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Natural Enemies of the Asian Gypsy Moth, Lymantria dispar asiatica
(Lepidoptera: Erebidae) and the Genetic Variation Analysis of L. dispar
Multiple Nucleopolyhedrovirus

Hwal-Su Hwang, Young Su Lee™, Hee A Lee', Duck Soo Choi” and Kyeong-Yeoll Lee**

College of Agriculture and Life sciences, Kyungpook National University, Daegu 41566, Korea
'Gyeonggi Agricultural Research and Extension Services, Hwaseong 18388, Korea
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ABSTRACT: Asian gypsy moth, Lymantria dispar asiatica (Lepidoptera: Erebidae), which is an indigenous pest in Korea, a large
outbreak has been reported in Gyeonggi-do, Chungcheong-do, and northern Gyeongsangbuk-do from 2019 in forest and nearby
downtown areas, causing emotional damage to forests and city dwellers. During the indoor culture of gypsy moth eggs collected in
Yecheon, Gyeongbuk in 2021 we found that 79.65% (321/403 of first instar larvae) were died due to Lymantria dispar multiple
nucleopolyhedrovirus (LAMNPV) infection. Sequence analyses of 36 gypsy moths collected from 12 regions in Korea using LAMNPV
late expression factor-8 (/ef-8) and polyhedrin (polk) genes showed a genetic variation of 0.80% and 0.86%, respectively. Comparison to
GenBank data showed that the Korean samples were most similar to LAMNPYV in Japan, whereas most different to those of Turkey. These
results showed a high infection rate of LAMNPYV in Korea and LAMNPYV is one of the important population regulators of the gypsy moth.
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2004). e A2l 4 BT} §204 5] Aol el
S 3 o0 = TRdik 2, 98 1 Hoh|ello] st
= 89 AS(Lymantria dispar dispar), 12]11 3=, Uk, o} FL
2, Al gjotol| E3ESK= Lymantria dispar asiatica®} Y2 EE 0|
M A SR= Lymantria dispar japonicas A ObA| ot A0 2
H3ti(Kang et al., 2017). G452 294 7Isfoke BHH
of| ofAloMAE-E AT 7HHE 4= e Wt o2} oF A A
o Hl3 s Elo] Hojur] wiiZell 715=R 919t A4 A7 §A
5oz A A RE FB AL, BRI ol Este] 1SS 7
ZItKeena et al., 2001; Limbu et al., 2017).

ofrfot Alg miuup-g ) Exfels- 024 Ao wet
EHHA © 2 ofibAish AL 7| 9t Koh, 2014; Jung et al., 2020).
£5], 20199 ol 52 7|, FHE, 4% Ao
Aito] L 5 SIS obje QIR 2l7Icka
U5 A49] ga)j7F At Jung et al., 2020; Choi et al.,
2021). vfuupe] wjsl= A gk ofu e} 1A =4 &
Hol| %= {5 L o] i Aste] AR A4 1]siE 7|
A7) % ok Bt Ak YR = S A A 20 F-ANI =T =
O HA] M 5 F 20| T sfj7} of Fech vimupe] =
2 A of| Tk o2k A 9 FoA] WA o] A sttt

H]=0] 79, 1869 5570 H| A=A 2300 o) o] %
e B S fisto] thefRt A S Tidsto] 285t
v} QJtiMcmanus and Csoka, 2007). Z|Zofl=3A RS L A
HA S 9i5to] 7] shaka] WAl Fol 3L B H WA 4
& A7} Z7}81at 9Jci(Elkinton et al., 2019; Liebhold et al.,
2021; Mannu et al., 2020). 22210 7|14 HZ o2 A U7|
A Q1 AN A74Z-E A Ooencyrtus kuvanae (Howard)] 2} 2
AU S8 (4nastatus japonicus Ashmead) 52 ©FA|o}o]]
A =]t A o] It Crossman, 1917; 1925). 3L B A2
O 7 LE=HAA 5802l Entfomophaga maimaiga, -2
A M|at2] Bacillus thuringiensis subsp. kurstaki, baculovirus 1
oL SCEZIA o |2 Lymantria dispar multiple nucleo-
polyhedrovirus, LIMNPV) 52 &-85}o] A a1= Zogt
v} lth(Blackburn and Hajek, 2018).

LAMNPV = tfu|uig 50 £o] 2] 0 2 ZH¢isl=Hlol 2]
24 AAH(Gypchek, USDA) = 7ldE o] A-83kE o] Qlrt
(Cunningham and Kaupp, 1995). 3}t -8-3 A151} ofr|o} A%
O] ufjrjupdol A LAMNPV 9] 2=5-8Hd-5- B 1 24513tk
(Harrison et al., 2016). Z* o] =7} 4] LAMNPV &) t}ofst
AlFol HAE L g W A o Tl d o] AlAIE HE Qlck
(Gencer et al., 2018). o A= E2}F ufju]ub+g-2] LAMNPV &
AR W AF5EA) S 8| w2413 v Q1T (Shim et al., 2003). 18
L, =W viE]ubl LAMNPY 9] 294 WA, ZHd& 9 {44
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2021 =W 12 A Sof| A wjmjuby o 2 {52 x5t
o A} At ARS-S AAFTE 20219 3ol -3 G A
oA Hals FEsielet. Rt 452 385 7HA #lEe] ¢
2J(35 x 10 mm) (SPL, Pocheon, Korea)o]| 7|51l 1 0] % =&
§22 Z7 & AS-87](60 mL) (SPL, Pocheon, Korea)S A}
&sto] 7P = ARgskeint veu 15-9] 9139 0] F9630B
(Frontier Scientific, Newark, USA) & A| Z3}0] 1 ~2Y o akH
A A14AE Hol & Algstiith W7 = Aol 1Ego] 3le
ZTAE ARRK72 x 72 x 100 mm) (SPL, Pocheon, Korea)&
ARBIATE. ARSARE ol 91 B 0] 458 9T Al
Gtk A3 AR AR Ao AEERL R 99T, A
B 72 x 100 mm ZTA S Qich vjujupg ARAS
25°C + 1°C, 40-60% RH, 12:12h (Light:Dark) 272 4|3
A ARS7IE SOl Hio| g A S-S HolH & 752

70% &30 9-& T 20°Ce] HsH K Fig. 1A).
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LdMNPV 22| 3 Hx|

o] g 2o o3 22 wju|up LIMNPVE AA|517] 93]
o o] upHE 92-2-0.1% SDS (1 m/larva) -8-oHo]] Y 12 w2 5-o
ol-g-5to] Bafat & 4°C WATo|A] 1Y Rykgic). 1% At
BN 23160 ml 341715 o]-g5lo] 250] a2}
o & ]t} 25°Co)A] 3,600xg R 103 59k 14l He]
2018 7|73} 0.5% SDSS}0.3M NaCl 80 1= 7ho- v
Z A A 42l S Ft(Ahmad et al., 2018). TPA[9fo 2
TS AT WEE SFRTE Fol 4°C] HElth @
el5t RoHoll Al Cheng et al. (1990)9] e Zx3}o]
Polyhedral occlusion body (POB)E T3} o] ==E2|3]
o} R AEOlS 2,500 x g2 1087 WA Relstolq A%
NS AA FHHET SHE AATck A Ak GolS
40-60% sucrose 8282 0]-8-3}9] sucrose gradients 2 1,500 x
g2 3027t AEelglnh 2] & FEe| F1tol Eeld

A HES FE30IA SRFR 5452,500 < g= 3023t
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225t sucrose &S A7 B TFE A A $--20°C
of] H5ic}. £2]H POBE 2¢15}7] 13 @Al ibg(Hemo-
cytometer)2- ©]-85}%cH(Fig. 1B).

LdMNPV genomic DNA F& % ==
LdAMNPV ] Zd5Atko] Q= mju]ibol A} DNA mini kit

(Invitrogen, Carlsbad, CA)E- 0]-25}¢] genomic DNAE &5}
Stk PCR-E 4=845}7] £]3]] NanoPhotometer™ (ImplenGmbH,

©) LAMNPY 07 ZE& 915t majo]m 48 the T} 2
polyhedrin (polh)2] forward primer 5°-GCCAAGCGCCAA
AAGCACTT-3"9} reverse primer 5’-AGGCGTGATCGTCG
TTTAG-3’, late expression factor-8 (/ef-8)2] forward primer
5’-CTCAAGTGCGGAATGTAGG-3’ 2} reverse primer 5°-AGC
TTCTTCCACGGCGAG-3’ (Harrison et al., 2016). PCR &3}
1.0 SolgTM2x TagPre-Mix (Solgent, Daejeon, Korea) 15 pl,
ZF Zato]m 2 ul, DNA £ 11 ul (100 ng) &2 A 30 pl %

Fig. 1. Natural enemies of Lymantria dispar asfatica collected in Yecheon, Korea. Dead larva by the infection of LAMNPV (A) and microscope
observation of POB (B), Dead larvae by the infection of entomopathogenic fungus Entomophaga maimaiga (C) and microscope
observation of £ maimaiga conidia (D), larval parasitic eggs (two red color arrows) of Parasetigena silvestris (E) and a newly eclosed adult
(F). Two egg parasitoids, Anastatus japonicus (G) and Ooencyrtus kuvanae (H), newly hatched from gypsy moth eggs.

Table 1. LAMNPV collection locations and sequence information in Korea

Accession numbers

No Locations Dates
lef-8 polh
1 Chungcheongbuk-do (CB) Chungju 21.05.18 - OKO072710
2 Gyeongsangbuk-do (GB) Yecheon 21.03.03 0K 072698 0OKO072707
3 Gyeonggi-do (GG) Anseong 21.05.28 - OKO072716
4 Gyeonggi-do (GG) Gimpo 21.05.25 0OK072699 OKO072718
5 Gyeonggi-do (GG) Icheon 21.05.18 0OK072700 0OK072708
6 Gyeonggi-do (GG) Paju 21.05.25 0OK072701 OK072715
7 Gyeonggi-do (GG) Yeoju 21.05.28 - OKO072717
8 Gyeonggi-do (GG) Yongin 21.05.20 0KO072706 OKO072711
9 Gangwon-do (GW) Hoengseong 21.05.13 0K072702 OK072709
10 Gangwon-do (GW) Jeongseon 21.05.22 0OK072703 OKO072714
11 Gangwon-do (GW) Pyeongchang 21.05.22 0K072704 OKO072712
12 Gangwon-do (GW) Yeongwol 21.05.22 0OKO072705 OKO072713
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0 2 PCRE A3Y3}9ch PCR B2 2 7|9H2(95°C, 582), 35
cycles (95°C, 60%; 55°C, 60%; 72°C, 60%) 12]1L L7 |Hk-S-
(72°C, 58) 0. 2 A Y35}3ct AsY = PCR AHE-21.5% Agarose
gel& o|83}to] H7|gEor Kelstal Wizard PCR Preps
DNA purification system (Promega, Madison, WI, USA)E ©]
9:5}0] DNAZ AAa13ich.

LAMNPV SXIX} &7 MY 2

81l DNAS] 714
Sequencing Kits (Applied Biosystems, Foster City, CA, USA)
O 2 SAE(HNA, T=)ollA FHFo= EA8I3ITh Bioedit
7.2.5 TR WML 0]83}o] A5} T, National Center for
Biotechnology Information (NCBI)2] Genbank database ]| 4]
BLASTN algorithm W' 0 & QAL BA519 11 2120 -4
A} A &-8- GenBank database ]| 523} tHTable 1). Maximum
likelihood (ML) £-4]-2- Bioedit 7.2.57} MegaX Z & 131-2- 0]
g3}glom, oju] LAMNPV (NC_001973) 97| &g 7|20
2 lef-8-F A= 49607 - 50238 (632 bp) FY2 AMEFoH,
polh GAA= 551 - 1345 (465 bp) 9IS AM&-31%ch HKY
(Hasegawa-Kishino-Yano) model AEEAHUH O 2 1,0003]
9] bootstrappingS A A3} tHFelsenstein, 1985). LAIMNPV
2] Minimum Spanning Network (MSN) haplotype-2 PopART
-1.7 ZE2 W0 7 438519 ti(Bandelt et al., 1999).

&4-2 BigDyeTerminator v3.1 Cycle

el
Ofe| x{Z!St ofo|Lite| XA

202149 3 of oA A meu A ES AW AN
3 AT} oA e S| So] ety FeAom A
ol B A3} 23 0 2 A FAHIEEH (Anastatus japonicus
Ashmead, 1904)3} ZIAY7A=ZH Ooencyrtus kuvanae (Howard,
1910)] ©]$IthFig. 1G, H). T3 2021d 4-5 o] oA A4

Soper, 12|31 452 7|4 A2l A7 | A= [Para-
setigena silvestris (Robineau-Desvoidy, 1863)]7} BFA =]tk
(Fig. 1C-F). wju|uja)l @b 2] of| A= LdMNPV Y E. maimaiga
off 2sA 2 52 ARlEe] EAE O] L E 710 4=)i0]
A7 Q)= o]tk LAMNPVY 7HgE o] =& 7H?<ﬂ——
AVAL RLFo 2 AU L5 U wgolol 2siM =
MAES M2 ol = shaL i 2 Sl ol th(Fig. lA,
0). 3 F& AHIE] & 9ol 7148ute] o] Yo] AlkghE]of
U Hge A = JUFig. 1E).

OHOILFL QISAKE:

Oﬂ’qoﬂ/ﬁ iﬂx‘ﬂ oo R EE25°C ol A 40 E}t
172 5-15Y0]% 31 BElEa-S 52.3-99.7%=
ThFHom Bat F2ke2 79.64%0] JTH( V] AL A=), 53],
W SR FH g7 ™e] feglon 98177k 10-34
o, 92k 10.6%0°] Ak 3L FoRRE vin|ub 19 G55
& USAREShE IO A NPV aS5Adol dstAl Uebst
& 4030t2] F 321012)(79.65%)+= =21 ¥o] =31l Hol&
WA FEl e, oot g2 T4 o] %- 1~ 2¢ ofufof] =0l =
ol 2] = Z3ENPV THSAto] U AFdgith(Black and

Hajek, 2018). NPV 782 ol f5HT} -6 dujol
56.58% 2 714 =9} tH(Table 2).

o e upe] f5 A 9] B g ThdskA UrEkstTh 4
T ® e7hed, BT éd ﬂ 6o WL 7 %Sﬂé,
782 ble 3). mju|Lpko] & 4=
] #7}%&% = é?iE} =, A 75 B 76
B E= 79U Al 47475 404, 79.040] 31tk #ﬁﬂ +r
%9 ©of Zkz}F 73.08%, 80.43Y,
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NE
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LdMNPV ZIEt

LdMNPVo|| Zrdw wjujuy) 58 639] 12} &

ot 252 T 2 Ay 2323 YA LAMNPY, 213239 sucrose gradients=® P41 E2] & 50% sucroseo]| 4] &l ﬂE%
A =501Q1 Entomophaga maimaiga Humber, Shimazu & R.S. Ikt =3 3 e =SR2 A 3e & YA R
Table 2. LAMNPV infection rates during gypsy moth rearing
Total Larva
¢ d d: th th th + th ; Pupa
number [%instar 2™ instar 3™ instar 4" instar 5" instar 6" instar 7" instar
Mortality (%) 403 6.45 1.99 1.99 3.23 18.86 37.72 6.20 3.23
Accumulated mortality (%) - 6.45 8.44 10.42 13.65 32.51 70.24 76.43 79.65
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Table 3. Life cycle of gypsy moth using an artificial diet

Larva L i
Oviposition Tota
Egg 1 st 2nd 3rd 41}1 Slh 6111 71}1 Pupa Adult 4 | R
Sex  Numbers . . . . . . . ay ongevity
Instar Instar instar instar Instar Instar instar
(Day)
Female 2 0 00  9.00 00 00 00 6.50 10.50 13.50 6.00 1.00 9.00
Male 46 9.54 9.74  7.89 6.59 5.98 6.87 12.63 - 1476 6.43 80.43
| LAMNPV, /ef-8 (MK411292) Russia LAMNPV, polh (KP939241) Turkey
| LAMNPY, Ief:8 (MN661137) Russia LAMINPV, polh (MF311096) Turkey
%MMN‘PV, lef-8 (MKA11291) Russia LAMNPV, polh (KP939238) Turkey
LAMINPV, polh (KP939235) Turkey
LAMNPV, /gf-8 (KM386655) Russia
LAMINPV, polh (MK411292) Russia
LAMNPV, /ef-8 (KF695056) Russia )
LAMNPV, polh (MKA411291) Russia
l LAMNPYV, lef-8 (KP939233) Turkey LAMNPV, polh (KY249580) Russia
3 LAMNPYV, lef-8 (KP939239) Turkey LAMNPV, polh (KM386655) Russia
0 LAMNPV, /¢gf-8 (KX618634) Poland LAMNPV, polh (KJ685905) Russia
1 LdMNPV, /ef-8 (KF695057) Japan LAMNPV, polh (KF695051) Romania
LAMNPV, /gf-8 (KT626571) Japan LAMNPV, polh (KXG18634) Poland
6
LAMNPY, Jef-8 (MK089451) Japan LAMINPV, polh (KT626571) Japan
LAMNPY, Jef-8 (KF695059) Romania LAMNPV, polh (MT782113) China
LAMINPY, /¢f:8 (KFG95062) Poland LAMNPV, polh (MT782112) China
LAMNPY, Ief-8 (KF695061) Japan LAMINPV, polh (KF695054) China
0 'LAMNPV, lef:8 (KF695063) France TAMINEY, polie (Eloss 0B Usex
NPV, polh (OK072707) Korea-Yecheor®*
LAMNEY, 18 (KPOZ7546) Russia B LAMNPY. o (OKOT2707) Roren-Yechoon
LAMNPYV, polh (AF499687)
LAMNPV, Jef-8 (KY249580) Russia
) [ LAMNPY, polh (KY296839) India
LAMNPV, Jef-§ (KT626570) Spain .
LAMNPY, polh (OK072710) Korea-Chungju
LAMNPV, lef-8 (KP939242) Turkey LAMNPV, polh (OK072716) Korea-Anseong*
| LAMNPV. lef-8 (MF311096) Turkey LAMNPV, polh (OK072718) Korea-Gimpo*
LAMNPYV, lef-8 (KF695055) USA LAMNPV, polh (OK072708) Korea-Icheon®
LdMNPV, lef-8 (KT626572) USA LAMNPV, polh (OK072715) Korea-Paju*
2] LAMNPV, /ef-8 (KUS62282) USA 56 LAMINPV, polh (OK072717) Korea-Yeoju®
LAMNPV, /ef-8 (KF695060) LAMNPV, polh (OK072709) Korea-Hoengseong®
LAMNPV, /ef-8 (MK264918) China LAMNPV, polh (OK072714) Korea-Jeongseor®
LAMNPV, Jef-8 (KF695050) Kored* LAMNPV, polh (OK072712) Korea-Pyeongchang™
o1 e *
LAMNPY, lef-8 (KF695064) China LAMNPV, polh (OK072713) Korea-Yeongwol
S4LAMNPY, Ief:8 (MT782112) China LAMNPV, polh (LC109265) Japan .
. LAMNPV, polh (OK072711) Korea-Y
LAMNPV, lef-8 (MT782113) China H poi ) eesarkongin
o 61 LAMNPY, polh (MK264918) China
LAMNPV, /ef-8 (KY296840) india
LAMNPYV, polh (MNGG1137) Russia
LAMNPY, Jef-8 (AF081810)
] ||| LAMNPV, polh (KF695052) Poland
£8 (NC 0019
G5 LAMNPV, lef-§ (NC 001973) 9 | | LAMNPY, polh (KF695053) France
G LAMNPV, /ef-8 (OK072706) Korea-Yongin® | LN K390 Usn
4
LAMNPV, Jef-8 (OK072704) Korea-Pyeongchang™ l LAMNPY, polh (KT626572) USA
LAMNPV, /ef-8 (OK072698) Korea-Yecheon® LAMNPV, polh (KUS62282) USA
4
LAMNPY, lef-8 (OK072705) Korea-Ycongwol LAMNPV, polh (AF081810)
LAMNPY, Jef-8 (LC109268) Japan LAMNPV, polh (M23176)
LAMNPV, /gf-8 (OK072699) Korea-Gimpo™ LAMNPV, poll (NC_001973)
38 LAMNPV, /ef-8 (OK072700) Korea-lcheon™ [~ LAMNPY, polh (MK089451) Japan
LAMNPV, Jef-8 (OK072701) Korea-Paju* LAMNPV, polh (KP027546) Russia
LAMNPV, /ef-8 (OK072702) Korea-Hoengseong™ LAMNEY, pois (ET626570) spain
N 50 LAMNPYV, polh (KJ685909) USA
LAMNPY, lef-8 (OK072703) Korea-Jeongseon 5
LAMINPY, polh (KF695050) Korea
[ LAMNPV, /¢f-8 (KF695058) Spain -
LAMNPV, polh (KP939244) Turkey
2 3
47" LAMNPV, lef-8 (DQ235246) 2 LAVMINPV, polh (KJ685904) Russia
LAMNPV. lef-8 (KP939236) Turkey 88~ LAMNPV, polh (KJ685906) Russia
Lymantria xylin nucleopolyhedrovirus (NC_013953) Taiwan Lymantria xylin nucleopolyhedrovirus (NC_013953) Taiwan
0.020 0.010

Fig. 2. Phylogenetic tree based on /ef-8sequences using Hasegawa-
Kishino-Yano model (HKY) of maximum likelihood (ML). Ten /ef-8
sequences obtained from this study were compared with 36
sequences obtained from the GenBank database. Percentage
bootstrap values (1,000 replicates) were shown above the
branches. Asterisks indicated the Korean specimen. Lymantria
xylinnucleopolyhedrovirus (NC_013953) was used as an outgroup.

Fig. 3. Phylogenetic tree based on polhsequences using Hasegawa-
Kishino-Yano model (HKY) of maximum likelihood (ML). Twelve
sequences obtained from this study were compared with 37
sequences obtained from the GenBank database. Percentage
bootstrap values (1,000 replicates) were shown above the branches.
Asterisks indicated the Korean specimen. Lymantria xylin nucleo-
polyhedrovirus (NC_013953) was used as an outgroup.
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Fig. 4. Minimum spanning network analysis of the /e~-8gene and po/h gene haplotypes of LAMNPV from Korea and other countries.

£ 53 POBE BAI5Hick POBLE 7 AAEHAS] 224005
x 0.05 mm (0.25 nL)] ] W0 & 2A35}AckFig. 1B). =4
2 Eo2 vjuluby 43 §5007 1 ¢ 10°POBS HE3S x5

OHO|LEY HIO[2{A AL S &4

2021 = 12 Aol ARt e|uR) 5ol A LAMNPY
7H2HRIEI ATk LAMNPV o] -4 4 thefdS 28] $15t9
Z o9 374A| S giako & 2702] SRR lef-82 polh S o)L
3} maximum likelihood (ML) W o 2 BA31TE =1
LdMNPV ¢] lef-8 F-7Z} ¥Hol&-2 0.00 - 0.80%°]0, 2015H
NCBI®] E25 35 7j5|2] A7]A1S(KF695050) Tt 0.48 -
1.12%9] X0 2 Lrehdii(Table S1). NCBIo| 524 367)<]
71K 23} ¥l 23} 101 £] 0.00 - 9.28%0] ek, S, gl
(OK072706) 2} F3HOK072704) 7NA1E At 77HAl= L
FHA(LC109268)2} 0.00 - 0.16%2] Hol&o] 744 w1, €]7]
(KP939236)9} 8.64 - 8.96% 0. & 714 2=3}cKFig. 2, Table S1).
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Supplementary Information

Supplementary data are available at Korean Journal of

Applied Entomology online (http://www.entomology?2.or.kr).
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