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Analysis of Point Mutations Associated with Resistance and
Acaricides Selection for Control of Field-collected Populations
in Two-spotted Mites, Tetranychus urticae (Acari: Tetranychidae)
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Abstract In this study, susceptibilies of two-spotted spider mite (Zetranychus urticae Koch) collected at 7
locations (Chilgok, CG; Gyeongju, GJ; Hongseong, HS; Seongju, SJ; Okcheon, OC; Pyeongtack 1, PT1;
Pyeongtaek 2, PT2) were assessed by 7 acaricides to confirm the resistance levels and 4 acaricides to select
of alternative. As a result of the bioassay at the recommended concentration, etoxazole, fenpropathrin,
pyridaben and pyflubumide showed less than 30% corrected mortality in eggs or adults of all populations.
Abamectin, bifenazate and fenpyroximate showed a variety of corrected mortality of 3-70%. Also, we
analyzed the resistance-associated point mutations by general sequencing. The abamectin resistance mutations
(G314D and G326E) were found in PT1 and PT2 populations. The bifenazate resistance mutation (G126S)
was identified in 5 populations except for HS and SJ populations. For fenpropathrin resistance point
mutations (L1024V and A1215D), only Al1215D was identified in the HS population. Etoxazole and
pyridaben resistance point mutations were detected, but pyflubumide resistance mutation (I260V) were not
found in all populations. As an alternative, we propose acynonapyr and fluxametamide as the control
acaricides of these resistant populations in 7. urticae.
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2 2 B350} 3th(Lee et al., 2010; Whalon et al., 2012).
28] 2049 Eeolgo] ThE si%el 3] B Aow
Quto]-Sol|(Tetranychus urticaey= 1 M A E3E3HH dHA A (Lee et al, 2004), T57]7ko] Fol A7 #HAY
1000 % o] 9ol 2 98] AH £ dosls AT} Brh olEAe] Hof Al o Eee] /19

F0 FFo= dEA AtH(Lee et al, 2003; Van Leeuwen et
al.,, 2013; Migeon and Dorkeld, 2019). Hulo]-3ell= F2
slela WAl o]Est 9™ (Van Nieuwenhuyse et
al.,, 2009; Ilias et al., 2014), #A] FHH2Z F=FEo] 9}

= 719 BE Al tig Aado] deEe] 9
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7F B3, 237 dojur] 49H, SRR RH e 2
HAS] frile] Aomg dulAlo] thek AgHg wde] thE
slFEol Hlste] wWEA vepd rFsdE AU Adrt
(Khalighi et al., 2015; Ilias et al., 2017; Riga et al., 2017).
Aol -gof o] thFet ofAlol thet A A AAA R
FA7F H3 o (Stumpf et al., 2001), T3] 3 71A]
opAliERt o2t WA R3] SV B BA RS 7 A

o] @olx] 3L lth(Hollingworth and Dong, 2008; Khajehali
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et al., 2011; Van Leeuwen et al., 2013; Sparks and Nauen,
2015; Van Leeuwen and Dermauw, 2016; Koo et al., 2021).

AAFETAN ARA AL F 7R F2 71ReR ©]
Folx|=t ], 53t g40 A e 2 HskE 59 o

A =Fo] Aol Ae4e] EdRlolE 3 14 919
7% W3b7E ATHL et al., 2007; Feyereisen et al., 2015;
Van Leeuwen and Dermauw, 2016; Sugimoto and Osakabe,
2019). 15 284 R0l WAl 7PE &3] doju=
A& 22l0]U(Choi et al., 2020), AW A7+ A Het
oA sk A FAMCl7F ok A A HekelA
WS e A% SAETHKIm et al., 2019). 417
o7 JAHE ol A3 F=st e e 2FH F
AFSHAl esterases (EST), glutathione-S-transferases (GST)<}
cytochrome P450 monooxygenases (P450)°] $JtH(Van Leeuwen
et al, 2010). AFEE 71 golle] WAl Alzko] Bol &
8= W opz} v& 7 2He 7P A
A A e 712kl ek A7F Woel H Q31 (Price et al.,
2000; Van Leeuwen et al., 2004), 2143+ #8}4] R EE
< A H A AR #Eel lolM FEFolt
(Dennehy and Granett, 1984).
Abamectin 7JE gt AHH], A ‘%
Streptomyces avermitilis®] HE EZNA FEE sHgHE]
tH(Clark et al., 1995). & A 7120 2= glutamate-
gated chloride channel 1 (GluCIDANAE] G314DS} glutamate-
gated chloride channel 3 (GluCI3)2142] G326E, FHA] 7}
T8 HOls GuCI3elA 9] 1321T, V327G L329F7 9l
(Kwon et al., 2010a). Bifenazate:= mitochondrial cytochrome
b (cyth)®] complex 1 SJA|ste] AE9] oA] o] &S
WA Sl= 7122 7R3 9.2 (Van Leeuwen et al., 2010;
IRAC, 2021), Agds #HE FH EAHolE Qo sited]
cdl helixollA G126S, 1136T, S141E7F 92™ ef-motif helix

ong

S 245 7Y

5
ror

g2

Lt - 2zt

2001; Lee et al., 2003; IRAC, 2021). CHSI®] C-terminal
transmembrane helixol|412] 11017F % &< o]7} A g4 =}
o] vl 8 A tH(Van Leeuwen et al., 2012; Herron
et al.,, 2018). Fenpropathrin= S ¥ 2Zo) AA54 2
45 3= pyrethroidAl SHHEZ(Ryu et al., 1996), voltage
gated sodium channel (vgsc)dll Z-8-3h= <A °]tHIRAC,
2021). 23E Ao 7|20 2= L1024V} A1215D
5ol o, 53] L1024V7F 83 A A 7|2oletal B
A= THKwon et al., 2010b). Pyflubumide= F]|EZEE]
of £ 18] AL A5 F9F 712 7L Q)
S H(IRAC, 2021), P450 monooxygenase2} SdhB subunit
oA WAsh= A EWe] 1260V7F ATh(Fotoukkiaii et al.,
2020; Sugimoto et al., 2020). Pyridaben<- Nissan Chemical©]
19840 wkAste] 199139 4438 pyridazine 3HEZ
(Hirata et al., 1988), coenzyme site Q0|4 mitocondrial
respiratory chain®] complex Ioll A3le] A A&
F3 A Al 598 7%l AH|A o] th(Hollingworth and
Ahammadsahib, 1995; Liimmen, 2007; IRAC, 2021). Mito-
chondrial electron transport inhibitors (METI)-I2] NADH
G280 subunit PSSTOIAM A 2™l HO2RO| A
sh= 2o 2 B E S tH(Van Pottelberge et al., 2009; Bajda
et al., 2017; Snoeck et al., 2019).

2 A7elMs =W TR Aol e Hetolgel
G(AF, A, SA, Z, B 1, B2, 4)0] TH oA
(abamectin, bifenazate, etoxazole, fenpropathrin, fenpyroximate,
pyflubumide, pyridaben)ol] et A& = H7} fenpy-
roximateE A&k 67 FAA A FAaAeA ] A =4
©](A1215D, G314D, G326E, G126S, H92R, 11017F, 1260V,
L1024V)9] WA o7 1] 23 Huko]goff WAE ¢
o $-73 oAl Akatsith

oA P262T7} TtH(Van Leeuwen et al., 2008). Etoxazole Mz o g

2 chitin synthase 1 (CHSI)O 283l AAAA E=

SalolAA 2 430 e Yy ok AR % Heto|So

o] uf$- wE 2kA|o]th(Tomlin, 2000; Kobayashi et al., Aol AE A S) AleS T2 EHANA B

Table 1. Information of T. urticae populations which collected in Korea

Populations Date collected Region Host

Chilgok (CG) 2000.12 Gyeongsangbuk-do, Chilgok Rose
Gyeongju (GJ) 2020.12 Gyeongsangbuk-do, Gyeongju Strawberry
Hongseong (HS) 2020.12 Chungcheongnam-do, Hongseong Strawberry
Seongju (SJ) 2020.12 Gyeongsangbuk-do, Seongju Strawberry
Okcheon (OC) 2020.12 Chungcheongbuk-do, Okcheon Strawberry
Pyeongtaek1 (PT1) 2020.03 Gyeonggi-do, Pyeongtaek Rose
Pyeongtaek2 (PT2) 2020.12 Gyeonggi-do, Pyeongtaek Rose
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o} 20179 kA A2 glo] Ful ARSe A& ARSI
o} ofelolld AP AHE =, CG; BF, GJ; B4, HS;
A%, SI; 23, 0C; Be 1, PT1; BE2, PT2)S AujolA 2

I Mebd & SSHO0| 24nb Yo g

o Fejs)T g
3} FAEEE

7 9@

AES ol

gatlon, Fadd 4
T Ztk(Table 2). A 5 Lok
2H) A= abamectin, bifenazate, etoxazole, fenpro-
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F oo 717E T3 ARS & Aol ARSI tH(Table pathrin, fenpyroximate, pyflubumide, pyridaben®]™, thot
D). AW ARzAL L5 2527°C, 357] 16L: 8D, Al oA 2ol g5 3+ AHAI= acynonapyr, fluxametamide,
HFE 40~60%2] ZACE 71T FHE Yol FFdto spirodiclofen, spiromesifen®]t}.
ARSI
OF| %N B
SR g%l ek A ad A8 AEF 6.0 com®] FAEZTH
Ao AHE AHAlE A TS Dok 93 2 Woll & 53] A1 gxwWE 243 2 9]l A& 3.5em
HIA] 753 thA| oA Ak AR 4%, & 11508 U B2 AE AT 4E SuEe § Fhee o FHo|
Table 2. Information of the tested acaricides
Common name 2 (0 S
(IRAC, 2021) Trade name ATY (%) Formulation Recommended conc. (ppm)
Abamectin (6) Allstar 1.8 EC 6.03
Acynonapyr (-)° Miteking 20 SC 100
Bifenazate (25a) Acramite 13.5 SC 117.5
Etoxazole (10b) Zoom 10 SC 25
Fenpropathrin (3a) Danitol 5 EC 50
Fenpyroximate (21a) Salbiwang SC 25
Fluxametamide (30) Captain 9 EC 45
Pyflubumide (25b) Noblesse 10 SC 50
Pyridaben (21a) Sanmaru 20 WP 200
Spirodiclofen (23) Sinawe 22 WP 180
Spiromesifen (23) Zizon 20 SC 100
3 Active Ingredient.
 EC; emulsifiable concentrate, SC; suspension concentrate, WP; wettable powder.
9 Unclassified mode of action
Table 3. Primers used for PCR amplification
Acaricide Gene Mutation Primer Primer sequence (5°-3") Primer references
Tu GIuCll dia F TTGGATTGACCCTAACTCAGCA
GluCll  G314D .
Abamectin Tu GluCll _dia R TTGCACCAACAATTCCTTGA Dermauw et al.,
Tu GluCI3_dia F  CCGGGTCAGTCTTGGTGTTA 2012
GluCi3  G326E - -
Tu _GIuCI3 _dia R CACCACCAAGAACCTGTTGA
Bifenazate cvth G126S cytbWTF CGGAATAATTTTACAAATAACTCATGC  Van Nieuwenhuyse
Pyflubumide 7 1260V cytbWTR TGGTACAGATCGTAGAATTGCG etal., 2009
TuCHS 11017F_ F  AGATCCTTTACGTCTGGGGC
Etoxazole CHSI  T1017F s PR Demacght et al,
TuCHS I1017F R CAATTGGGACTCGTTTCTTTTCA 2014
L1024V KdrF5 TGATTGTTTTCCGTGTCCTG Khajehali et al.,
, KdrR5 CTGCGAAGCTGCTTAAGTCC 2011
Fenpropathrin vgsc
Kdr-F2 TGCATCTCAATTGTCCAAGG Robertson et al.
Al1215D ’
Kdr-R2 GTTTCTTCCAGGCAACATGG 2007
. PSST F ACAGGTCAGCCAATCGAATC .
Pyridaben PSST H92R Bajdaetal., 2017
PSST R ATACCAAGCCTGAGCAGTGG
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HAAM|S-L Abbott's formulaE ©]&3sl] AASIATH
(Abbott, 1925).

x.lsg/\-[ cx-|x|.9_| PCR al A.lod HA-I

Hulo]gell9] genomic DNAE G-spin™ Total DNA
Extraction Mini Kit (Intron, Seongnam, Korea)E AM8-314]
F=8I0th. 100-1507k2] ] A 52 ARkl eH, 50-
200 ng®] gDNAE PCROl| A3l tHAccuPower® ProFi
Taq PCR PreMix, Bioneer Co., Daejeon, Korea). 2843
@ A EdWolE GluCll, GluCi3, cyth, CHSI, vgsc, PSST
geneS Table 39 primerE ©]-&-sto] WH-gAIZ1 &, sequence
#2492 Bioneer (Daejeon, Korea)?} Macrogen (Seoul, Korea)

ol ©]#|3to] Y3ttt

Table 4. Susceptibility to acaricides in the 7 populations of 7. urticae eggs

Population Acaricide n Mortality® (%) Average” Ratio®
CG 870 3.7+ 1.0a 0.9
GJ 613 23+ 1.4a 0.6
HS 684 7.8+23a 1.9
SJ Etoxazole 589 0.5+0.8a 41+£2.0 0.1
ocC 530 6.2+33a 1.5
PT1 772 7.3+2.5a 1.7
PT2 596 1.2+2.4a 0.3
CG 623 03+ 1.4a 0.1
GJ 783 26+1.1a 0.9
HS 648 4.8+2.3ab 1.6
SJ Fenpropathrin 823 4.1 +2.1ab 3.0+2.6 14
ocC 535 7.5+2.1b 2.5
PT1 461 0.1+6.4a 0.03
PT2 440 1.4 +£2.5ab 0.5
CG 876 7.3 +3.9bcd 0.6
GJ 797 18.5+ 1.6ab 1.7
HS 581 16.6 = 1.8ab 1.5
NI Pyflubumide 817 0.0+0.5d 11.1+24 0
ocC 587 9.1£6.5cd 0.8
PTI 501 1.9+ 1.5¢d 0.2
PT2 675 242+ 1.1a 22
CG 751 0.1+ 1.0c 0.02
GJ 580 5.0+ 1.4bc 0.8
HS 543 16.6 +2.3a 2.7
SJ Pyridaben 576 5.9+0.7b 6.1£1.3 1.0
ocC 571 2.7+ 1.3bc 0.4
PT1 673 8.0+ 1.2b 1.3
PT2 608 45+12b 0.7

9 9% Corrected mortality stands for the % mortality at field recommended dose.

® % Average of 7 population’s mortality

< Ratio = mortality of each population/mortality of average mortality.
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Table 5. Susceptibility to acaricides in the 7 populations of T. urticae female adults

Population Acaricide n Mortality® (%) Average® Ratio®
CG 270 94+53d 0.4
GJ 240 31.0+6.7bc 1.2
HS 270 50.0+5.8a 1.9
SJ Abamectin 270 36.7+3.3ab 259+4.8 1.4
ocC 210 31.0+3.3bc 1.2
PT1 212 3.4+33d 0.1
PT2 240 20.0 +5.8cd 1.8
CG 210 37.9+5.8b 1.8
GJ 180 31.0+8.8b 1.5
HS 270 70.0 +5.8a 34
SJ Bifenazate 270 50.0 +5.8b 20.8+£4.7 2.4
ocC 210 3.3+3.3c 0.2
PT1 110 6.7+3.3c 0.3
PT2 270 10.0 +0.0c 0.5
CG 100 17.2+3.5d 0.6
GJ 100 29.3+1.9¢ 1.0
HS 100 17.0 +2.5d 0.6
SJ Fenpyroximate 100 57.1+2.7a 289+34 2.0
ocC 100 43.2+5.8b 1.5
PT1 100 282 +4.4c 1.0
PT2 100 10.0£2.9d 0.3
CG 180 27.6+5.8a 1.8
GJ 222 24.1 +3.3ab 1.5
HS 120 14.3 £ 5.8abc 0.9
SJ Pyflubumide 120 16.7 = 3.3abc 15.6+4.4 1.1
oC 120 10.0 +5.8¢c 0.6
PT1 210 34+33c 0.2
PT2 120 13.3+3.3bc 0.9

3 9% Corrected mortality stands for the % mortality at field recommended dose.
® % Average of 7 population’s mortality
“Ratio = mortality of each population/mortality of average mortality.

Table 6. Genotypes of point mutation in 7. urticae

.. . Point Population
Acaricide Target site . -
mutation SP CG GJ HS SJ oC PT1 PT2
. GluCl1 G314D 2 - - - - - D)) —
Abamectin
GluCi3 G326E - - - - - - Tt ++
Bifenazate cyth G126S - ++ ++ - - ++ ++ ++
Etoxazole CHSI 11017F - + ++ ++ - ++ ++ ++
F thi L1024V - - - - - - - -
enpropathrin vgsc AL215D ) ) ) N ) ] ] ]
Pyflubumide cyth 1260V - - - - - - - -
Pyridaben PSST HI92R - ++ + + - - - -

1) S; Susceptible strain

2) -; Susceptible genotype

3) +; Hetero genotype (resistant/susceptible)
4) ++; Resistant genotype



Table 7. Susceptibility to 4 acaricides in the 7 populations of 7. urticae eggs and adults

. % Mortality * (mean + SE)
Population  Stage - — - - — — o — : : 5 P

Acynonapyr Average” Ratio n Fluxametamide Average” Ratio n Spirodiclofen Average® Ratio n  Spiromesifen Average’ Ratio

CG 150 100.0+0.0a 1.02 155 100.0+0.0a 1.04 162 100.0+0.0a 128 191 100.0+0.0a 1.45
GJ 151 100.0+0.0a 1.02 138 100.0+0.0a 1.02 234 915+13b 1.17 157  79.6+6.3c 1.16
HS 172 100.0+0.0a 1.02 137 100.0£0.0a 1.02 107 96.8+2.0ab 123 161 978+1.1a 1.42
SJ Egg 133 100.0+0.0a 97.6+05 1.02 137 100.0+£0.0a 957+0.7 1.02 188 91.5+43b 784+1.6 117 131 939+3.1ab 688+25 1.36
ocC 190 86.7+3.0c 0.89 119 100.0+0.0a 1.02 156 95.4+1.0ab 122 202 86.1+3.4bc 1.25
PTI1 131 100.0+0.0a 1.02 102 100.0+0.0a .02 111 64.0+0.2d 082 158 16.1+2.9d 023
PT2 134 963 +0.6b 099 134 69.8+4.7b 072 114 9.6+23c 012 145 83+0.7d 0.12
CG 100  65.0+1.6¢ 0.89 100 100.0+0.0a 1.00 100 9.0+3.7b 046 100 25.0+3.5¢c 0.83
GJ 100 86.0+1.9b 1.1I8 100 100.0+0.0a 1.00 100 7.0+2.0b 036 100 17.0+2.cd 0.56
HS 100 100.0+0.0a 137 100 100.0+0.0a 1.00 100 30.0+1.6a 1.53 100 47.0+2.5b 1.56
SJ Adult 100 90.0+£32b 73.0+24 123 95 1000+£0.0a 100.0+0.0 1.00 100 37.0+25a 19.6+3.0 189 100 57.0+3.0a 30.1£29 1.89
oC 100 63.0+4.6c 0.86 90  100.0+0.0a 1.00 100 30.0+5.7a 1.53 100 40.0+4.2b 1.33
PTI1 100 40.0+3.5d 0.55 100  100.0+0.0a 1.00 100 14.0+1.9b 071 100 14.0+43d 0.47
PT2 100 67.0+2.0c 092 100 100.0+0.0a 1.00 100 10.0+3.5b 051 100 11.0+1.0d 0.37

% Corrected mortality stands for the % mortality at field recommended dose.
® % Average of 7 population’s mortality

© Ratio = mortality of each population/mortality of average mortality.
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HiO[E 24

T A A Fdutol-gefel] thgk oAl AL AFA
A3t oFAIA 2] T AHAIZPER Tukey’s studentized range
testS 08510 H]w EA4I319THSAS Institute 9.4, SAS Inc.).

2

XY ofx Zad "ot

CG GIJ, HS, SJ, OC, PT1, PT2 5 71l A Gl A
Hulo]-3of] Lol 5} etoxazole, fenpropathrin, pyflubumide,
pyridaben FHEFTANA kA Z,AdS HI8ITHTable
4). EtoxazoleZ} fenpropathrin®] 7% ZE Ftte] o]
10% v]vke] Aeh8-S W93, pyflubumide®} pyridaben]
73 BE Je go] 747t 30%, 20% PIRe] Aes W
Atk TR A Futol-gof Lol thate] 4 oFA(etoxazole,
fenpropathrin, pyflubumide, pyridaben)2] B+ A& 7}
7} 4.1, 3.0, 11.1, 6.1%= YERIT.

CG, G, HS, 8J, OC, PT1, PT2 5 77/ A ellA A=
Huto]lgofl A AZFol uiste] abamectin, bifenazate,
fenpropathrin, pyflubumide FH LA kAl 7445 3
Sl71tH(Table 5). == A3}, abamectin®] 7% CGS} PTI
o] M 4 Z0l 10% P9k, Y A] Fek2 20-50%°] 4
Hl&-S B3t} Bifenazate®] 7% OC, PT1, PT2 te] &
Zg5ollA 10% ©lsh, CGeE GI 7ol 30%H, SIe HS
o] 747} 50%9F 70%°] A4S H3T}. Fenpyroximate
o] 749 BE e AFol 60% "Rk AH)&-g BTt
Pyflubumide®] 7%~ 4% EF 30% P|9He] AH|&-& H3Th
T AQ Aute]gelf AA Sl sl 4 2FAl(abamectin,
bifenazate, fenpropathrin, pyflubumide)2] <+ AHH]& thH]
7} et 2)ge) 2AvF = abamectin® PT(0.1)/HS(1.9),
bifenazate= OC(0.2)/HS(3.4), fenpyroximate= PT2(0.3)/
S1(2.0), pyflubumide= PT1(0.2)/CG(1.8)°] %t}

MeM M Soido| &l

BE of] A Hutolgof Mol thall sequencingS &
S AP A EQHe] B ATE SRISIATHTable 6).
A, g2t ARSe 244 AB(S)y d Edwolrt
B1EA] A4t} Abamectin 48] #E A 1] G314D
9} G326E= PT13 PT2 Fwtol|A] E<1% 1t} Bifenazate
A #H H EAHol GI26SE CG GJ, OC, PT13
PT2 HtollA &l Etoxazole A3HA & A £
Hol 11017F= BE FotellA ERI=AT). Fenpropathrin
A #AE H EAH0|L1024VEF A1215D =, L1024VE
RE Aol YehA] 3 A1215D2] 7% HS 3wl
AEE ERIHITE Pyflubumide A3 #d H EAwol
R60VE EE Heol|A BR1=A] &9kar, pyridaben A 3Hd

3 H ES¢dwo] HRS B E Atolx] e},

ry

HH| STt P8 oM MY

770 A9 (CG, GIJ, HS, SJ, OC, PT1, PT2)ellA a3k oF
o] Ht utelgo WAl &3 A= oHE 7] S8
acynonapyr, fluxametamide, spirodiclofen 22|37 spiromesifen
S FHEEE AHUSINHTable 7). 2 A3 LelME
acynonapyr®] 73-9- I Bt 97.6%2] ATES HIS
™, fluxametamide®] 7A-¢- JG7F Ht 95.7%2] A&
Bt} Spirodiclofens} spiromesifen®] 73-%- F©7+ Ht
78.4%5} 68.8%°] FEES YERAITE A7 ATl e
AM)&-E acynonapyr®] 75 T W 73.0%°] 2HE
Uepion ) fluxametamides BE FJEolA 100%Y] &
a3E RS sATL, Spirodiclofens} spiromesifen®] 73
-, AD7F Ht 19.6%9F 30.1%= W G35 BT}

p

kd
Mgk

= 70 A el A g ko] goff ofe] ol tisf
ARl ARl o] B A, 4ol tigk oA 41
(abamectin, bifenazate, fenpyroximate, pyflubumide) %,
pyflubumideZ A3t Al A= A2 AH]go] E ZO
2 Fo]2 HYOM, pyflubumides ol BAF o 47
(etoxazole, fenpropathrin, pyflubumide, pyridaben)$} wFzk
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Fo|MeE F53F @4 P450 monooxygenase®] XA}
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Fpado] abamectin AT AHE AL FIsATHXu
et al., 2020). webr] 2 AE ] A3} B3k abamectin®] #13¢
g 71l FEsh a4t Aeletal e FE ARl
t}. Bifenazate®] 7%, ¥]lw 3 =& 4H]42 70%% 50%
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