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Abstract This study was undertaken to improve hygienic silkworm production and productivity, and to
develop an early diagnosis technology for nucleopolyhedrovirus, a common scourge in domestic
submersible farms. The silkworm nucleopolyhedrovirus identified in the laboratory was infected at a
concentration of 1 x 10° cfu/ml, through oral and subcutaneous routes, and the 50% mortality rate was
determined to be 120 and 30 hours, respectively. Polymerase chain reaction primers for detecting the
nucleopolyhedrovirus were prepared, and the gene was amplified after preparing the nucleic acid extract
of the silkworm on day 2 after infection. In order to determine the applicability of the prepared primer
as a diagnostic marker, diseased silkworms were collected from silkworm breeding farms in 20 regions
of Korea. Gene amplification of the viral nuclear polyhedrin using the prepared primer resulted in
detection of the virus in silkworms obtained from 11 farms. Taken together, these results indicate that
the rapid diagnosis of silkworm nucleopolyhedrovirus is highly probable through the prepared primer

and nucleic acid extraction method.

Keywords : Sericultural Industry, Silkworm, Nucleopolyhedrovirus, Diagnostic, PCR

2 ATE 202149 SEUSH ATARIEIFIARIZ: PJ01001805)°] 28] o]Foixl A
*Corresponding Author : Jong Woo Park(National Institute of Agricultural Science)
email: jwpark0824@korea.kr

Received September 15, 2021 Revised October 13, 2021

Accepted November 5, 2021 Published November 30, 2021

308



ol BohzhA] HolgA 7] AEE A% 7l& AL

=

—

1. M

I A3 da Bile] FHPE A5 Fd2
A7 EEde] uEt Az sas 22 ZaAe
dFEReE(1], o9 71sd # I 7RIS e
WA 71574 Fer S wolFTH2,3]. SHARE 4
ofoF 24129 082 A Aol IFHL +
o A4to] B E7FERE 2791 © wHisto] o] A
Ae ARt 2 APOoR, H[doleAE o8t X
Ahs 8L L1 ARt B9 3 5 25 AW Al
FIoFet ol Aol o] FofA AL Sl Rt AR F
A Ao A3t I H oS A AH o= A B
I ] AA 9 A AABkL ot w2t
A FEA TR FHE fRE 7 ARdOlA [P0
AL GO ol Aitslr] ARt 7lee] "adt A%l
tH4.5].

F| Z3AEAo] vl A A=A o] SR
of w2t Ak Ho] iAol digt Rt Al=Eo] ol F

=

L

R

L

U
Hl-/%]

Iz

=
23}

2

2

A3 9om3,6], HEHR o] AntEFE o] g3t =
2448 A2glolh, ofefst AAHL 453 A8
Aol B B BYL ZolT 94 L ANEE

EO1AL AEHTI. o9t 2 A} AlAE2 FE
Aitell A 71ofskaL AR, T o EAIHH, IA
< vt 33 Are] A 9 shitolnt. e A& o
2A AE TS AE S A Y L T T A
=27t A9 E7Fsslith. wEbA B Qe ol&sto]
ARs: Aol ol Fof 3 ARSERE ] Al AEA11 o
22 Foto] AR A AAES Sordiol 2 et

9L EAe FAsfeilont, ARseE AlLFOA = ]l
o] Eol= W A 7187t gaste] AX T

ESEE A = |

-
T

b

X B ooz % o
r % . 1o
o
ol
_?L

o|t}8,91.
ool Al 3
HlolgiAR ERT
= Ay F3I HEHOZ  Bacillus
thuringiensis R Serratia marcescens) 2]l A5}
= Al Ao g £ 9 mj@Fo] glow, Hio
i Eavey Ao B A= SATHZHA] Hio]HA
(nucleopolyhedrovirus; NPV)7} Q191 1E1, AX
A b4 vlo]#H(Cytoplasmic Polyhedrosis Virus;

309

CPV) 9 =49 ulo]yA(Flacherie Virus; FV)oll 9Jst
FE54 5ol AH11]. F8o] & Al e F¢ A

(]
25 F

2 a0k 4 Ik A Hole Ay A
3e] 5 A2 7ol wek eofle] Aol A 2
94 59 Hzo] olFol, olo] B2 B 2Fo|
SPgRto R 4% AAHS Lehiiel Ak WA AEE
Bol3, TR Sel 4717k o] §AI=7] uhe]
A7) SR W WA S o)) dhio] e
Aeto] WashcH12,13).

wehA] £ Ao o)A o Ag B B

Hhgsls Sithzhy] vlolgAS w2 W HelstA 3

u} &b H A =23 AR A AAo] it
3 A S X

7| Sietel, Fig. 19} o] 78 4AA HolelAg @
TA 3 HolA] FA5t Fho] wE HAL BAS
59} oS AL, ol 088 7t 51 2] 8
czi solaia el ot 24 9 2] RS A
£71E9] M 7Hs/de wHstaA} syl
5th instar larvae
%%99%5 Oy O e e
| S o
T \%@C@ }z éﬁ TGCA...
[ subcutanous GATT...
Infection Genbank
BmNPV-K1 virus amplification Sunival rate and symptom analysis
o o Maker design
Pt DNA Siel) genbank data

extraction

PCR and gel electrophresis

- <
RT-PCR analysis 4 = "~ Rapid Diagnostic Test kit

Lab
m cle

Cyel

Farm Positive  Negaitive

Future development direction
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ol ¥4 AlZF BM-N (CRL-8910)2 American
Type Culture Collection (ATCC, USA)ZH¥H 5}
of ARgsIF o™, 27ColA 10% fetal bovine serum
(FBS: GEMINI, USA)E =Egsh= TNM-FH ©iA]
(WELGENE, Korea)& o|-&5to] vi¥st¥ct. BmNPV
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(BmNPV-K1)E{14] ¥4 iz F+2 °]&s}7] fista,
BM-N Ajzo] 7+ 9 F415}3L, Baer 511519 ol
w2} "ol A Y 971 (plaque forming unit; pfu)
EA4 T ol&s3lrt.

Hlo|HA 7 4L A3 ol 20209 6¥57E 9
7R FollE ARSSEL Qe A= 2070 w7 2 FY
713S HEsto] HAGRR)OE THEE ol 4%k 74t
skl -80C | sZ2EM § o]gs}olrt.

2.2 BmNPV ZtH 0f HZt

BmNPY 7o) mig oo 8% 9 428g 24
st7] 9iste], BM-N Alzo] oigt 39 9 412 Bl
SH3 BmNPVE B AP4E ol8std 1x10° Z
1x10° pfu/ml9] FE7} HE2 543 5 58 14 &

ofcl FANA. BTHEL Ao ) vloleix
Ferolg AT B £ F AR5} oo Fof
sgiom, w5t FES E)E Holeiz Wete) 50 ulS
5% role] u) 2 A WAt T WA vt} Afolo] mlE
A1 olgstel Fstaich. Holelx o] wE 4
8L B3] 9stel 7Y olF AHT BAL 8Y
B9 A4 Fol L AR F2 AAE A5 F -

80Tol ¥&3tA.

2.3 ol
A FEE Boll A=E BmNPV 4 o € =
7holA =3 HE At A9 5 mlol 92 & +E
715 ol&sto] 2AE E4styirt. £H|E FdYorR
El 200 ulE AFetL L4Ee7I(Tomy, Japan)E ]
83199 10,000 xgolA 5% 5% DR F A5HE
AAL F2 AAES oot o]« 35 IHE
2 50 ul9 cell lysis&H(10 mM Tris-Hcl, pH 7.4,
150 mM NaCl, 0.25% NP-40)Z o]&3to] dghata
mg/ml®] proteinase K& 37} & 65ColA 2083 &
WS Eofsta 95CAA 103t FAHHE B9
proteinase K& A3 ZTH. E0]E it 552
Hd3HTE ol8ot 108 314 & polymerase
chain reaction (PCR)}& 93t FFO = o|-&s}r}.

o
-

2.4 BmNPV QU 35

BmNPV A&Z 93t Zeto|s= NCBIJ 559
BmNPVS AA  d7]14%9(Acc No. LC150780;
BmNPV-H4)& Bl g Hjo|2{A0] HrpzA {4t
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st PCR2 Multiplex PCR PreMix (Bioneer,
Korea)& o850, SH|E IAIEEH 1 ulg FF0=
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ARo] & F7|E 353] ¥HESkL, upA|gto g 72T
A TEZE F7F A AgSkGInh PCR ol BAE F
= AELS 1% agarose gelZ o83t A7|Y45S 5
A5

= 79 27|12 AASke] Table

Table 1. Primers used in this study

Primer Primer sequence (5’ to 3") Prgduct

name size
F: CTCAATCCTATTTGTAATTATTGAAT

NPV-1 471 bp
R: GCTGTCCTCAACAAAACGGG
F: GCCGAAGATCCCTTTTTAGG

NPV-2 188 bp

R: ACGTCCATCACCTCTTGGTC

F, forward; R, reverse

2.5 G7IME 24

FE AEY gL A
ngjolm Ao oste] FEH FAAE pJET 1.2 blunt
vector (Thermo Scientific, Lithuania)ol]l SZ435}
F7IMES EA451a, Clustal Omega
(https://www.ebi.ac.uk/services)& o]-&slo Zx f
Al BmNPV-H4S] otz g2zt Ae/de vl
Bikc) A=

Fig. 2. Morphological changes in BmNPV-infected
BM-N cells. (200X) Cell cultured for 120 h
were examined that the majority of cells
became larger and started to burst.



ol BohzhA] HolgA 7] AEE A% 7l& AL

3. 24t ¥ 1

3.1 BmNPVe Zd EM

FANERTLCE 0]85H7] gt BmNPV Hiol#AE
ZAA7171 Yste] BM-N ol Mo Azl Azt
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olg Fojat 8U7t ARSSH A o9 AHEE&L Fig.
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9 12041722 ERIF it
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Time post infection (h)

Survival rate (%)

--0- -\Subcutaneous injection
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Fig. 3. Survival rate of BmNPV infectied Bombyx
mori. (A) Changes in survival rate by oral
infection by concentration of BmNPV. (B)
Analysis of survival time according to oral
and subcutanous infection. The values are
mean+SD (n=20*3).
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o] o] Ao 2do] Lojupr] Al&ste] 96417 & H|
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(A)

e

Fig. 4. Physical appearance of the fifth-instar larvae
of BmNPV infected silkworm. Larvae were
captured at the following differnet time after
the oral infected at (A) 48, (B) 72, (C) 96, and
(D) 120 hours.

3.2 BmNPV ZITH Ot 4

Hhoj2i A Zrefoll mhE ol ol B4 S g
SP71 915to], BmNPVE] g HE 7|9ho 2 PCR 22}
o|HE A&t Table 1). olF T 1t4sI517]
ste] oll Wt FEES FHIE AT 8 A==
1< gEsted, BmNPV A9 & 294 FollolA it
FEde FHlstal ARE  Zo|HE 08sto
BmNPV 7%} 475 SF3130t. 11 23 Fig. 5(A)
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9} Zo] NPV-1 Z2to|HE o|-§3t PCROJA= 471bp
9] = 4bEo] EQIE} o, NPV-1 Zejo|HE o]&
St PCROAE 188bp2] SE ALE o] slolx|Qit), T3t
ZEE GHAe] BmNPV ¥4 o558 Easlr] sto],
7 ZE AES YA & 71*1@7% 2435 23 Fig.
5(B)2t Zo] NPV-1 Zelo|HE o83t 5F A2 3
ZA YR 0|83t BmNPV-H49] A E3} oF 0.5%2] Z}o]
= yehfiglen, NPV-2 Zglo|H9o] & AHE-L 100%
=95t Ao Folx|girh
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30 60

H4 ATTAACGATACA CATCTCGC TTACTGTTTT

Pl ATTAACGATACAAATGGAAATAATAACCATCTCGCAAATAAATAAGTATTTTACTGTTTT
kR

H4 CGTAACAGTTTTGTAATAAAAAAA ATACACCCCCACC

Pl CGTAACAGTTTTGTAATAAAAAAACCTATAAATATGCCGAATTATCCATACACCCCCACC
TREKE *k

H4 ATCGGGCGTACTTACGTGTACGAC.
Pl ATCGGGCGTACTTACGTGTACGAC,
AREKE

AAAAACTTGGGCTGTCTTATCARA
AAAACTTGGGCTGTCTTATCAAA

ACCTAGTCGAACATG]
ACCTAGTCGAACATG]
ARk Rk

C:
C

H4 ARCGCCAAGCGC 2

P1 AACGCCAAGCGC:

TT

A TT

H4 CTAGACAACTACATGGT
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o
o
Rk Kk

CCTT'
CCTT'

CGGGCAAAAACCAAAAACTT
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H4 ACCCTT
P1 ACCCTT
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Rk Kk

H4 AGCGGC] 2
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H4 GCCGAA CGGGCAAAAACCAAARACTTACCCTTTT

P2 GCCGAAGATCCCTTTTTAGGACCGGGCAAAAACCAAAAACTTACCCTTTTTAARGAAATT
TREKK

60

H4 C
P2 C

CCGATACC
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"TTTTG
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H4 CGTGAAACTTGGACCC
P2 CGTGAAACTTGGACCC

AGCTTCCCC)
AGCTTCCCC]

‘GACC
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kKK

H4 ATGGACGT 188
P2 ATGGACGT 188
ARk AR

Fig. 5. Analysis of BmNPV detection and sequencing of
each amplicons. (A) Detection of BmNPV in
infected larvae. (B) Analysis of homology
with PCR products GenBank registered

BmNPV-H4, NPV-1; P1 and NPV-2; P2
sequence.
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= gzo] ix} 2529 Zu|sly, NPV-1 9 -2 =gt
o|HZ o]&3te] PCRS 4:35}1, 1 AF Fig. 6o L}

et PCR ¥ H719% A3 7 B7tollA =39 20
7N AA F 1170014 HErt ERl=]9lom, NPV-1 =t
o]ME o] 83t PCROJAE 51 A|&ES] W=7} oFsiA Y
9F Q¥4 o9 who] o] g oL}, NPV-2 Zeto|HE

0]-83t PCROIAE 59 WR=9] A7t &4 AEEH A
olgfgt Z¥l= NPV-2 Zeto]H 9] PCR 5& A7} &
of BmNPV R-37tol| G- &4lo] daisir et S-E3t
& Q] giEoz HweErH13]. Shamim (19 &
BmNPVel gt FAE Asta olE o]&sto
BmNPVE Zthoh= AJAES Zf8st v glot, Hioly
& 2o IO & Em W2 2 QIS HEef &
A7F Stk Barselet. wEka] 4 2710 Al

Holl F2 s==2 EAske BmNPVE A&5H7] 93t =
gho|w 2= NPV-27F A3t 20 % AlmEch NPV-2

nejoln] FE AbRO] A FRE 95te], FHo=

s 117H == /L}%g,] od7]A-1<3ﬂQ_ B/R-]f‘;‘]— é:ﬂ]—,
BmNPV-K19] & t}zbA|9] &7 A E3} 100% LX]sto]
A" AAY FEELS 55%2 QI o3t AE

&0l 20209 E+roll AMSA] AR A 5 55% 1ol
BmNPVol 9sf qAst Zog uj Hjolz|Ao] o5t
s7F Wit A7) g2 AYE A 5 qirh &3
Zhou 5(20] 2 o|=igt w71 HoE APk st
95l loop-mediated isothermal amplification
assay (LMP assay)E ©|-835to] NPV Hlo|HAE d%F
oA 2 et 4= Q= WS Jidgoy DNA 5%
FA49 ytolu} FE AgH|9] g 59 A|%e] T2
Qo] 7o & o]-go] Hegt IAAH 7S fsiA
= A&HQl A7t dasitt

Sample number *:\
e
bpy 1 2 3 45 6 7 8 9 10 K
o I
NPV-1

Sample number
11 12 13 14 15 16 17 18 19 20 \4°°$Q

Fig. 6. Grasserie diagnosis of field-grown silkworm by
PCR. Non, control without template; NPV-K1,
BmNPV-K1 infected B. mori nucleic acid
extract was used as a template.
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