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ABSTRACT: Subtropical insect pests expand their habitats by migration to temperate zones along with global climate change. A
subtropical insect pest, Maruca vitrata, is infesting leguminous crops including azuka beans in Korea and gives significant economic
damages. Its great genetic variation raised an issue of the origin of a Korean M. vitrata population. To understand the genetic character
of the Korean population, its cytochrome oxidase subunit 1 (cox I) gene was sequenced and phylogenetically analyzed with other regional
populations. The world populations of M. vitrata were grouped into three clusters: Asia-African, American, and Oceanian. The Korean
population was classified into Asia-African cluster. To characterize the insecticide susceptibility of the Korean population, seven
different insecticides (4 neutoxic insecticides, 1 insect growth regulator, 2 biopesticides) were assessed. Young larvae of M. vitrata were
relatively susceptible to all tested insecticides. However, old larvae were much less susceptible than young larvae. No test insecticides
effectively (> 50%) killed the old larvae of M. vitrata within 7 days.
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Table 1. Different M. vitrata populations analyzed in phylogenetic analysis using cox 1 sequence

Gene ID GenBank accession#  Size (bp) Location Host'
India SAS1 KJ559398.1 660 India Lablab purpureus
Laos SEAS1 KM987761.1 626 Laos-Nonglom Vigna unguiculata ssp. sesquipedalis
India SAS2 KM987737.1 626 India-Bangalore Phaseolus vulgaris
Taiwan EAS1 KM987741.1 626 Taiwan-Ligang, Pingtung  Vigna unguiculata ssp. sesquipedalis
Thailand SEAS1 KM987739.1 626 Thailand-Huai Khwang Hailand, Huai Khwang
India SAS3 KM987738.1 626 India-Ranchi Dolichos lablab
Laos SEAS2 KM987734.1 626 Laos-Phongvang Vigna unguiculata ssp. sesquipedalis
Taiwan EAS2 KM987706.1 626 Taiwan-Pingtung Sesbania cannabina
Laos SEAS3 KM987704.1 626 Laos-Xhos Vigna unguiculata ssp. sesquipedalis
Australia O2 HQ953023.1 658 Australia -
Taiwan EAS3 KM987762.1 626 Taiwan Sesbania grandiflora
Thailand SEAS2 KM987760.1 626 Thailand-Huai Khwang Psophocarpus tetragonolobus
Gabon AF1 HM893763 658 Gabon -
Gabon AF2 HM892981.1 621 Gabon -
Laos SEAS4 KM987756.1 626 Laos-Xayfong Phaseolus sp.
Nigeria AF1 GU288703.1 500 Nigeria Vigna unguiculata

Marica vitrata 259



Table 1. Continued

Gene ID GenBank accession #  Size (bp) Location Host'
Vietnam SEAS1 KM987742.1 626 Viet Nam Sesbania grandiflora
Laos SEASS KM987740.1 626 Laos-Somsanouk Vigna unguiculata subsp. sesquipedalis
Vietnam SEAS6 KM987736.1 626 Vietnam-Khuyenluong Phaseolus vulgaris
Malaysia SEAS1 KM987735.1 626 Malaysia-Selangor Vigna sinensis
Benin AF1 KM987722.1 626 Benin-Ilara Tephrosia bracteolata
Malaysia SEAS2 KM987721.1 626 Malaysia Vigna sinensis
Vietnam SEAS2 KM987718.1 626 Vietnam Vigna unguiculata ssp. cylindrica
Vietnam SEAS3 KM987717.1 626 Vietnam Phaseolus vulgaris
Laos SEAS7 KM987714.1 626 Laos Vigna unguiculata ssp. sesquipedalis
Vietnam SEAS4 KM987712.1 626 Vietnam Vigna unguiculata subsp. cylindrica
Laos SEASS KM987711.1 626 Laos Vigna unguiculata ssp. sesquipedalis
China EA1 KJ623250.1 524 China -
Costa Rica SAM1 JQ577238.1 658 Costa Rica -
Costa Rica SAM2 JQ577193 658 Costa Rica -
Costa Rica SAM3 JQ578503 658 Costa Rica -
Costa Rica SAM4 JQ551820 658 Costa Rica -
Puerto Rico SAM1 KJ466365.1 658 Puerto Rico -
Puerto Rico SAM2 GU288674.1 500 Puerto Rico Phaseolus vulgaris
Australia O1 HQ953026.1 658 Australia -
Benin AF2 KM987731.1 626 Benin Vigna unguiculata
Benin AF3 KM987730.1 626 Benin Tephrosia bracteolata
Burkina Faso AF1 GU288702.1 500 Burkina Faso Vigna unguiculata

"Hyphen indicates no record.

Table 2. Insecticides used in this study

R
Classification Common name Trade name Formulation Active gradient ecgirlltl rg(e)ﬁded Company
Benfuracarb Dongbang
=K WP 9 1,000
(BEN) 14 30% ’ agro
Methidathion Sz}
409 1,000 K N
(MET) Kol = SC 0% R yung Nong
Neuro toxic Chior - b
+
orfenapyr + Bifenthrin st} WP 29%+1% 1,000 Dongbu Farm
(BIF) Hannong
Indoxacarb ohijo] = WP 10% 2,000 Kyung Non
(IND) = - ° ) yung 2
Insect growth Tebufenozide
o] g WP 9 1,000 K N
regulator (TEF) 1= 8% ’ yung Song
Bt Su'gt':)’“’w‘” wele) WG 35000 DBMU/mg 2,000 Nonghyup Chemical
Bio pesticide beb. & .
Bt subsp. kurstaki frE|Alo| = WP 16BIU/Kg 1,000 Bayer Crop Science

(BtK)
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Fig. 1. Gytochrome oxidase subunit 1(cox 1) partial sequence (GenBank accession number: KU670674) of a Korean M. vitrata population.
(A) A partial sequence (498 bp) located in 5" terminus of cox 7 (B) Blast search and top five hits. M. testulalisis a synonym of M. vitrata. (C)
Sequence alignment of the Korean population and a Chinese population (KJ623250.1) using Clustal W in Lasergene (DNASTAR, Madison,

Wi, USA).
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Fig. 2. A phylogenetic analysis of world populations of M. vitratausing cox 7sequences. All cox 7sequences were obtained from GenBank
with acccession numbers described in Table 1. All sequences were aligned with BioEdit 7.2 program and trimed off. The processed
sequences were phylogenetically analyzed with Neighbor-joining method using MEGA 6.0 program (Tamura et al., 2013). Figures at tree
nodes indicate bootstrap values obtained after 1,000 repetitions. Three clusters represent Asia-Africa, America, and Oceania (‘OA’).
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E5ofo 2 A UtTable 2). FEUWS o 75 % 2210] T3hE OFA4|= tebufenozide 24| 0]2] 9-3=0] |4l X
Y T2 FEsto] Al S vkt tlEo] 28] 9.20] 0F6.02 vl £3}%]9] 11, 5= 0]o] benfuracarb @] 7
WA AFA| ol & G UhelE sl s vl © 0F4.95 Hj 7H=A o] £51%]9) 71, 714 U= methidathion
TSl et e dAIste] A2 ASAl d 0.3 ok .82 ujj 7HaAJo] EsbEQlr),
=5 wefstiinh ofd 5ol thaliA A5A A4S 24t
SR AR AN 3 T A S ASAlet AAA o2 it Nk
o] 7P W2 S BAL FE olo] Fuhy e
R wom el wole ARe UEitiFig & dollM s =il A A E T #4 54
S1). £3] 7hild| o] EA|(benfuracarb) 2} -5-7] 14| (methidathion) A2 2eRe ARSI ] BAL 2t} o] 2 94 cox |
o tsAf shhprd2 w9 w2 2 LRt 7190 AR NS FHESLO] Ba} AlBSR 9] Moo 29
AEAIY methidathion& A|efstal T o e #5224 AE Bt en, 7 5o olgt 287145 2= 48 A
o 3 5 e AIARE L ETable 3). ZAoll et obA) 2498 2ALsHST
2ol it ASA A& ARG =R Bl alsieitt. of cox 1 AR A BA Anp 2 ZHURS oo} Ak
Table 3. Toxicities of 7 insecticides against young larvae of M. vitrata
Insecticide Insect LTs0 (95% CI) Slope + SE X df P
Se 10.29 0.42+0.32 1.32 1 0.75
BEN Px 1.00 (0.78~1.22) 1.65+0.27 5.36 2 0.93
My 2.26 (2.01~2.51) 1.23+0.17 1.20 3 0.25
Se 14.15 (9.59~52.70) 0.14 £ 0.06 2.08 6 0.09
MET Px S - - - -
My 7.19 (6.86~9.76) 0.44+0.11 3.20 3 0.64
Se 7.55(6.16~11.37) 0.18 £0.05 8.04 5 0.85
BIF Px - - - - -
My 3.50 (3.17~3.82) 0.72£0.08 8.46 6 0.79
Se - - - - -
IND Px 1.83 (1.51~2.13) 0.82+0.1 7.05 4 0.87
My 2.83 (2.58~3.07) 1.24 +£0.17 9.05 4 0.94
Se 421 (3.17~5.27) 0.39 +0.09 13.22 5 0.98
TEF Px 5.01 (4.49~5.67) 0.36 £0.05 9.01 5 0.89
My 2.09 (1.83~2.35) 1.12+0.15 2.21 3 0.47
Se 7.49 (6.337~9.96) 0.24 £ 0.05 4.97 5 0.58
BtA Px 2.48 (2.26~2.71) 1.57+0.24 2.48 3 0.52
My 2.67 (2.42~2.93) 1.19+0.16 4.07 4 0.60
Se 11.19 (8.41~21.73) 0.17£0.05 2.34 6 0.11
BtK Px 2.28 (2.04~2.52) 1.39+ 021 4.51 2 0.90
My 2.58 (1.40~3.74) 0.45+0.11 27.63 6 0.99

"Hyphen indicates no assessment.
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Table 4. Toxicities of 7 insecticides against old larvae of M. vitrata

Insecticide Insect LTs0 (95% CI) Slope + SE X df P
Se 8.25 (6.77~12.29) 0.21 +£0.05 4.43 5 0.51
BEN Px 3.59 (2.52~4.67) 0.31 +£0.06 13.52 6 0.96
My 11.18 (8.33~22.36) 0.16 £ 0.05 2.83 6 0.17
Se 10.29 (2.51~20.29) 0.18 £ 0.09 18.08 6 0.99
MET Px 1.96 (0.51~3.37) 0.41+0.11 31.56 6 0.99
My 13.07 0.15+0.08 3.12 4 0.46
Se 5.94 (5.33~6.82) 0.35+0.06 4.79 5 0.56
BIF Px 1.85(0.27~3.40) 0.40 +£0.12 34.32 6 0.99
My 9.41 (7.32~20.47) 0.18 £0.07 5.34 4 0.75
Se 1.91 (0.00~4.25) 0.23 £0.09 28.20 6 0.99
IND Px 3.12 (2.32~3.91) 0.52+0.09 16.28 6 0.99
My 9.86 (3.70~6.13) 0.30 + 0.06 12.75 6 0.95
Se 5.09 (3.81~6.48) 0.32+0.08 12.21 5 0.97
TEF Px 4.29 (3.08~5.59) 0.27 £0.06 12.76 6 0.95
My 12.59 (9.27~75.14) 0.13+0.06 1.70 5 0.11
Se 10.03 (7.72~23.22) 019+ 0.07 432 4 0.64
Bt4 Px 1.52 (0.94~2.11) 1.81 £0.52 8.94 3 0.97
My 8.03 (6.83~10.75) 0.27 £ 0.06 3.28 5 0.34
Se 9.19 (7.24~15.99) 0.18 £ 0.05 7.92 5 0.84
BtK Px 1.94 (0.00~4.07) 0.64 +0.36 46.10 5 0.99
My 11.64 (8.72~23.74) 0.18 £ 0.06 2.46 6 0.13
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