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Co-occurrence of Matsumuraeses falcanaand M. phaseoli(Lepidoptera:
Tortricidae) in Soybean Fields, and Polymorphism of Cytochrome ¢
Oxidase Subunit 1 Gene Nucleotide
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ABSTRACT: Leaf-rolling moths were collected from soybean fields and identified as Matsumuraeses falcana and Matsumuraeses phaseoli by
comparison with laboratory-reared species based on the nucleotide sequence (658 bp) of the mitochondrial cytochrome c oxidase 1 subunit gene
(COX1). Ten haplotypes with 0.15-0.46% genetic distance from each other in COX1 were found in 47 samples of M. falcana, in which haplotype
A was dominant (approximately 70%). Only one type of COX1 was found in 30 samples of M. phaseoli, and its sequence showed 4.11-4.61%
genetic distance from those of M. falcana. Amino acid sequences translated from COX1 were identical in all samples of both species, and they
showed synonymous substitutions. Larvae of both species caused damage to soybean leaves and pods and co-occurred simultaneously in the
field. The average density of M. falcana was 1.5 times higher than that of M. phaseoli. The results clearly indicate that soybean was the host plant
for both species. In addition, Elodia flavipalpis (Diptera: Tachinidae) was found to be a larval parasitoid of Matsumuraeses sp. through identifi-
cation of the COX1 gene.

Key words: Soybean, Matsumuraeses falcana, M. phaseoli, co-occurrence, COX1 gene

X & vEZ=eol ARSI ¢ A8kEs 1 (COXI) 24 A7141 (658 bp)e AFalel, 3 olA AE olelRrbi(Matsumuraeses
falcaml)jq' %L].HOP(Matsumu}/aeSES phaseoll')g] %‘% )é]ﬁé/\a] ;S%Q,] %’5‘3’} H]JT_S]'O:] %‘@’6‘]’9}‘\@ COXI ?917]}\1 OE:‘ 'Er'f/}jl 0]]}\1, 0—1‘?’]%1%‘%} 477H i‘"
2] 1071 S 2ERo] WARAL, F 5872 A2k 0.15-0.46%01 ek, ol F Sz 2] Adlo] oF 70%= - Ho|2ich. Trpael
300 A 2B BT 5UR shube] A dvte] S1H 9L, ofelgubgste] 312 A 4.11~4.61%0) 9Tk F %9 COX1 47119
Wlofak o]l Al T Festel F212) @714 Wel($2) A%, [ f, synonymous substitution) S $121% 5 15Ich 4 24}l
A 5 %) 0] T Y3t TS AT, T EFoIA SAlo) BRIty AR EFelA ofRLpre) Wt W rpiuch o 15
w) Segke o] Ak o) F Fo] B 71FAS Wsh A ST HER o] Lol §-% 71 4ske) 24 Elodia flavipalpis (V)% 7145}z
7} HAE Y3, COX1 HE2 AT

ZM0f: 2, ojz]giy, B, T4, COX1 gene

*Corresponding author: jungjk@korea.kr

Received September 30 2022; Revised November 11 2022
Accepted November 21 2022

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.




A o= Matsumuraeses< ALo|Updla}) L0
2 ZUHKM. phaseoli) 1} o2 BUHNM. falcana) 2] 2£0] 7]
Zx]0] Itk Park, 1983; Byun et al., 2005). Byun et al. (2005)
© ojejpLie] ) M4 S HushEA Relo] ofgf &
3] o 2 HE %= FT(Fabaceae)ol &35 F £9| 7| EE52
R8I AT o] Haloll= 3(Glycine max)©] 7+ E2] 35 715
X572 AR e](Medicago sativa)@} Z5-A42](Melilotus
suaveolens), (Vigna angularis), Tephrosia vogelii, Vicia faba

= ko] 7|FAIER, 3(Pueraria lobata)d} oF7PA LR
(Robmla pseudoacacia), Lupinus sp.7} o2 Z1pHro] 7|54

2 247k 725 ek Sjel A BLpgo] o] 2t wie,
=710 a5 Asl= Ao ERIEAL, T Aol 4] Tk
o] B-& E§Ielo] =IN(V. radiata)@}t F5(V. unguiculata)
o] Vigna% =9 8 si5or FHH Huwglct
(Jung et al., 2007; 2009; 2019). Z-2]of| ] o] & o] TE 7]
Z0] AL RIE Y O1KByun et al., 2005), ZFol|A= o]z
ol B £ 3] ol kS 20
[ 13(Heo et al., 2009), Zrrlo] F-2 715)|51= Z-2 o}
SRI=|A] ookt gHH, URofA = 432 Matsumuraeses
(L, ojgj U, M. ussuriensis, M. vicina)©| Tohoku

B e
_ﬁ‘q‘ ro

re

Aeqe] B TAEOA FRUEILT, 0l ofelBiso) et
A ATk 2 1% Qe Oku et al., 1983).

T ] Rt I, a1/d 9 F 2o A W alle
S S 0| Matsumuraeses5 0.2 FHE §E50] 9
% 2 97} 1] wjel AR, AR SE o Sk |
Oz

SATCOX]) F71AD BAS Ba) B4 AT}, EAxg
ol P} ol B §5 S| 2ol 3L
SRl 9l of7]of L BA A 1w

g 7kl 2]

X

ki

2 iy

Al
=

]

5 R 2 2 L EAL

202083} 2021 Q1AA] LR Wy HIl 7| = AALE,
7} A E 1A 5to) F Ao A Matsumuraeses<: 4—3(11—?, &
9% RS, TRt UE 2Alshich e
|itoll= B2 A B 252 5ol &8l 2ol ‘*’%43}44
A S S EAT A 5 s
YMH = 67, A 14, 114 3ut2]) Q3L ©]F Matsumuraeses
4 23 770k (AREO R ojelL 470, T 300}

2)) 2}t AHolA Y3 Matsumuraesesss -5 20A(F 54

S
rul

i

il

642 Korean J. Appl. Entomol. 61(4) 641~649 (2022)

S AR F 2 iAol A S-Blet 7)1 A ukE] 2ofe] o]
ZAR7H A =] K Table 3). A oA Y5 9vte]= 4
ol A ARgate] 931t 438 WEaL(eF-20C)ol| Haael
o i) 252 A B4 71 95% of k&g o] 217
3lo] W12k 4C)ol sl k2020 A=), € ATE)
2 YE12021E A 2)o] Hasich

3 of el GO B Fo| T Elo] gl Al
Aol 1 el ol Sulgich ofewLbd Hgke 20074 4
o 7Y T =AM AR = al(Heo et al., 2009), ErY
22004 7] =19 & ZAof| A 3= of(Jung et
al., 2007), AA7HA] @A FAHIL = Heol Ak
% Byun et al. (2005)0] HI1RE 5] A 47| FEj 2fo] =
S AL, COX1 H72 47|14 &2 0]-8-FHPCR-RFLP [
2fo]u] C1-J-1751, C1-N-2191 (Simon et al., 1994), A|3+7 4
Rsal] & ul Zéo] PCR (Eﬂ—o]tﬂ' ./,EHH‘ﬂ: EI—L].HI— P-SF2, o}a]
ZUY F-SF3; 3-8 A3k C-SR3)0]| oJ3h H7] g5 e 2
o2 COX1 72t §7] F+/do] th=th= 740] ol Feto]
THHeo et al., 2009; Seo et al., 2012). E -2 A3 A Zcto]
B AT T3 BAZ PR FI A2 F2
A Aleet o3k BCF1 A AlthEe] g4o] 871550l
= 27k a4 a7} gelE Zeto|thJung et al., 2019). o]
AFA KISl 4 R G5 2012)4 Z7te)] Al DNATE
=

=
A

oo

i

A= DNA & U cox1 7 IME S5

Al§]320] 7%= DNAE A8 DNA 3%7|E(AccuPrep®
Genomic DNA Extraction Kit) (BIONEER, Daejeon, Korea)
2 AzAre] Wl njeh 23a19ch EalH DNACIA ¥g
o]l LCO14903}F HCO2198 (Folmer et al., 1994)2- o]
£5}0], COX1 AR ZHHEQ] 658 bpe XE3st= AE
(Hebert et al.,, 2003)2 33tk A4 52 918l &
PCR =Y (PrimeSTAR GXL Premix) (Takara Korea
Biomedical Inc., Seoul, Korea)E AF-3}5th PCR W&
95T o] A 38 X 2|gl Z0] 94C oA 30%, 49 C o)A 30x%
72 C ol A 3022 331 WkE5la, U]—Z]U"_O_i 72°C oA 78
@ Aelete 0% Sk, SR vl
S S 4o AlEAE Aﬂﬂoﬂ ARutETH
31, Chromas (Ver. 2.6.6) (Technelysium, South Brisbane,
Australia)o| A I3 AAE AA AZE 4= 0= 658 bpo]
COX1 H71HES Ak



] == YA HAE(NCBI) Genbank @} o2 w=&of &
Lhk} o) g]guate] thal 658 bp o]4Fe] COX1 9 olo] ¢7]
Aol Barg Aol g17] whizol, A AT Alm 25
COX1 658 bp F7|MEZ FRL, ol &5 AT 252 971
A g} B|askr] 913 A B & 0]-8-5H3ITt Seo et al. (2012)
=C1-J-175137} C1-N-2191 =&}o|H(Simon et al., 1994)E- A}
83101 439 bp = =] BLfHr A H(accession No. IN119567)
I ofEguiy A E(IN119566)2 Genbankoll 5-%53t%=t,
7 AETHE Aol 4] SHEl 54l 5] 658 bp 1A
B3t A AR bpy slashe A9 A 2F
%] COX1 A]%(658 bp)-2 GenBank glo]]uo] 0] 525}
ATHEUH, OP380047; o281, OP373141).

3l Ao A A3 Matsumuraeses<: 5% 9= A
ol AL&atel 5 20klollA] 212 7 gl ) 1okl S stal
F=d], 9A] 658 bp2] COX1 ¥7|1AES 54359 GenBank
o] S-25}151tHOP484970, OP484971).

H7]Hol 7 PAE K= A 20 DNA A Fof thsfjAl = 29
2 REARSF oL A (Swiss Institute of Bioinformatics) 2] %
HAH s Q] Expasy 2] Translate fJAO]EofA] T2 of of
u] Ak A G 2 H 95 T Expasy website, N.D.).

Mg 24
2} Aol A A 25 Aol A SHiLE A HE 2 GenBank
of Fo] ERIE|R] ¢r2 el 2 Matsumuraeses sp.2 5% 0]

9] o] ool o] ol 7] A 37H[KF402839 (&2:4h), KF401056
(ZF4h), MT578848 (5=4h]E A= Blaskgich o] 5
MT578848 AL 669 bp7} R =gt 5" ol ofRo) o2
T 3= 871 G715 AlAsEL thE A g A Esto] oo
H140 715 2= AES HEAEE BF 3528 24
AERE qAStATE E, 3% W F Zefolw A dS 74]713}04
658 bp= YrQltk A EEolA T G714 G Atololl AE
At GenBank BLAST AH| 0] ThgA| E H| S F5f A%
o} = A Alole] 847 A= MEGA X Z 2 13(Kumar
et al., 2018)%]|A] pairwise H}A] © & Kimura 2-parameter 122
(2,000 bootstrapping) = 57450 STk WAE A FE0] of
7]l ko] U= Grapholitini) QFol|A] E3} & FZo)lA] £-g]
A Zelsr| 98l AlgrE Attt Alsroll= Ma-
tsumuraeses<y L0 2 KB ILo] o] glguHF 470 of| A Ut
e ) 7105 10719 g 3001l e] 56 91
17} 2 GenBanko| A %33 7] 47]1 D& EA 7tk ohE

& AFOoRE o7 oL F o = ol 7] S5 FH(NIBR
website, N.D.) 5= GenBank©o]| COX1 3l|dd d7|4Fo] &

25 accessionS THE 1~37]] =43l 0|5 7R of
W Cryptophlebia ombrodelta), 737327l ol7] L&
oL Cydia glandicolana), 2707 Ao UK C. nigricana),
Yol 7] Ao U K Grapholita delineana), E-50Ke P&

O|(G. dimorpha), FHe]of7 | ALONNNG. funebrana), H50l=
HNG. molesta), F
Aol

VALEY

Bl Leguminivora glycinivorella), S22 ol
W (Pammene germmana), 7170l7] A Zro|LHK(P.
ignorata), o|2|=Ee]o)7|EOIURKP. nemorosa), Z3dol
7ol (Strophedra nitidana) 2] 297 G714 Lok +
QLo 7 o F Lol RN Adoxophyes orana) (Lo | Lk
ok, Qo] ) 7] 4 14E Ag5hick A4 MEGA
XA Kimura 2- parameter 221} 2,0003] bootstrapping HH=-
2 2]-8-3}9] neighbor-joining B © & 23}tk

Y
1=

Okl
o
s

o3

Sl 23 3 wel=
T19koll A 918 A 4JsHA L Fig. 1A, B), ou} TEz] Aol
o] Y& 7helistal IEeE FH O REE AETIA] A 5H=
AL 2 WEE(Fig. 1C, D). vsf&2 fﬁ_idﬂ} B e
A1 Zd) 100%7H2] WL, ol Wins Wil A F
ot 530k 7} ) = e Qlck(Table 1).

Matsumuraeses<: -G

AEIE c MefgA 1 STKF S7IME HO|

2 Aol A AFEA SRR TS of efgubal ) 2ut2
#10] 658 bp 7149 GenBank ]| 5-5%|0] Ql= of2|ELt
2 4714 AIN119566) 3 B ¢47] 4 DIN119567)2 3
A A= 421 bp7t 22F 100% G| (o2 de] B¢ shE=
Bt A)(Fig. 2)3H= A& RISk wheba] & Ao F L
Sz A3 A Zthe] COX1 F7]4 A 658 bp= B AALo]| A &)

Azt A& Ao T2 ST F2AGR o] 85k

T 2ol A AR =] o] BAH 470kE] o] of ) 7] A

g2 B o 71o] XA Az F7])AB(0P373141) T} mE A x|3}
AUGHEEZER] A), 171 3-2-27019] |7]7} x| gE|o] =510
N9} shEEERQ] o] WA AL, 242 99.5~99.9% 2] A DA
T2 Bk 2 4447 0.15-0.46% 2 LEPFTKFig. 2,

°L

Matsumuraeses falcana and M. phaseoli in soybean fields 643



Fig. 1. Photographs of soybean plants injured by Matsumuraesesspp. larvae in the field. A and B: leaf damage, Baengnyeong; C and D: pod

damage, Yeoncheon.

Table 1. Soybean damage ratios and densities of Matsumuraeses spp. observed in several soybean fields in the years 2020 and 2021

Area Damaged plant ratio Matsumuraeses spp. density
(Coordinate) Check date (%) No. per 100 plants Stage
Baengnyeong 3 Jul. 2020 40.0 (30)" 0.1 (1,620)" Pupa (P)

(37'58'N 124'43'E) 21 Jul. 2 8.0 (100) Larva (L)
11 Aug. 3.3 (30) 2.0 (50) p
5 Jul. 2021 0.0 (30) 3.3 (30) Adult
20 Jul. 20.0 (30) 0.0 (30)
3 Aug. 2021 100.0 (10) 530.0 (10) L
16 Aug. 0.0 (10) 0.0 (10)

Yeoncheon 24, Sep. 2020 93.3 (30) 40.0 (30) L

(38°03'N 127°04'E) 7 Oct. 100.0 (10) 30.0 (10) L
13. Jul. 2021 0.0 (20) 0.0 (20)
27 Jul. 0.0 (20) 0.0 (20)
11. Aug. 40.0 (20) 0.0 (20)

Goseong Jul. 27, 2021 - 10.0 (20) L,P
(3823'N 12829°E) Aug. 10 70.0 (10) 20.0 (10) L

"No. of plant observed, INot observed.

Table 2). ZLHTH= 95.6~96.1%2] ABFAIES B o,
411-4.61%9] §HA2E LERc GenBankellH 273t
Matsumuraeses sp. KF402839 (o) 2 KF401056 (3)1}-2] A&
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SAEQ) ATl Z1zh 94.8-953%9) 4.94-544%%E,
MT578848 (v)TH= 96.2-96.7%2} 3.45~3.95%5 L}ERJI,
A8 30mke)o] by BE @Y1NDS AR FEAY



(OP380047)7} 100% AA|SI%ch. TP Q7IHAE of2B Bk AAL o W Bl B 95.7%2) AGAE} 443~
Pt A o)A 26-28700] A717F A BHE ATFig. 2, Table 2).  4.60%0] 717125, vOHz 97.4%0] A A GAHES} 2.81%0]

Substituted nucleotide Substituted amino acid
P M. falcana haplotype M « B
""ABCDTETFGHII JP Y P. DNA Codon Name
49 A TTT 16 ~TCA, TCT  Ser
82 T c C 27 AAT, AAC Asn
85 T ~C C AA 28 CCT,CCC,CCA Pro
94 A G 3 CTTA,TTG ~ Leu
118 C T 39 AAC, AAT Asn
c TT T 40 ACC, ACT Thr
c T TTTT 48 ATC, ATT lle
G A A AAA 54 GTG, GTA Val
[0 TTTT 656 CCC, CcCT _Pro
A G G 70 ATA,ATG  Met
A G G C 73 GCAGCG,GCC Ala
T ccce
A T T T 88 TTA, CTT
c T T %0

5 C
A T 107
A GGG 12 LT
L C .8 JernTec . Ser
L c 132 TILTIC  Phe
G A AT TT 13 TCG,TCA TCT Ser
& T T T 135 CAG.CAT  his
A TT 138 GGA, GGT Gly
A X LT 40 TCATCT | Ser |
T CcccC 14  TCT,TCC Ser
c T 142 ATC, ATT lle
T c 145  GCT,GCC  Ala
T CC 148  TILTIC  Phe
L. L T T T A8 ATCATT  Me
A X 196 CGA,CGT | Arg
G A AAAAA 160 ATGATA Met
€ r.r...ae_ . JIcCTCT . .Ser
L T IT.r.r.e  CIATIA Leu
A T . 169 GTA, GTT val
8. T.X...A1  GCATCA  Ala,Ser
WAL ¢@g..Jl1ea . CECACCG P .
T .. ©. €. C 187 GCT, GCC Ala
T A 188  GGT, GGA Gly
568 T c 189  GCT,GCC Ala
586 G T TTT 195  ACG,ACT Thr
598 T cc 199 CTT,CTC Leu
613 C ‘ T TTT 204 TIC,TIT Phe
616 T c 205  GAT,GAC Asp
628 A ' - G 209 GGA, GGG Gly
631 T cc 210 GGT, GGC Gly
634 C TT 211 GAC,GAT  Asp
643 T Cc 214 CTT, CTC Leu

Fig. 2. Polymorphism in the nucleotides (658 bp) of cytochrome oxidase subunit 1 gene of Matsumuraeses spp., and those translated
amino acids and DNA codons. The two sequences of M. falcana haplotype A and M. phaseoli (MP) were identical to the sequences
(GenBank accession No. OP373141 and OP380047) of respective laboratory populations. Only sequence positions (P.) with substituted
nucleotides are presented, compared to the corresponding positions of haplotype A of M. falcana. The sequences of ten haplotypes in M.
falcanaand one type in M. phaseoliidentified in this study were registered with GenBank as follows; M. falcana A (accession No. OP373142,
OP373144, OP373151, OP373154), B (OP373143, OP373145, OP373152), C (OP373155), D (OP373146), E (OP373147), F (OP373148), G
(OP373149), H (OP373156), | (OP373153), J (OP373150), M. phaseoli (MP) (OP380048-OP380050). Three sequences of o« (KF402839), /£
(KF401056), and y (MT578848) were collected from GenBank. The first eight nucleotides of the 5" region in y accession were removed
due to a presumed error and replaced with the hypothetically-same sequence with those of other Matsumuraesesspp. In addition, the final
16 nucleotides of the 3" region in y accession were removed for alignment.
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Table 2. similarities and genetic distances between nucleotide sequences (658 bp) of mitochondrial cytochrome c oxidase subunit 1 gene

in Matsumuraeses spp.

Similarity (%)

A

B

C

D

E

F

G

H

I

J

MP

a

B

v

0.152
0.152
0.152
0.152
0.152
0.152
0.152
0.152
0.305
4.438
5.104
5.274
vy | 3.781

Genetic
distance
(%)

-« =~ T Q™" mIaOaw >

- &

>

99.85

0.305
0.305
0.305
0.305
0.305
0.305
0.305
0.152
4272
4.935
5.104
3.617

99.85
99.70

0.305
0.305
0.305
0.305
0.305
0.305
0.458
4.272
4.935
5.104
3.617

99.85
99.70

99.70

0.305
0.305
0.305
0.305
0.305
0.458
4.605
5.274
5.444
3.946

99.85
99.70

99.70
99.70

0.305
0.305
0.305
0.305
0.458
4272
4.935
5.104
3.617

99.85
99.70

99.70
99.70
99.70

0.305
0.305
0.305
0.458
4.605
5.274
5.444
3.946

99.85
99.70

99.70
99.70
99.70
99.70

0.305
0.305
0.458
4.605
5.274
5.444
3.946

99.85
99.70

99.70
99.70
99.70
99.70
99.70

0.305
0.458
4272
5.104
5.274
3.946

99.85
99.70

99.70
99.70
99.70
99.70
99.70
99.70

0.458
4.272
5.104
5.274
3.781

99.70
99.85

99.54
99.54
99.54
99.54
99.54
99.54
99.54

4.106
5.104
5.274
3.453

95.74
95.90

95.90
95.59
95.90
95.59
95.59
95.90
95.90
96.05

4.428
4.595
2.643

95.14
95.29

95.29
94.98
95.29
94.98
94.98
95.14
95.14
95.14
95.74

0.152
2.650

94.98
95.14

95.14
94.83
95.14
94.83
94.83
94.98
94.98
94.98
95.59
99.85

2.811

96.35
96.50
96.50
96.20
96.50
96.20
96.20
96.20
96.35
96.66
97.42
97.42
97.26

Similarities between nucleotides were acquired using the BLAST service between multiple sequences. Genetic distances were
calculated by pairwise distance analysis of the Kimura 2-parameter substitution model with bootstrap estimation of 2,000 replicates

using MEGA X software.
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s =2 AR E=ZH100%) 2= o] A= I} GenBank 4>
214 Q91 KF4028392} KF401056 & Zro] Fof B2 %)} A
A2 ofel gyl Bipy, T 572 GenBank HTHE S
T oA RS EA =T o] Matsumuraeses<s -
T A7IAE Al =2 AR EZH99%) 2.2 o] FHof of
JlQol o] chE 0] FETHE BYH R BAHT
(Fig. 3).

T gl A Al7]eF A o] whet R Tt of e
W 32Ol A, of 2l -2 A 4771 uhe] ol A COX1 2
718 sERERY AFo] of 70.2% (3371 E AAIskAT
(Table 3). B8 ¥} D& o] 7} 6.4% (37§ANE, EF o] 4.3% (271
A, Y & 7F 22 IR 0.2 2.1%5 JFA 58I AR Al
A oA AL, B2 W =9 Aol A, D, E, F,
G, 13 W o Ayl CP I HEP- L gdo Al 192 A
oA BPAE QITE a/delA A E 3ute)s B ot
ol ek T4 E 25 AA oA ofEp47 uke]) o) =7}
(30 vke) ok oF LSH) gRtch

AR AR E -5 20 =5 E 9313t 7|92 159
DNA B} A H-2 GenBank Ho]efHo] 20l A ZA| n] B
Z2]o} DNA A go| AxM Y2 525 Elodia flavipalpis (3
2] & 7|k 2} 9] accession2I NC 018118 2] COX19] sfj-
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Fig. 3. Neighbor-joining relationships among partial cytochrome c oxidase subunit 1 sequences (658 bp) of several species in the tribe
Grapholitini (Tortricidae, Olethreutinae), including Matsumuraesesspp. GenBank accessions were collected randomly from the database only for
species recorded in Korea. Adoxophyes orana (Tortricinae, Archinini) was selected as an outgroup. Bootstrap estimation of 2,000 replicates
were conducted using the Kimura 2-parameter model. The numbers on bars indicate bootstrap confidence values.

Table 3. Number of Matsumuraeses falcanaand M. phaseoliidentified simultaneously in the same soybean fields based on mitochondrial
cytochrome c oxidase subunit 1 gene (COX1) sequences

Insect No. M. falcana
Sampling Sampling M.
(analyzed/ Sequence haplotype .
area date phaseoli
colleted A B Cc D E F G H 1 J Total
Baengnyeong 3 Jul. 2020 2/4" 0 2
21 Jul. 2020 10/10 4 1 5 5
3 Aug. 2021 50/53" 23 1 302 1 1 1 32 18
Yeoncheon 24 Sep. 2020 10/11° 4 1 1 6 (4)” 4 (3)?
7 Oct. 2020 2/3% 1 1(1)? 1(1)?
Goseong 27 Jul. 2021 1/1 1 1 0
10 Aug. 2021 2/2 1 1 2 0
Total No. 77/84 33 3 1 3 2 1 1 1 1 1 47 30

DSome sequences could not be acquired because of sample loss or PCR failure. 2 The numbers in parentheses indicate the number of
adults emerged from the collected insects; these adults were identified at the species level via examination of external morphology and
COX1 sequences. *Elodia flavipalpis (Diptera: Tachinidae) adults emerged from the fifth instar larvae of Matsumuraeses sp. collected
on different dates; their COX1 sequences are registered under the accession numbers OP484970 and OP484971 in GenBank.
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