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{ Abstract }

Two-spotted spider mite, Tetranychus urticae was collected from the rose greenhouse in Chilgok, Gyeongbuk
Province in December 2000. This population has been selected for ten years with bifenazate (over 450 times),
and increased 855.9 fold in resistance as compared with susceptible strain (S). Cross resistance of bifenazate
resistant (BR) strain to eight miticides was investigated. The BR strain exhibited high and low cross resistance
to acequinocyl (614.0 fold) and to chlorfenapyr (9.1 fold), respectively. Against fenazaquin (0.3 fold) and
fenpyroximate (0.1 fold), however, showed the strain negatively correlated cross resistance. Each strain
collected in Choeng-ju (CJ), Kang-jin (KJ), and Chung-ju (CUJ) showed 5.5-, 964.5-, and 21.8-fold resistance
to bifenazate, respectively. The detoxifying enzymes of the BR strain showed 1.6-fold activity in cytochrome
Pyso-dependent monooxygenase (Psso) as compared with susceptible one. By comparing the mitochondrial
cytochrome b (cyth) sequence, (G126S point mutation was detected in the BR and KJ strains.
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M BlA| Agd Weo] o siFEel Histe] a2 vehd 7t
2A8 AUl thLee et al, 2004; Yu ef al, 2005; Kim
et al., 2007). ]2} Zo] FHro]-goli= oAl thet A3Hd 7
A Edo] w2, wAAFPE Y 7hsol ELEE FA
A AT ZHEHE S8 a3 FA o] P as).

% Aol 28] =)= Esterase(EST), glutathione S-transferase

Autolgol(Tetranychus urticae)= $-2|\het ¥ gt of
2 A AR R 57t Yo Hobo] ARH 248 Yo
E Fadigos goA ok duol o wrg )7ko] B
I, A7E HA Alehgrt ol Aol ojgt el 7137}

7] i Eol A wdo] Hal(Lee et al, 2003; Song et
al., 1995), olgAdeo] &1, TA wef7h dofuhr] 4491, 9
RERE A4 FAAE 71 A9 Aol Herng A
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1984; Song er al, 1993; Kim and Chang, 1996). 4§ &
o] malathion R34 27]9] esterases o] 744 B7]9)
esterases 9] 4Rt | 744 =9th= @727 Gopallan
et al, 19977} 3=t olzlat Aske obAle) skazhast A
Y w5 dee 53 547 8% A8 3 3RS
A AFglLE.

Bifenazate [D2341; isopropyl 3-(4-methoxybiphenyl-3-
yl)carbazate]+= 1990'39]] Uniroyal Chemical Company Inc.
of oJ3) WA carbazater] JFHER 20000l A5} 4]
Ao|eh Tomlin, 2006). =iol= 2-8-of, ARzkg-of, Hefolgof
o tist HAAZ 5250} YrHKCPA, 2009). Bifenazate
£ 5AV3A 9| post-synaptic GABA -840 283z 4l
FEAR WA deH o i Dekeyser, 2005), 2 A s}
™ bifenazate A4S ZAGHOI(Yu et al, 2005), o] A
/g0l nEZ=eot B3A| Mi(bel £FA, ubihydroquinone
: cytochrome ¢ AISIEHIE A E3HA) 9 Q, Aol AHggtrtiL
R Van Leeuwen ef al, 2006; 2008). Cytochrome
beytb)z 24 HEZEEotolA EEE HINA F= A
slehel dei o, n]EZ e ejo} B MM Cyre, 3t 2
1% ENAISP) I A 9 EE goi(Boore, 1999).
E3} bifenazate AP |EZT o} bl A9 H 54
Hol(point mutation)?} WA A|FACtL HEuEct
(Van Leeuwen et al, 2008; Van Nieuwenhuyse et al.,
2009). Bifenazateo}] =2 AGAS Hol: straind Q, A| A
9] cdl helixo]4] 3709) A EAHo|(G1268, 1136T, 1|1
S141F)%} ef helixo] 4 9] 1749] 3 EHo|(P262T)E B A
thVan Nieuwenhuyse ef al., 2009). &3 57|14 A3H4
AHubol-2of o] acetylcholinesterase?] & E¢w o] F331W,

Of

G328A9} A201SZ -¢l(Khajehali ef al,, 2009) 3H= &
3|2 5ol A AL RISk W F &8 7143} B4
d BAAESH A7t @] APET gl

olof B 7= 20001 12¥ & X Au] AufA| o)A
AR Ak(Lee er al, 2003y HHAHA 107 =es}
HA] bifenazateo] 3 A3 LY = TAAEIY
FE 2ARFY L, bifenazate AP/ HAH n|EEZT o}
cyth?] A7} MolE 27| 93 A7IAE BAS +38%
oo B3t FF, 73, 353 Aol AT Hubol s
bifenazate A4 2UEE 2o g5t 319t

ME W U
giom

£ Aol AMgE An|Ale AREIL 9l abamectin(1.8%
EC), acequinocyl(15% SC), bifenazate(13.5% SC), chlorfenapyr
(5% EC), cyflumetofen(20% SC), fenazaquin(20% SC),
fenpyroximate(5% SC), milbemectin(1% EC), tebufenpyrad
(10% EC) 5 9%o|irh.

AEZE U MY M

Ao AHE BeYARS)E =N AT e
ol 3olE AEjstaol A Eopio}l 2005 R Y &S
AgoJeta ZEAREAlA oA Az glo] o A3 A
& AH839lth. Bifenazate AFAE HHtol-sol= 2000
| 1299 AE A3 FulAuR|ofA FPg A e
2 1047 AujollA] bifenazateE LCo~305=E 3450
79 7408 BREAY 3¢t o|gA ZejAl A} 2010

Table 1. Cross resistance of several miticides against bifenazate susceptible (S) and resistant (BR) strains of T. urticae female adults

LCso (ppm) (95% CL%)

Miticides , _ RR”
S strain BR strain
Abamectin 0.029(0.025-0.033) 0.023(0.004-0.034) 0.8
Acequinocyl 6.06(5.05-7.16) 3721(3251-4398) 614.0
Chlorfenapyr 5.10(4.41-5.85) 46.43(39.50-55.84) 9.1
Cyflumetofen 10.81(8.39-13.30) 12.54(9.77-15.50) 1.2
Fenazaquin 163.7(113.6-417.2) 45.26(33.52-57.79) 03
Fenpyroximate 119.2(92.66-168.3) 11.24(10.10-12.38) 0.1
Milbemectin 0.079(0.059-0.099) 0.067(0.054-0.084) 0.8
Tebufenpyrad 29.13(23.00-38.25} 20.24(15.55-26.84) 0.7

% 95% Confidence limits.

¥ Resistance ratio = LCso (ppm) of BR strain divided by LCsy (ppm) of S strain.
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Aol 59 AFAJul7] 855951 0.0, 05 8%9] 4|4
of ek BAANGPY Heo) o]g3tHrH(Table 1).
ofelFo] i3t bifenazate 71424 HLE H]ws}7| Ystod
AGERZE AT, A, F300A Hotolgols Asielh
Bl o 241 20019 19 2 289 AojAfui oA 3
3§t Hbol-golE 97t acequinocyl2 Frff Altate] 6144)
o} AL B3 MATL acequinocyl AGPYAELR
*}‘9“0}%1‘:} A ARz &% 25~27C, B37) 16L :
AUEE 40~60%2 2HsHYL HdFL 7132 dlol
/‘H‘O}i’iq-

AiH ®2iy

A7 5.5 cm9] HEZ T Yo B& FH3| H4
< A1 22 Aol AH 3 emo 7 dg 2 %
o}gel 4% 200kI8 AT AFEE 24T oo
& £ZAo|2 o|gotel REYOR Helslgon, oby
o 4812 o APlRS AAbstsle, A4S 39 oo
2 At Anle-& Finney(1971)2) probitAAH o2
LCsoftE T8ttt

EXEE XIGE AS UH MEd A
TAAGA %—:1@3’% Al Ao et HaHy Ade A
vl Ay 5o 519101, abamectin
& 8%0] th3t bifenazate ALY AE] LCso(ppm)S 3}
o A FFE TAAFY J=S 6, AR AY
A%} acequinocyl HGFAIAEL bifenazate Ao T
g AYAE vjwsiock

Aod

s48d S8

WA 4% 30002l E 2 nl glass-glass tissue grindero]A]
200 409] 5% buffer(0.1 M Tris-HCI, pH 7.8) @1 o}
A3tk 10,000 rpmoflA 1587 PAIE |G 3 Az
EST, GST, Paso 849 84% Apgstglct. thild ke
Bradford *(Bradford, 1976)2 AL23191.28, bovine serum
albuming 7|& A2 )9},

Esterase (EST)

EST 842 Asperen(1962)2] Hp1e Wgisle] 2431gith,
10 180} Thad FANof 72} 0.2 mMO) a-naphthyl acetate
(a-NA)$} B-naphthyl acetate (3-NA)E #7138 th-g 25T
ofl A SEZF uSAl AT WS- 3 stop solution 50 4 (0.2%
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fast blue RR salt®} 0.2% sodium dodecyl sulfate)E 37}5}
o vR3-8 XA 5= 2742 Bio-Rad Benchmark
Microplate Reader (BIO-RAD, Hercules, CAYE AR&8}¢]
595 nme| FH=E S

Glutathione S-transferase (GST)

GSTZ-2 Yu(1984)9] Wrilg W gste] Z45}90ct 10
180} T A § A ohol) 20 mM 1-chloro-2,4-dinitrobenzene
(CDNB)%} 10 mM GSH(reduced glutathione)-S 715t th&:
25Col|A 1087} ¥+ & Bio-Rad Benchmark Microplate
Reader(BIO-RAD, Hercules, CA)S 0]-2-8F0] 405 nmoj| Al
o BYEE 23a.

Cytochrome Pso—dependent monooxygenase (Paso)

chlal g4l 100 pgol 0.4 mM 7-ethoxycoumarin(7-EC)
i} 1 mM NADPHE 37}et 3 96-well microtiter plateo] &
1 30Cofj A 3087 B-SAIZT 10 14 oxidized glutathione
(100 mM)#} 20 u¢ glutathione reductase(1 unit)(Chauret
et al., 1999)5 A7}sto] Ao 10587 ¥k & 125 4l
50% acetonitrile o] ¥&-& FAAAY. ¥ T 7-
hydroxycoumarin(7-HC)E SPECTRAmax GEMINI XS
spectrofluorometer(Molecular Device Inc., Sunnyvale, CA)
£ ©|83k] 390 nm ©17)9p743} 465 nm O WEROR
2735t

DIEZEE|0L cytb HIIME 24

Zato]- 209l genomic DNA AccuPrep® genomic DNA
extraction kit(Bioneer, Dagjeon, Korea)g AME3ko] £}
Stk o7 A3 100utEl o] tssue lysis buffers: 7isio] 58
sto)z ket 5 20 ] proteinase K& 4718101 60CoA
LAJIZE &4k ¥F2-A]71 the binding column tubes Al§35}o]
genomic DNAE #2&319th. PCR2 Van Nieuwenhuyse
(20097} AAgE Zutol-g-ofl cytb primers [Cytbdia2F (5'-
TTAAGAACTCCTAAAACTTTTCGTTC)S Cytbdia2R
(5"-GAAACAAAAATTATTATTCCCCCAQ)Z 1 pmol
<] template®} Ex-taq"™ DNA polymerase (Takara, Shiga,
Japan)® 95Co| A 30%, 56ColA 30%, 72CofA 287t
WS AT T3 B AR 971N BAE 99 intemal
primer (cytbWTR(S-OGGAATAATTTTACAAATAACTCATGO)
9} cytbWIR(S-TGGTACAGATOGTAGAATTGCG), PEWYFI
(5-AAAGGCTCATCTAACCAAATAGG)S} PEWYR2
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(5-AATGAAATTTCTGTAAAAGGGTATTC)]-S AM&3}
o] PCR& £33}9th. PCR Purification Kit(Macrogen,
Seoul, Korea)E AM23to] A PCRAE-S sequencing
3to] ") uEA35}9 t{Macrogen, Seoul, Korea).

g % u¥

wxpxEd
BrAAE Ao tist bifenazate®] LCso(ppm)S 2.9
ppmO| itk AAAAF-LE 20009 12€ JHT FA A3
i3l 6.0 ppm o ZE AGAu]|= 2.1810]¢ o), 108 F¢
bifenazate & A1gtst 3of AZo| A 2] LCs(ppm)at- 2,482
ppm 22 el 855,988 WdsGick(Fig. 1).
Bifenazateo] W3t A3Hdu|7} 855.981¢1 AE-S] HF
3t 8% AH|A|] AN F5E HES A= Table
13 2k aAAAY T AgguldA o Fx o
2 3 A7t gk B3t V&L gAE, 2 At

100 '( A)’SB )

©)

Fos

a0 S {A) Susceptible strain
P
Sl

1Cq=2.9ppm, RR¥*::1.0

3

/
(B) Original Chillgok strain
LCg=6.0ppm, RR=2.1

Mortarlity (%)
8

{C) Bifenazate resistant strain
LC5~2482ppm, RR=855.9

1 10 00 1000 10000

Concentration {ppm}

Fig. 1. Dose-dependent response of bifenazate susceptible,
original Chilgok, and bifenazate resistant strains of 7. urticae
female adults.

® Resistance ratio = LCsy (ppm) of each strain by LCss (ppm)
of S strain.
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5 o]de] F& Vbl UAIE bifenazatee}t TAAFHOR A
3tk 3 AAFRAAFAL 0.501319 ghoz spiem,
Bl RAAGYL 0.6~4.9 Ato]e] o= 3g{rh(Takahashi,
1979). Bifenazate AFAAES] A3l th3t acequinocyl Tt
chlorfenapyr®} A&H4u|= 212k 614.0012} 9.14]] A G
A& Vehel o, abamectin, cyflumetofen, milbemectin,
tebufenpyrad= ) LA 8-S vERY Q). Chlorfenapyr,
abamectin, tebufenpyrad 9FA) A3HA Adto|-golle] WALA|
Aol Tat A7} Elo Q)] Van Leeuwen ef al.(2004)
chlorfenapyr A4 Furo]-3o7} amitraz, clofentezine}
dimethoateo] & SAATHE BUT MARATLE 2
A oz 7
8l9ic}. 18]1l abamectin A3HA 2ol milbemectin®] WA}
AJ84dE, fenpyroximate, cyhexatin, propargite?t dimethoate
ol wEAAFAE Birk Tebufenpyrad A3 Solle=
pyridaben, fenpyroximate®} chlorfenapyro]] TAAFALS
e gitkSato ef al, 2005; Herron and Rophail, 1998).
oY W HAEY FgHo] e AT THTHY,
ARG g EAGTETE 35oE dxdte A8
A wjBd 7 o|chFergusson-Kolmes et al., 1991; Devine
et al.,, 2001; Stumpf and Nauen, 2001; Kim ef al., 2004).
2 Mgo| A4H bifenazate AFZYATE T K7t ok
MAZol7] gio] 3 ojHe] 23 FefolAl ofn| 2AFA
S Uebd Ao disid Aol THEUE o= 9
e A& WA = AT, bifenazate A3 AF
ﬁﬂ £ 0|5 A AEE A YsloF T Aojth. AHIRIA
PAE el 9Al= fenazaquind} fenpyroximate2 A3
H7} Zkzt 0.3, 0.141& Vlehligict. Fenpyroximate &4
Zutol-golli= pyridabenT} dimethoateo] TAFATES H A
2, propargite, abamectin, milbemectin, fenpropathrini}

‘cyhexatin®] ti8 ¥ EAARIYE LTk Sato ef al., 2004).

Bifenazate AL 2l Hrhlde JARTAATHS

Table 2. Bifenazate susceptibility against an acequinocy! resistant {AR), Cheong-ju (CJ), Kang-jin (KJ) and Chung-ju (CUJ) strains

of T. urticae female adults

Strain/Population LCso (ppm) (95% CL”) Slope + SE RR”
AR 4.71 (3.95 - 5.69) 175 + 0.20 1.6
CJ 159 (123 - 19.4) 1.81 + 0.18 55
KJ 2797 (2524 - 3090) 2.88 + 0.30 964.5
cus 63.2 (517 - 74.9) 1.94 + 0.21 21.8

® 95% Confidence limits.

% Resistance ratio = LCso (ppm) of each strain by LCso {(ppm) of $ strain.
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29 fenazaquin} fenpyroximateE bifenazate®} A T2 At
EYO BEHOR Ho|3ohE WAT 4 e Aoloh

A, A, 3o ARG Aurol ool drAEoR
acequinocyl HA3AE} bifenazate AJ3A4ES ols) 2
A}, 77 A E0] 9645812 =0 AsPAIHIE ¥t 17

-

H A9 S5 A A4S ATl 2755
21.8H12 thh W AFAuE Yehy e, acequinocyl

AP ATl oMz 1.6819) W2 AgFAu)E el
Th(Table 2). Bifenazate AqH4 Htto]-&-of7} acequinocyl
fAe] HAA YA Holi= ¥h, acequinocyl A4 Hut
o] gl bifenazateo] thal] H|mAATAE LrERYSitt. o]
= 9hA 23 bifenazate 11'% J-5-ll7} chlorfenapyr 2FA)

of s wAALAL , chlorfenapyr A3H4g &
o7} bifenazateo] ]ﬂx}ﬂ@@; vebd A3 2
o Aot @A ofst Aol THE AQ
olF0j212] ¢iaL ik, whabA BEAEEHE 7)Y
of Z& wiFtdEel oWt Aot deAE
4871 qirk

mu
82
g
=
[
e
e

4 A1E, bifenazate 484, acequinocyl A3H4] 18]
T AF A, 353 Al AelA] et Huto]gof] EST,
GST9} Puso®] E484E v a3tgch(Table 3). 71 A3},
EST9} GSTO| 442 74=/d3t Ztol7} gl whd Pyse] &
4JL- bifenazate?} acequinocyld] |34 Huato]SojlofjA] zt
Z Leelot 1.24) = vebitch 2 AAEY H$, Paso
SR Aol la) 130 22 Ao el 487
Aol 7119 Mol g-ol7} bifenazateo] s AL H

ol AR Hof bifenazate A4 Huto]- 3ol Pyspdl &
Lol A TRo] 9% AoE AREY olE F1

M1t 0|EZE20} cytochrome 9] FE0HH0] 251

(Van Leeuwen ef al, 2010). Z, oy A4agAwo
°kxﬂ Aol w7t

& 4 4k 3—91 L2 A8 e Foto] ofA] A%
*é “ﬂ?’}"la"ﬂ Ak & 4 Mol gl 5 FAAL 2]

A A3k Ao] BT

Bifenazate X34 HUOISO0f cyrpo] H EAHO|
Bifenazate A3/ A4159] §44 4L Kol AAA
A EANolE syl 9iste] mlEEE o} oybd] E4
primerE ARE3F] PCRE =85k9ict. 1,063 bpel PCR 4t
S AL T 7MY EAE B ofnlAt HEE vlats)
£ A3}, G126 ¢ /9] EAHOIE A T 4 A
(Fig. 29} Table 4). Bifenazateol tha] &2 AT E‘ﬂ
7 AT eybol A= G126S H FAHE el & 5
AA} Ty e AgAe B A AT 5 WA
& Edqolr} gl AoR EQir) 18l bifenazate
4 AlTol acequinocyl®] oFA7} HAAFHE et
o] & A28 o4dslo] acequinocyl A3 At
J&ofel nEEE ok cpth®] HIIMEE 2RIS] Kot
bifenazate A3F4jo] TIE G126 Solsloji AT o
opc}. Tk 1256V e N321S9] the A qq’ o }gkg&
it} #A7kA) bifenazate®} acequinocylS A-gH o] &
o2 454 QX4 bifenazate AFA AEol acequinocyl
oFA|7F A FAE 2ol ¥ acequinocyl A4 AE

o) = bifenazate 9FA|Q] TaPAgHA o] HolR] Y= AL oA

p==

o2k

2
i

o]

n&
m

;ym HE A 2 T 28 7130 §le AR AzHa
o[t dAt T FAA BOlE = At East
TZ} Van Nieuwenhuyse et al.(2009)= Aol A AR&3lE

Table 3. Comparison of detoxification enzyme activities to various substrates among the susceptible (S), bifenazate resistant (BR),
acequinocyl resistant (AR), Cheong-ju (CJ), Kang-jin (KJ), and Chung-ju (CUJ) strains of T. urticae female adults

Enzyme activity (OD/mg protein) Fold ratio to S

Strain EST GST EST GST Paso
a-NA B-NA CDNB 7-EC 1-NA 2-NA CDNB 7-EC

S 301.2 138.1 194.6 2527 1.0 1.0 1.0 1.0
BR 2258 1793 198.7 399.0 0.7 1.3 1.0 1.6
AR 2912 120.2 2363 304.8 1.0 09 1.2 12
Ci 280.0 152.4 187.5 3151 0.9 11 1.0 0.1
KJ 3104 132.0 202.0 3345 1.0 1.0 1.0 13
cuI 2983 141.9 183.8 273.0 1.0 1.0 0.9 0.1
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Fig. 2. Alignment of deduced amino acid sequences of mitochondrial cyth from susceptible (S), bifenazate resistant (BR), acequinocyl
resistant (AR), Cheong-ju (CJ), Kang-jin (KJ), and Chung-ju (CUJ) strains of T. urticae female adults.

Table 4. Correlations of strain and miticide resistance ratio or
Puso activity or mutation (s)

Strain Resistance ratio Pusp activity Point mutation (s)

S Low Low No

BR Very high Intermediate G126S
AR Low Intermediate 1256V, N321S
CJ Low Low No

KJ Very high Intermediate G126S
cuJ Low Low No

A4 A% S Lot o2 Z=HAA SAIY| & nEEEgo}
ayth o)A G1268, 1136T, S141F, P262T2] A ¢dHo|E
AsET o] =79 2oeh= tha Aozt Yk 1 of
+ o8 7k 844 243 AP A 2jo] fEY AoE
Kot} Van Nieuwenhuyse et al.(2009)0] AJA8 bifenazate
A5/d AEolg-of= LCsogko] 100,000 ppm o] 4Fo| 9] o1t
&Aool AMERl bifenazate AYPA HHtolZol= 2,482
ppm o2 Aol tha Y HRE Hrh ol A
o] HedAY FEE =AU & o B2 A EddolE
2 & 5 glozjzt Azt

olike] ARE FH3te] £ uf, Huto|-3ofjo) gt bifenazate
o AR wrae wkow, 74 WAL bifenazate A
AL HEZEE o} opbd] G126S EHO7L A3 W
0% 93S & A0 R Bk E3 o3 k= G126S
SO AR BUEYS AT $2 EAGD npARA
9] 7hs/dE AAtt

Akl 2

o] BB FEAZH TEFY/I&THAY ATHIAY
(20100401-030-003-001-04-00)3} 7501 &A1 K 0] A2t
A FEE 21449 Y2 S Qi)
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