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m Apiculture has been taking an important role for agriculture to provide the pollinators. In Korea,
the major pollinators for agricultural and horticultural production are the Western honeybee
(Apis mellifera) and the Asian honeybee (Apis cerana). Until late 2000s, the Asian honeybee has
been responsible for 20% of the Korean apiculture, however, the majority of the Asian honeybee
population was decimated by the sacbrood virus (SBV). In the meantime, molecular technologies
have been developed to diagnose the SBV infected honeybees and to suppress the SBV by the
RNA interference techniques. Recently, the industrialization of double-stranded RNA (dsRNA]
as SBV inhibitor is at hand by virtue of the technological progress. This review article is to
summarize the numerous efforts of the last decade to overcome the threats of SBV outbreak to
protect Asian honeybees in Korea.
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AEEL A A FEHE FAde=A Aa AHA

g AQ1 SRR A O] 7)5E ot 27 s
F2E2H (Apis mellifera L) 7 NAH 2 7174 Ee glo] Holut, 245 Wslisol tiste] A4S Kol Aot
ol-H 1 Y= SFEIANLFOIEE UN HuAo| =i &= (0] F,2011). o]t AlefiEd o] 542 Fe-57He] AA

N B

O

Hol MA 2%2] 90%5 PAsh= 124702 AARME & A A5 F7toll A 715k Ut
70% Z=0] 28-S 7P5A| Stk (Klein et al., 2007). @A) A AMARC =R B shRuzfol ogt FAA 7o 74

ol A= FaEdat A EEH (Apis cerana F.)©] AHS £ oF 1459 Gof Dot Ao = HIAE| Gtk (Tirado et
3 it =] Hste] AffEH-E 2,000 o al., 2013). 2016\ 1|5 FEAA ) GEH EHO o}F
=Ulel Eztste EHEA, Seuete] 7|19 8 9 A 7o ot vl W F el 4,119 o2 HAESA
EiAle A-gstalom, WA 2] s=o] Wdsto] thefst of. el Edof ot AAA 7= 8 dAE
LA o] got= APHSHE 58-& Hlth(e] 5,2011). TR 2= A4S 50% oo oF 6 o] HAA 7]
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o]E 5H= 7o 2 B %<tk Jung, 2008). WHebA EE
Aol it HAT AA Adtof glo] 2 JFe v
= A Aot

20069 351354 (Colony Collapse Disorder, CCD)
o] n% ZRe|TFol A WAT o]F $7 vl 5 2
AAH =2 cep @] HalE 1 9tk ccpe] geloz
= el 58, 71 s A4 5 T 29159
Aozhg o 2 el Itk (vanEngelsdorp et al., 2009).
=] 7%, 2010\ Bl A HHY F skl I
BOHE ™ (Sacbrood virus, SBV)] A &2 <I5f 2010
| =] AREE ] 90%7F HARSE O, M & ik
AA] 20145 E] 89% & FrAshrty HIET Q)
(Choi et al., 2010).

5B ol |2 uj7i5k= Sacbrood virus (SBV)= T
A7t positive-sense RNA HFO]2{ A2 A] Hpo]2 A 0]
ZAA|Q1 RNA 715 ZHA17F mRNA 9] oS ofo] dH&
& I 2 HY (translation) ™ 4= o}, FEEZH A F=
BolRuH-g do )= SBVE AiEdoA FEEot
& .0 7]+= H}o|2| A (Chinese Sacbrood Virus, Thai
Sacbrood Virus T+ Korean Sacbrood Virus)2h= & 714
g &57dolA AelE et Al A== 3%
SOl Hho]H A7t 2008 9] Faitdel & 1
e Aol FollAE 2008 A LYol FRlF o]
20109 o2 o] A} ghitE]o], 408t 7i7F HAUH HE
720169 1T 7= Ehe FHSAET2] Halet
W2 7|AME ZobgE &= otk WA 2719 A <=y &
H o] 4 2] Sacbrood virus (SBV) AH(H 5, 2008)”, “Wd=
ForR ] Al X 913t Loop-mediated isothermal
amplification (LAMP)H 7R (Yoo et al., 2012)”, “"HE A
EAE S o] 87t WE-goH sy okl &xl
N g Aol Bt A4 (£ 5, 2015) T £0]
A 95=0] A7t A=l ow, 5o AEE ]
FAA] A(H 5, 2014)7F A E L G o] F ek 0] 29
tHgR A9-S0] = 7] ARSI

RNA 7Hd @/ (RNA interference, RNAi)= DNAZSS]
742k (gene) 7t ZAAFFE- (transcription)©l] ©]8]l mRNAZ}
531, A mRNAZF #1218 (translation) ol 2Jsf &
o] Bli= A4 F, mRNAZF 7HdS ot thif o] 2
A5]2] Fohs Aol (Fire er al., 1998). & A2 A
I ol A A ZA| O] 22 S 2 A w) 20]7]
T opA|R, S ERE I3 DNA 8-> RNA Ho[2| A
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o] @7IME Lol siEdehs dsRNAE A1 A
zksto] FH O Hiol2 AE oAote] PEES =2 vk
g A47F K== it

2 =wollAe =ol AEE FE-got
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o7 A7} 7S F ZF5 AT L] A5 A
A27} eyt A <A B F-Eo oy Aol

et AP AT 5, 2011). 2 A= 20105 20113 A
o] I A& FEorR iy TGS Ak,
PCR % ¢PCR W& 5% &8 F5-aohiay U
< 7ot FAlel o] Hiol# A 2] a7t S5 oA Oh(Far

Eastern Asian genotype) A< %@ U= Bf3ith. &3 355
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3 ofe] Gl digt AAE skt
opagel] tgh A FAA 0 YA
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o] B ESHY EAS A71AE 24
%1 (phylogenetic study) & TR i © = Hio]2 A
AL5FATH(Choe, 2012). SHAIRE &
AeREd o] FAEESH Aol A7 ST
o]F, 2014 ARuotet= SAL FHAFV| TR
“OARIAAE S8 AfEE FEEorR iy o, A
28 AT 2T Ol IR FEFAAIER O Btk
2 oA Hrh(Z F,2014). oA A7) AlH3 E A&5}
=, FEgouy WAl 71 Spota, e ARl 4
Hpo]Z AAQ1 o4t A5 o]-8ote] FE-gott oy 1
Aart gl B =g BT 245 A2 AT (slow-
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releasing) 45718 oo} B H.8-3 Awoiery.
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protein Virion Protein 1)} RdRp (RNA dependent RNA
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ol Al 4 Aol SFShE cDNAE L4440 &
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FHHgeE & vieFote] dsRNAS] tHegAiAke Agste]

. o]et Zro] AAtE dsRNAE Hio|# 2 A=A A
St7] Q1o Lol A 24417 E<t F 3% 107 copy 2] HF

T}, vpol@] 20| 7t oF 6ull FA
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3. dsRNAE 0|23t Sacbrood virus 2|

Ml 28 3 ofe Y TA

20163 FE 179717 “FFgort iy 822 =24
oFQ] S A-L-AH (Field application of gene therapy for
Sacbrood virus)”0|et AFO02 FHZAPHAER O] A
AP 7S B LS EAY AN 43T A o]
H(Z 5, 2017). SBV vpl dsRNA (596 bp) S A2 &
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Aege o8t A3, Co kel 3.1 ¥ Fobdl ZS glst
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sfa, v, 25 2

a9 38 A, w5 20 mg4 A
2ot ol A A gH S E S 5 SAEHNE gl
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HHO & AAVSE dsRNAV} 2ol s
3= 37t AUt "ol A<= Bacillus
St dsSRNA 2] thefgAte] 75448 shelst o]
Aol vk, viR] o] P 47T autolysis
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Q1 Aol Al 5 pg/pL o] FollA] o] FE o] AARES B
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= dsRNAE in vitro transcription 02 5
b 43k dsRNAE ©]-8-sto] Adstsint. 10974
9] SBV A0l sidst= Hio|2| AE AEd g
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Paralysis Virus Disease)= dsRNAE ol x| A&t gt
Al 17FS 3 FAIX] ==°] 3H(Hunter et al., 2010). 7}
B FS-gottagol et A5 HA] HIS:GE A7
o] A1P=|=d], Chinese sacbrood virus (CSBV)2] 7¥
= 257] 95l vpl= FA5H= dsRNAE o= of&
of e g4itote] 28 F5ollAl 1 puge |l 27, dsRNA
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wolAle AL SIS (Liu er al., 2010; Zhang et al.,
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(WCR, Diabrotica virgifera virgifera Leconte)E Aok
7] 915l Lol AT dsRNACITE Ao A& o]
dsRNAE td T A Edof Fal 887+ Ao
At BHAF 5940w A9 Al fofckA] e

o gom 43
4= (sealed brood)et AZZ0l| A ZEZT} ¥ 21o]7} §19)
OB, 5 BE GERoluYe] e AUES B

=
o Invitro 4@ A3t QAEZ} AjEdof shaA] 948k,
23]8] R AEZF 52| Y2385 (hygienic behavior) S
EolECR 22 A,

Lt

o
Lt A al

o X

&
Ol
4

ofstnye Fick

—_

ok
ogt

H

S YEHolHu W& 2 0 7]% Sacbrood HFO]#| A

rx
ol

o Ay

of

rok
4
ogl

(AcSBV-Kor) 44 7144

VP11} VP2 & Bl = Slof Z}7+0] )| 2ghdd
Floll e HFFoto] FBFS G533t o] AFollAl A
VP11 VP2 = YA RS

RSl S o, o
23| pAb-VP1Z} pAb-VP2E= S 5710 A AcSBV 7
e A&t HolA g 4= Sl AV ER &8d
T J2-S IS (Lee et al., 2021). EFH F20|E4
TUE HAT GLSETAE o83 WA =rtE
1 AEH ICS) 24 55 pAb-rVP1/mAb-VPI-1-2
2E A= d7gste] e A & H*B*Cﬂ XH?ﬂ%”ﬂ*
Q

20110 &a ¥ BIARE 20217F4] ohRe]d H A
£ HWA 30% =2 7} & FEE RSk 9 2oprt

“Hek WO, oF 15% A/t ST HuAE Z
3= 31t (Table 1). WA 0] FHHA= FHFAET7T
51%2 14719 RuAR 713 Bty 225 0] 299
2 g7le] HuA7F SHIE|Qct 27712 HA 5 22719
H A7} 919] T 7)ol A et 2 ATt (Table 1).
ESARAMAHE| A F] T A (http://www kipris.or.kr)
of w2 2011 dFE] 2021d7H2] FE-Fotae]
A5 5517} 3070 S AAT, 5717 AR = AL, 174
£ Fstglen 370= A AEHE AEjo|th(Table 2). 71
2fste] 2011 dFE] 202087H4] 21709 S ES7F 55
o)zl AHlolnt. T8 5 o] Y= FWESIE B ot
Aol TAE 55171 97 T1e| 3l Xidke]] #lE £517F 8
M= EHPrH% 2425k}, «E 9] W5-golF - Hio]
ZAEoT B35 20189 EYUE L

14
o)
0,
rlr
&
=
Z,
>

it o
4
o
o
fu
o
X
ol
I
I
ol
|
i
o

=

A a5 Al 285 sBVE] vpl X
St= dsRNAO| Tzt S5]o|th. dsRNAES AHE-RE
ol %= CRISPR/Cas9& AH&3t 56}i= Ao[H]H}o] @ oA
“CRISPR/Cas9 718t Bacillus subtilis -+ B3 HAAYZ
< ol-g3t o] FF-goriuy wil-g sfdel=s ES|E

L [V Vi e

97



Table 1. The list of the Sacbrood virus-related reports

Report number Title Category
TRK0201400001107 Studies on the Control of Sacbrood disease on the Korean native honeybee Control
TRKO201800000355 Screening of therapeutic agent for the control of Sacbrood disease of honeybee Control
TRKO0201400001093 Studies on the Control of Sacbrood Disease of Honeybee and Foot and Mouth Control

Disease Using Chlorine Dioxide
TRKO201800001370 Development of total diagnosis system for the diseases in honeybee Diagnosis system
TRK0201400001602 Development on culture and diagnostic method on Sacbrood disease virus Diagnosis system
from the Korean native honeybee
TRKO0201400001603 Studies on the control effect on honey bee diseases by breeding system in Breeding
Korean native honey bees
TRKO0201400005722 Development & On-Site Assessment of Oral Preventive and Therapeutic Control
Agent and Multi-Purpose Disinfection Kit against Sacbrood Virus Disease of
Honeybees using Chlorine Dioxide
TRK0O201600000708 Development of a multiplex PCR for rapid diagnosis and distribution survey of Diagnosis system
viral honeybee diseases in Korea and Vietnam
TRKO201600000677 Study on statistical analysis of livestock epidemics occurrence data and related Analysis
epidemiological information
TRKO201500010375 Research of genetic characterization and development of queen rearing about Breeding
Apis cerana
TRKO201500010365 Diagnosis and Echo-friendly Management of Honeybee disease Diagnosis system
TRKO201600006686 Development of eco-friendly biological control technology and diagnosis of Diagnosis system
Sacbrood Virus and Foul Brood
TRK0202000031011 Studies on development and application of rapid detection method for sacbrood Diagnosis system
virus by immunochromatography in field
TRK0202000030899 Field application of gene therapy for Sacbrood virus Control
TRKO201800042124 Field application of gene therapy for Sacbrood virus Control
TRKO0201700004519 Establishment of honey bee disease prevention and control measures - Control
Sacbrood Virus and SHB
TRKO0201800043405 Development of Eco-friendly materials from Plants.Microorganisms to control Control
honey bee disease and test of traps for catching Vespa velutina
TRK0O201800043258 Development of molecular control technology of honeybee disease and pests Control
TRK0O201900010408 Production of polyclonal and monoclonal antibodies against Korean Sacbrood Diagnosis system
TRKO202000026000 Virus (KSBV) for diagnosis
TRK0201900021486 MicroRNAs and Colony Collapse Disorder from Sacbrood virus-infected Control
Korean honey bee (Apis cerana)
TRK0202000030752 Development of microfluidics chip-based real-time reverse transcription Diagnosis system
polymerase chain reaction kit for detection of Sacbrood virus
TRK0202000030755 Surveillance of mite infestation and acaricidal resistance in Korean honeybee Mite
TRK0202000030537 Preservation and management of agricultural bioresources Analysis
TRK0202000030095 Research for regional adaptation of new Honeybee descent Breeding
TRK0202000030194 Analysis of non-adaptive pattern of honey bees to unusual weather and Analysis
development of its surveillance system
TRK0202100009789 Development of improvement technology of honeybee valuable gene-based Breeding
disease resistance character
Bacillus subtilis 2 ZAF2] genomic DNA 2] endogenous 4 =

cotG locus®]l exogenous cotGE I F k= AE} FAES

Iot= A T1elal Ho| FEgorR iy e =48
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Table 2. The list of the Sacbrood virus-related patents

Application Title of the patent Status  Filing date
number

1020110114369  Developing chlorine dioxide gas disinfection device for the prevention and treatment of G 2011.11.04
contagious bee diseases including Sacbrood virus

1020110138322  Therapeutic and preventive agent for bees against Sacbrood virus R 2011.12.20

1020120034281  Composition for immune enhancement of honey bee G 2012.04.03

1020120072679  Composition for diagnosing Korean type Sacbrood virus and method for its diagnosis G 2012.07.04

1020120151034  Composition for diagnosing Korean type Sacbrood virus and method for its diagnosis R 2012.12.21

1020130032684  Method for cultivating and detecting Sacbrood virus G 2013.03.27

1020130059750  Method of producing enzyme extract for the prevention and treatment of Sacbrood disease for L 2013.05.27
Apis cerena

1020130139938  Method for prevention and treatment of honey bee diseases by submerging a beedhive in G 2013.11.18
ocher water

1020140139133 Therapeutic and preventive method for honeybees Sacbrood virus G 2014.10.15

1020140192347  Primary culture method of honey bee cells G 2014.12.29

1020150084840  Device for blocking queen bees of Apis cerena and its application with management device L 2015.06.16
for queen bees of Apis cerena

1020150121907  Primer set for diagnosis of bee virus disease and diagnostic method of bee virus disease using R 2015.08.28
the diagnostic kit

1020150165179  Rapid diagnosis method for Sacbrood disease using high-speed PCR G 2015.11.25

1020160085437  The entrance of native wooden beehive L 2016.07.06

1020160141393 Efficient beehive for extracting honey G 2016.10.27

1020170118433  Multiplex kit for detecting honey bee-virus and its application R 2017.09.15

1020170181030 A cell line derived from pig kidney for mass proliferation for Sacbrood virus and its G 2017.12.27
application

1020180056612  Formulation for inhibiting the proliferation of honey bee Sacbrood virus G 2018.05.17

1020180103255  Composition for diagnosing Korean type Sacbrood virus and its diagnosis kit w 2018.08.31

1020180140036 A Sacbrood virus inhibitor for honey bees using small interfering RNA (siRNA) R 2018.11.14

1020190017723  Formulation for inhibiting the proliferation of honey bee Sacbrood virus and method for G 2019.02.15
application
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