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Purpose &
Contents

These studies were aimed to develop an early warning system which could
enable rapid diagnosis and early response to infectious diseases such as Sacbrood
by applying a remote sensing system for the in-hive environment of the ‘Korean
eastern honey bees’ (kHB, Apis cerana).

Based on the existing equipment and  facilities that have been secured as a
result of previous research (The development of surveillance system based on
Ubiquitous Information Technologies in Apiculture, IPET, No. 112042-3), the
following studies were conducted on an annual basis.

1. Development of in-hive monitoring system  for kHB.

2. Analysis of normal growth signal in kHB.

3. Signal change analysis of warning signs and development of warning
sending algorithm

4. Development of an in-hive monitoring system for kHB

Results

A remote-real-time monitoring system of the internal environment of the hive
was proposed in order to pursue ‘smart farming and high productivity’ from
kHB beekeepers relying on traditional methods. This results in, commercialization of
a ‘Sensor panel that can be applied to Korean native honeybees’ as a user
interface software on PC or smart phone. In addition, this research project
suggests the proposal about the distribution of ‘improved beehive’ to kHB
farmers through the presentation of results.

Expected
Contribution

In traditional apiculture of kHB, unlike those of western apiculture, they do
not use the hive frame, ie. they have to destroy the honeycombs at the time of
harvesting only once in autumn season. Inspection of inner side status is not easy
due to the morphological characteristics of the hive.

Therefore, the most promising effect of this study is that it provides a system for
real-time remote monitoring of the internal micro-environments of the kHB
colonies as follows,

-Development and distribution of low cost ‘loT-based growth environment
monitoring system using sensors to detect the temperature, humidity and  weight,
at the core of the in-hive environment. Domestic kHB farmers would be selected
to initiate the smart apiary system hence they can predict the sign of disease
without inspection of inner hive conditions by applying this system. It will
prominently improve the overall productivity in kHB farming.

1. In addition, the traditional beekeeping is not suitable for checking the degree of
the collection of honey, but the application of the weight sensor of this system
can solve such difficulties.

2. The application of the kSBV to the aspect of disease management in the
situation where the damage of the tochigi farmers is severely affected by the
outbreak of kSBV.

3. The application of this system at the outbreak of kSBV which severely affected
kHB farmer, will allow specification management and disease management to be
changed into a corresponding manner by interpreting signals of disease.

4. The commercialization directs on monitoring sensor system which can be
mounted into the bee hives. Also, application and commercialization of remote
control system, which can be used conveniently by ordinary kHB farmers
through smart devices, will become the main commercialization method.

Keywords

Real-time
Apis cerana [oT remote Bee disease Sacbrood
monitoring
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& BRI (A =) =i = Ko H] 3L

ex SHT-30-ARP-B 220 ~ 50 C + 03 C

x5 SHT-30-ARP-B 10 ~ 90% Rh + 39

P CMP-762 0 ~ 3000 mV + 100 ppm =@M wlolZ®

CO COZIR 0 ~ 50,000 ppm(5%)  + 10 mV HS4= 2 min
~ , M o7 - m

: o A9 0 - 50
erk 2% SPS-150W(CAS) + 100 g + 100g W A AA

SHT-30-ARP-B

Temperature & Humidity Sensor

Analog output module

(DFN-8)

Features

- Fully calibrated, Linearized Temp

compensated sensor
- Wide input : 2.4~55V

- Low power consumption (217pA,2Hz)

- Analog voltage output

- Small foot print 2.5 x 2.5 x 0.9mm(8pins)

Application

- HVAC - Measurement

- Automotive - Weather station
- Humidifiers - Data Logger

- Medical - White Goods

- Automation - Consumer Goods

Humi Specifications

Temp Specifications

Range 0~100%RH Range -40~125°C
Accuracy +3.0%RH( 10 to 90%RH ) Accurac +0.3°C (10 to 55°C )
(@ 25°C) y .
14.5%RH( Other Range ) +1.3°C { Other Range )

Hysteresis +0.8%RH @ 25°C Resolution 14bit

Resolution 14bit Response time »25 (T63)
Response time fime < 8s (T63)

0920 LE FE ZHe A% AN 29

AAA EEE= Analog %S ATMEGA128¢] ADCoA 4™ A" A5E A8 3}

2 @akstel EASGT
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Ultra Low Power Carbon Dioxide Sensor

COZIR is an ultra low power (3.5mW*), high performance €O, sensor, ideally suited for battery
operation and portable instruments. Based on patented IR LED and Detector technology and
innovative optical designs, COZIR is the lowest power NDIR sensor available. Optional
temperature and humidity sensing are available. COZIR is a third generation product from Gas

Sensing Solutions Ltd — leaders in IR LED CO; sensing.

With measurement ranges of 0-5%, 0-20%, 0-60% and 0-100%, COZIR Wide Range sensors
are suited for process control applications such as diving, industrial safety and automotive.

¢ Ultra-low Power 3.5mW

s Measurement ranges from 0 to 100%

s 3.3V supply.

s Peak current only 33mA.

+ Optional Temperature and Humidity Output

COZIR™ Wide Range Sensor

Specifications
General Performance
Warm-up Time < 10s
Operating Conditions 0°C to 50°C (Standard)

-25°C to 55°C (Extended range)
0 to 95% RH, non-condensing

Recommended Storage

-30°C to +70°C

C02 Measurement

Sensing Method

Mon-dispersive infrared (NDIR) absorption
Patented Gold-plated optics
Patented Solid-state source and detector

Sample Method

Diffusion

Measurement Range

0-5%,0-20%,0-60%,0-100%

Accuracy

70 ppm +/- 5% of reading’

Non Linearity

< 1% of FS

Pressure Dependence

0.13% of reading per mm Hg in normal atmospheric conditions.

Operating Pressure
Range

950 mbar to 10 bar®

Response Time

4 secs to 2 mins (user Configurable)?
Reading refreshed twice per second.’

M=

19 21 CO, 2L 93 AlA] 29
Ao 5%7A 4] 7l COZR AF<
UARTE#H o2 Datazkol

UART $41% o] 3ol a1 Datagh ASstarh

0. Specifications

A&t o] Al
=9 5o] ATMEGA128°f A

. Sensitivity Model No, Table

=S, 0aB=1V/Pa ot 1KHI) | Leas Wire Type Pin Type
FE0aANcE A8 + 24A LT =TES CMAE -
SHSEICRITS POTer BUppIY 44 + 2dB MT-T64 CAMP-TR4
Sensitivity reduction 20 + 298 — —
Diractivity 36 + 2dB MT =75 MP - 756

19 22 AL 8 Microphonee| 23
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4. AW, WAFL TR o4 AT signal W BT ATDE FnYE AW

HHo ZEZFRoR ZR3FE= ZHE dlolzlx~ HYAIel DWV(Deformed
wing virus), BQCV(Black queen cell virus), SBV(Sacbrood virus), Al¢Ad wHHLAU
EFB(European foulbrood), American foulbrood(AFB), I ®toll Nosema ceranae, Crithidia bombi
7F AoHLi et al, 2012). EFEEY AW A7 ASFTH vlusds o we v/l ZokE,
Mk 2ol Held A3 TR ARG vty EFEES I ofAor EH Fo of
g Wesha 242 w7123 Aol wE Y th(Fries, 2011).

ok

A2 FAFFoA AHa FAEJAHFries et al. 1996). 12
U F83F ofrlotel Bxste AEFT EHAA AA EA o] HEI e H(Higes et al,
2006; Huang et al., 2007), @A & AMAdA #=HA =3 JrkKlee et al., 2007). o] B AA]

Nosema ceranae= <A v} 2]

of 7] ZFol FZtel oA"A FE Z&t=A oldicte A drIA] ¥ BT E4AE T
Tgo] # & 9t 0] v Varroa destructor®] 715°]&3 Nosema ceranae®] A %% 74t
ol A7 1 A= E F AUtk AR OE S5 Aole] HUd 3 UES A A= v &
do] 7 F83 A F UE AFEHH AL w5 - 7AF A4S AES 4o F A
1:‘r(Delredec and Courchamp 2003). o] &8 FF AWl ozt A7} WA= HAdFH FIF
of BF ARHI Q= I ZZA ZIFolEY FH7E Z7] WEo EFE AFdET ofy

2t %k%&?s AAE =1 RYS o u$ Fasch
AF BES £93%7] A PCRS B3l & 1429 HAA ) g ZdoqdRs AAstHnh
dsted EFTH Batol st Hde| 77k I3E o] g

_

(KSBV)o| o2 @alalx] ek FATHl7) Mo 214 PCR, YA
oA kite] ol & 5 A&F Aol HE FaY Ao AndT
NFFRTHe @gido) At AuA glou, WA o|FHAE 71X
2 1HSAL W ATHA B SEA Py FRe A
o

o 2 7bsAel Q7] WE] Aol oStk o] E QAste] At HAoIA AdH o=

201613 10€ 74 =802 I3 fAEE &EE FaolA FEC LE FAE R ETE
= 2

obF Y A FAR FEe f5e LAt dAE F53 HUZ|E AW A AR=
AHsERAT. AEE A7) 98 FF< mlsks AANA 75 Aol Fol3t o 3
HE SHA7E BEFH dvd e T HAAes AASAT 200, 40812 AujsolA wEE
AEE vz Z dA 2715 dEidT. Al 3t o] FElA ARlsr] flsted 2 <
Tl LR GdFAEES 18T AT EE AHEst] 4 dAE fE3 Wdr], A



%9 $F oA WGBY) ol Y

49 3

. x20, §: x40. FHA

AL
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Bez Ff

el

: 9]

a3}

A2 u A AFZI(G. C. Roma %, 2010)
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2 RN A%, 7 SFo] o o] 4T BA
Oh BEGN D FTIHA G

EZH| 7|AstE F 7SS B3N Varroa destructon?} 7v4 tiE & ot} o] 5L B
7

o mEEuel WS Ao, 1904d A=Al Akl A sHE Aol wARe] s
Aou AYEL 1TolAA 433G HITLA HAT A4S T2 0 Tk 1990
Ao oheld Hx2 RA=n 49T o BEEYe A4 R BUsd JFe

A L@ 7 ol FESM AT ss] k] wWZel o] Eﬂﬁi A5 HAa P50l
MEE =l mls) A Holu 1 Jsirk mle A Aow dYA AT 7€ ATl
2 FEFEFAA EHZANE AASe FLSFo] A&Lstn aRFow Yeht EE Sl
98%7F ol FolA FABFS Tl AAHIJTL RuEdrkPeng et al, 1987). =3 5
TolA EESNE AR & olfE FHAAR VATt B =l th(Anderson, 2000;
Boot et al, 1996: Garrido, 2004; Rath, 1999). $]¢} 22 o|f & EHZN= QU3 Fd&s AF
T3 HweERs o FASA AT B Atk AA B AFAHAA EFE SwolA =
ool o7 FE Folr 7= wig oo, FUldAE AgEE Y] AR ANAATE A
£HQl o WAE Al AR R

T 7t SN Tropilaclaps clareae)v= EH-GN et 7 = thEHQ FRIAFo=E =9
Sofel Bt Fat WA EHO fF3F9 AYe FFSe HEEHSE LT AHA
ANE 7HAH, ALAE vnd fFAEIT gudlA s 1994 AFoA HxE2 dAENoH
TToAlA FAT BS T8l AuEHJTL dHA Ak dRbH o g EFEdHols TSl
7} N1AEEA o, A=HNWE(Apis dorsata == Apis laboriosa)E WIE3F Q1= FdolA o}
oy =7k ofAlFE B A AoE dEA Atk a8y JIxe EFEEAps
cerana indica Fabricius)ol Al 7FAIg-ol7F 71 st vk+= B arzk 9l vk (Delfinado-Baker, 1982).

T EFENO A EFTEES T2 AXsto Z|ASARE 1 Asrt s g
AE AT Hlwste] a7 Ao F=7ASNY A9 Sl ESEEC dE AR
7F getE A= gtoy ofFTAld A ZEEE JIE EFEHAA 7ol RuEr] uwEol
715 old e R 1% FarteAel vt ARHET B AFAAH S AP EH SN, T
7IN Sl ZEAFE WAHS T3 SAHA Sl dEE s YEhe E71EE A o
i Z2AE st gl oy ol IAY minste] #EE A gt wEks HEo

w3 AAskA Gtk @A A Sl el AY AU obF mH|EAT] wiEol o]
AT F Qen, Eddo g Ly bl w2d 1 dd s
2 Zlo MAFE Aofsts wHol A7) wiwol A FFol HIsHA
FiF o2 1 Fafirt AUk 28y vlolg] 2~ wiAsky] wEo] FFe o A A3
Rt} ulo]lg 9] Aa} i FOo R Foj9 HFo] Fasirt

—
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el Foe stuel /AR 2ud EFE BTl oA 7P AWA] R V8 FS
=R AN B (Galleria mellonellaeletal & < Jot. BEFE™-A Z|Ast= siFol FFFol
T BHE oY wF AL A E FE Are EEFAHUBE dole Bauge A
[e)

Ash Bgol e E8EAY

B a2 FAsE 74

AR FEF0EEFRE wAe] Jbssy] WEel oAl Utk TARAPLILY 3 £
3m o4 olE3te] e WEo| o] T 4 gIthNielsen, 1977). ol AT o] FA ol Y= TR
st 1 WA FEOLEEe $ERolRa wold AGBVE BAE FHAA ol
339 29 FAA volgx wAAZL B 5 ArkChoi 5, 2012). webd EERAP T
WAL Jhle AAA T3 Selw A EFW Bl Fése] RES AN $F
olrsge wiAse BRA S BYAAL Uk

< E33 WEE gasort IS AR 7Helsts A= wio WAV 44
orth hEAQ W o=z 2%, CO,* e, P-dichlorobenzene(PDB), o}M|EAF, A ¢tslz<,
ol &3} JgdE WY Baulole A7 5 FAAE 7 AtHHood 5, 2003). 3+sHA WA

= HEo IR A0l AVl Wil urlE, HE¥g SRS d9doz Jtefste S5 YA
Alete ARG BTAIE ol &3 WAV AEES #59 Ads s4amde £771 48
[e)

ATk e AFA AHge WESA @k YR EFW Bk oA EE AFFA
2Tel AN BT AN S AgsE % BAE A% S

Shich ol Mol visl AsIH Aol @ B Mol WHF HoIA 71
FRA webA Fae] AFE HAAH WA, 53 FAA 0§ W ATHY Ao
AR, 1de 18] AYste 238 2936 544 AL s AGF A )

A BAtEO] tE s EdY] o9 FAE vEdETh

2 AN FeAAME FFFTN M 2 g Fe e ERFAE WS, AY
T A5 Tool ti AHAA A= Aol yYEluA kL, AbSIg A SE skl A7
AR”ABE &t a7 AdsiA vetgth 20173 A2 =47 9T TR =4
o|MHE ojm FRHFEAH U] EAste AL FAsAT AAAA= AAAET ST FAS
gtell G7he "3 Abo] FRto® AdRle] Edo] o X otk IAZE ARk By N
o UF Reds ¥y SRo] nEss 3, AHEES UF 2o ER S0k 22 dR
of ol oY HaBFol =7Fs THo F=2 MAEIen o2 sty Ade] A
arel ozt AR = A vdEtA ko TAZE FAlstE oFel By 2w
A Zrefsts Hl=r wokom, e olEE VI &0l & AFe HAUTh wEbA

Fol salE BAE7] SlsAE WEel vets MEN W] Hehe 1k HE

v
ML
1
:)é
o
<
ok
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A Elutel sl MEol s B3 5 Be] Fael o2l Bl F2 AdsE 54
A9 FUe FAZ RS BelA LA HASE o] g FAgo] An Ep
Aol Ao oldd Wio] ANET A% UE Il B Aoz AuH]

0¥

£ o

g
o WAL 270 o Fstel LAY EARAY o BUHETh T grEe] ¥
& Bfsta gom, WA 3
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(th =3

FRANA Fo WaF F BARE A AFol ohd EAY AHoT Bie] oy
2 AgEAY, qEwEe] 45 e $xe AHHor As Bre £BANE
98 4 Utk FHol A&

g dH e Elo A Ao R B HEE JiE

o] oA, fgiRrie] BFe d@wslAY A3 Bdh(Singh 1972, Sharma and Raj
1988, Shah and Shah, 199D. A}d¢] HA o] wEW Holdle F7Ale HAd st st
o] "ol AMEFS 7fksltH(Okada 1984, Matsuura 1973, 1988). Ichino®} Okada (1994)] wh=
H A8 5¢FApis cerana japonica) DB FAYste= S8 (Vespa simillima xanthoptera) 2
Hol| tiatste] 875 FAdst dHEE %ol €& ol &7 ol S2HE I3 FAAF
|02 Fole Zlo] HuHAT. B A7V A H= < AFGFeHZolA 2l F79 HA7
]_

TARE 109714 £ %o AUT FWE AAL FF BA HoH, £F @ AFFH

T 27 59t} Koenigeret Fuchs(1973)7F 213k A} o] wio] Lfo] HITdS u) {
Gog EmDS EE9o YFEE B S(shimmering) F=3F AZEHATE o= DA YJFF o
2 R HE YEE 29 Jdoa BaHdh

29 53 shimmering & FHQIEHY ), ESEH M W] Pso = At dd

oA

ol Bxst= WHe FWH(Vespa analis parallela), 2&=2H(Vespa binghami), 5 5=
Wl (Vespa crabro crabroniformis) S (Vespa crabro flavorasciata), ZHv}<=2l(Vespa
ducalis), AT (Vespa dybowski), &2l (Vespa mandarinia), BERZE(Vespa simillima
simillima), &8 (Vespa simillima xanthoptera) 72" (Vespa velutina nigrithoran® % 9%
2otF x3He 2 BuHJATHChol et al, 2013). & A77F A ATt F5 AP Aol A
= &2 159 e ole FE aAUC AT AFE Fedol EEstes Lo
gl 13T EA% T B A7 AFAae) s ttJung et al., 2014).
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A SE EF HAA AW AAE AT G A" 7=

Sacbrood viruse 1913W@e] A5 RIEQlomH, ol AWS oplske AR nvhol
2 F YR 196430 1 EH o) ?ﬁ“éﬂ?iﬁ‘r(Baﬂey 1964). Sacbrood virus (SBV)+= &7 38H% o
2 Iflavirus 49l 43} positive strand RNAE 713 picornavirus®] ©H(Ghosh et al., 1999). SBV
+ 2 F3ddA EHEY, FdE 75Y SHS FHUGa0E s, =doA 1S
Aoz Har Fu HHA HUZ|Z WHE HA Zstal A fokBailey et al, 1975). LwH3
o7 MUdE BHApis melliferaol Al AE=A A x| Ho| AAQlo] SBVE EH Y, EFE
H(Apis cerana)oll A AZEH SBVe A9 wP?Jr F7IME 2ol & Hol7| wjiel A=H A Hol
wWE HHe ALgsle], F3olA ¥ AL Chinese Sacbrood Virus (CSBV) 2} 8™ (Ma et
al., 2011), $+=-4F Apis ceranaolA 71 &% SBV+ Korean Sacbrood Virus (kSBV)Z ™ = At
(Han et al., 2011).
o7 A5 As Ve W Adstrlddl, el SBV

gl
Ag AT, $4 o ZAARRE AAIE Aol
o}

A4 wolgae) A AEE AT A

of%
>
>
r—\|l-4
e
BN
o
foi
b
oiN
o
foi

ER o)A TN F Rl -*M dlolel e Bo] fAAE WA AEY F Yr HAT
Azo] Mt stgom, o BE

| =3 [e)
= T
e A AF DG AZELFTEL FEAE Seotel na

o\ o
Jlﬂ
m[o

7} kSBV A& HES A% kSBV 5o AN AxFEL-THELE FIH
(specific-kSBV real-time RPA)2] 7+

kSBVe] ZFdo] E1¥E AHA A5ZHH, total RNAE FE5393, 1 T 1 ges AHEsd
cDNAZ A Z3tdth A28 cDNAS 3 o2 kSBV-specific real-time RPA ¥ -S A3}
target geneS 7 &3} Th

HES- AIZFS F 20 Ho] 22 FHRYa, cDNAZHE HZEo| 489 AL 2 & 46 = (Ttak
8.62)91 A kSBV Fxz}e] S 2 HZEo] &lHAT}. Positive control2 ARE-¥ kSBV-specific
DNAY| A= 53 = (Tt#k 4.66)7+o] kSBV 5] DNA FZo| =H =}

(3
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™5 Megative control _

-
Positive control

Sample

&

Y 56 kSBV T fFozHE IAE  cDNAZRE
kSBV-specific real-time RPAW S A}&3+ =34k

R e
g kol 2 ek,

. kKSBV Eo] AN AZFEL-Z2FFL ZZHo niZts =
%3 DNAS dA%8|4<

ste]  kSBV-specific real-time RPA<]
Real-time RPAS] %7138 0] 7.55 x 10° &=}

IA=E A

ol dd Wl &G ol F7lol ot FEFHE= A
o7 FAHHJSY, FTHFTE AL negative controld| M= FZo] gRlE 1, 23]8 7.55 x
10° Bzl ARt o WE Zrloke Ho=gt)

|44 (Melting temperature analysis)oll Al 5Z¥ DNA 4= EX4¥, 7|58 7.55 X
104822} o] S AHR3 FEAEEL FYI 84.5°C9] Tm (Temperature of midpoint)S e
Aol ¥rate], 27158 7.55 x 10°EAE A& ZFAHEL Tmako] 2.0C 1449 xpo]& Ko
o, =3 gz FEx FFZF HE0)F ZZAEYS

= E_(I]—r q
kSBV real-time RPA:= %7133 755 x 10° - 7.55 x 10

BAH A Aol 7158 B
Fa, o] HYolA 3] A4(Regression coefficient, R?) #k< 0.99972 H AFA S Ho
AT

N 2
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A : Fluorescent graph B : Regression

g
Ctwvalue

7 R? = 0.9997

108 108 104
T2 3 4 8 6 1 & 4 ®omomoB ok o%o®oW oW oW o2 DNA molecules

C : Melting point analysis

105
10817
104—__ 77

[ Fuorscencenensiy
P T T R A T T
o
S
S
)
2
=

09 57 @FAGF RN ol Bol AN AxFEE FFEL FF AW BA|

T} o]9] nHlolZ 2o A HAT AZFEL THELS S8 7 2
T2 F3S AL AFA Y HAlA, 3 DNA2 pGEM-BQCV-VP3 DNAS 2.32 x 10° &
2o A 2.32 x 10° BEA7MA] A& 3 X351 real-time RPAS A8t A3}, AgFo] 715ES

[ =an=1

_‘ |

A F AT FEAES FHEHNOE AT Tma# EF 87.5CTE YA, 2.32
x 10° - 2.32 x 10* EAPH oA 3 A< R*GES 098612 HA B AFAHE Ho] FUo
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A : Fluorescence graph
10K B : Regression

" Final MgAc concentration: 7mM
< Ctivalue
6 5 |
5 3oxqge 23gx107 WX 28X7 | 10
ST T e s 8 <

\\
B
\\
-
N\
\
:
7
N

R? = 0.9861

ro
L]

1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 2

|

108 107 106 10° 104
DNA molecules

C : Melting point analysis

_ 2.32X108
2.32X107
2.32X10%
= 232X102

/4 2.32X104

e @ E ] n EE o'u L} s om m L -

719 58 o ZANEHtolEl & Ho] AAZE Axdtas THELE FFo| Jd

e

Al

olN

gk, BQCV-RPA ®E3 & &Aoo l= RPA FF 4HEo] Eo] DNARJIAIE &Rlstr] 938t
PGEM-BQCV-VP3E& AF&3F AAIZF PCR& A&ttt WA, 2717149 Ct (Threshold cycles)
o diH A =S 9sted, 232 x 107 - 2.32 x 10° ¢ pGEM-BQCV-VP3 EA2 F3o =g
AAZE PCRE Fstdon, Aozl Ctarss olv &1 Jde x7] 71-A ¢ divlste], 34
2] y=-0.3019+11.22395 At=siden, o8 AT FE 09972 ALEHIJAT EFL
BQCV-specific real-time RPA solution (% %% 7 mM magnesium acetate AF8)S 1/10% ol A
1/10° o8 343ty o]ES Zt7] FY O 2 real-time PCRE 2 &stH o™, z+ RPA A A&
THOo g 3 RT-PCRY CtatE2 ol AAZ A2l thdste] ALkt A3, 2+ RPA FHF
WS AR Yol= 136 x 10, 1.94 x 10, 352 x 10¥, 1.99 x 10¥ 1.92 x 10% =9
BQCV-specific DNAZ7} &A3l= ALo2 =AY o]= BQCV-specific real-time RPA7} S04
A Eo] DNAS AAIHES HolFa, RPAIAN Z7] FFdes FHASA 10%FFe
specific DNAZ FZ A4 4 9l HoFAqt =3 RPAY HF FFgkol 5o] DNAY &=

TF AeS
AL & HIY9TE F A5 HAFSh
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A : Fluorescent graph B : Melting point analysis
RPA solution using 10° DNA template RPA solution using 10° DNA template
Dilution factor: 10°

. e ‘
Dilution factor: 10J_ ’—T - .J

Dilution factor: 10° J |
F Dllutlon factor: 10° "
Dllutlon factor: 16[

=

re—

Dllutlon factor/ 104

a9 59 o EAgnielg s AL AxFasr FHEL FF AES AT AT A

=7 ~1 O
A7+ PCR

of W& RPAHIA BFde] ¥z}
H 2717 &= AFs AFst=d oHswe FA ok

wetA, BhE &5 2 #HH3] A o]staat RPAMA AHE3stE primer 55 7F4AAA real-time

96 uM, 0.48 uM, 0.36 uM, 0.24 pM, 0.12 yMo.Z zH7t o=
Eo7F A =E S BhEa, o] 2N 2VFEF
7}+7] 104 105 105, 107222 =43l Real-time RPAZ F33t1, 2+ @3 zto WIEL
Hatgeh 2ol 7+ FFaWZAA 27] 3 F uin] FFPL AGolry
A5 RS SAste] vla BAs AT

A2, primerd HEEE 048 - 0.12 uMe] YA = 3] ANS R® 3ol 0.96 o] 4UdS
RHoFgon, 1 F HAEFXE 0.36 uMe] primer= RPAOIA 3] A4 R? ko] 1.000 o=
Bl 7 = AEAS BT webs] A HF real-time RPAHAAE W18 &5 Hollx Eg

T817] $1elA e primere] FEE FHFo] ohd 0.36 M2 FAFHE
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B Regression
1.0000

oc
0 9; 0.9853 05772
) 09645
0.96
0.94
0.9206
0.92
0.9 I
0.88
0.96 0.48 0.36 0.24 0.12
Final concentration of each primer (M)
I3 60 primer AR Fxo mME ImibdF oo
Hiol g 2 Eol *E‘/\lﬂ AzxFasr sFEL I
W @

o}, Magnesium acetate %= H3lol wE2 RPAYHOIA FFAe ¥}

Magnesium acetate (MgOAC)= real-time RPA w82 A&3HA st €47 gQo g Hkg
L7t o9 wWE RPAMS Ho 53 A WHeR 8317 st AH8EH = MgOAcY
EEE @30 RPA §hg 55 Alofstaat stk 2 MgOAC sxol wet, 27|F37FS 2z
7] 10°, 104, 10°, 10°2-#-2 AF8-3}4 Real-time RPAS 331900, RPA A& Axe 37
7 RPgr o2 ZA3te] mastgit

MgOAc9] 4& E9A RPARHFS Fdst= 22 10.0 mM - 7.0 mMe] B oA FHaSIH,
7.0 mMe] FxolA 34 RPGES 099842 7Hd B AP LS RoF

>,

., Regression
093984
1 0.9842

0.95

089174
0.9 -

08691

0.85
0.8 - I

14mM 10mMm 7mM S5mM

Final MgOAc concentration
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Bl A% RPAYH S A YL 3% Threshold time line (Tt line)e] A4

Real-time RPA®] AZFS Bty HgstA st7] 9ste] threshold linee] $1x& FHst
At} Threshold time line2 real-time RPA°CIA &3F3ke] F71E YelUl&= 24 sigmoidd 1)
Z o] threshold timeg F3laA}t 3t AR, EA FFgS 7IFo2 724
gt o] 574 835”’%%% Byststr] fisted, WA, RPA ¥kgoA A3 S H+ initial

template (D«l Fae SAstaL, 9 ol dRwkel S7bskAl = end product ()9 &34k

S =AH3 3 =AHFH dAL9 FFE 2ol(AF)ES FIHTh 19 E9 7432l 05 x AFze
A gro 2 1 +0.5x AFe 33Fzko]l & Aoy, HelAt 0.1x AF, 0.2x AF, 0.3x AF, 0.4x AF,
0.5x AF 52] &3S 71592 threshold time lineS AAs 1, 27138 10° 104 10°, 10°

BAE AFR3F RPAEF T8 ol 2 g3te] o] threshold time lineo| A 3744 R® gto] 7}
 FFEAE Hlwskh

AFRZA, 0.1x AFFEE 0.7x AF9 3d33+<
dom, FAF# 0.5x AFE AdH) }% o

>

R? & 0.9700 o]4e] e B
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A : Fluorescent graph
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B : Regression
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AL Real-time RPAS] & A FH

real-time RPACIA 3% DNAES A &3] A&str] 913t RPAY ¥hg £ 5 AG3} £F2
2 Aojtes AL st ol B dAFE, AFS BFES 95t real-time RPA F8 8

421 primere] &% =+ MgOACS =& ZHAAIA RPA ¥ £=E5 Ao 5, A3

AEFS 93 real-time RPAS ¢J3te], E% % 0.12 - 0.36 uM primerAt&-o] §2lstm, ekl
HZE%%E 14 mM MgOAC Bttt HE% % 7.0 mM MgOAC &lollA] uFeS A zsle] A& =
Zlo] Bt} feElsttke= ZAolth
w3, FF Y2 HE threshold time lineS AF&3te] AHFRNS =AHslE, 11 7|50 HE
Fgke] A=, HE3Fk(end product; E)7 iﬂ%%ﬁkﬁmtlal template; D] 2ol &F
o WslFHAPY 1/29] F3F3k, S 1/2x AFolH, o] 7]Fo] 7} 4AAIZF RPAGF Felsh
Zo® JELTH

N

oh. ¥ ojdd# Z4E S ©E kSBV A=<

EZpis cerana)®] BollA, 38 A3 7%, kSBV T+ oA #%F, kSBV 74 &4
TS A4 At ol& Z47f S1, S2, S32 AT

2t NEZHE total RNAS FE8to] Z47] oF150 pge SRS, T T 1 igs AHEsH]
cDNA 20 w2 AZstRo. AZE cDNA 1 wE Z47] o2 A83le], kSBV-specific
real-time PCR¥ 3} kSBV-specific real-time RPAH-S 242t A L5193, 1 AHFAHES vl usy
=2

Real-time PCR¥PH © 2 kSBV-specific DNA & =43 A3}, S1 & 254 x 10°, S2 & 2.56

[e:

x 10%, S3 & 7.71 x 10" &7 2o

ol A S WA o3 kSBV ZEA RV A Hole FFARETE oF 3008 o]
B2 kSBVE 7HA 3 sithe AolH, =3 FY v Ul A4 /5= kSBVE OF E{3t1
AtheE AHS & F Atk
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A : Fluorescence graph

B : Regression

= =
&t " BLactin < — 25
== B-actin 7 /

4 A
s3 / 77
A 2 20 4
/| / N /////’—> S1
A / //
) s

y = 3.81x + 9.1833

Fluorescence Intensi

R? = 0.9999
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ ° 7.55 x 106 7.55 x 105 7.55 x 104

2 C : kSBV gene number using real-time PCR
E 7.71 x 107
o 107
3 2.54 x 10° 2.56 x 10°
& 10
w

108

107

1

S1 S2 S3

Sample

D : kSBV infected larvae ; sample 1,2,3

Real-time RPARY © & kSBV-specific DNA+E SA 3 A3, EF 50 meba S1 2 1.86 x
105 S2 = 1.88 x 10%, S3 & 9.06 x 10° =7} =AU}

AAZr PCR 2 AAZF RPAIA Ao 7|Fo=z AHed
7.55x10°, 7.55x10°0. 2 FU3 BAFS ALgstdon, A
o A4S R 2 0992802 A9 t5dE

aEy, AR AEE kSBY Fol £AE9] Fv PR Hole fFF3AE SlolA, RPAZ
+ PCRAFH | Hlste] 730 &2 SAHAE V
%, RPAZA 3= PCRAF | Hlgle] 11819 & ZAHXZ BHoFUT} ol
3 =

DA% 40 Aololn FAsts ez 5

iy
ul®s
ot
>
o2 o
ofj
>,
i
wn
&
=2
>
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A : Fluorescent graph

10K -

1 2 3 4 5 6 7 8 9 0 M 12 1B W B B 17 18 19 2

B : Regression

w

w

2 R?2 = 0.9928

7.55 x 10¢ 7.55 x 10% 7.55 x 104

C : kSBV gene number using real-time RPA

3 9.06 x 108
E
€107 186x 108 1.88 x 106
0
2105
S
103_
107 4
L
Sample
I8 64 graritdFsol Ry e /£%5 AlRdAY daibdEEolFa
Hlo]# 2~ Eo] AAZ AZTEALA THEL FX
2. 231% FAAL AAL FFEL AHHESE o] &3 IFT4E FFEoLFEIY vlo]
29 7t wWE AEH g

oA HWAAE AEs W O T A BAdAYg FHA AApEel 5 o
PCR AAEE 714 J@’é‘}l —‘—ETOVJ% 7kl e g d#x glem, 4
(Real-time PCR; RT-PCR)-> A&, B2 &40l 7bsdte] BHot de] A Ut

HE a7 gH s /\}%’S}E, o]&u} chipell 71x% PCRYEHS T dxk PCR 7]7]
(thermal cyclen& AHg&sld WHEY vlusty @e AHES ASsn don, =24

GenSpector TMC-1000 (Samsung, Korea)- chip-based real-time PCR thermal cycler24 &%
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thermal cycler7} o] %X %3+ /&3 thermal cyclingS 71534 3t} ©] thermal cycler
AH-8-3}+= glass-silicone based micro-chip2 A%< 6 ule] PCR WY& AgslH, A%
7N 22 EY L&A wjdEA, PCR §F&H FES dd 255 WMEA Hgs) =
ATHCho et al., 2006). ¢ HHS AL&3H A|ZZHE HA RNA FF At} reverse
transcription A17+3} PCRe] A Zt= HA3M7) 7bsdlr] wjiEo] 214 I AAZF PCRY
(URRTRT-PCR; Ultra-Rapid Reverse-Transcription Real-Time PCR)<= 7§9ts}aiz} st o

4 ome ol

7t A& A3 (Honeybee larvae)

B AT AedE B4 ASE dgNls SHoA #3E kSBVe| 7d®E EFEH(Apis
cerana)®] frZ(larvae)Eol™, A7t W EF3t] WEd & ASHATE o] A=A kSBV
o] EBo] ¢rjAde]l wAHEAoH, BFE =

HQ322114& AF-&-3}% T

71 ¥E& Genbank accession Number.

Y. Total RNA isolation

Aol gAHE EFEH §F ASE Lom 4R B 7+ 2v1e]® & Y3 homogenizer
2 larvae 24-& E5tATE A7) IN(RONALS] R&A-BlueM71EE AR&3te] A ZFAte] 23]
of e}, total RNAE E&stdor, FFAA L, J&ddE 13,000 rpm, 108, 4C A=
AetES BEYsta, I AS5AS FHdle total RNAZ AFE3tth. EeE® RNAGYS
spectrophotometer2 A #slR on, BF 3 -70Co] RAstH A&

t}. cDNA 4 (Reverse Transcription)

cDNA 3t4-& total RNAE 1ugS AFE3} AL, oligo dTThAl Specific reverse primers AR-&3}
Aot dNTP, 100mM DTT, Reaction buffer, MML-V reverse transcriptase (Bionner Inc, Korea)
E AFgst e, HSAS 42T HAXAA cDNAE FAsHA skt cDNA A= A7 7zt
Z

ZF 0 min, 1 min, 5 min, 15 min, 30 min®. & Tt =4 3}+¥ T}

2}, Plasmid construction

Template DNAE &R 317] 93] kSBV genome (Genbank Accession Number, HQ322114)& 3%
+9F Z} primer setE2] DNA fragmentE 47| 918 Z+2 PCRZ FZ 39t SZ314
21 3k DNA+ pBX & pGEM-3zf T-Cloning vectorg AF-83kod recombinant plasmid= &E
sttt tid+ 55 DHboF'& AR83 o, recombinant plasmide= 7+ PCRE] template
DNAZ Agstth(1d 65, & 12).

v}, Primer A%}
kSBV (Genbank Accession Number. HQ322114)2] genome structure W% open reading frame

_80_



(ORF) % capsid protein, peptidase-c3g, RNA-dependent RNA- polymeraseS ¢33} 3= 9]
b 5o primerd-< A, A&stAch =3 URRT-PCRE 913l capsid protein vjF-o <
A gk E-o| Primerd-g A&stATHIHE 65, F 12).

8 =
3

82 13501658 2221 2549 3127 6464 7048 7685 8755 8755

a3 65 korean Sacbrood Virus A AFAlA Eo] primer $A
(Genbank Accession Number HQ322114).

F 12 g4 GEEol R Bo] AAIE FREAAH S-S 9g Oligo-nucleotide primer Al E

Length Tm Product size

Primer Sequence (5'—3’)

(mer) (C) (bp)

kSBV-c3F(+) GAT AGA TCT CCA GCG CGT GTT GAG TTT GTT 30 60
kSBV-C3R(#) GTA GTC GAC TAC TGG GTC CTT CCC AAT CTT 30 57 W

KSBV-vpl-F GCT GGA TCC TGG ATG CCT ATA AAT TCA ATT 30 49
kSBV-vpl-R GCT GTC GAC AAC TTT GTA CGA CAT TCC CGC 30 57 i

kSBV-URRT-F CTT ACG CTA AGT GCG CGC 18 59
KSBV-URRT-R AGC ACG ATG ATA TCT AAA GGG 21 54 !

kSBV-RdRp-eF CAC GGA TTC AAG CGA AAA TCC GAG TTG 27 51
kSBV-RdRp-eR CCG GTC GAC TAT CCA TTG AGT GGT ATC AT 29 49 e

kSBV-vp2-F GAT GGA TCC ACG TTT AAT TGG GGA TCA GGC 30 57
kSBV-vp2-R GAT GTC GAC AGT TGA CTG TTT TAA ACC ATG 30 50 i

v, 234 AX37 PCRE 937 kSBV-primer #-2] A¥

AA" kSBV-5o] primer®d &2, Z7] Hla PCRE& Algsted 1 7S Hrlstdo. 2+
PCR- 3|9 primer®#oll th3dh recombinant plasmidE 2.49 x 10° molecules AR&&FoH, z+ 5
pmole primer, 2x SsoFastIM EvaGreen® Supermix (BIORAD)Z & 20 ul o] WHS-HS XA SIS
on, 7}7] real-time PCRS Al33lgth. Real-time PCR %7 pre-denaturation 94 <C, 10
secE Ald)dk 3 denaturation 94 C, 5 sec, annealing/extension 60 C, 5 sece] ZHOoZ 50
cycle R332, PCR producte] melting temperature analysise 70 CollA 90 C7FA| <=3
skt
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At Temperature gradient RT-PCR

Z} primer set®] #Z annealing % 712 gradient RT-PCR< F33to] I A= ZAA3}
Ao RT-PCR-& 2x SsoFastTM EvaGreen® Supermix (BIORAD)E A}8-3}% a1, forward, reverse
primer Z+ 5 pmole, target DNAS 7z} 2.49 x 10° molecules’} AF&E Qo™ Z 20 ul volume o
Z 433} t}. Gradient real-time PCRS ExicyclerTM Quantitative Thermal Block (Bioneer)=
T3} al, PCR & pre-denaturation 94 C 10 sec ©]%, denaturation 94 C 5 sec,
annealing/extension 42 ~ 70.67 C 5 sece] zZo=Z 40 cycle P32, PCR producte
Melting temperature analysis= 70 C oAl 90 C7}A] $33FH T}

o}. RT-PCR& Al-&3F sensitivity Test

kSBV-VP2 primer set®] sensitivity testE 93la, 41 pGEM-kSBV-vp2 plasmidE serial
dilutiondte] 2.49 x 10™! molecules®] Z}7] t+& %< templateE A8-3$1th Real-Time PCRel
= Z+ 5 pmole kSBV-vp2 primer, 2x SsoFastTM EvaGreen® Supermix (BIORAD)S A8}t
Real-time PCR =712 Pre-denaturation 94 °C, 10 sec ©]%, denaturation 94 C, 5 sec,
annealing/extension 60 C, 5 sec®] Z7H o= 50 cycle 233t 11, PCR product®] melting
temperature analysis= 70 ‘CollA 90 C7FA| 433} T}

A, & genomic DNAS] 2 3}ol| specific RT-PCR2] sensitivity Test
Contamination test= kSBV-vp2 primere] W17+ = testol] SF< th4l honeybee genomic DNA
lugs AH839a YA 2439 2102 53 stdoh

2}, RT-PCRE $I%t 7} step Alte] 43

RT-PCRe] &= %7 % denaturation 94 C= 5 sec, 3 sec, 2 secE =435t om, oj¢} o
# RT-PCRE <3
Tt

pan

3}a] annealing/extension 60 C%= Z+ 5 sec, 4 sec, 3 secZ A|FFS F4A
3} th. PCR product®] melting temperature analysis= 76 C oA 86 C 71X

Ay

7}. DNA polymerase (master mix) ¥ o] WZ URRT-PCR &%= W3}

URRT-PCR ¥F-&-& o w2A 3 3}z DNA-polymerase?] 7€z} 7]50] ol 2714
PCR premixZ AM&3t3th AFE¥® premix:=  2X SsoFastTM EvaGreen® Supermix (BIORAD)2}
2X fast RT-PCR premix mixo|®, o]&< %114 PCRO| Z8AIA 435 AsS vlwstygoh
2X SsoFastTM EvaGreen® Supermix (BIORAD)& denaturation 95 C, 5 sec, annealing/extension
60 C 5 sece.2 2-step URRT-PCR 40 cycle2 43 3} a7, 2X fast RT-PCR premix mix+=
denaturation 95 C 5 sec, annealing 60 C 5 sec, extension 72 C, 5 sec® 3-step URRT-PCR
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40 cycleg 3 3}tk

E}l. Ultra-Rapid Real-Time PCR& A}£3F denaturation, annealing %2 33}t

kSBV-vp2 primer set®] URRT-PCRS A3 &% =7 A 3$l= pre-denaturationS 95 C,
10 sec2 8 3}H a1, o]F A denaturation %+ 93 C, 94 C, 95 C, 96 C, 97 C 2 sec
Z tZ2A sl annealinge 60 CTE2 1A3F 40 cycles F3FstHTh HA annealing 2%&
&7] 918l 58 €, 59 C, 60 C, 61 C, 62 C 5 secE2 Y=ZA 333, olu, denaturation &%=
= 95 C=2 1A 40 cycles 33t} Melting temperature analysiss= 70 CHE 90 C
(0.5 Clsec7tA] R sttt URRT-PCR target DNAZ 2.49 x 107 molecules= AF&3F3 0
™, Z} 10 pmole kSBV-VP2 primere} 2x fast RT-PCR premix mixE& total volume 6 ul 2 ZA
ste] 3kt

3}, URRT-PCR<= A}&-& Primer 917H= test

kSBV-vp2 primer sete] sensitivity testE ¢3ted pGEM-KSBV-vp2 plasmidE serial dilutiond}
o] 249 x 10! molecules®] Zt7] & o] templateE A-23td T kSBV-vp2 primer sete
URRT-PCRol| A}&3F &% ZH 2 pre-denaturation 95 C, 10 seco.z Z3d 3, o]F,
denaturation 95 C, 5 secZ 3} 2.1, annealing 2%+ 60 C, 5 secZ extension &%+ 72
C, 5 sec2 3} 40 cycles F35IH T Melting temperature analysis= 70 CHE 90 C (0.5
Clsec)7kA] z1 )3} A T

&}. URRT-PCRY] 7z} step A7t HA4 st

URRT-PCR %7-& pre-denaturation 95 € 10 sec. & 3}%2m, o] denaturation 95 C
2 sec, == 1 sece & 3} 3L, annealing 60 CE 5 sec, 4 sec, 3 secSE extension &%
72 C2 3to] PCRS 353 th. URRT-PCRS target DNA 2.49 x 10" moleculesS AR-&3}51
™, Z+ 10 pmole kSBV-vp2 primer®} 2x fast RT-PCR premix mix-%& total volume 6 ul & %4
sto] 3k
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3. A3

7}. Real-Time PCR& A%+ =14 PCR-E Primer4e] A

kSBV genome$ 7]WFo & A2 zbzhe] Eo] primer sets (£ 12)E= zZ+zbe] target DNA
10°, 10" moleculess Z+7] RT-PCRE ZZAZAth. 2zt primer setsE target DNA 10° molecules
oA &3 A, Z+Z primer set kSBV-URRT, kSBV-vpl, kSBV-c3-823, kSBV-vp2,

kSBV-RdRp2 12.96, 24.54, 22.80, 20.19, 29.37¢] threshold cycles (Cr value)gt= EATHIH

66, ¥ 13). 3%, kSBV-vp2 primer setx= RT-PCR| HZ &3 golA 714 & FXE BHY

o},

| !
€3-823-10° —— &
€3-823-10°
Vp1i10s S
vpz-105 —»/ VBI-100 —2
= Vp2-107 —>
g / /_—RdRp-105 >
RdRp-10% —

f e
URRT-105 il
URRT-104—> /

= 4 B £l 30

Lzl s 3 L] -] 12 14 18 1. 20
L Cycle

Vp2-105 —*
p2-104 —
Vp1-105 =
| /ie— C3-823-10°

Jim 4
\
URRT-105 —>/\| 1| e cags-100

URRT-10¢ —¥/ }, /1

o Vp1-104—TF / \
j RdRp-105 —> |
S RdRp-108 —=% f |
JENEBRS LY AP AE R
e o e
. LA

Db

53} melting®4-& o] &3 2 primer AJES] AW,

a9 66 AAIZE FEEE A
A= 2+ primer A Eol o3 FZ At kSBV-vp2

2AZF PCRE F3 2t 24

amplicon 7} & @3Fike] AEH A0

2
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# 13 S4hdSEo o target DNAO| tigh 7+ primer A ES] Ctgk, Tm#t, HF 333k

Primer Name kSBV-URRT kSBV-VP1 kSBV-c3-823 kSBV-vp2 kSBV-RdRp

Molecules of
10° 10 10° 10 10° 10 10° 10 10° 10

target DNA
Ct value 1296  14.39 2454 2723 2280  26.27 20.19 2277 29.37  29.88
Tm () 79 79 81 80.5 82.5 82.5 80.5 81 75 75

Final fluorescence
valuefluorescence 9630 8420 21375 16942 20117 17746 21996 21427 7277 5798
value

t}. RT-PCRE& A}£-3F primer sensitivity test

kKSBV-vp2 plasmid®] serial dilutiono] wh& kSBV-vp2 primer set®] sensitivity test Az} 10
molecules of target DNA 7}A] detection & 4 A+ Aol FAHAT. 3] HAd(Regression
coefficient), R? g2 0.99830.2 &QlEo] & AFAS Holx Zo] EAAHJATHIH 67).

»
4
b

_GREEN - ¥ - -0.2552x + 5.5467 A~ 0L9383 Emiszne
q = w0 e
e P L 5 RZ =0.9983
106 < LT == T 1| SO
B 108 s A T oy =
: = e =l
10

123(34 & & fo 42 ds d6 18 20 22 25 26 2 3 32 34 3 3 do 2 4 4 46 S 13 12 43 ds a5 s a7 38 a3 20 21 22 23 24 25 26 27 28 2 3o ;32 33

13 67 AA FFasdge-$ 2L standard curveE AFE3EH F4F GEHol i)
W wlolg] 2~ Eo| vp-2 primer ME9 WIZ% 3ol kSBV-vp2 primer AlEE 10!
molecules of target DNA 712 %4 /X AE detection & 4 A= A S RT- PCRE
fluorescence graph@ &<l 3R}t kSBV Eo]Z RT- PCRE =2 AHFAHS Hols
Zlo] A= AT

ot RT-PCR Z} stepe] AlZF &4

kSBV-vp2 plasmid DNA®] target DNA 10° moleculesS AF83te] 2-step RT-PCR Z7d o) Al
denaturation¥} annealing/extension A7+ Z+2b 30 secS.2HEH 27t 2 sec, 3 sece® &9l
Ao A= PCR FZo] Graph2 A A H1H 68).

_85_



_|—> 2 sec - 3 sec

T +—> dsec-5sec
— 5sec-5sec
L—> 3sec-4sec

LLildd & 8 0 o WOI WD RN B M N RMKMN S GM N
Cyd

18 68 FFEAANE-E 7} step (denaturation, annealing, extension) A]7+e]
@ 2 A3k kSBV-vp2 primer setE AFE-3F real-time PCRel 4] denaturation,
annealing/extension A|7to] ZAadlod®= Ct e A wWex] &Yt Final
fluorescence graph T3k PCR condition times3} ¥3 3}$t.

2}. cDNA synthesis A1t S4

kSBVoll 7=l Ew larvaeE2HE] F%3F total RNAS 1 ngAt&3te] cDNAZS A 2+at ok
MML-V reverse transcriptase (Bioneer)E AF-&3%F cDNAE 42ColAl 2+7] 1, 2, 3, 4, 5, 15, 30,
60 Xt WESAFHOow, o|EZX AZHE 7o cDNAE kSBV-vp2 primerg  AR-8-3ho
real-time PCRZ 1 <f(target DNAS] EA)& =43t Real-time PCR 23} 29.56, 29.55,
29.43, 28.75, 28.54, 28.38, 27.57, 26.14¢] threshold cycles (CT value) #< EJTHIH 69, &
14).
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5 minute

15 minute
1 minute
30 minute

0 minute

Negative

L T 6 & 1o 12 14 18 18 20 22 24 2 28 30 32 34 35 38 40

5 minute ﬁ
30K- 4
30 minute ‘:f:-l

T minute

0 minute

Negative ﬁ

RNA

9 NZEE FAE KSBY cDNAE 7IRto = 3k AARE SFaLAfw-s 3 cDNA &
3 /\l Fo] @5 RT-PCRE& S8 5L3 =1 3ol & WAt R il

O

o]&-3}e] cDNA productse] &A= At fluorescence grapholl Al YeEb=o] 3082 HH-E Al
3 129 9hg AIZEe] Ct #he] zpole A itk webA ¥hE AIZES cDNA &g ol A]
a3 247t oflgle Ao WE AT AARE, 1% &< RT-PCRE #37] FHAE JHAAL
S-S =3l cDNAR FZAZ 4 AU

3E 14 ARPE FAE cDNA 7]HF AAZE SasAHntee] Ctat

cDNA synthesis time(minute)  Negative  RNA 0 1 5 15 30

Ct value 35.76 29.43 2779 26.84 27.65  28.50
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ul. DNA-polymerase (Master mix)¢] ¥7d¢] W& %34 PCR AlXF #3}

URRT-PCRo| A4 2x SsoFastTM EvaGreen® Supermix®} 2X fast RT-PCR premix mixE Z}7|
AH83ka, FY 3 kSBV-vp2 primer set, &Y g target DNAS AMg3le] 11 7)< vla #4243}
AT

URRT-PCRe| A master mixE 2x fast RT-PCR premixE AF&3F 22 Ctatol 21.55 cyclesZ,
2x SsoFastTM EvaGreen® SupermixE AH&3F A2 Ctgtol 33.99 cycles= ety om, 1 *}o]
= AAZE FAbel Hlste] 1244 cyclesy O #WE Ao = Uelgth =3 40 3d HF FFA

T AA7E FAe Hlste] oF 2v) ¥ & AoE FRAFHJTHITH 70).
i 2
8= : 31
c Fast tag <—— g w
8o ! S Fast taqg <——
e Fast tag ae
gm without DN : E_ Ssofast
e P : ! 3 )
Ssofast < : , Ssofast
N oo ! ! . Without DNA
o7 SR ; . o Fast tag
et ERA ‘Z/ without DNA
= . v . . ; —y E = s v -
2 5 W #$ @®® B W ® @ @ e T T S 5 a0
Amplification[Cycles] Dizzociation[Temp. ]

198 70 2314 PCRoA DNA-polymerase (Master mix)e] H]xnl

(A) kSBV-vp2 primer set& A}83F URRT-PCR fluorescence graph, (B) Melting
analysis.
2x fast RT-PCR premixs= kSBV-vp2 primer setE A}&3}a] under the 95 C, pre
denaturation 1 min, 94 C denaturation 5 sec, 60 C, annealing 5 sec, 72 C
Extension 5 sec Z7 3lolA] F35FATE 2x SsoFastM EvaGreen® Supermix=
kSBV-vp2 primer setE A}&3sle] under the 95 C pre denaturation 1 min, 94 C
denaturation 5 sec, 60 C annealing/extension 5 sec 271 3slolA] 33O
URRT-PCRol A master mixZ 2x fast RT-PCR premixZ A}&3 A& Ctghe] 21.55
cyclesZ, 2x SsoFastTM EvaGreen® SupermixE AF&3F 722 Ctgko] 33.99 cyclesZ 1}
Ebytom, T xfol= AT A4 Hlste] 1244 cyclesy © WE AOE UEFST
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Hl. URRT-PCR % Z} SAl(step) %9 A3}

Hz  x7e kSBV-specific URRT-PCRL, kSBV-vp2 primer setE AT S
pre-denaturation& 94 C, 10 secZ %13} 3}a1, o]% denaturation 5= 94 CAA 71 =2
P 7+S Hol= Ao e OH, annealing 5= 60 CollA 7bd & 333 3hS Hol
© o2 YeEtHd 7).

3 . &
= : =
e” 3
Bes 94°C B
> it 60 °C <
2 95°C = =
& Ll o
2 i 61 “Ce —
- 59 C=< . i
&1 96 5 58 °C< .
= L]
<o 5 10 15 x 2 7 ES a - 1 5 @™ = @ = il
Amplification[Cycles] Amplification[Cycles)

1% 71 URRT-PCRo| A kSBV-vp2 primer setel]l th$t denaturation ¥ annealing %719
2.49 x 10" =9 target DNA, 2+ 10 pmole kSBV-vp2 primer, 121 2x fast RT-PCR
premix £ ZAstY HF EF 6 WE 1% FHELAANES AN AT

A HAH 5= 93C, 94 C, 95 C, 96 C, 97 CE2 AA, ¥ 5= 42 60 C
At AASAT

B WA 5= 94 C=E A3 AA, "W &5+ 242 58 C, 59 C, 60 C, 61 C,
62 C= A5t AAs3AT

24z AAALE 94 C, TF/LE 60 ColA 7 &2 718 #F34S Uedo

< E3Hh

=l

o|N

3z
=

rlo
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Ab. kSBV-vp2 primer< AF-8&3% URRT-PCR$| detection limit

kSBV-vp2 plasmid DNAE 107! molecules® serial dilutiondte] HE3IEZS =AU Th
kSBV-vp2 primerZ AF&3F kSBV-specific URRT-PCR2] detection limit-2 2
(target DNA) 742 A& 4 Ao, initial template 2.49 x 10" - 2.49 x 10° A A A

Fae d5E  AAHIZH 72).

49 x 10° molecules

0.79

_— Standard curve
a2 1 ¥ R? =(.9928
[ -~
8: 107
23] 20 -
S_ / ¥
L3 10° <— A
105 <
104 ! 1[] 7
2- 105 < -
19/ / /
S | pc— i : 0
<o ] 10 15 1} 2 T * a 107 108 105 DONAmoleculs
Amplification[Cycles] number

173 72 kSBV-vp2 primers AF&3%F URRT-PCRE] detection limit. pGEM-kSBV-vp2 &2}~ v] =
DNAo| <4 3A¥e o] &3k &, 249 x 10764321 Bx1o] 7+ 3 & URRT-PCREZ FZA|Z
o} HZAH o] A4 kSBV Eo] A URRT-PCRe] 3=t} kSBV Eo] 2 URRT-PCRY #
Z A= 249 x 102 B2 91 3¢ ° F=E 249 x 107 - 2.49 x 10°°] T

o}. Detection & 4 1+ URRT-PCR 43} A|7H

kSBV-vp2 plasmid DNA®] 10" molecules of target DNAZ AFg&3le] URRT-PCR %719
denaturation, annealing, extension A|ZF-& #4A1xl A3}, denaturation 1 sec, annealing 1 sec,
extension 3 sece] AJZtollA= kSBV-vp2 PrimerE ©|&3%F kSBV-specific =314 PCReoll 2]gk

target DNA ZZo] 7hsdo] FAHUTHLY 73
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43

! X
o L]
e 17017, 3" < _,;-/
= ' .
2, 2047 £
30’.& E /
oo | 3", 37,575 <
g : //
= -
2 k‘ﬁ‘;’
S M:l
S A“an_;ﬂ:' i VSN
<o s 10 k i} * o

ﬁ.rnphhcahon[l:ycles]

1% 73 URRT PCRolA kSBV H=E A3t HAss7 9% - ZF Aol @AY Hast ARE
URRT-PCR HAzHANA FHFAIFASY, 2z Ao]lE @AY AZFS denaturation 95 C 3 sec, 2
sec, 1 sec, annealing 60°C 3 sec, 2 sec, 1 sec, extension 72 C 5 sec, 4 sec, 3 secE TZA)
TP = Yt

URRT-PCROIA 7+ A9 HA& A2 HA 1 &, oJdd 1 2 2 A% 3 = o] 38 /4
A5 SEANZ F Aes B FAT FF 3AH S Ct g3 amplicon®] 2efo] FdFUT 7
A o] H A3} Al denaturation 1 sec, annealing 1 sec and extension 3 sec &7 o 2 target
DNAY] ZZo] 7153 AL gestar. ZZEFHAHA Ct value?} amplicone 593 Fg=
UERH AT

zk GAY HAst AZFE A PCR whgoll Aol F&Fe WA skt TEfzolA Z(seo)=
FEAFH AT

A} 71 W2 detection WHH S o] &3 kSBV It

kKSBV-vp2 primerE AR&3l1, 249 x 10° molecules®] target DNAS thA o= 403149
URRT-PCRE 33t th ¥z 95C pre denaturation 1 min ©]3%, 95 C denaturation 1
sec, 60 C annealing 1 sec, 72 C extension 3 sec °|o™, 1 A3}, 40 3] PCRol
min 28 secd AlZte]l AQHAM, o] T HEol 4£~89 AZFS 6 min 12 sec (24.86 CT)OJW
kKSBV &% 9 AZo] FAHJHITH 74).
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p=

0.39

oo

4

Fluorescence
0. t? 0.29
Fluorescence
L

025 033 05

009

—

.-l ;B P

[ H 0 5 o 2 E » e
Amplification[Cycles]

-0 02

0.

Dizzociabion[Temp.]

a9 74 234 HAAF PCRES o] &3 234 gharibd 350l 9(kSBV)2] 2
(A) kSBV-vp2 primer setE ©]&3% URRT-PCR Ct Z1#]=, (B) Melting temperature
analysis.

HZA z7 stolA kSBV Eo] & URRT-PCRo] #d3tHth. URRT-PCR 40 cycle
148 28% 48 HQa, KkSBVE HZEZL 24.86 Ct koA 638 1222 SRAFHUTH

2, F
EWERy PAAE D2 s PH F P 0PEL Solde]l e WP AN

3
Ao 3 2olE T2k (Immunochromatography)®  vBlwstd  FAAd(easy)®  HAF A8 ATE
(rapidity)e] WA A =3t @FHAE A7 W APAH PHORE AgE o] .

2 AgEs AN PCRHS HAMAZEY SHolA ZA /fAdste] 234 PCRe 7idez &
A1 3A; skl ew, kSBVel 22 RNA-genomee| BUAE HAE38H7] fste] AHA-LAIZE
PCRE =3t HAA b 4s5AZ F A= S 473 Aotk

HZ, kSBVe} & RNA genomeS DNAZ H3LA|7]= cDNA FAHL, IHAAL F4(d9;
MMLV-reverse transcriptase)& AH&ste $tal, 23 7|3 I §E&AIZE2 3
HoE sagle]l FdE o

T, HAAF B DNARA O] AIRE 3 A4k, PCRE 1713+ HlwE + §l& A=
2 gon, zud 9A AAZE PCR (URRTRT-PCR)S F=7317] 93l cDNA-generation]
NP g2 deHolgt & Aot o] AXA whgo] Ao whEAIZle] tiste], Giang et al
(2015)°] BQCV (Black queen cell virus)e] A& AdoNA AAIg v} Jow, JAA 935S 1
i, 58 33 & PCRA#AE Eo] PCRAES FE & A2t & &S HoFTh

2 A7 23 kSBVE die 2 3 Ao, (DNA fAAIZMS 1702 B53t9 % target

(@]
b
o
0%
—
>
N
3
x
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%1314 PCRoA= 1% denaturation, 1% annealing, 3% extension®] %14 PCR =< —’F
ot primerdol wet olF FRFL F Ae THAA Lol oS BAFIULH, ol &
rimer®] €714 Fel 713 template F71A L3 43 58 (annealing ability)e] primer
wet & Zeg AEHJT. 21& PCRoNA ©] 43} sHo| 3 primerd= A
wate AL 71873 T8 a4w 4744

g, 234 AAIZE PCREY Aol A E4 5= 2717189 ol tigh AZFAE L, 7159 AA
Zt PCR¥} 2&, %& AH#Ao] AdAFM, kSBV-vp2 primer®-S AFg3 214 AAZF PCRE&
Zy 3 A(cycle), 24+ SA(step)2] HF-SAIZES 7} 3x-5% FFoZ B9 ¢, target DNA 101
molecules =&7+A] ¢ A &+s}A initial templated] o] 7}EdS HAFQY 8y, ZF
SA Q] WS AE 12-322 ZAaANAE BS 53 AP target DNA 10° molecules ©]
Ao g oF3lgd S HojFon, o]= 214 PCRo]l YeE A # PCR (quantitative PCR)Z 4
o FAY & US Aot

A8, 34 PCRe 714 23k DNA-polymerase®] H=7lsA & AR B
RT-PCR premix2} 2X SsoFastTM EvaGreen® Supermixi= Z}7] ©h2 7|99
Fta 4 (extreme thermophile DNA-dependent DNA polymerase) % H7} Q45 A3}
2 4#HA gon, o] T 9 premix’} URRT-PCRE] ZAo|A ojW x}o]E Ho
b gk Aol

A7E QofsiAd A 21559 Ctghe BAow, FAE 33999 Ct e HYow
2 Atolg Uehllom, o] URRT-PCRO|eHE MZ& 2oA Ao DNAZRELE 7|22
DNAZZaELS O F A& BoFE ZAolgt & AHolth

e
—"U

e

FTF
)

=
o

2 AT dE kSBV-5o] i G AAZE PCR(kSBV-specific  Ultra-Rapid
Reverse Transcription Real-Tme PCR)¥ -2, cDNA A& A7+ 1 &, 2314 2 A]7F PCR 68 12

% (CT % 24.86)2.Z, kKSBY AE&S % 71 wE {312 ZAMEY Aolth B A9 )
TEA EFE B HedA AdEs A% 2uE 434 Adye] 55 AEHTE ZIdsiH, u

o7 A7hutel# 2 5 FEe FAS T 9l Aol AEe= H8H71E 7o

rr
o&
@
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cDNA

synthesis
°C 95 °C

UR-RT PCR

a(‘aw S\S

60°C W
30 cycle

Within 1 min {7~ Total 14 min 28 sec / 40 cycle

Minimum Detection Time
6 min 12 sec / 24.86 Ct value

Time

9 75 B GE ROl vl A(SBY) $¢ T 21k FRALANNS

Ak EEE oty o] H ~(kSBV)E Al&etA H=371913F UR-RT-RT PCR 29-&
cDNA synsthesis®} Z131<4; real-time PCRE] FH A5t A7 ol &3t HAstE kSBV
A& 2dS A3 A3 cDNA synthesis, melting analysisS Z3H3 & A& AI7HS 1458
28% | 40 cycleZ YETE cDNA synsthesise %3+3t= kSBVE A4 HAE A 687
12x% (24.86 Ct Value o)== YEMSTH

o

7l 28 & 8%

2ol WA ulole] 22l Sacbrood viruse =1, B-opi-af iy njo]
& 2~(korean Sacbrood virus; kSBV)7} A da# A2 2010d 0]tk 2010-20151 2] 7131
T EFEY A9 90%cldol o] ntolz] =9 el ot & yajE H}Oo L, ofF o] up
ojg]29 S AdsAY TA = W, o EFHAT ol HeAdd diste] Lzl
b= A9 gl 227] WEe) wmey
B dAFolAeE 7HE w23 A% kSBV ASWHS 2
(URRT-PCR)¥ cDNA A #AAS FHZA3}ste], kSBVe| < Zo 2 —,—E1 kSBV HZol &
J‘lﬂh NZre HA35E Aoty 2 3tE kSBV-So] =11 A AAIZE PCRES A 8-3)
H, G5By wlo]gae P RE 68 12 o] FAHT & deH, H4 25 x 107
kSBV«] DNABAA = AFHoz ZHT 4 93t kSBV-URRTRT PCRH-S A4 & ofy
gt FEdAANA kSBVEES AEFHOE HAE e &3 ol 2 A= 7ggith

o £
rE
o\
o
fr
Hl
=
=2
X
o
Hi
>
of
ofy

Ao
o
TN
oZ
i
=
i
o
=
—o
ofy
fo
ol
)
m_?(;
P
o

=2
e
e
Y
o

b
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