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7 § Abstract g{

In 2010, two-spotted spider mite, Tetranychus urticae was collected from the rose greenhouse and apple
orchards in Cheongju (CJ), Chungju (CUJ)-1, CUJ-2, Kangjin (KJ), Yesan (YS), and Yeongju (YJ). Among
them, KJ and YS strain showed high resistance to bifenazate of 964.5- and 1130-fold, respectively. The other
strains showed low resistance to bifenazate. By analyzing the mitochondrial cytochrome b (cyth) sequence,
G126S point mutation was detected in KJ and YS strain. Thus, G1268 point mutation in the mitochondrial
cyth was available molecular detection marker for selection of bifenazate resistant 7. urticae. Two molecular
detection methods, quantitative sequencing (QS) and PCR amplification of specific alleles (PASA) were well
detected specific G126S point mutation. Therefore, these methods can be used to monitor the resistance allele
in field population of T. wticae and bifenazate resistance management strategy.
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Kwon, 2009). £2}8+4 AYg=F2 DNAS §$4E 7|28
3} 7]=9] quantitative sequencing(QS), PCR amplification
of specific allele(PASA), bi-directional PCR amplification
of specific allele(bi-PASA), single stranded conformational
polymorphism(SSCP), 18] serial invasive signal amplifi-
cation reaction(SISAR)Z°] /&ElojA 1, o]yt HHHE
9] single nucleotide polymorphisms& 2+¢138} wjof] A Qx|
© A HIE-E 29 4 YA HATHKwon ez al., 2004;
Wilkening ef al., 2005). @ o|H3} WL o] &ste] W
97} o]20]Z| 31 QJtiSham ef al., 2002; Germer et al.,
2000; Livak, 1999). whetbA 0|9} Zhe Wi o g Zuto]-Zof
o) £4 ofAl Al that H SHol(point mutation)2t
ARE Egichd antQl A BUET W] E
Zo|ct.

2 Aol ot bifenazate 2-87|2+ nEZEe|o}
£33 (bel £, ubihydroquinone : cytochrome ¢ At
st B3RO Qo A Aol A3t BuEic). 1
231 n|EFZE o} cytochrome b(cyth)oll A Y A S o)
9} UHsHA APEHG Y B3 & ci(Van Leeuwen ef al.,
2008; Van Nieuwenhuyse et al., 2009; Lee et al., 2010).
Lee et al.(2010)& =9 A] bifenazateo|] A3AL Boj=
strain®] thato] cyrbol A o] G1268 3 Aol 174E &<l
IR, w2 ARAe Bl A eA s Gl26S A &
HolE QIstglt. 1 23t bifenazate APAE MEZE
oF cyth® G126S 3 o7t AR W F23 o
e g Aol Eusin.
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201049 A|gEE H3CT), ZAKY), TF-1(CUK-), F
F-2(CUJ-2), GAHYS), 223 F(YD) AH ] Afu)
2ot Apatzt= el Al datolgolE Aot Hludo s
A bifenazate H&/JA Tl tis LAAFYE Uehd oA
9l acequinocyl 2 2001 1Y 7' 789 Anjau x| of A
Axlet durol g & 9Wzt el idusio] 614819] A3
BES MAES acequinocyl AFAAT(AR)LE A3}
thLee ef al., 2010). A AFL2RAL &% 25~27C, %
Z7] 16L : 8D, A& 40~60%E 2A3 1T FEES

7%2 sl ASsist
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AN *2{4E
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ke
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7] 16L : 8D, AEE 40~60% ZAo] HushdA g
T 48A7HS] e RASIGIE AEE 39HE oj4oR
A5 T, AHH]8-2 Finney(1971)¢] probit A4 S 2 LCso
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X|eid O0|EZC2|0} cytd point mutation E01
Aol 2o)lo] genomic DNAX= AccuPrep® genomic DNA
extraction kit(Bioneer, Daejeon, Korea)E ARg3}o] He
sttt A A3 100ut] o tissue lysis bufferE 7¥8tod
Zet) 2 upsl & 20 wl9) proteinase KE 7}sto] 60T
ol A 1Ak F2t §H&-A171 T binding  column tubeE At
23} genomic DNAE $£&3}%tl. PCRLZ Table 194
AAIE vlst 70| Ao 3o) cptb primers [Cytbdia2F(5-
TTAAGAACTCCTAAAACTTTTCGTTC)®} Cytbdia2R
(5-GAAACAAAAATTATTATTCCCCCAC)]9] 10 pmolz}
1 14 template®} Hot start Ex-tag™ DNA polymerase(Takara,
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Table 1. Primers used for cytb amplification, quantitative sequencing (QS) and PCR amplification of specific allele (PASA)

Name Sequence (5'-3") Size (mer) Product (bp)
For c¢ythb amplification
Cytbdia2F TTAAGAACTCCTAAAACTTTTCGTTC 23 1063
Cytbdia2R GAAACAAAAATTATTATTCCCCCAC 23
Internal primer
PEWYFI1 AAAGGCTCATCTAACCAAATAGG 23 166
PEWYR2 AATGAAATTTCTGTAAAAGGGTATTC 26
For cytb point mutation survey, QS
CytbWTF CGGAATAATTTTACAAATAACTCATGC 27 27
CytbWTR TGGTACAGATCGTAGAATTGCG 22
For PASA (G126S)
newS-F ATTAAAAAAATTTTAAACAACATT 24 397
newS-R CTCCCCAAAAAGATATTTGTCC 22

Shiga, Japan)& 95 Co A 30%, 60TolA] 30, 72°CollA 25
7 ERSAIZTE Tejal B et A7 Y #4142 998 internal
primer [PEWYF1(5-AAAGGCTCATCTAACCAAATAGG)
9} PEWYR2(5-AATGAAATTTCTGTAAAAGGGTATTC)]
& AH8le] PCRE 47388133t} PCR Purification Kit(Macrogen,
Seoul, Korea)s AR-&8to] AA|st PCRAHE-S sequencing
sho] v EA18tH tMacrogen, Seoul, Korea). “18] 1 %
B4E Sl ook e HE IS AT,

O HE

Quantitative sequencing(QS)

d Eddol7t o e £ primer [CytbWTF (5-
CGGAATAATTTTACAAATAACTCATGC)S CytbWTIR
(S-TGGTACAGATCGTAGAATTGCG)] 10 pmol} 1 4!
template®} Hot start Ex-taq"™ DNA polymerase(Takara,
Shiga, Japan)2 95C oA 30%, 60CollA] 30z, 727ColA 2
H7} 30 cycle Takara PCR thermal cycler(Takara, Shiga,
Japan)& AHES}o] PCR WH-A]ZAtH(Table 1). 7123 PCR
Purification Kit(Macrogen, Seoul, Korea)E AMHE-ste] A A
& PCRAMES BR : S¢| zbzke| Z8H|8(0:10, 1:9, 3.7,
5:3, 7:3, 9:1, 10:0)& 23l9] sequencingZ#HE v WEA
814 th(Macrogen, Seoul, Korea). L] AR} x4y 4
dro]-Sofj & 9jo} 7 AL E PCR $F & sequencing 5]

PCR ampilification of specific allele{PASA)
4793k BR, 18] AR Z513h A od A At Aol

LUNEE = S |

Soflof il A Ewolrt 2eEA] ¢S primer [newS-F

(S-ATTAAAAAAATTTTAAACAACATTI? newS-R(5"-
CTCCCCAAAAAGATATTTGTCC)] 2.5 pmoli} 10 ng
template DNAE- Hot start Ex-taqTM DNA polymerase
(Takara, Shiga, Japan)Z 94 Cofl 4 20%, 58 Col|A 202
72 Co) A 3027 30 cycled Takara PCR thermal cycler
(Takara, Shiga, Japan)& AH&-8o] PCR HHg-A|# T Table
1). Z12]3 TBE bufferE AR&3}0] 1% agarose gelof Al #
7194% 3o} band BIGHAL.

4 ¥ o8
X|HH Bifenazate k&M Qe X 39|

A, 7FH, -1, B2, o, TR gl ARt A
Hho}-Sofjo} A %0 7 acequinocyl AEAIAIET bifenazate
3ol Tols) 1 sk, 2R3} o4t AAiEo] 22 964.5
uf, 1130812 £ A3HgulE Boloh 2y YA A,
o4 At Aol gohel Aaa
717k 5560, 2184, 6.74), 7.85] 2 Tha GO AAH|2
R} 9l 1, acequinocyl A& Algo] disiAz 1.6852 W
& A el E e oltkTable 2). Aol A bifenazate}

N

F7-1 372, 9%

L—YLFIF

Ag 7)Ao Aelste] mefAlZ] AgHd Hubolgofel A
vl 855.9u1 2 &2 AFAo|glSol e Ekeka Al
o R T AL Ao 4] bifenazate A4 B BRAS
20 54 vebgth ol @4 A% iS4
3t 57ho| M= Haro]gof o] oFAE bifenazated AHES O
of FHEL oo R A o =& oA AFEE 4A ¢
Ag Aog AzhEojzict
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Table 2. Bifenazate susceptibility against susceptible (S), bifenazate-resistant (BR), acequinocyl-resistant (AR), Cheongju (CI),
Chungju (CUJ)-1, CUJ-2, Kangjin (KJ), Yesan (YS), and Yeongju (YJ) strains of 7. wrticae female adults

Strain/Population LCso (ppm) (95% CL?) Slope + SE RR”
S 2.92 (224 - 3.74) 2,02 + 0.11 1.0
BR 2482 (2224 - 2782) 312 £ 0.27 855.9
AR 4.71(3.95 - 5.69) 1.75 + 0.20 1.6
cJ 159 (12.3 - 19.4) 1.81 + 0.18 55
CUJ-1 632 (517 - 74.9) 194 + 021 21.8
CUJ-2 194 (157 - 23.3) 225 + 022 6.7
KJ 2797 (2524 - 3090) 2.88 + 0.30 964.5
YS 3278 (2979 - 3622) 1.89 + 0.20 1130.0
Y1 227 (179 - 27.8) 347 £ 033 78

¥ 95% Confidence limits.
* Resistance ratio = LCsp (ppm) of each strain by LCso (ppm) of S strain.
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Bl L) o] dill= oAl Lee et al.(2010)0] 2113t 7}
A A o]oAl Ak AAAE G126S A FHHO]
£ go] & 4= Q% ti(Fig. 13} Table 3). Van Nieuwenhuyse
et al. (2009)= AWolAl ASotd 4] Al§-S bifenazate

LCxZt0.2 SEAZ] & njEZealol aprbol A G126S, 1136T,

H saH0| el

1 120
MKKILNNIFF IPTPSNISLM WNFGSLLGLS MYIQSISGIF VSMHYCNNTL LAFNSYIFLS K1 IENGMILO MTHAHFSSI| FLIMYIHINK SLLNKSFNKK QMWISGNLML FMIMGSAFIG

121 240

241

354

Fig. 1. Alignment of deduced amino acid sequences of mitochondrial cytb from susceptible {S), bifenazate-resistant (BR), acequinocyl-
resistant (AR), Cheongju (CJ), Chungju (CUJ)-1, CUJ-2, Kangjin (KJ), Yesan (YS), and Yeongju (Y]) strains of 7. urticae female

adults.



Table 3. Correlations of strain and miticide resistance ratio or
Puso activity or mutation (s) from susceptible (S), bifenazate-
resistant (BR), acequinocyl-resistant {AR), Cheongju (CJ), Chungju
(CUJ)-1, CUJ-2, Kangjin (KJ), Yesan (YS), and Yeongju (YJ)
strains of T, urticae female adults

Strain Resistance ratio Point mutation (s)
S Low No
BR Very high G1268
AR Low 1256V, N321S
CJ Low No
CUJ-1 Low No
CuUJ-2 Low No
KJI Very high Gi268
YS Very high G126S
YJ Low No

SIAIF, P262T¢} 4 AW E wAshai= o] =79
b tha Zpol7} Qlek. ol@jat of = Afel] ARt A
olgofel o] 7hx] FAA 2T AT F Aol Y
Ao.2 Holt} Van Nieuwenhuyse et al.(2009)0] AA|H
bifenazate A%/d tol-goll= LCsogto] 100,000 ppm ©]
gojgi et & Aol AMg-3 bifenazate A3 HEhol-g-of
+ 2,482 ppm Q.2 AgHAle] Qlo & AAE Helt) ol ©
A o] A2l FEE wRIvHH & o W d 598
o] 3l & 4= 9o et Azt HLee ef al., 2010). 1]
a1 21.889] A A ] Sl Aol A d ERH
o7k §lsl ot 964.509) ZHHAM TN A FAHCE T
A = Qdsirle G1268~1 A EHol= 10008 77t
o] oFA MEAE 711 Alutol ool Al Wl E AR Bl
o} et S4de d %@‘WH oA A pE2H B
[e)

fal [e]
o AT A B olfolHel Frta Az,
d A

webA, Hefojgofel i3l bifenazate?] AP WEL
wheton), 7FAF oAl A2 bifenazate AL U] B

E2]ot eyh9] G126S EAMoP}F A W] F83%
e 3t AHog Holoh T3k o|g]dl Aif G126S EolHo)
7b AR RUEES 3t 2 BAXYE nHAEAY ks
& AA g

Quantitative sequencing(QS)

Bifenazate 9FA| A3h4] dulo|goflo] A E¢iol= G126S
2 AT A9 PCR A=g Asid H]%é E3sto]
549 @71 Ho) GOAA A AGAR v = H=
£ vugt A= Fig 29 £k

3t bifenazate MM HeE0|S0f ZUEE 65

AGG AGG‘AGGEAAG AAG ARG AAG

G126S (GGA — AGA)

Fig. 2. Sequencing chromatograms of the standard template
DNA mixtures with different ratios of resistant and susceptible
alleles at the G126S mutation site.

AR CJ cuJ-1  CuUJ-2 KJ YS YJ

AGG AGG AGG AGG AAG AAG|AGG

G126S (GGA — AGA)

Fig. 3. Sequencing chromatograms of the standard template
DNA at the G126S mutation site. acequinocyl resistant (AR),
Cheongju (CI), Chungju (CUI)-1, CUJ-2, Kangjin (KJI), Yesan
(YS), and Yeongju (YJ) strains of 7. urticae female adults.

BR : S2] ul&o] 0 : 10¢ e d4 AT GGA7Y
ot BRY) ¥l&-E £U4E GGA7} AGAR peak?t ]
A R ARE Bolrk &9 51 59 &A= obdit
ol o} k] peakE Kt} oo acequionocyl Ziﬁ'“é
Wibo| gt A7, 351, 352, 74, 4, 1212
i) 7 Setvolel peaks Shlal & 705 AR 7
A= 73A, 30 datoll A} 44+ bifenazate Oklﬂ a4 A
dlo]-Loff peakol A EdHolE B¢l 18 Ll'(l*lg 3).
121k acequinocyl A -Sof= bifenazate Lx}xﬂ?ﬂ/ﬂ S]
Qout H Aozt gl Ao E4lEo] acequinocylE
cytb7h obd mEEEEOL Y thE fAF FiE9) F 59

ol7} AgAe] ol Aojet Mg Eo] Art

QSE 7122 o] AT oA A4S Felshs d+
& permethrin A A &AIS Pediculus humanus capitis©
gt At ol olfolA glthLee ef al, 2000; Lee
et al., 2003b; Kwon et al., 2008; Clark, 2009). L8t EPN
oFR| A FFAL Q] Plutella xylostella®) djsfA~x A--=le] Sick
(Joo, 2010). 12T Clark(2009)& QS2] o H%A

S
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PCR amplification of specific allele(PASA)
BAEY Aekeo] & AR Wl PASA AE A A
EHdioj& ;gm}z; ore. 7 A primer& A28t PCR
& Y319L 7$- bifenazate A A3H4¢] BRoJA= PCR
o B oot cyb®] SANTRL BAY <+ Yk 223
G12689] A3 EdHolE 7HE 4xat oAt iAol
AE BRI 22 232 & 4 ATHFig 4). 0|9} 2ol
PASAS} 22 ZITHS ol §Fo2K AR §HE Al
2= A 8L A 29 4 9lodch 28y
PASAE 48 & wjof primer 9, template ¢, 18)3 PCR
R &5l e 2ot Helalel 339 218 Astee
= s ghgshe o] lrk 1EBR 23 G126S
EdHo|E &85} real-timePASA(rtPASA)S} SISARE
o Aelg RS AEHe $88 a7t otk nPASA
2 olgsiel AT AYY P £ES Ause A
A 20 o] AZHI 9= Kwon ef a/(2004)& T
LRO|EA A MSE T UYEE ol Yy A &

M S BR AR CJ C., C}BKJYSYJ

1000 bp

500 bp
300bp

Fig. 4. Result of the PASA for the analysis of insensitive
mitochondria cytb as determined by the absence of the G126S
mutation from susceptible (S), bifenazate-resistant (BR), acequinocyl-
resistant (AR), Cheongju (CJ), Kangjin (K}, and Chungju
(CUD)-1, CUJ-2, Yesan (YS), and Yeongju (YJ) strains of T,
urticae female adults. Lane M, DNA size marker. Cytb fragments
are indicated with arrow.
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