantitative thermal

block (Bioneer, Korea)& Al-&3te] 33 gkS SA3H%

o}. Magnesium acetate & ZA o] & RT-RPA dJ g =z H3}
Real-time RPA 4F$-9l A4 magnesium acetate®] =& Z&A3lo] RT-RPA2 W3 E 3

\11

341
P zx =435ttt Magnesium acetate®] 5%+ 14 mM, 10 mM, 7 mM, 35 mM= Az}
%9 RT-RPA 73S Hasdon, FHoz pGEM-kSBV-vplE 755 x 10° oA 755 x
10* DNA %2k, pGEM-BQCV-vp3E 232 x 10%0A4 232 x 10" #274A] 34 sfo] Al&-3}
At
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7t kSBV AHA & A& E qRPAS qPCRY A ZFA H|
A72s EX ojdy, 749 oA ofHHE 717 §otow e AlEE S, S2, 832
ok 7} AlZ 2 5E total RNAE FE3te] oF 150 pgs 7t7] wetlon, 7 F 1
A3t cDNA 20z AZstE. cDNA 1 e 27l FHORE ALE8o
kSBV-specific, A% real-time RPA W3 A= real-time PCR WHE Z7] AM&3H4

kSBV 5°] DNA® A& = nlulstelth

1o

5

32

M

ftlo

3. 2% ¢ &

7. kSBV A& AEE Y3 kSBV 5o AN} AxFEA-TFIL FEZH
(specific-kSBV real-time RPA)2] 72

kSBV9] 7rddo] elel HA AZRHH, total RNAE FE303, 1 5 1 wes AH&3he]

o

cDNAZ A Z3tdth. A 2tE cDNAS 538 07 kSBV-specific real-time RPA ®H S A}
3to] target geneS 7 E3FA T

WS AR F 20 Eo] AL HUA, cDNAZKEH HEo 289 A 2 B 46 2 (Tt#
86214 kSBV FHzte] FF H HEo] XA Positive control®  AFE-FH
kSBV-specific DNAI A= 53 % (Ct#k 4.66)%Fe] kSBV 5o DNA S %o] =4 = Atk (Fig.
2).

10K -

Negative control ———

A=
Positive control \/<// //
\// |7 5
b /// Pl
—_— / Sample

/’/

K -

Figure 2. Detection of kSBV-specific DNA by using kSBV-specific real-time RPA
with cDNA generated from kSBV infected larvae samples

kSBV-specific real-time RPA was performed in 20 minutes. Amplification of
kSBV -specific DNA could be recognized on 2 minutes 46 seconds after beginning. 7.55 x
10° molecules of pGEM-KkSBV-vpl were used for positive control and distilled water was

used for negative control.
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}. kSBV So] A7 AZHEL-FFEL 22 P UPE 27

F3 DNA9 d£3]42 %3l kSBV-specific real-time RPAY W =Z

B\
o,
o
R
)

Real-time RPAY] %7]|F3 o] 755x10° 2} o)A uf &gzke] Z7lo] oste] X HE A
o7 FAHEYoY FTHIFE AL negative controlo| A= FEo] &l 23]H 755

x 10° #2te] A7nc o W F7FddS 1ol £k (Fig. 3A).

a8y, S84 (Melting temperature analysis)oll Al SZ % DNA A9 EA Ay 27|15
& 755 x 10'EA olAE AMEE FEZANEELS HUI 845C9 Tm (Temperature of
midpoint) & YEW Ao Htsle] 7|58 7

0T ol/de] Apol& Holn, &®
(Fig. 30).

u}2}A, kSBV real-time RPAYE %7158 755 x 10° - 755 x 10" #Apd Yol A o] 7}
TS BT, o] ’ffolA

e BolF At (Fig. 3B).
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rN
oflt
a
=
Jim
s
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olN
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N
3

l

44 (Regression coefficiency), R #k< 09997 2 =&

o

A : Fluorescent graph B : Regression
o
3
s
o 3
10w 2
o
U] T
10¢ 20N — e 3
w108 =N ; ‘
N « P 2 4
7<% R2 = 0.9997
. U
" it “
0
108 108 104
foa 3 ¥ e 3w d owom R B WS Womw oW DNA molecules

C : Melting point analysis

105
o 1067
el 7

carce viarent)
]
—
N
-
<

lores

Figure 3. Detection limit of kSBV-specific real-time RPA.

755 x 10° to 755 x 10° molecules of pGEM-kSBV-vpl were amplified by Using
kSBV -specific real-time RPA. Regression coefficiency (R?) was calculated as 0.9997 and
Tm value of target gene was estimated 84.5C from all RPA products except for

negative control.
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-2
02 F38 A83 AFAel HAldl A, 3 DNAS pGEM-BQCV-vp3 DNAZ 232 x 10°

Bapo A 232 x 10° 21744 A4 3A619] real-time RPAS 33 Az} AeFo] 7153+

S 3ol 3 4 9Tl ZEAES $HEMoR ZAHI Tme BT 875C=Z AdRsa9e
o, 232 x 10° - 232 x 10" EAE Hol A 3] A4 R*3EE 098612 A =2 AHFAHS B
o FJAH(Fig. 4)

A : Fluorescence graph

% Final MgAc concentration: 7mM

6 5 —
ysaqge 232107 20230

e = SRRy

£ 7 1
O A LA
A A / 2.32x10*
N
e

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 2

B : Regression

Ctvalue
10

8
6
4

A R? = 0.9861
0

108 107 108 10° 104
DNA molecules

C : Melting point analysis

e 32)(1{:E
2, 32x1
2,32X10°

e 2.32)(109 ‘<‘
2 . /’ :“. 32%10%

Figure 4. Detection limit of BQCV -specific real-time RPA.
232 x 10° to 232 x 10 molecules of pGEM-BQCV-vp3 were amplified by Using
BQCV-specific real-time RPA. Regression coefficiency (R?) was calculated as 0.9861 and

Tm value of target gene was estimated 87.5C from all RPA products.
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37 BQCV-RPA ®FS 3 golo] ¢l RPA FZ Al&Eo] Eo] DNACAE &eldr] 93t

o], pGEM-BQCV-VP3& A& AAZF PCRE Al 383t
WA, 271714 Ct (Threshold cycles)gt ¥ A& 548 935ke], 232 x 10" - 2.32 x
10° ¢ pGEM-BQCV-VP3 ##5 FPo2 2A7F PCRS Fadstslon, Aozl CtHes
717 9] 27] 71A%e] tinlsled, 874 y=-0.3019x+11.22398 AEstQ o, ol 3745
e 09972 AALE A TH

3k BQCV-specific real-time RPA solution (#% %% 7 mM magnesium acetate A}-&)
S 1/10* oA 1/10° o= 3FAlsle], o]5S 717 F3H O = real-time PCRS Zls)slgon,
7} RPA A& F=3 o2 g RT-PCRO Ctats2 kel AAgk 3|7 2ol digste] Alsbst
A3, ZF RPA #F 98 AHE Wol& 1.36 x 10, 1.94 x 10 352 x 10, 1.99 x 10" 1.92
x 10 Ezte] BQCV-specific DNA7} &A= Aog =AH At o] BQCV-specific
real-time RPA7} Fo]%x 5o DNAE AistA &S EoFi, RPAAN %7 FI3Hd+
FHEA 10757 F 2] specific DNAZ F3A1Z F 1S RFth 3 RPAS HF

oft

Fgkol 5o DNA9 45 o= & Wdd & de= HolFAn(Fig. 5).

A : Fluorescent graph B : Melting point analysis
RPA solution using 10°> DNA template RPA solution using 10° DNA template
Dilution factor: 10°
Dilution factor: 10,5J ’—T g J
- Dilution factor: 10° J‘ :
E? Bilution factor/ 102 féu Dilution factor: 105 <

%zj Dilution factor: 16{

Figure 5. Quantitative real-time PCR using BQCV real-time RPA products

All diluted RPA solutions were amplified by using RT-PCR and the Ct values were
12.45, 16.24 and 20.66 respectively. Tm value of 1/10° 1/10° diluted RPA solutions was
estimated 85.5C and the 1/10* diluted solution showed 84.0 C Tm value.
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Primer 49 F¥=& HTF%E 096 uM, 048 uM, 0.36 uM, 0.24 uM, 0.12 yMo.2 Z}7} =
A AbEstAom, o] 24 wkg Hx7 Aap =8 s HAstAaL, o] 2oA 2V FHIFE
247 10%, 10°, 10°, 107222 %4 &}o] Real-time RPAS 33, 2 33 o] W
S4strh dojx ZF Ao zoA 7] 3 F b ARAES dotry] §iste 77
3749 RS S5kl v 2489
048 - 012 pMe] ®9llM = A4 R* #ol 096 ol 34U

0.36 uM 2] primert RPA°IA 3 A4 R* gtol 1.000 &=
S Byttt Wb A real-time RPAR A= wHE £5 Hoj A
Bysidets, =& FdF4S F757] AsiAE primer?] FEE FFo]l ofd 036 uME
=

Aste Aol HAAo xHow Add(Fig. 6).

o Regression
o« g 1.0000
= S 09772
0.98 - 0.9543
0.96 -
0.94 -
05206
0.92 -
0.9 _ I
0.88 — —
0.96 0.48 0.36 0.24 0.12
Final concentration of each primer (uM)

Figure 6. Regression coefficiency of kSBV-specific RT-RPA according to
different primer concentrations

The regression coefficiency values according to different primer concentrations were
estimated respectively. The highest value of regression coefficiency was showed at 0.36

uM primer concentration.
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Z}. Magnesium acetate & W3o] w1 E RPARINA AFAH W3

Magnesium acetate (MgOAc)E real-time RPA WFg-S AJ2ebA sl F42 aQow
S&=7F v wmE RPAM S By 5% Ad WHor $&37] fste] ALY =
MgOAc®] FEE SF0] RPA W& £E& Aojgtaa sttt 72 MgOAC w2 uhef
271F8FS 27 10° 104 10°, 10°%2+E AH8-3ke] Real-time RPAE 33191 21, RPA
Ao Ave AN R 543519 nusai

MgOAc?9 45 &9+ RPARZS Fdste 212 10.0mM - 7.0 mMe| WA FEshH,
7.0 mMe] FxolA 34 RS 099842 7MY =S AL HolFA. (Fig. 7).

o Regression
0.9984
1 [0 D.9843
0.95 -
09174
0.9 -
0.8691
0.85 -
0.8
14mM 10mM 7mM S5mM
Final MgOAc concentration

Figure 7. Regression coefficiency of kSBV-specific RT-RPA according to
different magnesium acetate concentrations.

The regression coefficiency values according to different magnesium acetate
concentrations were estimated respectively. The highest value of regression coefficiency

was 0.9984 when using 7mM magnesium acetate.

vl. 3% RPAH S AHE $1& Threshold time line (Tt line)o] A3

Real-time RPA®] A& Huh FZstAl 871 §1ste] threshold line®] 912E A stz
39 th. Threshold time line real-time RPAOIA &33ke] 2712 Ye s ZF sigmoidd
@3z e]  threshold times T3zl st o=

Jm

4 FF e VTR VEAS a2

’

Ae B3 o] 54 FFgs wastetr] flsto], WA, RPA vbsolM A5 SA = initi
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}oll

A} &33gko] F71ekA] ¥+ end product (E)9

o
B\
ol
ol
ol
[l
an)
o)

al template (D)2 33F 3k
FAEe 4% F,
Fate ddlgte= 1 +05x AFe d3gkel € Aoy, A9 0.1x AF, 02x AF, 0.3x AF,
0.4x AF, 05x AF 59 ##3S 71522 threshold time lines A A&, 27|F8ZF 10°,
10%, 10°, 10° #2442 2183 RPAF Y 1efxo] 2 83}o] o] threshold time lineol 4 3]
A5 R ol M @A E vastg

AZZH, 0.1x AFFE 07x AF9] 33 A4 IALSF R 2 09700 149 g
Rom, FAFER 05x AFE AdEsts Zo] 33 o=z #us S rh(Fig. 8).

o

B

100K -
108
1050\,
13340 T4 . .
12196 = — =—— —
110552 '].Uj . ==
8765 I - 1
7622 ™~ = -
6478 5 = =
5334 ~ —
4191 L —
3047 i e
o =
TR A ey W W w W W w e e ks
B : Regression
o
e
105 -
1 oghos 09791 ogyss 09201 09841 09847 03858
| 5 oo
083 -
(39 5
0.8503
085 -

08 L - -

01 02 03 04 05 06 07 08 05
Fluorescence value (AF)

Figure 8. Regression coefficiency according to variation of time threshold line

(Tt).

Time threshold line was established by using calculated fluorescence noise value.
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v}, Real-time RPAS] ¥F B #F4H

real-time RPA°|A 3 DNAE A3 A=Fsl7] fste], RPAS W& £=2& AY3 +F
o2 A= A st oo B A, G HHFES 918t real-time RPAC &
2 842 primer?] X X Magnesium acetate®] TE=S FAAIA RPA s £ 8 A
oAl w3t =, B AHEFS 93 real-time RPAE 9l3te], HF5 = 012 - 0.36 uM
primerAt-&o] 88, B¢ HE¥E 14 mM Magnesium acetate Bt 2% % 7.0 mM

Magnesium acetatestoll A WHg-& AlZtsto] J XS S5t Aol BHoh fEstthes Aol
=
Tt FF a2 EE threshold time lineS AFEstY] AFAE FAHSH, 1 7|Fo] He=

Hdzke] 91X+, FF B ak(end product; E)3 %713 % gk(initial template; )2 x}o] 2l &

shzke]l WslERAR) Y] 1/29] 33k = 1/2x AFol™, o] 7]o] 7b4 A A 7F RPAA 9
=

Ho

Ab B ol E 2 S & kSBV A&

E Y (Apis ceranae)® Batoll A, A A3 35, kSBV 7 94 #%, kSBV 7

rE= 44 AQste ol& ZAZ S1, S2, S3® skt

7t A2 25 H total RNAE FE3te] 2H7] 9F150 pgs E3IIa, 71+ 1 ugs AHE31e

cDNA 20 w= A #stdct A2E cDNA 1 wEs Z7] 8oz AFg3se], kSBV-specific

real-time PCRY ¥} kSBV-specific real-time RPAYM S 7tz A &3, 1 IS vl

A

Real-time PCR¥'W © 2 kSBV-specific DNA 2 =33 23 SI & 254 x 10°, S2 +

256 x 10°, S3 & 771 x 10" #2574 Z4 = Ak (Fig. 9).

o= A Feb #Ae o3 kSBV HAAEIF A Hole FEAIEET oF 3008 o] %
=

doke Aoln, =3 ¥ B 173 FFE kSBVE b WAt

12

%2 kSBVE 7HA]
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A : Fluorescence graph
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P———— |~ Badtine— _—

3 4/ 7/ 7 s
7| A N | /1 si
£ |/ /T
2 e Ly
l =
zzzzzz 12 1% 2 % % ED
[ Cyce ]

B : Regression

25 4

20 4
15 /
y = 3.81Tx + 9.1833
R2 = 0.9999

7.55 x 108 7.55 x 108 7.55 x 102

C : kSBV gene number using real-time PCR
7.71 x 107

107
2.54 x 10° 2.56 x 10°
10°
" l l
107
1
S1 52 S3

D : kSBV infected larvae ; sample 1,2,3

s3 =a
‘

Figure 9. Quantitative detection of kSBV target DNA by using real-time PCR

Copies number

Sample

Using quantitative real-time PCR, kSBV was detected from all larvae samples(S1-S3).
The Regression coefficiency of standard curve graph was measured as 0.9999. The target

DNA copies of kSBV were estimated as 2.54 x 10°, 256 x 10°, 7.71 x 10" respectively.
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33 Real-time RPA®Y &2 kSBV-specific DNAGS =43 A3 B f3Fo webr S1
© 1.86 x 10° S2 &= 1.88 x 10°, S3 & 9.06 x 10° 71 =4 5 2 thH(Fig. 10).

AAZE PCR 2 AAI7F RPACIA A3 7Fo2 AHgd %27 FY%2 77 755x10°
755x10°, 7.55x10°0. 2 FLE EAFE AbgEdow, Aol g4 R e 0.9999,
FAel G785 R%) gk 0992802 A9 tlE e HeFoArh

SEy, GARE HEE KSBY 5ol #AE9] £ A4E wel: fE5AR SIA, RPAZ
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32
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AFol= gk Ao Aol A 7]eletE Ao R A, Kl H|Eo|A FZEo] wo] WA
sh= RPACIA Hot =2 3gho] 54 ¥ Aol ofd7l 53 th(Fig. 9; Fig. 10).

2o A5 &ZXFE Real-time PCRY ¥ real-time RPAY S Z17] AF83to], 5 target DNA
o] AFAI+=, real-time RPAS AFE3h= Zlo] Hu whE AlZte] AFAAE = F e
u, Wil AR HEA oFre] 4ol FS HoFH, Aol A=A oA RPAC ¢

§ AT FHE WSolHel AEe] Fiow Qstel Fygrel MAFH St 94 2%

B : Regression

5
1. /
3

E R? = 0.9928

7.55 x 10¢ 7.55 x 105 7.55 x 10#

1 2 3 4 5 6 7 8 9 W oM W B M B B U W W 2

C : kSBV gene number using real-time RPA
9.06 x 108

1.86 x 10° 1.88 x 1
10°
4N |
10!
1

53 Sample

Copies number
=

Figure 10. kSBV -specific Quantitative real-time RPA with infected larvae of Apis
cerana

From the infected larvae samples which were used for RT-PCR, kSBV target DNA was
also estimated by kSBV specific real-time RPA. The Regression coefficiency of standard
curve graph was measured as 0.9928 and the target DNA copies of kSBV were
estimated as 1.86 x 10°, 1.88 x 10°, 9.06 x 10® respectively.
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A 11 2 HF9E HLAA s g5 HAZZ 234 PCRY 7
PCR chip9 A3 3}

1. A &

M F5) AW (Bombus terrestris) S W& ¥ yte] ZFolt} fHo] PAAolH Fao= A}
AoFo =AFHAY AGgE e @7 Enfg e 5o Aujo A FEmjEFos AlE
H AL T dgd 2 WEE do7a Qth(Woo and Lee., 1996). & o= of g

vekselA 2 E A FdEe E el WisA dojvtar o

2009 F T =wodAE Ul HxE ARG HIA Deformed wing viurs (DWV)E
AFHoz AE3 vl Ao, o9 U AMYF FE(Bombus terrestris)ol A 7148
A Sol7F BAEI 2 Aol BadE v Q)tH(Schmid-Hempel, 2001). =rWjoll A= A WA}
S 9 ZvrH(Bombus ignitus)® &=l A aHW t (Aspergillus flavus Link)o] &2 =
v7E AT 5, 2003), 3 FH 5 (2010004 EE O] wiolel vt HPHFo wAp 7h

ofF5 Edstorn 1 A o] e G EAA 7] nlol vt war

B oAM= Aol HAA 13F (5, Acute Bee Paralysis Virus (ABPV), BQCV
(Black Queen Cell Virus), CBPV (Chornic Bee Paralysis Virus), DWV, IAPV (Israel
Acute Paralysis Virus), KBV (Kashmir Bee Virus), SBV (Sacbrood Virus), kSBV (korean
Sacbrood Virus), Paenibacillus larvae (P. larvae), Mellisococcus plutonius (M. plutonius)
9} FHd Eo|HAA(FH) 3%, = SBPV (Slow Bee Paralysis Virus), Lysinibacillus
fusiformis (L. fusiformis), Klebsiella oxytoca (K. oxytoca)°l| ™3t A& HEHS /st
2k stk ool g So] primer®dS A Eo] A 5 AlFtete], HAIH FEddl I A

o B4 5 UEF Ageud Ak
2. A2 2

7k AAIZE PCRE] 7 o %, v Az AAIZE
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1996; Higuchi et al, 1993; Nazarenko et al, 1997).
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Figure 1. PCR system for Ultra-rapid real-time quantitative PCR

Panel A is rapid PCR machine for Ultra-rapid real-time quantitative PCR (Genechecker
M), It is small in size and easy to move. Panel B is a system that can confirm
fluorescence graph and melting curve analysis result with PCR reaction. The Rapi-Chip

1s composed of 10 wells and can perform multiple PCR reactions at once.
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Y. A15¢ 81X ¥ DNA¢ RNAY £

A998 ARE 0169 89 7% 9, A% 3F, ASE w4, ZIRE 35, A4

’

W7o A FRE MUFAH(Bombus terrestris) S A3k T

Genomic DNA (gDNA)¢] #&+= Qiagentle] DNeasy® Blood & Tissue Kit (Qiagen,
Germany)2] A|3WHS wgkth WA FHAdH Alxm 198]E 2.0ml tubeo] ¥ il glass bead
(pore size : 1lmm, Germany)®?} €% ¥, MagNalLyser (Roche, Switzerland)® 33}

e A= 180ul buffer ATLE 2ot} 20ul proteinase K& F71= Yo ¢33 &

Fb &, 56TColA =#o] s Gaid w7hA] Sgtalla FA sk =24 &7t ¢

.

25 1527 38+ H, 200ule] buffer ALS A 8o YolFu Es]FAtt 200u19]
ethanol (96-100%)& 713 H, thA] S FAT. A =g EFES A€ columnel

B loadingsl$ith. ©]& 8000rpmol Al 1%#7F YARE] 3 F collection tubeol] -2 &<
S A A AL, columnol] 500ple] AWIE 2 i1, 8000 rpmoll A 187F LA Ee slo] A H 3
Atk o] F columne M2 2.0ml collection tube® %7]1il, buffer AW2E 500ul 2o+
o a2y H, 14,000rpmol A 37 7F 44l E2] 8] column® membranes $ESHAl HFEA]

Ztk L % collection tubeZ A A3t M2 15ml 9AEE tubeZ columns &A=t}

o

200u1¢] AE buffer® DNeasy membranec] ¥ols TS 187 A2ox

A 5
8,000rpmol A 1387 YA 22 sle] genomic DNA 200ulE &&a) Wt F549 total gDNAS
spectrophotometer= A ZFa} o ~70°Coll R &t o] F g HAA A= APl A&

Eites

Total RNA #2]&= R&A Blue Kit (Takara, Japan)E AF-&3ke] A 2xpe] 2| Alo] uhe} 4=3)
ShATh WHE AEstd, J9E AR 1vg]lE 2.0ml tubeo] ¥ il glass bead (pore size :
lmm, Germany)®} &3 F 10ml R&A Blue A|9S Y1 MagNalLyser (Roche,
Switzerland) 2 Z3t9th &21¥ A5 200ul chloroforms 23 15%Z%t vortexing )¢
z3etg o, 4°Coll A 13,000 rpm 10¥]=7F £ tubed AlEE ¥olFi3 Iml RNA
iso plusE ¥ MagNa Lyser(6000rpm, 60sec)S ©o]-&3f 3H 3}t o] F, 587+ RT
(25C-37TC) AA %, 13,000rpm o= 4TAA 523 dAEHAY. dAZE 7 gd5d &

StE oA AZFduks Mol AA R E tubed &7 %, 200ul chloroform % il invert mixing

= 103] WAt 5ol gkud &S 53 ALolA AA F, 13,000rpm & 4T ol A
1583 dA &gt A&7 S5d &doA FFAnts Al AR E tubedl %
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7 &%l isopropanold %] invert mixingS 103 &3t o] F 108-7F Aol A

2E 3 13000rpm o & AT A 1087 ARG AT A0S % A ANE F, A=
I FFo 75% EtOH #H7F ¥ &3t 29 th2, 10,000rpmo- 2 4Tl A 587 A&

g &, e BT AASIL RNA pellet H9H3sHA A1xsoich dx7F 958 RNA
pelletel 50ul RNase free watergs E55tal stk F5%  total RNAE
spectrophotometer @ A &35} o —70°Col] R &3t o] FHgH

of Ab-&3t it

t}, F 9 Eo| primerE9 AZF %L A %3 plasmid DNA FH
HAA 13Fd dsle] GenBank (NCBDOlA A7I1ME AEE &gk & Z+7; 3+
Aol Eo] primersS A7 &9, sid PCR AHE9] Aol A 2114 PCRo| ZA&s=

= 110bpH-E 250bp W ol A A At

4

g HeAd T8 13FY AxF DNALS d7iteta A3ty F28 538 A 4ol A
SrE & ARSIt ABPVE] 5o A %3 DNAE GenBank AF150629.1 (ABPV full
genome)®] 5529-5717 @7] (He]: 189 E7DE ®HAsIL dow, pABI&It HHE 3Tt
BQCVel Eo] %3 DNA+ GenBank KP119603.1 (BQCV full genome isolate JL1)<]
7658-8358 471 (Aeol: 701 A47E WAkl 9low, pBQ701olzt Wrgstsitt. CBPVe =
o] A =3 DNAE GenBank EU122229.1 (CBPV full genome isolate A-79P)2] 1921-2490
A7 (Hol: 570 d7NE gAs Jon, pCB57002t Wtk DWVe So| Axg
DNA+= GenBank JX878305.1 (DWV full genome Korea-2)2] 8756-9616 ¥ 7] (Zo]: 861 4
7DE ®Asta glem, pDW86le® wWrstitt. IAPVE] So] Ax=3 DNA= GenBank
KC690270.1 (IAPV full genome)®] 5283-6186 @71 (Zo]: 905 @7))E wAsta Qlon,
plA9052. 2 wH3stAtt. KBVEY 5o Ax=3 DNA+ GenBank AY275710 (KBV full
genome)®] 5406-5848 A7 (dol: 443 {7])E HAlsta 3lov, pKB4d3e = WH st
SBV?] Eo] Ax3 DNA+ GenBank AF092924 (SBV full genome)2] 6363-7159 7] (4
ol: 824 ¥7NE wWAstaL Jom, pSB824= WHasith kSBVeE 5o A3 DNAE
GenBank HQ322114 (kSBV full genome)?] 823-1330 7] (Zo]: 528 A7))E ©@Asla U
o, pkSB528e.= wWwWIlA T N FQ) P larvaeel 5ol AMxYF DNAT GenBank
U85263 (P. larvae full genome)2] 1-797 @71 (Heol: 797 9471)E T Asta o, pPL797

e

o7 wWwW3AY. M. plutonius® E°] AZ% DNAE GenBank X75751 (M. plutonius full
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genome)®] 355-918 97| (Aol: 564 97)E HASL Ao, pMP564°. 2 § 3t
HaH gHAWHJAAR L. fusiformis 5ol AZE3 DNA+ pLF1592F WH{wWsAaL, o=

oEL

GenBank CP010820.1 (L. fusitormis full genome)®] 4568067-4568195% 7] (4 o]: 159 ¥ 7])E
At vk ek K. oxytocas= ATCC 16862 453t vl %3t 1L, genomic DNAE
=73} diol dehydratasereactivating factor @ #e] H&ES PCR 5%3}9] cloned}tsl it}
A2E K. oxytoca E°] AZ3 DNATE pKO208°]gt W alslal, o]+ GenBank AF017781
o] 2,065-2,272471(Ho]: 208 947]) ®ASL AR F., 2017).

sk | Slow bee paralysis virus (SBPV)e] 7%, GenBank EU0356169] @7IAME& 7|+2
2 330 5] GUIHEES Ao, of d7|Ade] Azt F 23 long-nucleotides

A &3] AH(Bionics, Korea)oll ¢ & &le] &a3weta, &3 214 2 7} @tk primere] 93 PCR
2 g4 AzxsAr. $29 3309719 PCRAME S FE3ste] 57142 Ao, A
ZtEl SBPV 5ol A %% DNAT pSBP330¢lgt W ettt o]+ GenBank EU0356169]
7,190-7,5199 71 (Zo]: 330 471)& gAlstaL tHTable 1, Figure 2, Figure 3).

Nae | 131
Ssp | 442
Ssp 13350 Sspl18

Pwu 12916 Pwvu |l 529

Xmn | 3145

Sca | 3026

pBlueXcm K 850
phagemid vector BssH Il 1292

Pwu Il 1477

Afl Il 1653

Figure 2. Genetic Map of pBlueXcm vector.

pBlueXcm originates to pBluescript I KS (+) (Stratagene, U.S.). Total vector size is
3.46kb and the vector has two restriction recognition site of Xcm I, restriction enzyme,
in multiple cloning sites. Amp' and lacZ represent ampicillin resistance gene and 3

—galactosidase subunit, respectively (Yoon et al, 2014).

- 202 -




FEWD D-05
T7 Promoter
(‘;‘ Kpnl
¥ ot
[Hindill]*
Yo
pLUG-Prime® TA-Cloning Vector [Bg/]*
27280p Aamil
Xbal
Sall
Pstl
Hindill
301 TACGCCAGCT GGCGAARGGG GGATGTGCTG CAAGGCGATT AAGTTGGGTA
ATGCGGTCGA CCGCTTTCCC CCTACACGAC GTTCCGCTAA TTCAACCCAT
3s1 ACGCCAGGET :M'l.?_f!’ﬂ!'!.a[ﬁ e ACGACGTTGT  AAAACGACGG  CCAGTGAATT
TGCGETCCCA AARAGGGTCAG TGCTGCAACA TTTTGCTGCC GGTCACTTAA
T7 Promoter Kpn) _Smol EcoRl Hindul
401 GTAATACGAC  TCACTATAGG  GCGAGCTCGG  TACCCOGBGCG  AATTCCAAGC
CATTATGCTG AGTGATATCC CGCTCGAGCC ATGGGCCCGC TTAAGGTTCG
—_— M BamHI Xbol Sall Pstl =
451 TT AGATCTGGAT CCCCTCTAGA GTCGACCTGC AGGCATGCAR
AR E TCTAGACCTA GGGGAGATCT CAGCTGGACG TCCGTACGTT
Hindll
493  COTTGGCGTA  ATCATGGTCA  TAGCTGITIC  CTGIGIGAAA  TTGITATCCG
GCRACCGCAT TAGTACCAST A \CAAAG AACAATAGGC
M13 Reverse Primer
Figure 5. Genetic Map and Multiple cloning site sequence of the pLUG
TA-cloning vector (iNtRON biotechnology, Korea)
Table 1. The recombinant DNAs of honey bee pathogens
Recombinan
GenBank .
Pathogen t . Insert size Reference
accession No.
DNA
ABPV pAB189 AF150629.1 189 (5529-5717) This study
BQCV pBQ701 KP119603.1 701 (7658-8358) Giang et al, 2016
CBPV pCB570 EU122229.1 570 (1921-2490) Choi et al., 2008
DWV pDW&61 JX&78305.1 861 (8756-9616) Lee et al, 2015
IAPV pIA905 KC690270.1 905 (5283-6186) Wang et al, 2016
KBV pKB443 AY275710 443 (5406-5848) Yoo et al, 2001
SBV pSB824 AF092924 824 (6363-7159) Kim et al, 2008
kSBV pkSB528 HQ322114 528 (823-1330) Wang et al, 2016
SBPV pSBP330 EU035616 330 (7190-7519) Min et al, 2017
P.larvae pPL797 U85263 797 (1-797) Wang et al, 2016
M.plutonius pMP564 X75751 564 (355-918) Ha et al, 2005
K.oxytoca pKO208 AF017781 208 (2,065-2,272) Min et al, 2017
L.fusitormis pLF159 CP010820.1 159 (4568067-4568195) Min et al, 2017
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7}

b

=4 primers2 Table 12 A %% DNAS Edl2 AAste] A& 3] AHBionics, Korea)
of o]zl Azt tHTable 2).

Table 2. Specific primer sets for the detections of pathogens in Bombus spp.

Size of amplified

No. Name of primers Sequence (5" — 3) PCR product
ABPV AB-n-F CATTATGGAAAAATTTGCTGACC 114bp
AB-n-R CCACAAATGTGTGTTGAGTTA
BQCV BQ-RT-F CTGGGCGAACATCTACCTTTCC 159bp
BQ-RT-R GCAATGGGTAAGAGAGGCTTCG
CBPV CB-PCR-F1 CCGACACATACTTCACTCTCTCAT 930bp
CB-PCR-R1 GTACTTGCGGCGAGGTTCTG
DWV DW-PCR-F1 ACTATAAGAATTTTGGTCCTGGGT 923bp
DW-PCR-R1 ATGTCCGTTATCGGAGAACCTGA
APV KBIA-PCR-F1 ATTTTTCAACTTTTGATGGATCAC 214bp
IA-PCR-R2 CAATTGAGCGGGGTCGTTGC
KBV KBIA-PCR-F1 ATTTTTCAACTTTTGATGGATCAC 214bp
KB-PCR-R1 CAGTTAAGGGGTGTTGTTGC
SBV SB-PCR-F1 AGTGGGGATGAAATTACTAG 936bp
SB-PCR-R1 CGCACATAATGCCTCGGTAATA
KSBV kSB-PCR-F1 CTTACGCTAAGTGCGCGC 957hp
kSB-PCR-R1 AGCACGATGATATCTAAAGGG
SBPV-F CGCAGGGTGATCATGCTAATG
SBEV S;iggg% ACAGCAAACACCCGGACTAA 224bp
P larvae AFB-PCR-F1 ATCGTAAAGCTCTGTTGCCAAGGA 243bp
AFB-PCR-R1 TCCTCTCCTACACTCAAGTCTCC
M plutonius EFB-PCR-F1 AAGAGTAACTGTTTTCCTCG 208bp
EFB-PCR-R1 TCCTCTTCTGCACTCAAGTCTTC
K.oxytoca K.oxytoca-DC-F1 ATGAACGGTAATCACAGCGCC 145bp
K.ooxytoca-DC-R1  TGTCCACGACCTCTCCG
. . L.fusi detection F2 CGTGACGCTGGTGTTATTTTCAC
L.firsitormis 129bp

L.fusi detection R2 AGAACCACCTGGAATCTTATC
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u9

2=
gk 50ng® total RNAS FH o= WhEA[A Z} oA CrE vl 4 sto] A7Fs AA
3t Cr time @ v]ul 3t &3 RT incubations W= 3 sl+= two-step RT-PCR¥}
RT incubation®€ PCR7}A & ®Wol| 483l one-step RT-PCRe ZAi}E vluste] F
WAl HE Ao zolE szt kit

URRTRT-PCR2 GENECHECKER (GENESYSTEM Co., Ltd, Korea)& A}-&3te] 33}
Gom 2 x RT Rapi mix2} 50ng® total RNA, specific forward/reverse primer, HC 3% A
2} (0.2pmole/w) 2 & 10ulS A8 o9 211& PCR ¥+&2S 95 T pre-denaturation
30%, 95 C denaturation 1%, 55C annealing 3%, 72 C polymerization 12% 5034 <3}
skt

ko] Aeke =l ool A A S S fste], =l ool A FE3 3
S FHOE Bractin AR FEFFES FAsAY PCR W& 5 w09 2 x Rapi mix%}
1 pb 2] B-actin 151-F (HF ¥%= 1 uM)9} B-actin 151-R (HF F%= 1 uM) Zzo| |
= ool A (HL 1 pgoll A HAA 1 ng 7HA )7HA & 10 = =4 ske] F3 3
om olu¢ positive controlZ# 148 x 10° copies®] B-actin FAAE E st AT
DNAE AH&3te B-actin PCR 2t=o] A4 f59F 5o Tm#ts vastlth. Multi-PCR
HES-2 95 T =794 16%, 5 C HA 1%,52 C & 2%, 72 C A4 022, F 5034

Pal}

Hh H g HAA So| A 21& HES A%
%1% PCRY HA3IE 9t o=

OD260 (Optical Density 260nm)o. 2 A3 3 10 x 10° 42 7]Fo2 %114 PCRel
ALg3F T %2314 PCR 7171+ GENECHECKER (Genesystem Co., Korea)S AF&3}%2
H, 234 PCRO =% 9 AIgF 2712 27|¥WA 95T, 1562 -, ¥4 BT, 1%, &4 2%
=3 72T, 022 7|02 a9, & 50 3)dS APt A A annealing &5 45T ~
65C2 HANA FatR e, A primer &%=+ 4uM, 2uM, 1uM, 0.5uM, 0.25puMel A Z+z}

7)
& PCRe| &%= % AP 2312 719 7ExA5H H4 E42E
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S Fdolsle] FHEAS 1P o] HLHES Tm (Temperature of midpoint)$} 228 ¢

ol o555 Z7e] PCR A= thgk Tmo =2 AASIY. X5 7] &l W3 PCR A=

HeE A SAS fste], FdE HAdA 4 1159 5ol fdA g A4x=F plasmid
DNAES spectrophotometer® 260nme] &3 =oA] AW A =AH3to] 7z DNAEY =
x714d 224 & ALs A 7 A2 E plasmid DNAE 1x108 & AH+E 1x100 & AH7k
2] 10804 A& slAste] 7 PCROIA 3 DNAZ AH&3F3ith 4 A8 53 DNAC

Z} PCRANA primer?d 7t FH+F5E=+ 05uMe] HEE gl or 2x fast RT-PCR premix
(Nanohelix, Korea)E Ab-&3dte] F ¥ ®HYA 5ol PCRe HAZESAE SHSIAT AA|7H
PCRO] wr&- A F HUFIH 50ng gDNAS F713te] o]3te] PCR HH$E5<5

9t} Real-time PCR& Genechecker™ (GeneSystem Co., Korea)S Alg3stgon, =42

6(1}%5

-

By

:

95°C, 15% pre-denaturatione 233} 3L, 95°C, 1% denaturation, 54°C, 2% annealing,

72°C, 0% extension & Z7H O Z 50 cycle #3353}

=

Ifel FEEHL e AEFAGE AR WA #d
T, Ao B, BAEE AF, AdEE 2 A8EE oA Add FHgE 2 vk
of thale] gDNAS} total RNAS #3590t Total RNA 5 1lugS one-step PCRE %3
virusel We AES AN EsA 3, gDNAE S0ngs A8t 9 ¥ ABPV, BQCV,
CBPV, DWV, IAPV, KBV, SBV, kSBV, SBPV, P. Jarvae, M. plutonius, K. oxytoca, L.
fusitormis 13&° tjste] th5 AAIZF 234 PCR (multiple URRT-gPCR)S 3 3} % T

7 g B tete] ZF Ao primer ¥ (2 AFEE)0] AFEE o,

71
7)
ul volume® & 38ttt th= A A7+ PCRES Genechecker™ (Gene System Co., Korea)
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= AFEst o, PCR AL 95°C, 15% pre—-denaturation &, 95°C, 1% denaturation,
54°C, 2% annealing, 72°C, 0% extension®] Z7A 22 50 cycle2 A3t o™ PCR FE4t

B9 §HEAL 60°ColA 0°CAH FB3}

3. 2%
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z744 mZ PCR RS &= two-step PCRS A8 om
Cr-times A3t 1029 RT incubation ¥ %314 PCRoA 4% Cre Hat 1591
cycles (Cr time: 5% 27%, RT Az #|9]) o] om 782 RT incubation®l A Cr= 17.70
cycles (Ct time: 6%), 594 Cre 181 cycles (Cr time: 6% 8%), 4%4 Cre= 16.92
cycles (Cr time: 5% 46x), 39X Cr= 1793 cycles (Cr time: 64 5%), 284 Cr
18.84 cycles (Cr time: 6% 22%), 1FoA Cre= 19.24 cycles (Cr time: 6% 29%), 0.5 9
A Crie 22.83 cycles (Cr time: 7+ 36%), 0olA Cr 29.64 cycles (Cr time: 94 44%)
S =, RT incubatione F# olyslil vl= %114 PCRe Al&d 2 (0)o A = target
AApe]l PCR M-S #2T  AArh ¥ RTase §l¢] Aldd =34 PCRE PCR &S

#zAT # gldlod, Cr 3% FA4HA Xtk (Figure. 3A).

A §AAE FHoR 3 AY 234 PCRS 7IHte = 479 Cts & RTHFS-2] A7t
w2 7ZF cDNA9 F2 9akd 4 9o, 0FolA 1% 74 RT incubation A]Ztel uleh
A" 54 fFHAe cDNA ®2 F7F FAsA Srtehe FdE Bdon (403 x 10°
molecules/min), ©]= 816.75u /3¢l 3F st S7F&olH, oo &

&
o] RT incubation®l A= Ht 1.2081/52] vlud &xkst S7HE B3 Q)

ot

—

B Z23RE 108744

2]
wddta P 4o glen, 7 xaud PCRAAM FA4" Crkel Aol § dCrE

al
RT-incubation time (min)2.2 o] A st dCr(10+-7+)2 0.60 cycles/% (17.70-1
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591=1.79), dCr(7&-52)<2 020 cycles/min (18.10-17.70=0.4), dCr(5+-43)2 1.18
cycles/min (16.92-18.10=-1.18), dCr(4:+-3+)2 1.01 cycles/min (17.93-16.92=1.01), dCr(3<%
-28)2 091  cycles/min (1884-1793=091), dCr(2%-1%¥)2 04  cycles/min
(19.24-18.84=0.4), dCr(1:+-05%)< 7.18 cycles/min (22.83-19.24=3.59), dCr(0.5%-0%)<
13.62 cycles/min (29.64-22.83=6.81)2.% A4t= ™, o]i= RT-incubation time (min)°e] 1%<&
Z et AojdasE 29 dCrv st 5t ol dddA = dCre #A43%] AATES HolF
a3l

ol 4719 cDNAF (7] & A7) At AE 22 A3E Hola glom, A&
05%2] RT-incubation timeol* AJ4td  cDNAF+E 786 x  10° molecules/min
(398-4.94=393.06), °lF 1% (30Z5eH7HA Aatdl cDNAFE 7.26 x 10° molecules/min
(40.3-3.98=36.32(0.5%)) .2 S 7HA 7} #H3}sl ST},

ol

H, =15 PCRE wWE PCRe HESH] 18k, 4% Croll ol2774A1 9] AR =
Cr-timeS 1&stA ¢ 40 x 10° molecules of initial templated w =314 PCRol| A
Cr-time 6+ 29% (Cr= 1924 cycles)ol1a, Zt 7] 39 4& AT + A&
RT-incubation timeS X33 %1% PCR9 Cr-time, 1%9 RT-time¥} 6% 29%9
Cr-time& %91 RT-PCRe] Azt oz 714 fedS &2 5 v (2847 78 29%).

web A vk RT-timeS 713le] cDNAES A 23l & %214 PCRES AZAAZI AdoA 1
o] RT incubation times #HE3}7]o] FE3 %49 cDNAZ 4392, total detection

time, & RT-time + Cr-time2] Wol 7} w& Aoz g2l

cDNA A2 913+ Reverse transcription ¥F-8-2 cDNAE wpzo] A #sle] PCRO| Ab-&3h
two-step RT-PCR¥} 97 A} wk$ o]F ZnulE PCR %S 23 3F= one-step RT-PCRZ

AN

Lhro] Aty om = Z7AoA ZF RT incubation timeo] &3 %E Cr &% Cr times 7+

7] Bl aLs

(@)

Cr 7} F49d9A two-step RT-PCRE 74, 0&olA 129 RT ®EE A|7EHsSE 0ol A
05% Abolol dCr 1362 cycles/min  (29.64-22.83=6.81), 054 1% A}loJo] 7.18
cycles/min (22.83-19.24=3.59)2] A%t Hkg-o] glxm 17 o] F9o ¥-gAZF §o2 Cr
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| =2

5
ol &utsiA FAH = e &Aoo, one-step RT-PCRY 4, 0FolA 05% Abo]
of dCr 211 cycles/min (32.74-22.19=1055), 0.5%°l4 1% A}oldl 2.08 cycles/min
(22.19-21.15=1.04) & 30% ©]%¢f ¥k& A F &k Cr ghol ntetAl FA = AT (Figure.
4A).

reverse transcription Al7FS ¥3Fs RT time + Cr time L 3E W] oA  two-step
RT-PCR9 A%, 129 RT incubationl A #Hw #HEF AIZF (RT time + Cr time) 7% 29%
3}el&t 9 o one-step RT-PCRAIA &= Cr 239 U3 0589 v

i
o

= A%ol 7%
=

AZE 2704 He HE A7 (RT time + Cr time) 8% 59%7F 28 5SS &4 5 Aot

e

(Figure 4B).

9ol AFto A F RT incubation WH-2 X% Omin%-E 1minel RT A|7Fs<o ¥k$S-o] 2

A7 2R uglem, Cr WET A 27 1RAA G AAE uth Soldow

o
o3
)

one-step RT-PCRol A= 05&7A1¢] Cr W3}aFo] 21.1cycles/mino. 2 7} w243

F wE A& A7 8% 5922 H.9tl One-step/two step RT reactione ¥ ¥k 7+ 23

A B
10, 25,43,
2,1,.10.5,0
120 %009
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4,3, 21
2
6004
E ; 00
0.5 e
E 5
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3004
N
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Figure. 3. Crs and Cr times of each amplification according to the incubation time
of reverse transcription in two step RT-PCR

Under 1 minute RT incubation time, Cr was 19.24 cycles and the Cr time without RT
incubation time was measured as 6min 29sec in two-step RT-PCR. One minute RT
incubation shows 7 min 29sec of detection time and DWV specific ¢cDNAs which was

synthesized was 4.03 x 10° molecules.

Cr {gycle)
-+ [

Figure. 4. Comparison of Cr and Ct time of One-step/two-step RT-PCR under
each condition of RT incubation time.

In two-step RT-PCR, Ct was 19.24 cycles and the detection time (RT time + Cr time)
was measured as 7min 29sec under one minute RT incubation. In one-step RT-PCR, Cr
was 22.19 cycles and the detection time (RT time + Cr time) was measured as 8min
59sec under 0.5 minute RT incubation. It can be seen that the cDNA synthesis is most

abruptly performed from O minute to 1 minute of RT time in both PCR conditions.
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ng® gDNAE FH o2 S W 7ME =& AT I =, 1000 ng¥t
500 ngoll = 7HE we €3 s detdddd = A 58 f-actin® Tmabe A

BE¥xadth ®=3F 100 ng - 25 ng F3olA Cr
7 24 cycles 2A 7P WAl ZAHom oolq 10 ng? 250 ngold Cr 7 25ng,
1000 ng¥ 500 ngol A= Cr #tel SAHHA &okrh o= #=ZFe] 34 (1000 ng# 500 ng)
S AT BS54 FAAY] T 4FE ddsrld FAFES Hol Ao webs 7
, BEA FAAE E3sts A A4S ARESt7] 9ls)

al

=Z-" Cr g EYE,

ol A, BQCV, DWV, SBV, SBPV, M. plutonius, L. fusitormis$®} K. oxytoca® 73-$+ 2zt
Eo] FHA7F 42762°C annealing =W YolA HuHe PCR Z4HE S vt Aol 3
ZElom ABPV, CBPV, IAPV, KBV, kSBVS} P. jarvaes-S 48758°C annealing %ol
A Eo] PCR T*%0o] frast o=z yeytt sk #H A9 annealing <% =12 7}
45°C (SBV), 52°C (ABPV, SBPV), 53°C (M. plutonius), 54°C (IAPV, kSBV, P. larvae),
55C (BQCV, DWYV), 57°C (CBPV, KBV, L. fusitormis), 59C (K. oxytoca)= T+Y4stAl =
AE Qo b oA 13F HWYA HES 213 PCRY annealing &%+ 52°CZ &
ottt 7t annealing =9 &S T 72} HA 2 ARdd Hoz yehdd

t}H(Figure. 5).

N
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:

ABPV
BQCV
IAPV
KBV
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kSBV
SBPV

P farvae
Koxytoca
L.fusiformis

: Arrange of available condition in real-time PCR

M. plutonius

e : Optimal condition in real-time PCR

— : Recommendation of temperature condition for 11 species multiple real-time PCR

Figure 5. Optimal annealing temperature for detection of Bombus pathogens.
Ultra-rapid Real-time PCR conditions for each target were optimized excluding annealing
temperature. PCRs were performed using 42762°C or 48758°C as annealing temperatures.
The template DNA was used for all real-time PCRs as same amount of 1.0 x 10°
molecules of each specific target. Best annealing temperature was determined as 52°C for
all PCRs against 13 pathogens (horizontal red line). Vertical line was indicated accepted
temperatures for annealing in each successful PCR. Black point was best annealing

temperature for each specific PCR.

ol Zt HAA 3 HA annealing &E= JE AA 7 PCRoIA ®Hut +8 & 9

Aoy, B Aol EXQl 13F EF9 ts AAZF PCRO 8ol 9o, 13F 3 PCR
o] &< annealing =9 ZHANA F3qE F A g5 AR U3 HALE =Y
S woh fed otk WA, Aze] ¥E 444 FHAA BAF £ BA £00°

copies) & AFE3%H AAIZF PCRS St oen, oo Cr ¢k ¥XE 1#stal ZF primer9
binding efficiency S 7}&3}e], 13% A2 PCRolA Zt7] Eo] FAA HE=o 7F4 235}
3 Iy & annealing 2%+ 52°C2 ALFE QI tH(Fig. 19 7F2A4). 13F A @& o
Sk annealing =52 52°CE A4 39S w, ABPV, BQCV, CBPV, IAPV, KBV, kSBV,

SBPV, P. larvae, M. plutonius, K. oxytoca™ 7} # 74 annealing &% & AI&3t9 " PCRE
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R, SB-PCR-F1/R1, kSB-PCR-F1/R1, AFB-PCR-F1/R1, EFB-PCR-F1/R1< #HZF &%
M-S AFE3EEA S W W ErE A $Etd e, AB-n-F/R¥} L.fusi detection F2/R2%
HAE T 4 uME  AREEE Zeol  HEFA M FEEdR =
KBIA-PCR-F2/IA-PCR-R2, KBIA-PCR-F2/KB-PCR-R1, K.oxytoca-DC-F1/R1&
T 1 pMelA = 73 S35 Bt

o

o\
off

2 F9d HYA So] AEE 9% 7 5] Primer ¥ €3 £4 € AFE 49 =H
11€ A9 gdA 242be] o] {fxAbel diste] AAIZF PCRoIAl 7t primer *32] W%

& 43t 4 5o] Ax3 DNAE 10v14 A& A AA HAAZF 2314 PCRE 33t
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7361°CE 5 349°Co] Afol7k ol A 2 = AR CBPVE 4% H] 5o]F &
e FEe So] Bx 107 £2he] F% PCReIA ##EHJoH, CBPV 5ol
TEAEY Tme 85.97°ColaL, H] Hold FEAE9 Tme 7653°CE 435 9.44°Col Aol
7F ol A FEE = AT

K. oxytoca, L. fusiformis™ Zt7] 28 W o2 5o 2 THAHES Tmate 5453
o ZF HYAel g Tmel Hir2 Z+2b 75.027T, 77.10°C, 87.91°C, 81.98°C, 80.73°C,
86.79°C, 83.26°C, 76.09°C, 81.82°C, 88.86°C, 86.24°C, 89.05C, 78.80°C= Al At} o] 344

A EHE ExA W FolF FFA=E Tmas SAHSACH, 5o SHFA= Tmwd

d
M

B oo f9gd HAA4 HES 9% UF PCR AW, 4343 55F gAges vy
Ho A7 9] total DNASF total RNAS F%3}
DNA HAe] thalols 2t DNA A|82 A8, RNA WY (RNA viruses)ol o 3h
o] ¢cDNAE ®E50°] Z47] 13F ¢ PCRES sAld dst= Aotk A3 =4 SBVE 745
1.0 x 10°¢] Ex74A Eo] #HE 7}e 8kl a(Figure. 6H), ABPV, BQCV, kSBV, SBPV, M.

plutonius, L. fisitormis® 745 1.0 x 10'¢] EA7x Eolx oz HExT = dAoH

111

(Figure. 6A, 6B, 6G, 6I, 6K, 6M), CBPV, DWV, KBV, K. oxytoca ¢ £°] FZAx = 1.

o

x 10°9] N7 =Z B (Figure. 6C, 6D, 6F, 6L), IAPV, P. larvaedl A= 1.0 x 10°9] Wzt
o] F%om(Figure. 6E, 6]), o] Ztzte]l WdAlel digh 5o Fdx % A= &
o] gt} (Table 3).
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Figure 6. 13 species Bombus Pathogen-specific detection using multiplex
URRT-gPCR and its Tm analysis

(A) ABPV-specific detection using multiplex URRT-qPCR and its Tm analysis. (B)
BQCV-specific detection using multiplex URRT-gqPCR and its Tm analysis. (C)
CBPV-specific detection using multiplex URRT-gPCR and its Tm analysis. (D)
DWV-specific detection using multiplex URRT-gqPCR and its Tm analysis. (E)
IAPV-specific detection using multiplex URRT-gPCR and its Tm analysis. (F)
KBV-specific detection using multiplex URRT-gPCR and its Tm analysis. (G)
SBV-specific detection using multiplex URRT-gPCR and its Tm analysis. (H)
kSBV-specific detection using multiplex URRT-gPCR and its Tm analysis. (I)
SBPV-specific detection using multiplex URRT-qPCR and its Tm analysis. (J) 2.
larvae—specific detection using multiplex URRT-gPCR and its Tm analysis. (K) A.
plutonius-specific detection using multiplex URRT-gPCR and its Tm analysis. (L) K.
oxytoca-specific detection using multiplex URRT-qPCR and its Tm analysis. (M) L.

fizsitormis—specific detection using multiplex URRT-gqPCR and its Tm analysis.

Table 3. Tm values for the amplicons of specific targets and Detection limit of

each Bombus spp. Pathogens.

Melting temperature of specific

Pathogens ] . Detection limit (molecules)
amplicon(C)

ABPV 75.02+0.54 1.0 x 10!
BQCV 77.10+0.25 1.0 x 10!
CBPV 85.93+0.65 1.0 x 10?
DWV 81.98+0.34 1.0 x 10?
IAPV 80.73+0.34 1.0 x 10°
KBV 86.79+0.27 1.0 x 10?
SBV 83.26+0.43 1.0 x 10°
kSBV 76.09+0.34 1.0 x 10?
SBPV 81.82+0.29 1.0 x 10?
P. larvae 88.86+0.50 1.0 x 10°
M. plutonius 86.24+0.41 1.0 x 10!
K. oxytoca 89.05+0.56 1.0 x 102
L. fiusifomis 78.80+0.33 1.0 x 10?
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One-step PCR& ol-&3te] 13F HMAAY 1% PCRE sAlol Fdste Aozx, ¥

WA Agte BAA A gl gk HAbel A, BQCV-specific PCRESBQCV-Eo] At
55 A, 792°Ce A Tmas EATo] BQCV YA (H)oz HAAHE oL
70.0°C, 86.5°Ce] TmatsS 7 #A-I+= F33k 22 H] So|FE % eyttt o] BQCV-

5ol %2 A7|FdEelME Atd 2719 233bpet LA Ao yEhy d7|gEdt
oA vs AAIZE PCRol 93 #Ao] 7hedts WAFAAR VA, L. fisiformis
50l PCReIA =o] dt=< dAstaem, B4 A5l 79.1°Ce Tm= K50 FA(+)

o2 WAsgrh £ CBPV, SBV, kSBVS| PCRIANE FZiEe #as oy, zhztel

H 5ol 9ds e, g sz AAd F AT P. Jarvae SFr=2 F5 Ct
P

=

. larvae =

ShiL, 4 ().
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w2 o s AvH(AE R B AIA]).

Sl S Al AkE FgEEel ek 1152 HEA FdA AL Zbzhe] g 5ol
A2ke] PCR AbE 9] Ctat s Tmgt 12la d71g sl o3t A &g S Fshe] #4383

o, BE A7 Ui Wdste] Aeld 23E AASHA kY st ATHA R W] A A]).

ZALES A7])Q 224 bpel DNA 2t=EEo] oFstA #ZH AT
(A5 wAA]D). FUle] SBPV  EAlE ofF Haud dp glow, B AFE 93]
Oligonucleotide® ©]&3tIDNAE 4 F AE3 DNAE AFEstaA7lel 2 A9 5 <

TEA HeghE ool & Aol

ToAA Actsl= HGHE wWHAA 5o vz AHAAZF PCR (Bombus pathogens specific

AAdgelA del A§571E e
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4. 2 &
ABPV, BQCV, CBPV, DWV, IAPV, KBV, SBV, kSBV, SBPV, Paenibacillus larvae,
Mellisococcus plutonius, Lysinibacillus fusitormis, Klebsiella oxytoca®l F1 3 W UA S|

ek g AN TFEL AHRSHEPCR)S MRS stue] ARddA FEE Ak

13%F PCREC & A7 & 2oz 289 4 qlom ZF WA o] ¥4 DNA”ZF PCR
71A 2 1000 #2171 A8, Sl Eo] PCR 2ZAEEL AAH, AFH o=z 207 <t
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5. PCR-chip9 A|¥3

7h A9 F2 ¥eA 13F #E8& PCR

(1) PCR chip (37H)

S EIRE
il
wiwiw e Ny

LSt AghahE

hciias )

chip kit A&

—-0

@, ® Wings (&71) : o] F&& &7}etely

F U

@ Printed channel Numbers (3%A] ¥ channel M%) :

channel B2 H3EE FoJ35to] A HoAdFYTh

@ Apertures (ZZ71) :

2 A AkE A4 2

N
ot
ol
30,
b
Jfu
k=}

E.
&
g
%’.
o
lu
N
o

Tye wa ARy

Specification (A A" A)

Size (W x D x H)

38mm x 25mm X 6mm

Weight

3.56 g

Number of Wells

10 wells for Model UF-150 and 16 wells for Model UF-100

Volume of Each Well

10ul

Aperture Diameter ® 0.6 mm
Channel Height 0.5 mm
Channel Height 8 mm
Channel Height 2 mm

Material

Transparent Polymer (Transparency : 95% +)
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(2) 2314 PCR= ¢ 3t Master Mixes

2% gl 243

- %1% PCRE 93 GENECHECKER™ ¢} 9

- s, 188, Aol ¥2 PCRE 7HsdtAstH PCR JAE 243
- Ao w dvk oA dd, AAIZF £4 9 one-step RT-PCRS 71 skl 3.

(3) Hdd HAA 13F i3k 2114 PCRE Positive control?]l %3 DNA A 9F list

Al¢F No. Recombinant Gen]?ank Insert size Reference
DNA accession No.

A1k 1 pAB189 AF150629.1 189 (56529-5717) This study

Al eF 2 pBQ701 KP119603.1 701 (7658-8358) Giang et al., 2016
AleF 3 pCB570 EU122229.1 570 (1921-2490) Choi et al., 2008
Al ek 4 pDWS861 JX878305.1 861 (8756-9616) Lee et al, 2015
AleF 5 pIA9S05 KC690270.1 905 (5283-6186) Wang et al., 2016
Al ek 6 pKB443 AY275710 443 (5406-5848) Yoo et al, 2001
Al eF 7 pSB824 AF092924 824 (6363-7159) Kim et al, 2008
AleF 8 pkSB528 HQ322114 528 (823-1330) Wang et al, 2016
A1eF 9 pSBP330 EU035616 330 (7190-7519) Min et al., 2017
A1k 10 pPL797 U85263 797 (1-797) Wang et al., 2016
AleF 11 pMP564 X75751 564 (355-918) Ha et al., 2005
Aok 12 pK0O208 AF017781 208 (2,065-2,272) Min et al., 2017
AleF 13 CP010820.1 CP010820.1 159 (4568067-4568195) Min et al., 2017

ZF A 23 DNAO thal A= spectrophotometer@ A =&} ¢ o™ -70°Ceol H 33}H
Z3 DNAE 1.0 x 10° B&A=2 FAse] A&yl olF H9gd HAA 135

Positive control®. 24 HAE WHAA A= A A&yt

2E A

oh &t
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13%¢] W3 %1% PCRe 7

E0| Primer A< list

Name of primers

Sequence (5" — 3’)

Size of amplified

PCR product

Aok 14 AB-n-F CATTATGGAAAAATTTGCTGACC .
Ak 15 AB-nR CCACAAATGTGTGTTGAGTTA

Aok 16 BQRT-F CTGGGCGAACATCTACCTTTCC 1590
Aok 17 BQ RTR GCAATGGGTAAGAGAGGCTTCG

Aok 18 CB-PCR-F1 CCGACACATACTTCACTCTCTCAT

Ao 19 CB-PCR-R1 GTACTTGCGGCGAGGTTCTG z0bp
Aok 20 DW-PCR-F1  ACTATAAGAATTTTGGTCCTGGGT

Aok 21 DW-PCR-R1  ATGTCCGTTATCGGAGAACCTGA 223bp
Aok 22 KBIA-PCR-F1  ATTTTTCAACTTTTGATGGATCAC

Aok 23 IA-PCR-R?2 CAATTGAGCGGGGTCGTTGC 214be
Aok 24 KBIA-PCR-F1  ATTTTTCAACTTTTGATGGATCAC iy
Aok 25 KB-PCR-RI CAGTTAAGGGGTGTTGTTGC

Ak 26 SB-PCR-F1 AGTGGGGATGAAATTACTAG

Ak 27 SB-PCR-RI CGCACATAATGCCTCGGTAATA 2:36bp
Aok 28 kSB-PCR-F1 CTTACGCTAAGTGCGCGC —
Ao 29 kSB-PCR-R1 AGCACGATGATATCTAAAGGG

Ak 30 SBPV-F CGCAGGGTGATCATGCTAATG

Aok 31 S;EX;S%B% ACAGCAAACACCCGGACTAA 224bp
Aok 32 AFB-PCR-FI  ATCGTAAAGCTCTGTTGCCAAGGA oo
Aok 33 AFB-PCR-R1 TCCTCTCCTACACTCAAGTCTCC

Ak 34 EFB-PCR-F1 AAGAGTAACTGTTTTCCTCG 2050
Ak 35 EFB-PCR-R1 TCCTCTTCTGCACTCAAGTCTTC

Aok 36 Koxytoca DC-FI  ATGAACGGTAATCACAGCGCC 5o
Aok 37 Koxytoca DC-RI TGTCCACGACCTCTCCG

Aok 38 Liusi detection F2  CGTGACGCTGGTGTTATTTTCAC 12900
E

>

L.fusi detection R2

AGAACCACCTGGAATCTTATC

4. A9 Fa

BYA 13F H=8& PCR chip kit AH&EH

(1) 7oAl fgd o) A9 Total RNA$ Total DNA £

Genomic DNA (gDNA)¢] ##+ Qiagenrte] DNeasy® Blood & Tissue Kit (Qiagen,
Germany)®] AW HS WU H(H G F8

oA s

).

A=a

FUA 135 HE8

PCR chip kit Wl *3%+
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Hdd A8 19kg] S 2.0ml tubed] ¥ il glass bead (pore size : lmm, Germany)$} &3¢
% MagNaLyser (Roche, Switzerland) 2 + 4] &1t}
@ &4l¥ A=l 180ul buffer ATLE Y ols54Yt 20ul proteinase K& F712 Yo 9713

EGE 5, 56ColA 240 443 a9 WAX EFAFE AA T
@ ZZo] a7} aE™ 15x37F &3tal+ F, 200ul®] buffer ALS A5 Yol &3
%,

@ 200ul®] ethanol (96-100%)< F7Fg #, thAl EFaF T

® <A =3 EdES A& columnel R2F loading$yth.

® ©lE 8000rpmolAl 13+ YAl#2 sk & collection tubeo] Y2 &N AASAIL
column®] 500ule] AW1E ¥ a7, 8000 rpmoll A 1 A& slo] A #H g}

@ °©]% column= A =& 2.0ml collection tube® 7]l buffer AW2E 500ul ¥ o 54t
g ad H, 14,000rpmeoll A 3 G4 E 28l column® membranes Al A AIF]
Yt

© 1 ¥, collection tubeE A A AZF 1.5ml YA E2 tubeZ columns %754}

o
M

r*o

=]
=3k

@ 200ul®] AE buffer® DNeasy membraneo] Yol T2 1#3F A2ox A3 5
8,000rpmoll A 1#3F A4 #2]3to] genomic DNA 200plE &Z38i Wy}
@ =% total gDNAE spectrophotometer® A &8t 0w, -70°Coll HA3tH o]F F i

WAl AE Aol AT

Total RNA #2]+= R&A Blue Kit (Takara, Japan)& AF-&3Fo] A 2Fape] A Alef] whe} =3

SFAFUTHH A 2 #HUA 13F #HE8 PCR chip kitWol X&5 AR o).
O H9H A7 17tg]E 2.0ml tubeo] ¥ 1L glass bead (pore size : Imm, Germany)9} &3t

5t % 1.0ml R&A Blue A]FS ¥ 31 MagNaLyser (Roche, Switzerland)Z 4 31 T},

@ +

13,000 rpm 10¥]=7F S+ tubedl A1HEE ¥o]F3l Iml RNA iso plusgE %3 MagNa
Lyser(6000rpm, 60sec)E ©]-&3 3 33}

@ °]¥, 57 RT (25C-37C) A=A F,

A5
@ A7 9459 EFEolA AT AntE Fol AR E tubed X1 ¥, 200ul

AqE AlZo] 200ul chloroform= %11 15%%F vortexing 3te] £330, 4°Coll A

;
o
S
2
3
lo
fr
=~
@)
g

ol
chloroform % 3 invert mixing= 103%] %3 gth
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© &go] 5d &AL 53 d2olA BA F, 13,000rpm 2 4T A 1531 A4l

® AuE7t fmE gl FFAve A AURUE wbedl A FE

@ o] %, 107t =0l A X3 £ 13000rpmo. = 4TCo|A 103 A E2d YT d5 o
oo

75% EtOH d7} & &gl

© HdA=x7F 453 RNA pellete]l 50ul RNase free waterS #3Fal &3F3lo] 54t
1 #%% total RNAZ spectrophotometer® 4 #3}%]o™, -70°Cel

o] RNA virus A& A gl At

(2) 9 HYA 1359 gk 2315 PCRE Positive control?! 2123 DNA F=H

.\

iNtronA}e] Fast DNA-spinTM Plasmid DNA Purification kitE AFg3te] 9 #HAA 13
Fo| gk A=3 DNAE FE3HYHHIE F+2 P9A 13F =58 PCR chip kit

@ 1-4mle] wj % bacterial cell2 12,000 rpm (713,400 xg) 2 = microcentrifuge tube®l] %
I Aol Al 123 YAl ste] bacteria pellets RoF5 1T,

@ pellet3}8 bacteria cellol]l 150u12] M1 buffer® pipetting =+ vortexings 38 A F-FA]
Ay

@ AFFgk E3tEdd 150ule] M2 buffers #7}skil 6-8¥ invert mixings S3 3all+
Y.

@ 1 %, 350ule] M3 bufferg F7tetil SA] 12-209 invert mixingS & 3l
© &3to] &84 bacteria THELS A2 A 12,000 rpm (713,400 xg) o 2 287 44
3 ot

® i E T3l we2¥ 4T AS spin columnol EF &AFUH

@ 12,000 rpmo- 2 30%7F YAE8 3 5 collection tubeo] &<l &S mF x| A 85Ut
Spin column®l 300ule] washing bufferE % o]5°] 12,000 rpm

ot
il
:(l)lzﬂ'
o\
i
Au

o
i)

o
fu
w
(@)
P
R
o
rlo
=2
>
4o
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f
n
m:2
}Oll

At gk F, collection tubedl R &S R5F AlA U

© %ol washing bufferg AAsH7] & F7H4 0= Lol 12,000 rpmo = 17F ¢4
e gy

@ A= 1.5 ml microcentrifuge tube®l spin columng %%l % 50-100 ul Elution buffer
S membrane®] o5 12,000 rpm o2 Ao A 303 YAEEste] DNAE F&=3+F
Yt

@ FZ9 plasmid DNAZ spectrophotometer® g #&3sl o™ -70°Coll H#3 ] o] & H o
oo

| A& A3l A dYH

)

[,
N

(3) FgH HAA 135 tist =314 PCR =4
7hH F9HE viruse =14 PCR ZA %
Components Volume

Recombinant DNA (1.0 x 10° ~ 10° molecules)

1ul
Sample (RNA 1ug)
2x Master Mix 5ul
Forward Primer (4puM) 1ul
Reverse Primer (4uM) 1ul
D.W. Adjust to Final 10ul
(W) H99 Kol 2314 PCR &4 3%
Components Volume
Recombinant DNA (1.0 x 10° ~ 10° molecules)
Sample (gDNA 30-90ng) l
2x Master Mix 5ul
Forward Primer (2uM) 1ul
Reverse Primer (2uM) 1ul
D.W. Adjust to Final 10ul
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(4) F19d BLAA 13Tl gk =314 PCR chip loading'
@ At protocolel wat G o] Samples FH S Al L.

Ab-g3le] sample £3%S FH

o
o
>
>,
to
wn
a

8

=R
o)

(ol
ot
il
10
Iz
&
rlr
=
=

@ Micropipette<
dy ot

@ PCR chip®¥] &% 79 pipette tipS ¥ 5<% sample A& #u gyt
@ 5" 25 HolZE A}83ste] HA| channels 2534 Al Q. Channel +HS €743]
DEot Al Q. b etA WEekA XS A, TES F3 sample £4A0] ¢ HY
(5) FgE HAA 13T W =% PCR HA =1
genomic DNA-& RNA virus&
One-step PCR One-step RT-PCR
Step Condition Cycles Condition Cycles
cDNA synthesis Set at 0 sec 0 50C for 1 min 1
Pre-denaturation 95C for 15 secs 1 95C for 15 secs 1
Denaturation 95T for 1 sec 50 95C for 1 sec 50
Annealing 52C for 2 sec 50 52C for 2 sec 50
Extension 72°C for O sec 50 72°C for O sec 50

HAH WA P. Jarvae, M. plutonius, K. oxytoca, L. fiusiformis®] 3|+ genomic

DNA-& One-step

7.

PCRE A &saL

19 RNA virus®l ABPV, BQCV, CBPV, DWYV,

IAPV, KBV, SBV, kSBV, SBPV| tjs]4= RNA virus& One-step RT-PCRS %133y
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(6) FgH HAA 135 g

PCR chip ®iZ]

Cl C2 C3 ¢4 G5 Ce C7 C8 (C9 C10
ol 1o 1ol o) (o) )

o JleJUleJ U L e
€11. C12:¢13 €14 €15 CleE€lZ €18 €19 €20
NN AN AN
@) o o O O

PR e

)
Q

— S/

CI:
Cz:
C3:
C4:
Co:
C6:
Cr:
cs:
Co:

C10:
C11:
C1z:
C13:
Cl4:
Cl15:
C16:
C17:
C18:
C19:
C20:

C21:
C22:

C23:
Ca24:

C25:
C26:

ABPV positive control

ABPV ZFdof i sele 9% A5

EN

%
BQCV positive control
BQCV #dof i gl

o
rot

_(H

Al

l

BN

3

CBPV positive control

CBPV zrelofi Qls 913k A5

-

DWYV positive control

DWV 4ol sele 919 Aw
IAPV positive control

IAPV ol 912 9% AR 24
KBV positive control

KBV Zlel® 212 918 A 24
SBV positive control

SBV el gele 9

(o

kSBV positive control
kSBV 7F ol i &8s g3 Ax5 =4
SBPV positive control
SBPV ZF ol gls 98 A= =4
P. larvae positive control
P. larvae FTEAF A& AT A=
HE A
M. plutonius positive control
M. plutonius ZFEAF FAS 9 Als A
= x4
K. oxytoca positive control

-

K. oxytoca 385 &2s 93

EX:

ANE HE

L. fusiformis positive control

L. fusiormis 7FG ol el 93k Alm

o

=

o,

=
=
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A 12 A HIE HAAAd W3 tF  Oligonucleotide
DNA-chip 7/1'Z 2 AE3

1. A &
H 7Y woy FFHo2 Qg Al AAfu ol QlFgte] 2ol wpe)l shtujs)
Zo] W3 oF%7} =olx il rH(Free, 1993). 3}Euj7] LZFo2A X U4H A H(Bombus

terrestris)®] A= Al oY el A &letA o] FolAglom ojn] AFEsiE o] H g
o] A a1 Y tH(de Ruijterm et al/ 1997; Dafni et al/, 1998; Mashiro et al 2000; Velthuis and
Van Doorn, 2006). -2l Uete A grdd-2 oF 2300870 1994 A5 e U= A
ow 2004 °F 30,0008 o]de]l FHEHATHE T, 2008). ol F HFHe = AL =

A F7Faeke], 20106 ol = F9H FRE HoAHA(N T, 2017), FdHS FE5 A
zkstar v (3 &, 2017).

Mg Gl e HAAG veleas BY MET 2l (Apis mellifera)ol g BAAE

S dEHd AL, FUo| A= Black queen cell virus (BQCV), Chronic bee paralysis
virus (CBPV), Cloudy wing virus (CWV), Deformed wing virus (DWV), Israeli acute
paralysis virus (IAPV), Kashmir bee virus (KBV), Sacbrood virus (SBV)¢] 7%°] A 45
GlHo A HEE vl AHH T, 2009; FH S, 2010). =3+ A mellifera®t Bombus species®ll
A Z+2} Deformed wing virus (DWV), Black queen cell virus (BQCV), Acute bee
paralysis virus (ABPV), Slow bee paralysis virus (SBPV)E<S A #Fx o=z 713 vl A
S (Dino &, 2015), AYHIHANA Lysinibacillus fisiformis, Klebsiella oxytocas -2 d}F
o5 MEL FHgHY ¥ Add 7tsdS AAFIAHA 5, 2008).

al,

i HAA AW 9 American foulbrood disease (AFB)9] U< <l Paenibacillus

larvae 18131 F+Q HWHA vlo]y 25, = IAPV, CBPV, korean Sacbrood Virus (kSBV)

o5

ol s, sid WdAe A4S wEA st WHer xusk AT PCRYES /M

o
r*O

Hom (f 5, 2009; F %, 2010; Han er al, 2011), ¥ Fo HAA9 34 3
=2}

=
$3F DNA-chip® 7HE¥ vl doU(Wang et al, 2016), F9HS AAFHAC R dlo] thok

g AE Al A = gl S AR vk itk Bk Zefe] uiFE Al 9l

ad FdEe] #E FAAAE, AGEe] HAYr|e2 ez AYd uprh v vekd
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HAAel e AR AAHS F2 P BdA JdS 5o sy gt
ow ol Ho] Y HEH} AZ FTHO sivh = 5X WA g dnk
PCR AE=% (Van Nguyen et al, 2010; &, 2007, & &, 2008), WA el A=Y HES
EHow st G PCRY (7 &, 2008a; + &, 2008b; 1+ &, 2010), &2 AlzF ] HAA
ol ME HES 9% =1% PCRW (Yoo el al, 2011; Lim and Yoon, 2013; Luong et al,
2015), 28l A A4S A I 241E& HAMY (Ultra-fast PCR; UF-PCR)¥ 1L
H

SkohH(Lim, 2013; Lee et al, 2016, % &, 2016a). 3tA| 4tk o]gjst HEWHES
ME =& 270 WA e PCR AAMSF ko] 7o) grazolx glom, tpefFst o
gk d=o] HAS $5te] Eo] PCR AAISES 47 43 sholof = &3

wepa AT E A 12 deA Y 2 AE3E PCR chip? 34 AH8E 5 = #Hd
A 11FY F8 ARG BAdAso ek T34 A48 2 A= 2 38 HAE 9%
DNA chip& 7W#ste] o5 Hig oz AFststaz s3on, o FAgE FEUS 93
A 7o Z AA st etk AU HdAES 2 B AgdoA wak 39S of
713k 8F<9l WA, = BQCV, CBPV, DWV, IAPV, SBV, kSBV, P. Jarvae,
Mellisococcus plutonius®t HQF9¥ 5ol W/AA(SH) 3F, =5 SBPV, L. fusiformis, K.

oxytocas AEadon, o5 thd Eo] primerde A Eo] AR i Mwae], WA
F 115 EAAFE 3 W Algo=z AA-AT & e 2315 FH1A AEHES /st

Al shakaral skl
2. A8 2 Wy
7h A& &1 3 DNAS ¥
A9 Ase 20161 89 AU|E FF, AdaE B, AAEE AF
U FdolM R MUF I (Bombus terresiris)s Ab-&3}

Genomic DNA (gDNA)¢] #gl&= G-spin™ Totla DNA Extraction Kit (iNtRON, Korea)Z
AbEste] A Zzpe]l Ao w2t DNAE o ettt oF=stad, FHgH A8 19 &
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glass dead (pore size : 1 mm, Germany)’} ©%1 2.0 m¢ tubed] Ho} MagNa Lyser (Roche,
Switzerland) 2 sttt Fd® Al59 300 @ lysis buffers Y3l 15% vortexing 3}
F3otslgdl o, 500 u binding bufferE F7FE Yol €43 £33 5 HE columnel

loading3}l 9 th. ©] & 13,000 rpmol Al 13 ¥AE2 3k % collection tubeo] W= &4&

A ABFA L, columnel] 500 09 washing bufferE %12, 13,000 rpmell A 1&E7F A& s

o AlHsFATE o] F columne 15 ml YAEY tubeR 7|1, 60 o F=FFE columndl
Yol By gDNAS $%A1713 13000 rpmel A 137 94522 DNA £98 54389

t}. =9 total gDNAE spectrophotometer® A #3dtRom, -70 Ceoll A o] F 23
of Al-&3tAtt.

. Total RNA2 #3a 2 cDNA &4
Total RNA &2+ R&A Blue Kit (Takara, Japan)E AM&3sto] A Zzpe] x| Al upe} 43

sttt k&, Fd Alg 1vkglE 20 ml tubeo] ¥ il glass bead (pore size @ 1mm,

Germany)®} €33 % 1.0 m¢ RNAiso plus (Takara, Japan) Al ¢FS ¥ 31 MagNa Lyser

—_

(Roche, Switzerland)® ¥3tgth. 88 Alge] 200 ¢ chloroforms ¥ 15%3t
vortexing 3¢ &3t o™, 4 CTolA 13,000 rpm 10#7F 94 Easte], A5daq9rs 1.

a1

ml tubeoll %Zth Alg A5 Ay & F3 9 isopropyl alcohols il 15%7F vortexing st
of E3stHRen, 4 TolA 13,000 rpm, 10=7F 44 &8st A5 HS AAS AT RNA
AHEL 0CE F4H]3 75 % ethanolS AFE3}e] washing ¥4 &3 3 DEPC A al¥
SZHTE AFEEY] total RNAS] gHo 2 3HEtt. F3549 total RNAYE Biophotometer

(Eppendorf Co, Germany)=Z A Zsl1al -70Ce] R#AsHH o] F A3 o] A&},

cDNAE A 317] 98l total RNAS 3 pg2 1 0 100 pmole Oligo dT (18mer) primer$}
EFS F DW 6 uwtd H7tste]l F 10 o] H=E stgith o] EFES 65T 102

AXF =X iceR AT 4 ul 10x reverse transcription buffer, 2 ¢ 100 mM
Dithiothreitol (DTT), 3 ul 25 mM dech dNTPs, 1 @ M-MLV reverse transcription (200
U/p)& AH838ke] & 20 plo]l H=5 AU o5 40TolA 6023 ZAI F 95TCA

&7 WA o2 cDNAE FA43tth cDNAE -20CeoA wastslon, PCR %717
HEA 1 WA A8
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Table 1. Primer sets for the specific detections of pathogens in Bombus species

PCR
Pathogens Name of primers Sequence (5' to 3') amplicon
size (bp)

BQ-DC-F1 ACTTTGAAGGTTTCGACGCTTCGG

BQCV 233
BQ-DC-R1 GACGGAATTTATAATAGCAGTGAGAT
CB-DC-F1 CCGACACATACTTCACTCTCTCAT

CBPV 230
CB-DC-R1 GTACTTGCGGCGAGGTTCTG
DW-DC-F1 ACTATAAGAATTTTGGTCCTGGGT

DWV 223
DW-DC-R1 ATGTCCGTTATCGGAGAACCTGA
KBIA-DC-F1 ATTTTTCAACTTTTGATGGATCAC ;

IAPV 21
IA-DC-R2 AATTGAGCGGGGTCGTTGCA
SB-DC-F1 AGTGGGGATGAAATTACTAG

SBV 236
SB-DC-R1 CGCACATAATGCCTCGGTAATA

CTTACGCTAAGTGCGCGCCCAATACTAT

kSBV-RPA F AC

kSBV GAAACAATAACTTTCCCGCACTGAAACT 121
kSBV-RPA R

TA

AFB-DC-F1 ATCGTAAAGCTCTGTTGCCAAGGA

P. larvae 243
AFB-DC-R1 TCCTCTCCTACACTCAAGTCTCC
EF-DC-F1 AAGAGTAACTGTTTTCCTCG

M. plutonius 208
EF-DC-R1 TCCTCTTCTGCACTCAAGTCTTC
SBPV-F CGCAGGGTGATCATGCTAATG

SBPV

L. fusiformis

K. oxytoca

B-actin™

SBPV-C3G peptidase

R

L. fusi detection F2

L. fusi detection R2

Klebsiella-F
Klebsiella-R
B-actin 151 F

B-actin 151 R

224
ACAGCAAACACCCGGACTAA

CGTGACGCTGGTGTTATTTTCAC
AGAACCACCTGGAATCTTATC
GAACGGTAATCACAGCGCC
CAGCATATGGCGGTCGC
ATGCCAACACTGTCCTTTCTGG
GACCCACCAATCCATACGGA

129

208

151

* Min et al, 2016.

** Yang and Cox-Foster, 2005

- 233 -




f
n
m:2
}Oll
w)
&

th. F 9 Eo] primer € AZF plasmid DNA & &

=Wl W3t primer JR oA GenBanke ¢71A4<E
of s & &2l Eo]49l primerdS &2, g PCR A
2o Aol F¥ 214 PCRo A 3et=E 120 bpitEl 250 bp Atel7} &&= A E£3 &l

3tath 2+ AEE primersS A5 3] AHBionics, Korea)oll ¢ & &to] A %8} tH(Table 1).

#+ DNAZ AHEetr] 913 2 HdAs9 5o 282 47Ideu g9aetat fdshd

Ao A BIE AL AHEE YT
2}, Asymmetric 22 primer mix2 ©] 4% 3 PCR 34 =7 9

DNA chipel #8371 &, 2u% PCRe sl 27|714dS& Aidsty] fa #1198 HAA
11Fel] tist Z2t 5] primer %2l PCR =794 annealing ==& 939t PCR #H52
Greenstar master mix (Bioneer, Korea)& AM&-3to] F 20 w2 Z7Fste] F3fstdth. 4
9] asymmetric 22 Y% PCR %712 22-Asy primer mixE A}8-3}¢] pre-denaturation 94C
oA 5ES sk & WA 94T 30%, &4 52T 30x, A% 72T 30x

g5l Asymmetric primer mix+= hybridization®] &85 =ol7] 98 14, 41 T+ 12
(Forward primer : Reverse primer) Bl &= 11¢F8t¢ith SBR (Spot/Background Ratio) %ol

71 %3} hybridization €& % primer B &S 433t

"}, Oligonucleotide probes] A 7|

Jim

o] PCR TF%At=9 WA E& A&t Prober 50|
% ¢l hybridizationS 98] 3] A2l Bionics Corporation (Bionics, Korea)ol 2] & 3ale] A
2+ %] Atk Probet= K-CAP™ (K-MAC, Korea)ol ©#3t¢d DNA chipoll @#4atsla, Al zhe
DNA chip& & 75 &3 H7lHo] AdAHAANeH, dAS T3 HFA &4 3 A
&3tAth. DNA chip®] A4He K-MAC# K-SCNA-CAP Z#=7U9t AXEGo] X213
(K-MAC, Korea)< AF&3le] #2453l

Oligonucleotide probet 7}7}]
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B, DNA chip®] A4t

DNA chip?9 silicone plugE AF&3te] 200 ul tubeo] K-CAP™ 9o HFal=diE ¢t
DNA chip® ¥ microarraye] We] PCR T3AHE0] WweEE 8¢ th(Figure 1). Probe

o] T=iv mANA 20 pmole/ul =L 40 pmole/wlo] FHEZH FJom o FIqe

ne)

sciFLEXARRAYER S11 (Scienion, Germany)< AF-83F K-CAP™¢] aldehyde Hel¥ *
ol Az} 200 pl7} A% AT

5 95T, 710% F% 3loll A 3A17F Ao 24 aldehyde”] ¢ amine”] 719
S-S feslgdnh 23 A %S probei= prehybridization buffer (2x SSPE, 0.2% SDS)Z=
Abg-sle] A AAEHEE 5t DNA chipe] probei= CTC (Center to center) of
spot (K-MAC, Korea)ol A 2+ 200 tm spot¥} 180 um spot= 7} T},

A}, ©% PCR¥# DNA chip2 $1% B& ZT2EZ9 g
3% DNAE ZF 89 2 pg (¢F 10° copies)S A}£38 %= 3ttl, PCRS & 20 w7t 9%

2 ZA3H, 22-Asy primer mix (100 pmole/reaction), PCl1 primer (hybridization of

control, 0.2 pmole/reaction), Greenstar master mix (Bioneer, Korea)& X 33l%=S 4 %o

it tb= PCRY Z=7AL pre-denaturation 94°C 5%, WA 94T 30%, €4 52T 30x%, =3
72C 30%9 ZF dAE F 4084 HYst== stk PCR HHS F, SEELS A7|9 5

¥

23] agarose gel Ao & 3+l vt Hybridizatione 52ColA] 300 rpml & 4A 75t 4=
st ar, 4x SSC buffer, 0.2x SSC buffer, 1831 FFF A2 ZF SA vt 42T, 300
pmo. 2 5%7F washing 391 th. DNA chip& LightCycler® 480 Multi-well-plate 96, White
(Roche, Korea)®} A 3te] 3500 rpmollA 287+ A&7 319l th. Hybridization image+=
K-SCAN-CAP "& Apg3dto] ~708t3 SBR (Spot/Background Ratio) #kel oz} 241819
o},
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ol. ¥ AR5 E Al€3F DNA chip ¥ ZTZEE H&

A 55 AFESEe] total RNAE FE3 5 ©o]& 1 pg o835t cDNAE A 3HA
o ¥ ZREF HE37] 3] asymmetric tFs PCR % hybridization®] 1 (/& Ab
SF T}

o

Real-Time PCRS ©o|&3to] 1 el 2} HHAA x5S A3t Real-Time PCR2

22-Asy primer mix$® Greenstar master mix (Bioneer, Korea)E& 3¥3}3}o] z} 4] Eo

primer forward/reverseE Z} 5 pmole # X33t & 20 w7} ¥ =5 A3 tE Real-Time
PCR %712 pre-denaturation 94C 5+, WA 94T 30%, €4 52T 30%, T 72T 30%&
1037 AdsGon, £F DNAE 10 x 10° 1.0 x 10' 2 1.0 x 10° 2247} 28 3435

o] A&} o]F FZAELS 52T A 300 rpm e & 4A17F A X g o &M hybridizationS

s, 4%, 02x SSC buffer, DWE A}83}e] washing #A4S A3l o] F
Hybridization image™ K-SCAN-CAP ™& A}&3lo] ~708t12 SBR (Spot/Background
Ratio) gkell web &2kttt

3. 23

e

o

7}. Asymmetric 22 primer mixZ AF43 5 PCRe 33}

<=8 PCR(temperature-gradient PCR)& U5 PCRelA e HA EA2x9 F<ly}
primere] 93 ZZ & Q137 YFoEAN, TE DNA 1.0 x 100 &9} 77te] Eo)
primer 5 pmole/reactions A}-43t%] mid point (Tm)e] 252 7|Fo =2 3 o F

HAotd 2xoAM A=A E SAsAT (Fig. 1.
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120
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i} 20 40 &0 70 g0 90 &0 70 il
Cycles Temperature(Degres) Temperature(Degree)

Figure 1. The amplification of M. plutonius (EFB)-specific DNA with specific
primers using URRT-qPCR

(Left) Fluorescence curves. M. plutonius—specific PCR products were differently amplified
depend on 10°-10° molecules as template. (Middle) Melting—temperature analysis. (Right)

The Tms of M. plutonius—specific PCR products were estimated in range of 87.5-89.0C.

11 7§ B9 primer & 7k PCReIAM Seol4]l S%& HEtolL, 7 52 &6 &
T BAOA Tgk 5olAel Tm s 7Hlth &4 =% 52CE s PCRY HA &4 =
TE Agsded, 22 SFo] 2% ] PCRoIA S 11702 Aol A3e] 52ToA =

5 PCRe FH A3+ 22 primer mix ZF 1 pmole/reaction®} %< DNA
AS AEste] A=k 1y 11 v PCROl o8t S3FAES] F3% +F0] A2 fA
34 9+9tth. Primere] ZAd 3dlgo] Mz g2y ufo, 22
thA] AW slar, forward primer®t reverse primer 7He] H]& FAlo] W3E FE= AL =3

Zyzy o]l FEAE 9] ¢k¥ hybridization®] &85 F7F A7 =5 22 primer mixE A T4 3R

il
N
ot
o
fr
ot
EI){_:
3&

primer mix®°l| A 2] primer=
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|
o vpX o 2 g S8° 22 primer mixE TS 22-Asy primer mix(ZF PCR % 100

pmole)E ™8™ ith(Table 2).

Table 2. Composition of 22-Asy primer mix for pathogen specific Multiplex-PCR
& DNA-chip

Forward Reverse
Targets Template(2pg) Name of Primer
primer/rxn primer/rxn
BQCV 455 x 10°copies BQ-PCR-F1/R1 4 pmole 1 pmole
CBPV 4.90 x 10°copies CB-PCR-F1/R1 1 pmole 4 pmole
DWV 5.14 x 10° copies DW-PCR-F1/R1 1 pmole 4 pmole
IAPV 3.88 x 10° copies KBIA-PCR-F2/R2 10 pmole 40 pmole
SBV 490 x 10° copies SB-PCR-F1/R1 1 pmole 4 pmole
kSBV 4.99 x 10° copies kSB-PCR-F1/R1 1 pmole 4 pmole
P. larvae 494 x 10° copies AFB-PCR-F1/R1 1 pmole 4 pmole
M. plutonius 420 x 10° copies EFB-PCR-F1/R1 1 pmole 4 pmole
) SBPV-F/C3G
SBPV 4.68 x 10° copies 4 pmole 1 pmole
peptidase R
Lysinibacillus ;
422 x 10° copies L.fusi detection F2/R2 1 pmole 2 pmole
firsiformis
Klebsiella _
410 x 10° copies Klebsiella-F/R 1 pmole 4 pmole
oxytoca
Total primer quantity/reaction: 100 pmole

ftlo
o|N
i

117§¢] 53 DNA 10° B2 AFg3F 22-Asy primer mixs £HE PCR FZ A&
A AL, 971l target DNA S3%9] Ct (Threshold cycles) @< 20 - 24 cycles H Atk
(kSBV % IAPVE Ct #ellA 28 cycles R TH). Real-Time PCRoOlA 1171 S39] &
33gko] 33 - 50 K= YyErW 7] w9l hybridization< &3ttt 33 $3 tH(Figure 2).
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Figure 2. Multiplex PCR using 22-Asy primer mix with each pathogen-specific
DNA

As template, each 10° molecules of pathogen-specific DNA were added. 22-Asy primer
mix were used to each PCR. The Ct values of BQCV, CBPV, DWV, SBV, AFB, EFB,
Ascosphaera apis, Aspergillus flavus and Nosema ceranae were estimated 20.0-23.0
cycles, except 28.0 cycles of TAPV and kSBV. All final fluorescence intensities were

pointed on 3.3-5.0 K.

. AdEe 344 AES 9% DNA chip A4

—

2 Aol AFEE DNA cnip2 FElvd] Fel=4 0.2 ml PCR tube®} A|&HH o= A7
H AHE PCR % hybridizations 3 & 4 At microarrays 93l tube We] o=

g 9jAet =S AREsfoF gtk DNA chip® %W A& 2.0 melw Z+ AF¢ CTC

(Center to Center)= 0.12 mm2} 0.18 mm©|t}. Microarray= 497§ 2] oligonucleotide probeZ
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WX 3k7] Q18] 7 x 7 w7} HEE 319kgith. DNA chip2 A Al® oligonucleotide probe]
AAE spottinge] & ABAEAT A7 olm A9 spotS T FS7] 98 hybridization

control?l 37 spotS +H| &tk

A8% DNA chipe E9]4 <l 19719] oligonucleotide probe’} 3+ A Eo] £0]3¢l= Pattern
ODolglen ¥ ANE9 spotting %% 27 20 pmole/ul 2t 40 pmole/plo] ATl o= Fk&
B£XS 7158k A 8Far, hybridization ¥4 oA oligonucleotide probed] T W& =S H g

tHFigure 3).

kSBV

A apis

Figure 3. Positions of each spot containing oligonucleotide probes on DNA chip,
K-CAP™

19 different oligonucleotide probes were mounted on spots in each set. Different
quantities of oligonucleotide probes were used on each spots, 4 positions of Hybridization

control (HC) were located.

SBV¢ kSBVE 37019 tE oligonucletide probe, DWV, IAPV, Paenibacillus laravae g
3L Melissococcus plutoniu= 27§2] A= tE oligonucletide pobeE 7FA ™, BQCV, CBPV,
SBPV, L. fusiformis 1813 K. oxytoca®l W3+ oligonucleotid probetx F+d74 Ew o9}
probe®] A sl 75t tH(Table 3).
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Table 3. Positions and names of oligonucleotide probes on DNA chip, K-CAP™

Probe Z o] G
$ A T= . ) sequence (5'->3’) = Tm
oligonucleotide (length) (T)
GATCTTTGAATGTTTGCATTATGGAA
Ab 40pmole = APBV-PP1-F 3lmer 63
AAATTTGCTGACT
GGAAAACGCACTAATACGACATGTTT
A6 40pmole = ABPV-PP2-F TG 28mer 59
TGTATATAATTCAACACATATTTGTG
A7 40pmole = ABPV-PP3-F 29mer 54
GTG
B1 40pmole  BQCV-PP2-R CATCCTCAGTTGAGTTAAAGATCTTC  26mer 51.9
AGAATTGACCAAAGAGTGTATTATAG
B2  40pmole  BQCV-PP4-R C 27mer 51.2
B3  40pmole n BQCV-PP5-R TTACTCAACTCTTGCAGAACTT 22mer 457
TCCGTTACGCCAATGCGTCGAAGAAT
C1 40pmole CBPV-PP3-F T 27mer 67.4
C2  40pmole  CBPV-PP6-F GGCGTCAACGGCAGCTCATC 20mer 60.2
D1 40pmole DWV-PP4-F GCAAGAGATCTTAGCGCCTAG 21mer 50.7
D2  40pmole DWV-PP5-F CTTCAGCGTTCGAAATTATTATCGAC  26mer 56.7
D3 40pmole DWV-PP7-F CGCCTAGTCATCTGTGTCGCGATTTG  26mer 64.4
B6  40pmole IAPV-PP7-F TACAGGCATAAAGATGACAATGAAG 25mer 52.3
TACAGGCATAAAGATGACAATGAAGG
B7  40pmole IAPV-PP8-F 33mer 64.5
ATTTTGG
GATGACTCATAGCCAACCTTCAGGAA
B4  40pmole KBV-PP1-F ACC 29mer 63
TATACATGATGACTCATAGCCAACCT
Bb5 40pmole KBV-PP2-F T 27mer 58
GAAGTATGTGGCTCGTAACTATATTA
C6 20pmole SBV-SPP6-F oT 28mer 50.8
GTGGCTCGTAACTATATTACTATTAG
C7 20pmole SBV-SPP7-F T 27mer 54

- 241 -




| A=W D-05
TATGAGTTAGAAATGAAGTTTGTAGC
D4  20pmole KSBV-PP8-F 31lmer 56
TAATG
D5 20pmole  KSBV-PP7-F GTGCGGGAAAGTTATTGTTTCTG 23mer 56
D6 20pmole  KSBV-PP5-F TCAAGCAGCCTTGTCGCGACCT 22mer 62.8
D7 20pmole  KSBV-PP6-F TGTCAACTAATAATGAAGGAGTT 23mer 45.0
ATGATGAGCATCCAGTTGTTCGTTCT
C3 40pmole SBPV-PP3-F CA 28mer 62
AATGTTATGAATATAACGTGCGAGGG
C4 40pmole SBPV-PP4-F TTTG 30mer 60
CCTGTTACATGGAAACAGCATTTGGT
C5 40pmole SBPV-PP5-F 3lmer 60
TATAG
El 20pmole AFB-PP1-F GTCTTTTAAGTCTGGTGTTTAAGCC 25mer 52
E2 20pmole AFB-PP3-F GTCTGGTGTTTAAGCCCGG 19mer 52
E3 40pmole EFB-PP5-F CCGGCTCAACCGGGGAGGGTCATT 24mer 69
E4 40pmole EFB-PP3-F GTCTGATGTGAAAGCCCCC 19mer 515
GTTTCATATTTTAAAAGTATATGAGG
E5 40pmole Nosema-PP1-F TGAT 30mer 51.4
TATTTTAAAAGTATATGAGGTGATTA
E6 40pmole  Nosema-PP4-F 3lmer 53
ATTGG
TCAAACTTCCATCGGCTTAAGAACCG
E7 40pmole AA-PP7-R 29mer 62
ATA
F7 40pmole Apis-PP6-R AGCAGCCGACAAACGTCGACCG 22mer 65
Gl 40pmole AF-PP6-R CCTAAGAAGCCAGCGGCCCGCAAA 24mer 68
G2 40pmole AF-PP7-R TAAGAAGCCAGCGGCCCG 18mer 61
G3 40pmole AF-PP8-R ATTGCCGCGCACTTCCATCGGCTTG 25mer 68
G4  40pmole  Flavus-PP5-R CCCCTAAGAAGCCAGCGGLCCCG 22mer 68
AAAATTAAGCATGCATGAATATGCTT
F1 40pmole LF-PP2-F GGG 29mer 59
GAATTACTAATAATAACCCTCATTAC
F2 40pmole LF-PP3-F 3lmer 57
GGACC
F3 40pmole LF-PP4-F GTTCGCAACCCTTGGGATTTA 21mer 57
F4 40pmole KO-PP1-F GGGTATCGAAGAGGAAGGTATCC 23mer 57
F5 40pmole KO-PP2-F CGCGAAGTGCTGCTGGGTATCGAA 24mer 65
AAGGTATCCCTTTCCGGCTCCAGCATC
F6 40pmole KO-PP3-F 28mer 67

A
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Spot site Probe Probe concentration / spot Genbank
Set 1  Set 2 oligonucleotides Set 1 (pmole) Set 2 (pmole) accession No.

B1 El BQCV-PP2-R 20 40 EF517515
B2 E2 CBPV-PP1-F 20 40 EU122231
B3 E3 DWV-PP2-F 20 40 NC004830
B4 E4 DWV-PP4-F 20 40 NC004830
B5 E5 [APV-PP5-F 20 40 NC009025
B6 E6 IAPV-PP6-R 20 40 NC009025
B7 E7 K.oxy-PP4-R 20 40 AF017781
Cc7 F7 K.oxy-PP5-R 20 40 AF017781
C1 F1 SBV-SPP3-F 20 40 AF092924
C2 F2 SBV-SPP5-F 20 40 AF092924
C3 F3 SBV-SPP6-F 20 40 AF092924
C4 F4 KSBV-PP1-F 20 40 HQ322114
C5 F5 KSBV-PP3-F 20 40 HQ322114
C6 F6 SBPV-PP1-F 20 40 EU035616
D1 G1 ABPV-PP1-F 20 40 UB5263
D2 G2 ABPV-PP3-F 20 40 Us5263
D3 G3 EFB-PP1-F 20 40 X75751
D4 G4 EFB-PP3-F 20 40 X75751
D6 G6 L.fus-PP3-R 20 40 CP010820

Total Probe oligonucleotides

19
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9 5449 A%E worh 9% Ad: FRE A4 s 4%8 SBR ¢he miv

714 pDrive-EFB
Z7N7NAF= 1.00 x 10° copies
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« od PCR result
(1% scan) (2" scan)
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Signal Intensity
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Figure 4. The fluorescence image and signal intensity of Melissococcus plutonius

detection using 22-Asy primer mix and target DNA
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(1% scan) (2™ scan)
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Figure 5. The fluorescence image and signal intensity of BQCYV detection using

22-Asy primer mix and target DNA

714 pGEM-CBPV-RdRp
27 7AE= 1.00 x 10® copies
DNA-Chip DNA-Chip
s d PCR result
(1%t scan) (2" scan)

dF /dT

Signal Intensity
g

n &0 80
Temperature{Degree)

Figure 6. The fluorescence image and signal intensity of CBPV detection using

22-Asy primer mix and target DNA
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Figure 7. The fluorescence image and signal intensity of DWYV detection using

22-Asy primer mix and target DNA

K pDrive-IAPV-RdRp
27NN EATE 1.00 x 10% copies
DNA-Chip DNA-Chip
st nd PCR result
(1% scan) (2" scan)
Amp Peak

Signal intensity

7 &0 E)
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Figure 8. The fluorescence image and signal intensity of IAPV detection using

22-Asy primer mix and target DNA
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Figure 9. The fluorescence image and signal intensity of

SBV detection using
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22-Asy primer mix and target DNA.

Figure 10. The fluorescence image and signal intensity of kSBV detection

using
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. F9¥ A ZE AlE3 DNA chip % ZZEZ9 FH§

AL 4 ATk 22-Asy primer mixol| 9|3t FZA4HE-S agarose gel AolAl oddEH 5A
TENEI TS A7|IS FRIsEA T 44 7F F 9t hybridizations 433}l washing, 7
2~

E A TR

270 oju| Xl A A5 &= kSBV (EE KSBV spotoll A 4Ad)el SBVeF 5A #44 (FiE491
SBV spotoll Al Ad)d oz 2 Yestth 28y SBV oligonucleotide probe]
ol g A4S BAt. upRHo g E Ao ARESH

Ij\

Adxl Ao
C3 2 F3& SBVY 44 A
HodW A7 E kSBVo| wt

924 AW ge ge

e
m
"

ol
ule
i)

a1 Klebsiella oxytoca, Lysinibacillus fusitormis 2 41}o]

A ZEEY &S g5 tH(Figure 11).

-
i)
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i)

.. o -. Detection in Bombus sample

o €8

.-:::-1:.:.:“,_/,_1_,_,__,..._.__——-—-\,‘5\35;J

oe &9 . |I|IIII|I” ”IIIIIHIHHI“ Hulml 11
&

Figure 11. The application of DNA chip detection using Bombus sample
cDNA was used 1p8 (total 20u¢( cDNA generation). The C4, F4, C5 and F5 of kSBV
specific probes showed 4.05, 4.48, 4.52, and 5.69 on SBR value.
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(1) §1928& < DNA chip 74

t}% PCRE $3F ¥+ DNA 2pg, 22-Asy primer mix(100 pmole/reaction), PC1 primer
(hybridization of control 0.2 pmole/reaction), Greenstar master mix (Bioneer, Korea)”} 3
st¥l PCR tube(©]dl ©% PCR tube), 2+ WA oligonucleotide probe”’} F2¥ DNA
chip, 4 x SSC buffer, 0.2x SSC buffer, =<, LightCycler® 480 Multi-well-plate 96,
White (Roche, Korea)

(2) F198& 1 DNA chip EF Z2EZ

m{o

Step 1. Y% PCR tubedl 7 w2 THITE Yo A4
B oW 94T 30%, &4 52T 30x, T3 72T 30x
PCRS &gty

253}, pre-denaturation 94C 5

of

7t wAE F 40839 2RO

o
it

Step 2. PCR #bg 5 FZAHELS 52TAA 300 rpmo= 4AI7Est Fasho =2y

hybridizationS %l 3§ gk},

Step 3. 42C, 300rpme] 4x SSC bufferol 4 1% washingS %3 ght}.

Step 4. 42°C, 300rpm<e] 0.2x SSC bufferol| A 22} washingS %3 gk},

Step 5. 42C, 300rpme] S F<FolA vA| % washingS %3 gk},

Step 6. Washing #4 <& =% n13 DNA chip2 LightCycler® 480 Multi-well-plate 96,
White (Roche, Korea)$}t Ag3te] 3500 rpmoll A 287F Al &g gk},

Step 7. Hybridization image™ K-SCAN-CAP™& Ap&3sle] ~70812 SBR (Spot /
Background Ratio) #kell whe} 4] sk},
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TwistDxTW's TwistAmp® research kits provide ideal tools for researchers to develop tests,
assays and kits relevant to their work in fields as diverse as water testing and biodefense,
or food species verification and clinical or veterinary diagnostics. TwistDx can work with
partners on specific assay development collaborations for research and commercial
applications.

Below is a snapshot of why and how we think RPA is ideally suited to the development of
rapid, highly sensitive and portable kits that can detect, diagnose and monitor in real-world
settings.

Agriculture

RPA is a robust and highly sensitive technology for the development of seed testing,
pathogen identification and other agricultural assays, including species authenticity testing.
The isothermal amplification technology is relatively resistant to plant phenolics and other
plant inhibitors of PCR, and for some applications RPA has been shown to work on crude
plant samples with high specificity and sensitivity, removing the need for further nucleic
acid purification. The ability to use RPA with simple, deployable lateral flow units and
other disposable or battery—operated devices means that simple, highly portable assays
might be developed for use in crop fields, forests and resource-limited laboratories or

satellite facilities.

Biodefence

RPA could have huge potential to save lives in the biodefense sector, where assay
portability, speed and reliability are essential both for routine and emergency applications.
The technology could be used to develop highly sensitive and easy-to-use tests for

environmental monitoring, and kits for use in pressured or volatile situations by first

responders to test powders, liquids, surfaces and other materials or samples.
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Water testing

RPA represents an ideal solution for on-site microorganism testing of both potable water
and raw groundwater lakes and rivers. Generating results quickly and without the
requirement for sample preparation, RPA could be adapted to highly portable, easy-to—use
disposable test kits that water utility companies could use for scheduled or ad hoc coliform
or Cryptosporidium testing of reservoirs and tap water, and environmental bodies could use

to test natural water courses for polluting species.

Food testing

TwistDxTM has developed a range of TwistAmp®, TwistFlow® and TwistGlow®
research-only assays for food testing. We currently offer ready-to-use kits for detecting
Salmonella, Listeria and Campylobacter. These Kkits provide a flavour of the potential uses
of RPA in the food industry, and we encourage our users and partners to harness the
TwistDxTM reagents, TwistAmp® test kits and devices to develop their own food testing

and species verification applications.

Medical diagnostics

Fast diagnosis of infectious diseases can literally save lives, both by enabling appropriate
treatment to start immediately, and by controlling spread. It's not hard to see how RPA
could feasibly be harnessed to develop point-of-care, near—patient and field-use diagnostics
that provide on-the-spot results. With on-site testing there is no need to recall patients
back to a clinic or field site for their results and to give them their medication. Treatment
can instead be started as soon as results are viewed. This is a major advantage in rural or
remote areas where patients have to travel considerable distances and communication is
difficult. Contrast the use of an on-the-spot RPA test with the requirement to send clinical
samples off to centralised laboratories for PCR testing, or for microbiological culturing that
can take 48 hours or more. We are encouraged that users are harnessing RPA to develop
rapid tests for some of the world’s most deadly diseases. The work of one research group

in the UK to develop an RPA-based field kit is described further on our Innovators page.
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Microfluidics

RPA demonstrates a number of features that make it well suited to a diverse range of
microfluidic devices. Published research has also demonstrated that RPA can easily be
applied to standard digital formats. Unlike PCR, RPA is isothermal, works at a relatively
low optimum temperature and can tolerate off temperatures and temperature fluctuations.
This means that thermal control in very small compartmentalised microfluidic device
volumes is simplified. There is no need for preheating the master mix before delivery into
the system, and at a low isothermal temperature the effects of evaporation and
condensation are not a major problem. In addition, RPA has been shown to work well with
surface-immobilised primers. These attributes are facilitating the design and engineering of

new chip formats and structures.

Veterinary

The advantages of RPA in veterinary medicine are similar to those for human diagnostics.
Whether for detecting diseases in domestic pets or monitoring the prevalence of
economically important infections in agricultural livestock, RPA can be harnessed to develop
rapid, highly sensitive and specific tests that can be used in the lab, at a veterinary centre
or at farms and other field sites. RPA-based tests could also be used at country borders,
markets and other major sites of livestock sale and transportation, to monitor and
potentially help to prevent the spread of infectious diseases on a national or international

scale. Our Innovators page describes the work of one group of researchers
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