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The two-spotted spider mite, Tetranychus urticae Koch (Acari: Tetranychidae), is one of the most important 

pest species devastating many horticultural and ornamental crops and fruit trees. Difficulty in managing this 

mite is largely attributed to its ability to develop resistance to many important acaricides. Development of 

3,700-folds resistance to etoxazole was found in the population of T. urticae collected from rose greenhouses 

in Buyeo, Chungnam Province in August 2000. This population has been selected for eleven years with 

etoxazole (over 500 times), and increased over 5,000,000-folds in resistance as compared with susceptible 

strain. Also, etoxazole-resistant strain was shown to be maternally inherited. The objective of this study was 

to determine whether resistance of T. urticae to etoxazole was linked with point mutations in the mitochondrial 

gene. DNA sequencing of cytochrome c oxidase subunit I (COX1), COX2, COX3, cytochrome b (CYTB), 

NADH dehydrogenase subunit 1 (ND1), ND2, ND3, ND4, ND5, and ND6 were analyzed by comparing two 

etoxazole-susceptible and etoxazole-resistant strains. As a result, differences were not detected between the 

nucleotide sequences of two strains within a mitochondrial gene.
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서  론

Etoxazole(C21H23F2NO2)은 1980년대 중반에 발견된 옥

사졸린계 화합물로써 화학명은 2-(2,6-Difluorophenyl)-4- 

[4-(tert-butyl)-2-ethoxyphenyl]-4,5-dihydrooxazole이

며 359.41의 분자량을 지녔다. 이 약제는 Tetranychus속과 

Panonychus속 응애류의 알과 유･약충에 높은 활성을 나타내

나, 성충에 대한 살비력은 낮다(Tomlin, 2000; Kobayashi et 

al., 2001; Lee et al., 2003a). Etoxazole은 국내에서 1998

년에 상업화 되어 주움(Zoom)이라는 상품명으로 등록되었

으며(Pesticide handbook, 2000), 사과, 감귤, 수박, 배, 딸기, 

장미 등에서 사과응애, 귤응애, 점박이응애, 차응애에 적용하도

록 되어 있다. 작용기작에 대한 연구로는 Spodoptera frugiperda

에서 chitin 생합성을 저해하는 것으로 밝혀져 있다(Nauen and 

Smagghe, 2006). 

점박이응애(Tetranychus urticae Koch)는 기주 범위가 넓

으며 우리나라 뿐 만 아니라 전 세계적으로 수많은 농작물을 

가해하는 중요한 해충이다(Takafuji et al., 2000; Lee et al., 

2003a). 점박이응애는 발육기간이 짧아 연간 발생 세대수가 

많으므로 살비제에 의한 도태의 기회가 많고, 이동성이 적다. 
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따라서 근친교배가 일어나기 쉬우며, 외부로부터 감수성 유

전자를 가진 개체의 침입이 적으므로 살비제 저항성 발달이 

다른 해충들에 비하여 빠르게 나타날 가능성을 지니고 있다

(Asada, 1978). 점박이응애는 현재 상업적으로 등록되어 있

는 살비제의 거의 모든 종류에 대해 저항성이 발달되어 있는 

것으로 보고되어 있다(Whalon et al., 2004; Lee et al., 2010). 

특히 응애류는 유전적으로 돌연변이율이 다른 곤충에 비해 

높은 것으로 알려져 있다(Lee et al., 2004). 이러한 점박이응

애의 효과적인 방제를 위해서는 빠른 시일 내 저항성 모니터

링을 하는 것이 중요하다. 그러나 점박이응애의 약제 저항성 

모니터링에 많이 사용되는 생물검정방법인 스프레이법과 침지

법은 시간이 오래 걸리고 비용이 많이 드는 등 여러 단점이 있

다. 이러한 단점을 보완하여 분자학적 진단도구로 quantitative 

sequencing(QS), PCR amplification of specific allele(PASA), 

bi-directional PASA, single stranded conformational poly-

morphism(SSCP), 그리고 serial invasive signal amplification 

reaction 등을 이용한 약제 저항성 모니터링에 관한 많은 연

구가 이루어지고 있다(Livak, 1999; Germer et al., 2000; 

Sham et al., 2002; Lee et al., 2003b). 최근 들어 실내에서 

사육한 점박이응애 감수성 계통을 bifenazate LC90값으로 도

태시켜 5세대 후 미토콘드리아 cytochrome b(CYTB)에서 

G126S, I136T, S141F, P262T 등 4개의 점 돌연변이(point 

mutation)를 발견하여, bifenazate 저항성 점박이응애에서의 

저항성기작은 미토콘드리아 CYTB에서의 점 돌연변이와 밀

접하게 연관되어 있음이 보고되었다(Van Leeuwen et al., 

2008; Van Nieuwenhuyse et al., 2009; Lee et al., 2010). 

Lee et al. (2010)은 국내에서 bifenazate에 저항성을 보이는 

점박이응애 개체군에 대하여 CYTB에서의 G126S 점 돌연

변이 1개를 확인하였고, 야외 채집군 중에서 특히 높은 저항

성을 보인 강진 개체군에서도 G126S 점 돌연변이를 확인하

였다. 그 결과 bifenazate 저항성은 미토콘드리아 CYTB의 

G126S 점 돌연변이가 저항성 발달에 중요한 역할을 할 것이

라 보고하였다. 이와 같이 점박이응애의 특정 약제 저항성에 

대한 점 돌연변이와 저항성을 확인한다면 효과적인 저항성 

모니터링 방법이 될 것이다. 또한 현재까지 etoxazole의 저항

성과 점 돌연변이에 대한 연구는 되어있지 않다.

이에 본 연구에서는 2000년 8월 충남 부여의 장미 재배지

에서 채집한 집단(Lee et al., 2004)을 실험실에서 11년간 도

태시키면서 5,000,000배 이상의 etoxazole 저항성을 지닌 점

박이응애의 유전적인 변이를 찾기 위하여 우선 미토콘드리아 

내 존재하는 유전자의 점 돌연변이 분석을 수행하였다.

재료 및 방법

시험약제

본 실험에 사용된 etoxazole(10% SC)은 주움(DongBang 

Agro, Seoul, Republic of Korea)이라는 상품명으로 시판되

는 약제를 구입하여 사용하였다.

시험곤충 및 저항성 선발

시험에 사용된 감수성 계통(S)은 울릉도에서 채집한 점박

이응애를 서울대학교에서 분양받아 2005년부터 충북대학교 

식물의학과 곤충사육실에서 약제 처리 없이 누대 사육한 것을 

사용하였다. Etoxazole 저항성 계통 점박이응애(R)는 2000년 

8월에 충남 부여의 장미 재배지에서 가장 높은 저항성비(3,700

배)를 나타낸 개체군을 대상으로 하여(Lee et al., 2003a) 실

내에서 11년간 etoxazole을 LC20∼30 농도로 희석하여 7일 간격

으로 분무처리 하였다. 그리하여 현재 저항성비가 5,000,000배 

이상 증가됨을 확인하였다(Table 2). 실내 사육조건은 온도 

25∼27℃, 광주기 16L : 8D, 상대습도 40∼60%로 조절하였고, 

강낭콩(Phaseolus vulgaris L.)을 기주로 하여 사육하였다.

살비제 처리방법

직경 5.5 cm의 페트리디쉬 내에 물을 충분히 적신 탈지면

을 깔고 그 위에 직경 3 cm로 자른 강낭콩 잎을 올려놓았다. 

부드러운 붓으로 점박이응애 성충 40∼50마리를 접종하여 5

시간 이내 산란 받고 성충을 제거한 후, 산란된 알의 수를 미

리 세었다. 산란되어 있는 잎 절편을 약액에 30초 동안 침지

하였다가 음건시켰다. 약제 처리 후 온도 25∼27℃, 광주기 

16L : 8D, 상대습도 40∼60% 조건에 보관하면서 7일 동안

의 부화율을 조사하였다. 모든 실험은 3반복으로 실시하였고, 

살비율은 Finney(1971)의 probit계산법으로 LC50(ppm) 값

을 구하였다.

미토콘드리아 유전자 염기서열 분석

점박이응애의 genomic DNA는 AccuPrep
® 

genomic DNA 

extraction kit(Bioneer, Daejeon, Republic of Korea)를 사

용하여 분리하였다. 암컷 성충 100마리에 tissue lysis buffer

를 가하여 유리막대로 마쇄한 후 20 ㎕의 proteinase K를 첨

가하여 60℃에서 1시간 동안 반응시킨 다음 binding column 

tube를 사용하여 genomic DNA를 추출하였다. Table 1에서 

제시된 바와 같이 cytochrome b(CYTB), cytochrome c 

oxidase subunit I(COX1), cytochrome c oxidase subunit 
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Table 1. Primers used for amplification and sequencing of T. urticae mitochondrial genes

Name Sequence (5' → 3') Size (mer) Product (bp)

CYTB-F

CYTB-R

ATAAAATGAATTATATCAACAAATCA

CTATTTATTTAAAAAAATTATATTATA

26

27
1,064

COX1-F

COX1-R

ATAAAATGAATTATATCAACAAATCA

CTATTTATTTAAAAAAATTATATTATA

26

27
1,538

COX2-F

COX2-R

TTAAATTTTATTTAAATTTAAAGATAA

ATGACAAATATAAATTCTTTATGAAT

27

26
638

COX3-F

COX3-R

AATAAAATAAAGTAAATACTCCAATT

ATGACATTAAATAATTTAACTATAAT

26

26
786

ND1-F

ND1-R

AAATATAAAGATACATAATTAATAATA

ATTTTTATTTTTGAATTTTTATTAATA

27

27
855

ND2-F

ND2-R

ATATTAAATTTATTATTAATATATTATT

ATAAAAATATAAATATTAAATTAAAATA

28

28
888

ND3-F

ND3-R

ATGATCATTTTTTTATTTATAATTTTA

TTATTTAATAAATCAATTTAATCTTAT

27

27
335

ND4-F

ND4-R

ATGTCATTTATATATATATTTTTGTT

TATATAAATAAAAGTAATATTAGATG

26

26
1,153

ND5-F

ND5-R

ATTATTTTTATTAATATATTTAAAATTT

TTAAATAAATATTAAAATAATTAATAAT

28

28
1,565

ND6-F

ND6-R

ATAATTTTATTTTTTTATTTTTTGACA

ACATTTTAATATTTTTTTGTTTTTTG

27

26
399

Table 2. Resistance of etoxazole-susceptible (S), original Buyeo (OB) and etoxazole-resistant strains (R) of T. urticae female adults

Strain LC50 (ppm) (95% CL
a)
) Resistance ratio

b)

S 0.0011 (0.0008 - 0.0014) 1

OB 3.7 (1.1 - 6.3) 3,700

R > 5,000 > 5,000,000

a)
95% Confidence limits

b)
Resistance ratio = LC50 of R strain or F1 or F2/LC50 of S strain 

II(COX2), cytochrome c oxidase subunit III(COX3), NADH 

dehydrogenase subunit 1(ND1), NADH dehydrogenase 

subunit 2(ND2), NADH dehydrogenase subunit 3(ND3), 

NADH dehydrogenase subunit 4(ND4), NADH dehydrogenase 

subunit 5(ND5), 그리고 NADH dehydrogenase subunit 

6(ND6)에 대한 각각의 프라이머를 제작하였다. 염기서열 정

보는 감수성 계통인 LS-VL strain(GenBank No. NC_010526)

을 참고하였다. PCR은 10 pmol 농도의 프라이머 1 ㎕와 

Hot start Ex-taq
TM 

DNA polymerase(Takara, Shiga, Japan)

를 사용하여 반응시켰다. 반응이 끝난 후 1% agarose gel에

서 전기영동 한 PCR 산물은 PCR purification kit(Macrogen, 

Seoul, Republic of Korea)를 사용하여 정제한 다음 시퀀싱

(sequencing) 하였다(Macrogen, Seoul, Republic of Korea). 

염기서열 분석은 BLAST(Basic Local Alignment Search 

Tools) 프로그램으로 GenBank에 등록되어 있는 염기서열과 

상동성을 비교분석하였다. 그리고 정확성을 위해 이와 같은 

실험을 3반복 실시하였다.

결과 및 고찰

Etoxazole 저항성 발달 수준 확인

본 실험에 사용된 감수성 계통(S)에 대한 etoxazole의 LC50 

(ppm)값은 0.0011 ppm이었고 저항성 계통(R)은 5,000 ppm 

이상으로 저항성비가 5,000,000배 이상으로 발달하였다

(Table 2). 2000년 8월 충남 부여에서 채집할 당시에 3.7 
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1                                                                                                                                          130 

    LS-VL   ATTAAAAAAA TTTTAAACAA CATTTTTTTT ATCCCAACAC CTTCTAACAT TAGATTAATA TGAAATTTTG GATCTTTACT AGGATTAAGA ATAGTAATTC AATCAATTTC AGGAATTTTT GTTTCTATAC 

  S strain  ATTAAAAAAA TTTTAAACAA CATTTTTTTT ATTCCAACAC CTTCAAATAT TAGATTAATA TGAAATTTTG GATCTTTGCT AGGATTAAGA ATAGTAATTC AATCAATTTC AGGAATTTTT GTTTCTATAC 

  R strain  ATTAAAAAAA TTTTAAACAA CATTTTTTTT ATTCCAACAC CTTCAAATAT TAGATTAATA TGAAATTTTG GATCTTTGCT AGGATTAAGA ATAGTAATTC AATCAATTTC AGGAATTTTT GTTTCTATAC 

            131                                                                                                                                        260 

     LS-VL  ATTATTGTAA TAATACTCTT TTAGCTTTTA ACTCTTATAT TTTTTTAAGT AAAATTATTG AAAACGGAAT AATTTTACAA ATAACTCATG CTCATTTTTC ATCTATTATT TTTATCATTA TATATATTCA 

  S strain  ATTATTGTAA TAATACTCTT TTAGCTTTCA ACTCTTATAT TTTTTTAAGT AAAATTATTG AAAACGGAAT AATTTTACAA ATAACTCATG CTCATTTTTC ATCTATTATT TTTATTATTA TATATATTCA 

  R strain  ATTATTGTAA TAATACTCTT TTAGCTTTCA ACTCTTATAT TTTTTTAAGT AAAATTATTG AAAACGGAAT AATTTTACAA ATAACTCATG CTCATTTTTC ATCTATTATT TTTATTATTA TATATATTCA 

            261                                                                                                                                        390 

     LS-VL  TATTATAAAA TCTTTACTAA ATAAATCTTT TAATAAAAAA CAAATGTGAA TTTCAGGGAA TTTAATATTA TTTATAATTA TAGGATCCGC TTTTATCGGG TATGTTTTAC CTTGAGGACA AATATCTTTT 

  S strain  TATTATAAAA TCTTTACTAA ATAAATCTTT TAATAAAAAA CAAATGTGAA GGTCAGGGAA TTTAATATTA TTTATAATTA TAGGATCCGC TTTTATTGGG TATGTTTTAC CTTGAGGACA AATATCTTTT 

  R strain  TATTATAAAA TCTTTACTAA ATAAATCTTT TAATAAAAAA CGAATGTGAA TTTCAGGGAA TTTAATATTA TTTATAATTA TAGGATCCGC TTTTATTGGG TATGTTTTAC CTTGAGGACA AATATCTTTT 

            391                                                                                                                                        520 

LS-VL  TGAGGAGCAA CAGTTATTAC TAATATTTTA TCTTCCATTC CATTTTTAGG AAAAAAAATT GTTTTTTGAG TTTGAGGAAG ATTTTCTGTT GATAATCCTA CATTAAATCG ATTTTTTTCT TTACATTTTT 

S strain  TGGGGAGCAA CAGTTATTAC TAATATTTTA TCTTCAATTC CATTTTTAGG AAAAAAAATT GTTTTTTGAG TTTGGGGAAG ATTTTCCGTT GATAATCCTA CATTAAATCG ATTTTTTTCT TTACATTTTT 

  R strain  TGGGGAGCAA CAGTTATTAC TAATATTTTA TCTTCAATTC CATTTTTAGG AAAAAAAATT GTTTTTTGAG TTTGGGGAAG ATTTTCCGTT GATAATCCTA CATTAAATCG ATTTTTTTCT TTACATTTTT 

            521                                                                                                                                        650 

LS-VL  TAATACCTTT ATTAATTTTA GCTATATCAA TAATTCATTT ATCTATTCTT CATGAAAAAG GCTCATCTAA CCAAATAGGA TTAAATTCAA GAAAAGATAA AATCTATTTT AATAAAAGAT TTATATTTAA 

  S strain  TAATACCTTT AATAATTTTA GCTATATCAA TAATTCATTT ATCTATTCTT CATGAAAAAG GCTCATCTAA CCAAATAGGA TTAAATTCAA GAAAAGATAA AATTTATTTT AATAAAAGAT TTATATTTAA 

  R strain  TAATACCTTT AATAATTTTA GCTATATCAA TAATTCATTT ATCTATTCTT CATGAAAAAG GCTCATCTAA CCAAATAGGA TTAAATTCAA GAAAAGATAA AATTTATTTT AATAAAAGAT TTATATTTAA 

            651                                                                                                                                        780 

     LS-VL  AGATTTAATT TCTTTAATAT TAATAGTAAT ATTTTATTGC TTAATATTAT CATTTTTTAT TGATTTTCAT TTTAGAATAG CAAAAGAAAA TTTTTTTCCA GCTGACCCTC TAAATACACC TTTACATATT 

  S strain  AGATTTAATT TCTTTAATAT TAATAGTAAT ATTTTATTGC TTAATATTAT CATTTTTTAT TGATTTTCAT TTTAGAATAG CAAAGGAAAA TTTTTTTCCA GCTGATCCTT TAAATACACC TTTACATATT 

  R strain  AGATTTAATT TCTTTAATAT TAATAGTAAT ATTTTATTGC TTAATATTAT CATTTTTTAT TGATTTTCAT TTTAGAATAG CAAAGGAAAA TTTTTTTCCA GCTGATCCTT TAAATACACC TTTACATATT 

            781                                                                                                                                        910 

     LS-VL  AAACCTGAAT GATACTTTAT ATTTGCTTAC GCAATTCTAC GATCTGTACC AAGAAAAATT GGAGGAATTT TGAGACTATT AATTCTATTT TTATTATTTA TTTTATTAAT ATTTAATAAA TCAAATTATT 

S strain  AAACCTGAAT GATACTTTAT ATTTGCTTAC GCAATTTTAC GATCTGTACC AAGAAAAATT GGAGGAATTT TGAGATTATT AATTTTATTT TTATTATTTA TTTTATTAAT ATTTAATAAA TCAAATTATT 

  R strain  AAACCTGAAT GATACTTTAT ATTTGCTTAC GCAATTTTAC GATCTGTACC AAGAAAAATT GGAGGAATTT TGAGATTATT AATTTTATTT TTATTATTTA TTTTATTAAT ATTTAATAAA TCAAATTATT 

            911                                                                                                                                       1040 

LS-VL  CAAAATTTTT TTTTAAAAAA AAAATATTAA TTTTTATTTT TTTAACCTGT TTTATTATTC TTACTAATAT AGGTTATAAA TTAATTGAAT ACCCTTTTAC AGAAATTTCA TTATTTTTTG GTATATTAAT 

  S strain  CAAAATTTTT TTTTAAAAAA AAAATATTAA TTTTTATTTT TTTAACCTGT TTTATTATTC TTACTAATAT AGGTTATAAA TTAATTGAAT ACCCTTTTAC AGAAATTTCA TTATTTTTTG GTATATTAAT 

  R strain  CAAAATTTTT TTTTAAAAAA AAAATATTAA TTTTTATTTT TTTAACCTGT TTTATTATTC TTACTAATAT AGGTTATAAA TTAATTGAAT ACCCTTTTAC AGAAATTTCA TTATTTTTTG GTATATTAAT 

            1041                   1065 

     LS-VL  AATTTTAATT TTACCTTTAA TATAA 

  S strain  TATTTTAATT TTACCTTTAA TATAA 

  R strain  TATTTTAATT TTACCTTTAA TATAA 

Fig. 1. Alignment of nucleotide sequences of mitochondrial CYTB from LS-VL, etoxazole-susceptible (S), and etoxazole-resistant 

(R) strains of T. urticae female adults. Polymorphic sites are shown in bold. 

ppm으로써 저항성비가 3,700배이었고 이것을 실내에서 3년 

동안 etoxazole로 선발한 후에 5,000 ppm 이상으로 저항성

비가 이미 5,000,000배 이상 발달하였다(Lee et al., 2004). 

이처럼 점박이응애에서 etoxazole의 저항성은 굉장히 빨랐

다. 그 후 8년 동안 계속 주기적으로 etoxazole을 처리하여 

저항성 계통을 유지시켰고 현재까지 총 11년 동안 도태시킨 

결과 여전히 5,000 ppm 이상으로 정확한 저항성비를 측정할 

수는 없었다. 또한 Lee et al.(2004)의 연구에서 etoxazole 

저항성의 유전양식을 검토한 결과, 교배방식에 따라 약제 감

수성에 큰 차이를 보였고 약제저항성 지배유전인자는 수컷보

다는 암컷성충에 의존적으로 유전되며 완전우성임을 알 수 

있었다. 약제 저항성의 유전양식은 저항성의 발달속도를 조

정하는 중요한 요인 중의 하나인데 지금까지 많은 살비제의 

저항성 유전양식에 대해 보고가 되었다(Kuwahara, 1977; Inoue, 

1984; Yamamoto et al., 1995; Park et al., 1996; Goka, 

1998).

미토콘드리아 내 유전자의 점 돌연변이 확인 

Etoxazole 저항성 계통에서 점 돌연변이를 확인하기 위하

여 미토콘드리아 내 존재하는 CYTB, COX1, COX2, COX3, 

ND1, ND2, ND3, ND4, ND5, 그리고 ND6에 대한 primer

를 제작하였다. 각 유전자에 대한 PCR을 수행하여 1064 bp, 

1538 bp, 638 bp, 786 bp, 855 bp, 888 bp, 335 bp, 1153 bp, 

1565 bp, 그리고 399 bp 크기의 PCR 산물을 각각 얻은 후 

염기서열을 분석하였다. 

먼저 CYTB는 LS-VL strain과 비교하였을 때 우리가 보유

하고 있는 감수성 계통과 저항성 계통 모두 23군데의 염기서열

이 다른 것을 발견 하였다(Fig. 1). 그러나 감수성 계통과 저항

성 계통 사이에서의 차이점은 발견하지 못하였다. 따라서 이러

한 결과는 etoxazole 저항성 점박이응애의 CYTB는 etoxazole

의 작용점이 아니라는 것을 제시해준다. Van Nieuwenhuyse 

et al.(2009)은 실내에서 사육하던 점박이응애 감수성 계통을 

bifenazate LC90값으로 도태시켜 미토콘드리아 CYTB에서 

G126S, I136T, S141F, P262T 등의 점 돌연변이를 발견하

였다. Bifenazate는 곤충신경계의 post-synaptic GABA 수용

체에 작용하는 신경독소로 먼저 알려졌으나(Dekeyser, 2005), 

최근 연구에 의하면 bifenazate 저항성은 모계유전이고(Yu et 

al., 2005), 이 저항성이 미토콘드리아 복합체 III(bc1 복합체, 

ubihydroquinone : cytochrome c 산화환원효소 복합체)의 

Qo 지점에 작용한다고 보고되었다(Van Leeuwen et al., 

2006; 2008). Cytochrome b는 오직 미토콘드리아에서 물질

을 변화시켜 주는 산화환원 단백질이며, 미토콘드리아 복합

체 III에서 Cytc1과 철분-유황 단백질(ISP)과 함께 촉매역할

을 한다(Boore, 1999). 또한 bifenazate 저항성은 미토콘드
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     LS-VL  ATAAAATGAA TTATATCAAC AAATCATAAA AATATTGGAA CTATGTATTT TTTATTTAGA TTATTTTCAG GACTTATAGG GACTTCAATA AGAATTATTA TTCGATTAGA ACTAATAACA CCAGGATCAT 

  S strain  ATAAAATGAA TTATATCAAC AAATCATAAA AATATTGGAA CTATGTATTT TTTATTTAGA TTATTTTCAG GACTTATAGG GACTTCAATA AGAATTATTA TTCGATTAGA ACTTATAACA CCAGGATCAT 

  R strain  ATAAAATGAA TTATATCAAC AAATCATAAA AATATTGGAA CTATGTATTT TTTATTTAGA TTATTTTCAG GACTTATAGG GACTTCAATA AGAATTATTA TTCGATTAGA ACTTATAACA CCAGGATCAT 

            131                                                                                                                                        260 

     LS-VL  TAATTCAAAA TGATTTCATT TATAATTCAA TAGTTACAAC GCACGCTATA ATTATAATTT TTTTTATAGT GATACCAGCT ATAATTGGAG GATTTGGAAA TTGATTGATT CCTTTAATAA TTAATACTGT 

  S strain  TAATTCAAAA TGATTTTATT TATAATTCAA TAGTTACAAC GCACGCTATA ATTATAATTT TTTTTATAGT TATACCAGCT ATAATTGGAG GATTTGGAAA TTGATTGATT CCTTTAATAA TTAATACTGT 

  R strain  TAATTCAAAA TGATTTTATT TATAATTCAA TAGTTACAAC GCACGCTATA ATTATAATTT TTTTTATAGT TATACCAGCT ATAATTGGAG GATTTGGAAA TTGATTGATT CCTTTAATAA TTAATACTGT 

            261                                                                                                                                        390 

     LS-VL  AGATTTATGT TTCCCGCGAA TTAATAATAT AAGATTTTGA CTACTAATTC CTTCTTTAAT ATTAATAATT TCTTCATCCA TAAAAAGTGT TTTAAATGGG GTGGGTTGAA CAATATATCC TCCCTTAACT 

  S strain  AGATTTATGT TTTCCGCGAA TTAATAATAT AAGATTTTGA TTGCTAATTC CTTCTTTAAT ATTAATAATT TCTTCATCCA TAAAAAGTGT TTTAAATGGA GTGGGTTGAA CAATATATCC CCCCCTAACT 

  R strain  AGATTTATGT TTTCCGCGAA TTAATAATAT AAGATTTTGA TTGCTAATTC CTTCTTTAAT ATTAATAATT TCTTCATCCA TAAAAAGTGT TTTAAATGGA GTGGGTTGAA CAATATATCC CCCCCTAACT 

            391                                                                                                                                        520 

     LS-VL  TCAATTCAAT ATTTTATATC TTCCTCTATT GAAATAATAA TTTTTTCTTT ACATATTGCA GGAATTTCTT CAATTGCTAG ATCTATTAAT TTTATTTCAA CTATCCTATT AATAAAAAAT AAAAATTATT 

  S strain  TCAATTCAAT ATTTTATGTC TTCCTCTATT GAAATAATAA TTTTTTCTTT ACATATTGCA GGAATTTCTT CAATTGCTAG ATCTATTAAT TTTATTTCAA CTATTCTATT AATAAAAAAT AAAAATTATT 

  R strain  TCAATTCAAT ATTTTATGTC TTCCTCTATT GAAATAATAA TTTTTTCTTT ACATATTGCA GGAATTTCTT CAATTGCTAG ATCTATTAAT TTTATTTCAA CTATTCTATT AATAAAAAAT AAAAATTATT 

            521                                                                                                                                        650 

     LS-VL  TTTTAAGAAA TTTAACTTTA TTTTCTCTAT CAATCTTAAT TACTACATTT TTACTTTTAT TAGCATTACC TGTCTTAGCA GGAGCAATTA CAATAATTTT AATAGATCGA AATTTTAATA CATCATTTTT 

  S strain  TTTTAAGAAA TTTAACTTTA TTTTCTTTAT CAATTTTAAT TACTACATTT TTACTTTTAT TAGCATTACC TGTCTTAGCA GGAGCAATTA CAATAATTTT AATAGATCGA AATTTTAATA CATCATTTTT 

  R strain  TTTTAAGAAA TTTAACTTTA TTTTCTTTAT CAATTTTAAT TACTACATTT TTACTTTTAT TAGCATTACC TGTCTTAGCA GGAGCAATTA CAATAATTTT AATAGATCGA AATTTTAATA CATCATTTTT 

            651                                                                                                                                        780 

     LS-VL  TGATCCAAGA GGAGGAGGAG ACCCAATTTT ATATCAACAT TTATTTTGAT TTTTTGGTCA CCCAGAAGTT TATATCTTAA TCCTACCAGG TTTTGGGATA ATTTCACATG TTATTAGTTA TAATTTAGGT 

  S strain  TGATCCAAGA GGAGGAGGAG ACCCAATTTT ATATCAACAT TTATTTTGAT TTTTTGGTCA TCCAGAAGTA TATATCTTAA TTCTACCAGG TTTTGGGATA TTTTCACATG TTATTAGTTA TAATTTAGGT 

  R strain  TGATCCAAGA GGAGGAGGAG ACCCAATTTT ATATCAACAT TTATTTTGAT TTTTTGGTCA TCCAGAAGTA TATATCTTAA TTCTACCAGG TTTTGGGATA TTTTCACATG TTATTAGTTA TAATTTAGGT 

            781                                                                                                                                        910 

     LS-VL  AAAAAAGAAG TTTTTGGTAA AATTGGTATA ATGTTTGCTA TAATATCAAT TGGTTTATTA GGATTTATTG TTTGAGCACA TCATATATTT ACAGTAGGTA TAGATGTTGA TACTCGAGCT TATTTTACAG 

  S strain  AAAAAAGAAG TTTTTGGTAA AATTGGTATA ATGTTTGCTA TAATATCAAT TGGTTTATTA GGATTTATTG TTTGAGCACA TCATATATTT ACTGTAGGTA TAGATGTTGA TACTCGAGCT TATTTTACAG 

  R strain  AAAAAAGAAG TTTTTGGTAA AATTGGTATA ATGTTTGCTA TAATATCAAT TGGTTTATTA GGATTTATTG TTTGAGCACA TCATATATTT ACTGTAGGTA TAGATGTTGA TACTCGAGCT TATTTTACAG 

            911                                                                                                                                       1040 

     LS-VL  CTGCCACTAT AATTATTGCT ATTCCTACTG GAATTAAAAT TTTTAGTTGA TTTACTACAA TTTTAAATTC TCATATTAAC TTTAATATTT CTATATATTG ATCAATAGGA TTTTTAATTA TATTTTCTAT 

  S strain  CTGCTACTAT AATTATTGCT ATCCCTACTG GAATTAAAAT TTTTAGTTGA TTTACTACAA TTTTAAATTC TCATATTAAC TTTAATATTT CTATATATTG ATCAATAGGA TTTTTAATTA TATTTTCTAT 

  R strain  CTGCTACTAT AATTATTGCT ATCCCTACTG GAATTAAAAT TTTTAGTTGA TTTACTACAA TTTTAAATTC TCATATTAAC TTTAATATTT CTATATATTG ATCAATAGGA TTTTTAATTA TATTTTCTAT 

            1041                                                                                                                                      1170 

     LS-VL  TGGAGGATTT ACAGGAATTG TAGCTTCAAA TTCATGTTTA GATATTAATT TACATGATTC ATACTATATT GTAGCTCATT TTCATTATGT ATTATCAATA GGAGCCGTAT TTGCCATTTT TAGAGGATTA 

  S strain  TGGAGGTTTT ACAGGAATTG TAGCTTCAAA TTCATGTTTA GATATTAATT TACATGATTC ATATTATATT GTAGCTCATT TCCATTATGT ACTATCAATA GGAGCCGTAT TTGCCATTTT TAGAGGATTA 

  R strain  TGGAGGTTTT ACAGGAATTG TAGCTTCAAA TTCATGTTTA GATATTAATT TACATGATTC ATATTATATT GTAGCTCATT TCCATTATGT ACTATCAATA GGAGCCGTAT TTGCCATTTT TAGAGGATTA 

            1171                                                                                                                                      1300 

     LS-VL  TTTTTATGAA TTCCATTAAT ATATAATATA TATTTTAATA ATAATATGTT AAAAATTCAT TTTTGATCAA GAATAATTGG AGTAAATTTA ACTTTTTTTC CACAACATTT TCTAGGTTTA ATAGGTATAC 

  S strain  TTTTTATGAA TTCCATTAAT ATATAATATA TATTTTAATA ATAATATATT AAAAATTCAT TTTTGATCAA GAATAATTGG AGTAAATTTA ACTTTTTTTC CACAACATTT TCTAGGTTTA ATAGGTATAC 

  R strain  TTTTTATGAA TTCCATTAAT ATATAATATA TATTTTAATA ATAATATATT AAAAATTCAT TTTTGATCAA GAATAATTGG AGTAAATTTA ACTTTTTTTC CACAACATTT TCTAGGTTTA ATAGGTATAC 

            1301                                                                                                                                      1430 

     LS-VL  CTCGACGATA TTCTGATTTT TTAGATTCTA TATATATATG AAATTTTATT TCATCTATAG GGTCATTAAT AACTTTTTTT TCTATTATTT TAATGCTATA TATTTTTATA GAAAGATTTT TAATAAATAA 

  S strain  CTCGACGATA TTCTGATTTT TTAGATTCTA TATATATATG AAATTTTATT TCATCTATAG GATCATTAAT AACTTTTTTT TCTATTATTT TGATACTATA TATTTTTATA GAAAGCTTTT TAATAAATAA 

  R strain  CTCGACGATA TTCTGATTTT TTAGATTCTA TATATATATG AAATTTTATT TCATCTATAG GATCATTAAT AACTTTTTTT TCTATTATTT TGATACTATA TATTTTTATA GAAAGCTTTT TAATAAATAA 

            1431                                                                                                               1539 

     LS-VL  AATTATTTTT ATATTTGAAA GAAATATAAA TAATGCAGAA TTTTTATTTT TTTCTCCAAT TAATAATCAT ACAATAATAG ATTATAATAT AATTTTTTTA AATAAATAG 

  S strain  AATTATTTTT ATATTTGAAA GAAATATAAA TAATGCAGAA TTTTTATTCT TTTCTCCAAT TAATAATCAT ACAATAATAG AATATAATAT AATTTTTTTA AATAAATAG 

  R strain  AATTATTTTT ATATTTGAAA GAAATATAAA TAATGCAGAA TTTTTATTCT TTTCTCCAAT TAATAATCAT ACAATAATAG AATATAATAT AATTTTTTTA AATAAATAG 

Fig. 2. Alignment of nucleotide sequences of mitochondrial COX1 from LS-VL, etoxazole-susceptible (S), and etoxazole-resistant 

(R) strains of T. urticae female adults. Polymorphic sites are shown in bold. 

1                                                                                                                                          130 

     LS-VL  TTAAATTTTA TTTAAATTTA AAGATAATAC TCTAATAGGT ATAAAACTAT GATTAATACC ACAAATCTCT GAACATTGAC CTTTTAATAA AATTCTTTTA TTACAATTTA AAAATATTAT ATTTAAGCGG 

  S strain  TTAAATTTTA TTTAAATTTA AAGATAATAC TCTAATAGGT ATAAAACTAT GATTAATACC ACAAATCTCT GAACATTGAC CTTTCAATAA AATTCTTTTA TTACAATTTA AAAATATTAT ATTTAAACGA 

  R strain  TTAAATTTTA TTTAAATTTA AAGATAATAC TCTAATAGGT ATAAAACTAT GATTAATACC ACAAATCTCT GAACATTGAC CTTTCAATAA AATTCTTTTA TTACAATTTA AAAATATTAT ATTTAAACGA 

            131                                                                                                                                        260 

     LS-VL  CCAGGAACTG CATCTATTTT TCTTATTAAA CTAGGAACAG TTCATGAATG TAAAACATCG TTTGATGATA ATAAAAGACG AATAAATTTA TTTCTAGGAA TAATTAAAGA GTTTCTAGTA TTAATACAAC 

  S strain  CCAGGAACTG CATCTATTTT TCTTATTAAA CTAGGAACAG TTCATGAATG TAACACATCA TTTGAAGATA ATAAAAGACG AATAAATTTA TTTCTAGGAA TAATTAAAGA ATTTCTAGTA TTTATACAAC 

  R strain  CCAGGAACTG CATCTATTTT TCTTATTAAA CTAGGAACAG TTCATGAATG TAACACATCA TTTGAAGATA ATAAAAGACG AATAAATTTA TTTCTAGGAA TAATTAAAGA ATTTCTAGTA TTTATACAAC 

            261                                                                                                                                        390 

     LS-VL  GAAGAAATAT ACTTCTTTTA ATATATCTTT CAGTTAAATT TATTCTAGGA TATTCATATG TTCAATATCA TTGATTTCCT ATAATTTTTA CATCTAAAAA AGAAAACTTG TTTTCTTCAT AGCAATATAA 

  S strain  GAAGAAATAT ACTTCTTTTA ATATATCTTT CAGTTAAATT TATTCTAGGA TATTCATATG TTCAATACCA TTGATTTCCT ATAATTTTTA CATCTAAAAA AGAAAACTTG TTTTCTTCAT AACAATATAA 

  R strain  GAAGAAATAT ACTTCTTTTA ATATATCTTT CAGTTAAATT TATTCTAGGA TATTCATATG TTCAATACCA TTGATTTCCT ATAATTTTTA CATCTAAAAA AGAAAACTTG TTTTCTTCAT AACAATATAA 

            391                                                                                                                                        520 

     LS-VL  CAAAAATATA GAAGGTAAAG AAATAATTAA AATAATAAAA GAAGGAATAA TTGTTCAAAA TAATTCTAAC TCATTTCTTT CATTTGAAAA TAATATAGAA TTTTTATTTA TAATAGAAAA AAAGATTAAA 

  S strain  CAAAAATATA GAAGGTAAAG AAATAATTAA AATAATGAAA GAAGGAATAA TTGTTCAAAA TAATTCTAAT TCATTTCTTT CATTTGAAAA TAATATAGAA TTTTTATTTA TAATAGAAAA AAAGATTAAA 

  R strain  CAAAAATATA GAAGGTAAAG AAATAATTAA AATAATGAAA GAAGGAATAA TTGTTCAAAA TAATTCTAAT TCATTTCTTT CATTTGAAAA TAATATAGAA TTTTTATTTA TAATAGAAAA AAAGATTAAA 

            521                                                                                                                            639 

     LS-VL  ATTCTTAAAA AAATTCTTAA AAAAACAATT AAATTAGTGA TAGAAGAATT AAAAATGTCT ATATTTTTTA TTATGATATT GTTAAAATTC TGTATTCATA AAGAATTTAT ATTTGTCAT 

  S strain  ATTCTTAAAA AAATTCTTAA AAAAACAATT AAATTAGTGA TGGAAGAATT AAAAATGTCG ATATTTTTTA TTATAATATT ATTAAAATTC TGTATTCATA AAGAATTTAT ATTTGTCAT 

  R strain  ATTCTTAAAA AAATTCTTAA AAAAACAATT AAATTAGTGA TGGAAGAATT AAAAATGTCG ATATTTTTTA TTATAATATT ATTAAAATTC TGTATTCATA AAGAATTTAT ATTTGTCAT 

Fig. 3. Alignment of nucleotide sequences of mitochondrial COX2 from LS-VL, etoxazole-susceptible (S), and etoxazole-resistant 

(R) strains of T. urticae female adults. Polymorphic sites are shown in bold. 

리아 CYTB에서의 점 돌연변이와 밀접하게 연관된다고 보고

되었다(Van Leeuwen et al., 2008; Van Nieuwenhuyse et 

al., 2009). 국내 연구에서는 Lee et al.(2010)이 bifenazate

에 저항성을 보이는 점박이응애 개체군에 대하여 CYTB에서

의 G126S 점 돌연변이 1개를 확인하였고, 높은 저항성을 보

인 야외 채집 개체군에서도 G126S 점 돌연변이를 확인하였

다. 그러나 etoxazole 저항성 점박이응애에서는 CYTB에서

의 점 돌연변이를 확인할 수 없었다.
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    LS-VL  AATAAAATAA AGTAAATACT CCAATTCAAA TATAATCAAC AAAGTGTCAA TATCAAACTC TAAACTCATA ATTTAAAAAA AAATATAATC TATTATTATT AAAAATTAAA AAAAAAAAAG TTATTACTAA 

 S strain  AATAAAATAA AGTAAATACT CCAATTCAAA TATAATCAAC AAAGTGTCAA TATCAAACTC TAAACTCATA ATTTAAAAAA AAATATAATC TATTATTATT GAAAATTAAA AAAAAAAAAG TTATTACTAG 

 R strain  AATAAAATAA AGTAAATACT CCAATTCAAA TATAATCAAC AAAGTGTCAA TATCAAACTC TAAACTCATA ATTTAAAAAA AAATATAATC TATTATTATT GAAAATTAAA AAAAAAAAAG TTATTACTAG 

       131                                                                                                                                        260 

    LS-VL  ACCAATTAAA CCTAAAACTA CATGTGAAGC ATGTAAAGAA GTAGTAAATA AAAAAGAAGA TCTAAAAATT CTATCATTAA AATTAAAATT CAGTTTTATA AAATAACTTC TTATTTCTAA AATTTGTATA 

 S strain  ACCAATTAAA CCTAAAACTA CATGTGAAGC ATGTAAAGAA GTAGTAAATA AAAAAGAAGA TCTAAAAATT CTATCATTAA AATTGAAATT CAATTTTATA AAATAACTTC TTATTTCTAA AATTTGTATA 

 R strain  ACCAATTAAA CCTAAAACTA CATGTGAAGC ATGTAAAGAA GTAGTAAATA AAAAAGAAGA TCTAAAAATT CTATCATTAA AATTGAAATT CAATTTTATA AAATAACTTC TTATTTCTAA AATTTGTATA 

           261                                                                                                                                        390 

    LS-VL  TCAATAAATA AAATTCCTAT AATTATACAA TAAAATAAAT ATATTAGTGT TTTATGCTTA AAATTTTTAT TTAAAAATCT ATTATGTCTA ATCATAATAA TTAAACTTGA ACTTAATAAA ATTGAAGTAC 

 S strain  TCAATAAATA AAATACCTAT AATTATGCAG TAAAATAAAT ATATTAGTGT TTTATGCTTA AAATTTTTAT TTAAAAATCT ATTATGTCTA ATCATAATAA TCAAACTTGA ACTTAATAAA ATTGAAGTAC 

 R strain  TCAATAAATA AAATACCTAT AATTATGCAG TAAAATAAAT ATATTAGTGT TTTATGCTTA AAATTTTTAT TTAAAAATCT ATTATGTCTA ATCATAATAA TCAAACTTGA ACTTAATAAA ATTGAAGTAC 

           391                                                                                                                                        520 

    LS-VL  CAAAAATAAT TATTCTTGTT GGATTAGCAG GAGAAATACC CTTAGGAGGT CAAAAATTTC CTATAAACAT ATTTGGGCTG TAGGCGTTAT GAATATAACC TCAAAATAAA GAAATAAAAA CTATTAATTC 

 S strain  CAAAAATAAT TATTCTTGTT GGATTAGCAG GAGAAATACC CCTAGGAGGT CAAAAATTTC CTATAAATAT ATTTGGGCTG TAAGCATTAT GAATATAACC TCAAAATAAA GAAATGAAAA CTATTAATTC 

 R strain  CAAAAATAAT TATTCTTGTT GGATTAGCAG GAGAAATACC CCTAGGAGGT CAAAAATTTC CTATAAATAT ATTTGGGCTG TAAGCATTAT GAATATAACC TCAAAATAAA GAAATGAAAA CTATTAATTC 

           521                                                                                                                                        650 

    LS-VL  TGAAACAATA AATAATGTAA ATCCATTAGT TAAAATGTTT ATTTTTTTTT TTATAAAAGA ACCAAAAAAA AAATTCTCAT TTTTTAACAA AAAAAAGAAT TTTATTAACA AAAAATACAT GAATAAAAGA 

 S strain  TGAAACAATA AATAATGTAA ATCCATTAGT TAAAATGTTT ATTTTTTTTT TTATAAAAAA ACCAAAAAAA AAATTCTCTT TTTTTAACAA AAAAAAAAAT TTTTTTACCA AAAATTAATT AATTAAAAGA 

 R strain  TGAAACAATA AATAATGTAA ATCCATTAGT TAAAATGTTT ATTTTTTTTT TTATAAAAAA ACCAAAAAAA AAATTCTCTT TTTTTAACAA AAAAAAAAAT TTTTTTACCA AAAATTAATT AATTAAAAGA 

           651                                                                                                                                        780 

    LS-VL  GAAGATAAAA AAAAAAATAC TCATCTCATT AAATTTCAAA AAAAATTATT TATTCTATTA AATATAAAAA AAACTTTTAA AGTAAAAAAA AAAGGGCCAT AACTTAATTT AATTATAGTT AAATTATTTA 

 S strain  AAAGATAAAA AAAAAATTCC TCTTCTCTTT AATTTTCAAA AAAATTTTTT TATTCTTTTA AATTTAAAAA AACCTTTTAA GGTAAAAAAA AAGGGCCCAT AACTTAATTT AATTATAGTT AAATTATTTA 

 R strain  AAAGATAAAA AAAAAATTCC TCTTCTCTTT AATTTTCAAA AAAATTTTTT TATTCTTTTA AATTTAAAAA AACCTTTTAA GGTAAAAAAA AAGGGCCCAT AACTTAATTT AATTATAGTT AAATTATTTA 

         781 787 

  LS-VL  ATGTCAT 

 S strain  ATGTCAT 

 R strain  ATGTCAT 

Fig. 4. Alignment of nucleotide sequences of mitochondrial COX3 from LS-VL, etoxazole-susceptible (S), and etoxazole-resistant 

(R) strains of T. urticae female adults. Polymorphic sites are shown in bold. 
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LS-VL   ATGATCATTT TTTTATTTAT AATTTTATTC ATAATTATTA TGCTTTTATC ATTATATTTA ATATTTTACA AAAACGAAAA TATAATAAAC TATAATTTTT CATCAATATA TGAATGTGGA TTTATAAATA 

 S strain  ATGATCATTT TTTTATTTAT AATTTTATTC ATAATTTTTA TGCTTTTATC ATTATACTTA ATATTTTACA AAAACGAAAA TATAATAAAC TATAATTTTT CATCAATATA TGAGTGTGGG TTTATAAATA 

 R strain  ATGATCATTT TTTTATTTAT AATTTTATTC ATAATATTTA TGCTTTTATC ATTATACTTA ATATTTTACA AAAACGAAAA TATAATAAAC TATAATTTTT CATCAATATA TGAGTGTGGG TTTATAAATA 

131                                                                                                                                        260 

   LS-VL   TAACTTTTTC TCGATTCTTT TTTTCAATAA ATATGTTTAT TTACTTAATT CTTTTTATTG TTTTAGATAT AGAAATTTTT TTCTTAAGAC TAATAGTTTT TTACGAAATA AGATTTTTAA TTATTTTAAA 

 S strain  TAACTTTTTC TCGATTCTTT TTTTCAATAA ATATGTTTAT TTACTTAATT CTTTTTATTG TATTAGATAT AGAAATTTTT TTCTTAAGAC TAATAGTTTT TTACGAAATA AGATTTTTAA TTATTTTAAA 

 R strain  TAACTTTTTC TCGATTCTTT TTTTCAATAA ATATGTTTAT TTACTTAATT CTTTTTATTG TATTAGATAT AGAAATTTTT TTCTTAAGAC TAATAGTTTT TTACGAAATA AGATTTTTAA TTATTTTAAA 

           261                                                                             336 

   LS-VL   TACATTTATT TTTTCAATAA TTTTATTAAT AATTTATGAA TGATTCTCTA TAAGATTAAA TTGATTTATT AAATAA                                                            

 S strain  TACATTTATT TTTTCAATAG TTTTATTAAT AATTTATGAA TGATTCTCTA TAAGATTAAA TTGATTTATT AAATAA 

 R strain  TACATTTATT TTTTCAATAG TTTTATTAAT AATTTATGAA TGATTCTCTA TAAGATTAAA TTGATTTATT AAATAA 

Fig. 5. Alignment of nucleotide sequences of mitochondrial ND3 from LS-VL, etoxazole-susceptible (S), and etoxazole-resistant (R) 

strains of T. urticae female adults. Polymorphic sites are shown in bold. 

1                                                                                                                                          130 

  LS-VL   ATGTCATTTA TATATATATT TTTGTTTTCC AACAACATAA TTTTACTATT TTTAGTAATA TTTACGTATT TAATTTTCTT AGAAAATTTT ATTAATTGTA TAATAATATT TATAACAATA ATTATAATAA 

S strain  ATGTCATTTA TATATATATT TTTGTTTTCC AACAACATAA TTTTTCTATT TTTAGTAATA TTTATTTATT TAATTTTCTT AGAAAATTTT ATTAATTGTA TAATAATATT TATAACAATA ATTATAATAA 

R strain  ATGTCATTTA TATATATATT TTTGTTTTCC AACAACATAA TTTTTCTATT TTTAGTAATA TTTATTTATT TAATTTTCTT AGAAAATTTT ATTAATTGTA TAATAATATT TATAACAATA ATTATAATAA 

          131                                                                                                                                        260 

  LS-VL   AAATGATTTT ATTTAGTGTG AAAGAAAAAA TGAATAATTA CTTTTTTTTT ATAAAAAAAA AGATTATTAT ATTAATAATA ATTATATTAT TAATATTTTT TTATACAAAA AAAATAATTA ACTTTTACAT 

S strain  AAATAATTTT ATTTAGTGTA AAAGAAAAAA TGAATAATTA CTTTTTTTTT ATAAAAAAAA AGATTATTAT ATTAATAATA ATTATATTAT TAATATTTTT TTATACAAAA AAAATAATTA ACTTTTACAT 

R strain  AAATAATTTT ATTTAGTGTA AAAGAAAAAA TGAATAATTA CTTTTTTTTT ATAAAAAAAA AGATTATTAT ATTAATAATA ATTATATTAT TAATATTTTT TTATACAAAA AAAATAATTA ACTTTTACAT 

          261                                                                                                                                        390 

  LS-VL   TTATTTTGAA TTAATTTCGT TAATAATTTT TTCTTTAATT TTTTTTTCTA GATTTTCAAA TCAGCGACTA AAAGCAAGAA TCTATATTTT TATATTTATA GGGATAAGAA CTTTTCCTAT ATTAGTAATA 

S strain  TTATTTTGAA TTAATTTCGT TAATAATTTT TTCTTTAATT TTTTTTTCTA GATTTTCAAA TCAACGACTA AAAGCAAGAA TCTATATTTT TATATTTATA GGGATAAGAA CTTTTCCTAT GTTAGTAATA 

R strain  TTATTTTGAA TTAATTTCGT TAATAATTTT TTCTTTAATT TTTTTTTCTA GATTTTCAAA TCAACGACTA AAAGCAAGAA TCTATATTTT TATATTTATA GGGATAAGAA CTTTTCCTAT GTTAGTAATA 

          391                                                                                                                                        520 

  LS-VL   TTTTTTTTTT TAAATGAAAA CACAATATTA TTAATTTTTT TTTTAGGATT TTTAATTAAA ATTCCTATTA TGTTCTTTCA TTTATGACTT CCTAAAGCAC ATGTAGAAGC AAATTTTTAT GATTCAATAA 

S strain  TTTTTCTTTT TAAATGAAAA CACAATATTA TTAATTTTTT TTTTAGGATT TTTAATTAAA ATTCCTATTA TGTTTTTTCA TTTATGACTT CCTAAAGCAC ATGTAGAAGC AAATTTTTAT GATTCAATAG 

R strain  TTTTTCTTTT TAAATGAAAA CACAATATTA TTAATTTTTT TTTTAGGATT TTTAATTAAA ATTCCTATTA TGTTTTTTCA TTTATGACTT CCTAAAGCAC ATGTAGAAGC AAATTTTTAT GATTCAATAG 

    521                                                                                                                                        650 

LS-VL   TTTTAGCGAG TCTATTATTA AAATTAGGAG GGTATGGAAT AATAAATTTA AATTTAATCA AAAAAATCAA TTTTTTTTTT ATATGAACTT TAATAAGAAT TTTTTTTTTA TCAGTTAGAA TAATTTTTTT 

S strain  TTTTGGCGAG TTTATTATTA AAATTAGGAG GGTATGGAAT TATAACTTTA AATTTAATCA AAAAAATCAA TTTTTTTTTT ATATGAACCT TAATAAGAAT TTTTTTTTTA TCAGTTAAAA TGATTTTTTT 

R strain  TTTTGGCGAG TTTATTATTA AAATTAGGAG GGTATGGAAT TATAACTTTA AATTTAATCA AAAAAATCAA TTTTTTTTTT ATATGAACCT TAATAAGAAT TTTTTTTTTA TCAGTTAAAA TGATTTTTTT 

          651                                                                                                                                        780 

  LS-VL   AATAGATTTA AAAATGATTT TTGCCTACTC ATCAATTATT CATATAAATG GAATAGTAAT AATGTTATTA AGAAATAATT TTTTTACAGA AAAAATATTT GTTATTATAA TAATTAGTCA TGCAATTAGA 

S strain  GATAGATTTA AAAATAATTT TCGCCTACTC ATCAATTATT CATATAAATG GAATAGTAAT AATATTATTA AGAAATAATT TTTTTACAGA AAAAATATTT GTTATTATAA TAATTAGTCA TGCAATTAGA 

R strain  GATAGATTTA AAAATAATTT TCGCCTACTC ATCAATTATT CATATAAATG GAATAGTAAT AATATTATTA AGAAATAATT TTTTTACAGA AAAAATATTT GTTATTATAA TAATTAGTCA TGCAATTAGA 

          781                                                                                                                                        910 

LS-VL   TCATCAATAA TATTTTATAT TATTGGAGTA ATTTATGAAT TTACATTTTC ACGAATAATA ATGATTAATA AAAATTTTAT GATTAATAAT CTAATTTTAT TTATAATTAT TTTTTTTACT TTATTTGTTA 

S strain  TCTTCAATAA TATTTTATAT TATTGGAGTA ATTTATGAAT TTACATTTTC ACGAATAATA ATGATTAATA AAAGTTTTAT GATTAATAAT CTAATTTTAT TTATAATTAT TTTTTTTACT TTATTTGTTA 

R strain  TCTTCAATAA TATTTTATAT TATTGGAGTA ATTTATGAAT TTACATTTTC ACGAATAATA ATGATTAATA AAAGTTTTAT GATTAATAAT CTAATTTTAT TTATAATTAT TTTTTTTACT TTATTTGTTA 

          911                                                                                                                                       1040 

  LS-VL   ATATAGCAAT ACCTCCTTTT ATAACTTTTT TTTCAGAAAT ATATATATAT ATATCTTTAA TTAATTATAG AAAAAAAATA ATAATTATTC TTATTTACAT ATTATTAGTA TCAGTAATAT TTAACCTTAT 

S strain  ATATAGCAAT ACCTCCTTTT ATAACTTTTT TTTCAGAAAT ATATATATAT ATATCTTTAA TTAATTATAG AAAAAAAATA ATAATTATTC TTATTTACAT ATTATTAGTA TCAGTAATAT TTAACCTTAT 

R strain  ATATAGCAAT ACCTCCTTTT ATAACTTTTT TTTCAGAAAT ATATATATAT ATATCTTTAA TTAATTATAG AAAAAAAATA ATAATTATTC TTATTTACAT ATTATTAGTA TCAGTAATAT TTAACCTTAT 

          1041                                                                                                                     1154 

  LS-VL   AGTATTAAAA AATATAGGGA TAAGAAACAT AAACAAATTT TTTAAAATTA ACCAAATAAA AACAAAAAAT TTATTTTTAT TAAAAGAACA TCTAATATTA CTTTTATTTA TATA 

S strain  AGTATTAAAA AATATAGGGA TAAGAAACAT AAACAAATTT TTTAAAATTA ACCAAATAAA AACAAAAAAT TTATTTTTAT TAAAAGAACA TCTAATATTA CTTTTATTTA TATA 

R strain  AGTATTAAAA AATATAGGGA TAAGAAACAT AAACAAATTT TTTAAAATTA ACCAAATAAA AACAAAAAAT TTATTTTTAT TAAAAGAACA TCTAATATTA CTTTTATTTA TATA 

Fig. 6. Alignment of nucleotide sequences of mitochondrial ND4 from LS-VL, etoxazole-susceptible (S), and etoxazole-resistant (R) 

strains of T. urticae female adults. Polymorphic sites are shown in bold. 
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     LS-VL  ATAATTTTAT TTATTTATTT TTTAACAATA AACTTTAATC CAATAAGAAT AGTAATTAAC TTCTCATTTT TTTTATTAAC TTTTATAGTA AATTTTTTTA TTTTTAATAA TGATAAATGA ATAATAATAC 

  S strain  ATAATTTTAT TTATTTATTT TTTAACAATA AACTTTTATC CAATAAGAGT AGTAATTAAC TTCTCATTTT TTTTATTAAT TTTAATAATA AATTTTTTAA TTTATAATAA TGACAAATGA ATAATAATAC 

  R strain  ATAATTTTAT TTATTTATTT TTTAACAATA AACTTTTATC CAATAAGAGT AGTAATTAAC TTCTCATTTT TTTTATTAAT TTTAATAATA AATTTTTTAA TTTATAATAA TGACAAATGA ATAATAATAC 

            131                                                                                                                                        260 

     LS-VL  TTTTAATTAT TTTTATGATT GGAGGAATAA TGATTTTTAT TTCTTTAATT TGTTGTACTA TAAAATTTAA TTTAATAATA AAAAAAAAAA ATTATTTAAT AATTTTTTTA GTTATATTTT ATATATGTAT 

  S strain  TTTTAATTAT TTTTATAGTT GGGGGAATAA TAATTTTTGT TTCCTTAATT TGTTGTACTA TAAAATTTAA TTTATTAAAT AAAAAAAAAA ATTATTTGAT CATTTTTTTA TTTACATTTT ATTTATCATT 

  R strain  TTTTAATTAT TTTTATAGTT GGGGGAATAA TAATTTTTGT TTCCTTAATT TGTTGTACTA TAAAATTTAA TTTATTAAAT AAAAAAAAAA ATTATTTGAT CATTTTTTTA TTTACATTTT ATTTATCATT 

            261                                                                                                                                        390 

     LS-VL  AATAAATATA GATATATCTT TCTCAATTTC ACTGTCTATA ATAGATAATG TATTTATATT TTTTTTTTGT TTTTTAATTA TCATAATAAT ATTTTTCTTA AAAAATATTT TATTTAAGAA ACAAAAAAAC 

  S strain  AGTAATTATA GATAATTCTT TTTCAATTTC ATTGACCTTA ATAAATAATA TATTTATATT CTTTTTTTGT TTTTTAATTA TTATAATAAT ATTTTTTTTA AAAAATATTT TATTCAAAAA ACAAAAAAAT 

  R strain  AGTAATTATA GATAATTCTT TTTCAATTTC ATTGACCTTA ATAAATAATA TATTTATATT CTTTTTTTGT TTTTTAATTA TTATAATAAT ATTTTTTTTA AAAAATATTT TATTCAAAAA ACAAAAAAAT 

            391    400 

     LS-VL  ATTAAAATAT                                                                                                                                     

  S strain  ATTAAAATGT  

  R strain  ATTAAAATGT  

Fig. 7. Alignment of nucleotide sequences of mitochondrial ND6 from LS-VL, etoxazole-susceptible (S), and etoxazole-resistant (R) 

strains of T. urticae female adults. Polymorphic sites are shown in bold. 

다음으로 COX1의 염기서열을 비교한 결과, LS-VL strain

과는 모두 31군데에서 염기서열 차이를 보였지만 감수성 계

통과 저항성 계통 사이에서는 차이가 없었다(Fig. 2). 또한 

COX2와 COX3에서도 LS-VL strain과 비교하였을 경우 각

각 16군데, 36군데의 염기가 달랐지만 감수성 계통과 저항성 

계통 사이에서는 차이가 없었다(Fig. 3과 Fig. 4).

ND1, ND2와 ND5에서도 LS-VL strain과 비교하였을 경

우 몇몇 염기에 있어 차이를 보였지만, 감수성 계통과 저항성 

계통 사이에서는 역시 차이가 없었다(data not shown). ND3

의 경우에는 36번째 염기가 감수성 계통에서는 thymine(T)

이고 저항성 계통에서는 adenine(A)으로 서로 다르게 확인

되었으나, 아미노산은 동일하게 이소류신(Ile)을 코드하므로 

점 돌연변이라 할 수 없었다(Fig. 5). 또한 ND4와 ND6에서

도 감수성 계통과 저항성 계통간 염기서열에 있어 차이점을 

발견 할 수 없었다(Fig. 6과 Fig. 7). 

이와 같이 etoxazole 저항성 점박이응애는 미토콘드리아의 

CYTB, COX1, COX2, COX3, ND1, ND2, ND3, ND4, 

ND5, 그리고 ND6에서의 점 돌연변이는 나타나지 않는 것으

로 보인다. 따라서 etoxazole의 정확한 작용점을 찾기 위해 

cytochrome P450(CYP) 등 다른 유전자 부분을 대상으로 

현재 분석 중에 있으며, 약제 저항성에 기인하는 target 단백

질의 활성과 발현정도 뿐만 아니라 감수성 계통과 저항성 계

통에서의 전체 단백질 발현패턴 분석도 계획 중에 있다.
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요 약 점박이응애는 전 세계적으로 농업과 원예 분야에 경제적 손실을 일으키는 중요한 해충으로 많은 살비제에 대해 

저항성이 발달하여 방제에 어려움을 겪고 있다. 2000년 8월 충남 부여의 장미 재배지에서 채집한 점박이응애가 etoxazole에 

대해 3,700배의 저항성을 나타내었다. 이 집단을 실내에서 11년 동안 etoxazole로 500회 이상 도태하여 5,000,000배 이상의 

저항성 계통을 얻었다. Etoxazole 저항성은 모계유전 하는 것으로 알려져 있다. 따라서 이들 etoxazole 저항성이 모계유전을 

하는 미토콘드리아 유전자내 점 돌연변이와 관련이 있는지를 조사하였다. Etoxazole 저항성 계통과 감수성 계통의 CYTB, 

COX1, COX2, COX3, ND1, ND2, ND3, ND4, ND5, 그리고 ND6의 유전자 서열을 비교한 결과 저항성 계통에서의 

점 돌연변이는 발견할 수 없었다.
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