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Abstract The efficacy of 30 agrochemicals was evaluated against seven overwintered field populations of
the cotton aphid, Aphis gossypii, collected frosm Hibiscus syriacus. Seventeen synthetic pesticides (IRAC
groups 1, 3, 4, and 28) and seven organic materials showed mean mortalities exceeding 60%. In contrast, the
GJ population showed markedly reduced susceptibility, with an average mortality of 28.2% (6.7-46.7%)
across 17 tested agrochemicals, indicating the presence of strong insecticide resistance. To investigate the
genetic basis of insecticide resistance, the frequencies of resistance—associated mutations were analyzed in 16
field populations. The detected mutation frequencies followed the order S431F (86.8%) > A302S (33.8%) >
MO18L (26.3%) > R8IT (3.8%) > L1014F (1.6%), suggesting that resistance-related mutations can be maintained and
transmitted after overwintering. Taken together, these findings provide critical information for the effective
management of cotton aphid populations in response to the increasing planting of H. syriacus and highlight
the necessity of resistance-informed insecticide selection for sustainable aphid control.
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(Agrios, 1988).

ESXIGlE9] 715 o] &3 AEAE ATEH X2A|9
ol wet A% 32N A &8l= F-3H (anholocyclic
type)} 482 T A4S w2 sl /3K (holocyclic
type)o. = HEETE F382 A- mEt 7|55 wdishs
©]7]55-8H3 (heteroecious holocyclic type)s} & 7153+
(autoecious holocyclic type)o- 2 A&l t}, T35S 317
o] Wik A ellA ER, F3He dE, S5 28
S 5 Aol E Sl WA TK(Paik et al, 1974;
Inaizumi, 1980; Slosser et al., 1989; Chen et al., 1990).
oA Yehde F3RIGNES o7|5/3g ) 23,
12} 71500 49 S 7ol 3t 2 SA% & oekek 23
VR, 20l Fuh W A 2 §H)R ¥ &
A2si7E, 109 7ol oAl 12 7152 Eoket fAAA S
53l AFEth(Paik et al., 1974). F-g3h= EARL 13} 7]
T2, 5ot Ee] 78 95 e o|th(Shim et al., 1979).

i, Sulellde 2016 AFEARIS] 24 9 Aol B3
HE ZAst FF3te] AAA] B B #AE Sl
FEEISAS S et Aldakal ATh(Republic of Korea,
2016). ©|= Qlal| Fz3rt B A9 7tRF Fol] 4
Ao} dukele] Fgstel et JYEE AT e =89S
&} UTHKES, 2021; KFS, 2026). 23 81E9] thE 13}
skl Az HA Fole ESIGE 9E 71
T Atk B3k, 49 S5eollA 59 ke TESu
AE st Az i S S3RIbES
FEAA Fgstel] tigk 21
o] & 4 <t} Wyl oz},
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EsilblEe] WAl E24, A, shehy WA
T=50] JOuk(Kinley et al., 2021), dutH oz 3}shH
WA o] T2 A&} s, H3RITE] F2 Al
ko2 Qs oln] theFek 28712k A sheH A
71071, S 2R =A], Ul QURE| o] =A] )l thsf A
s}Ado] w2 YuE AoT WiEo] QIth(Bass et al,
2015; Feyereisen et al., 2015; Wang et al., 2021). ZAAYE
g4 FZHoA f7IQIAISE FhbHolEA oA R83<)
acetylcholinesterase type-1(AChE1) 73l A208S¢} S431F
EAHo7E ofA WIEe| REgSle AR BRIEH
(Toda et al., 2008) T|&|~Z o) =A] 2FA] 28221 voltage-gated
sodium channel(VGSC) 391413 L1014FS} M918L <307}
o A4S A7 AR HAIES] 2 (Pires Paula
et al., 2021), Y QUIE|=0]=A] oM+ RSITETH

—~

s

3 1

b

©]7} nicotinic acetylcholine receptor(nAChR) ol ¢Fg 7+
2o 48 F= A0® HIETHHirata et al., 2017).
E5pRtlEe] g 9AQ1 AIE f18l o 7RAIEe] oFA A e
A& 3 oA Addlo] aETh webA, Fgstel WAy
E3RltlE A Al 254 oo duilel] thgh =& <t
AR FA49e AR o] aeEolo gttt & d7e T
slollA dF $ S ESRICES e R shehetd

At F71EAAA A el AAHOoR ofg A3
FeYate], T3t A WA F7kl e EsES]
S7tll ogk FAE-S AR ARls] Slsl eIt
A E S SN YE g8t AfAle] AAl A
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B Ado] A3 ZIRIGES 137) Aol A
167) THAIFC 2, 9% F T3} Alxolx] 524 5 /Al
£S5 Aoz AFEATHTable 1). A A 2 A 2&
7 W A= g2 A A 38 AxolA A
2Aate NAES AR st skl Hek(poo) o= 453
ok 167 A PR 5 A F EAYESE 5 5
3t A Mg EdHe] AEE $I8k oDNA FE2 9
a1 100% olgh&e] A & 20°Ce] BAsitt. 2 5 7N
WAT(GI, BE, SI1, WJ1, WI3, I, SI2)& AH & =4
ok H7bel] AHE-E AT

Table 1. Populations of Aphis Gossypii used in this study

Populations Collected date
AD 2023-04-22 Andong-si, Gyeongsangbuk-do
BA 2023-04-15 Buan-gun, Jeonbuk State
BE’ 2023-05-21 Boen-gun, Chungcheongbuk-do
BR 2023-04-30 Boryeong-si, Chungcheongnam-do
DJ 2023-04-22 Daejeon Metropolitan City
GJ 2023-05-17 Gimje-si, Jeonbuk State
HS1 2023-04-22 Sangju-si, Gyeongsangbuk-do
N 2023-05-20 Jinju-si, Gyeongsangnam-do
SC 2023-04-29 Seocheon-gun, Chungcheongnam-do
NN 2023-04-22 Sangju-si, Gyeongsangbuk-do
SI2° 2023-05-21 Sangju-si, Gyeongsangbuk-do
SJ3 2023-05-21 Sangju-si, Gyeongsangbuk-do
TA 2023-04-30 Taean-gun, Chungcheongnam-do
Us 2023-04-17 Ulsan Metropolitan City
WI1"  2023-05-17 Wanju-gun, Jeonbuk State
WwJ3" 2023-04-11 Wanju-gun, Jeonbuk State

Collected region

“Populations with asterisks were used in bioassay.
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Table 2. 22 synthetic pesticides and 8 organic agricultural materials used in this study

C.ode in Major ingredients Mode of agtion ip insecticide""){ ) Dilution Remarks®
this study Level of organic agricultural materials factor

Control ~ Water nd®

P Test0l  Carbosulfan SC 20% 1/1a 1,000

P Test02  Fenitrothion WP 40% 1/1b 1,000

P Test03  Bifenthrin WG 8% 3/3a 1,000

P Test04  Lambda-cyhalothrin EC 1% 3/3a 1,000

P Test05  Acetamiprid WG 8% 4/4a 2,000

P Test06  Clothianidin SC 8% 4/4a 2,000

P Test07  Dinotefuran WP 10% 4/4a 2,000

P Test08  Imidacloprid WP 2% 4/4a 2,000

P _Test09  Thiacloprid SC 10% 4/4a 4,000

P Testl0  Thiamethoxam WG 10% 4/4a 3,000

P Testll Sulfoxaflor SC 7% 4/4c 2,000

P Testl2  Flupyradifurone SL 17.09% 4/4d 4,000

P Testl3  Pymetrozine WG 49% 9/9% 5,000

P Testl4  Pyrifluquinazon SC 6.5% 9/9% 2,000

P Testl5  Afidopyropen DL 2.5% 9/9d 2,000

P Testl6  Chlorfenapyr SC 10% 13/13 2,000

P Testl7  Spirotetramat AC 22% 23/23 2,000

P Testl8  Cyantraniliprole DL 5% 28/28 1,000

P Testl9  Cyantraniliprole EW 5% 28/28 1,000

P Test20  Cyantraniliprole SC 10% 28/28 2,000

P Test21  Cyantraniliprole SC 18.66% 28/28 400

P Test22  Flonicamid WG 10% 29/29 3,000

O _Test0l  Oleic acid PSM_03 1,000 Test 14
O _Test02  Derris extract 70% PSM_04 1,000 Test 19
O _Test03  Rotenone (2.0%), Paraffin oil (8.5%) PSM_04+ME 01 1,000 Test 31
O Test04  Matrine (0.045%), Pyrethrin (5.0%) PSM_02+PSM_05 1,000 Test 29
O Test05  Diallyl disulfide (0.16%) PSM_06 1,000 Test 24
0 Test06 g(ﬁa)mc‘ﬁfj:ﬁgi?] (3%%’)’ derris - extract PSM_01+PSM_04+PSM_04 1,500  Test 25
O Test07  Azadirachtin, pyrethrin PSM_02+PSM_05 500 Test 28
O_Test08  Matrine, Eugenol, Geraniol PSM_02+PSM_01+PSM 01 1,000 Test 27

IClassification by mode of action for P_Test01 ~P_Test22

®Classification by Level 02 for O Test01 ~O_Test08 (Kwon et al., 2021)

“Represent ‘not determined’
YPreviously used organic agricultural materials (Kim et al., 2023)

MEAH

SR AEAl 2253 71 SAAA 8 LR oflellA
AN 7N A tiek okg H71S S8t Table 2).
REAGL A3 Aol Fast GHAES HEsty, F
38 98 ARESlY S tHKim et al., 2023). -3}
©] GHH(@ 46 mmyS 7 OFA| E A 2A] FHFE 34
o] 1027t AL F F= (@fﬁ@ﬁﬂﬁﬂﬂ A

A 30i7F S8kt A HE 1% agarose gel

=3 breeding dish (@ 50 mm, SPL)l| X/
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5 mLE Yo
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Table 3. Primers to amplify target genes in collected Aphis gossypii

SAIRHOI Chet

s

ofeet AEM Mg =9#0| 2 gl ¥ 13

b

Gene Mutation site Primer name Primer sequence
(Ol HCO 2198, 5-TAAACTTCAGGGTGACCAAAAAATCA-3'
m none LCO 1490 5-GGTCAACAAATCATAAAGATATTGG-3'
AChEL A208S 5AgosAChEOI, 5-ACGCAGGAAGCAACGACAGGAA-3,
S431F 3AgosAChE05 5 -TGGGTTTAAAGACCGAT-3’
MO1SL Ag-F, 5’-GTGCCTAACGGTCACTAT-3’,
VGSC Ag-R 5-CAGATGCCAAGAAGAATG-3’
L1014F KDR DPLI, 5-TCTTGGCCCACACTTAATCTTT-3’,
KDR DPL4 5’-CTCGCCGTTTGCATCTTATT-3
5detRTO, 5’-TCCTCTGCTATGGTGTATATG-3’,
nAChR RIT 3detRT3 5 TAGAGCGACGGCAATTACGTT-3’

*Abbreviations: mtCO1 (mitochondrial cytochrome ¢ oxidase I), AChE1 (acetylcholinesterase type-1), VGSC (voltage-gated sodium

channel), nAChR (nicotinic acetylcholine receptor)

S 2 Higene™ Genomic DNA prep kit (BIOFACT, Daejeon,
Korea)s A}-8-3}¢] Zﬂz/\}s’% el wel genomic DNA
£ FET U AEE F= Y proteinase KE 3
L 65°Col|A 1(}1— A 2]gt =, gDNA binding columnol]

gDNAE £t T elution buffers ¥ol HF & & &
A A S35l ARSIt At S5 F 35 uL vhS-

ol DNA template 5 puL, Z2}0|™ 1 pL(5 pmole/uL)(Table
3), 10 mM dNTP, 223 0.4 pLe] AmpONE™ Taq DNA
Polymerase (Geneall, Korea)s H7Fsttt. ¥ke 242 %71
95°C/2 min?} 95°C/20 s + 60°C/20 s + 72°C/1 min®lA] 35
3] g8 & 72°C/5 minS-Z Z3IATE 1% agarose gel
A7) 45g Fokd A 5SS &, TF AHES
nk= 2 A (MACROGEN, Seoul, Korea)ol 9]?40}04 714
g A4S Z18s3itt. FARIEE Chromas (Technelysium
Pty Ltd, Australia)E O]*Q“O}O:] G771 sdse Ald e
ZdAQl HE EgE F4 skt

SHEM & Az
B Aol EARAL R softwareS Z-&3I9ITHR core team
2025). °FAl W A& M B SIS £71E Y
Aol gk A E oFR Hlae] AR 7515%15}
A7, A% AL R U] multcomp H71A9] glht
£319] Tukey’s HSD testS 2A|5IAT) 248712t
H o= WHE7E A skA] GO HRFEA A
Kruskal-Wallis test(Krustal and Wallis, 1952)5 3jgt &
Dunn s multiple comparisons test(Dunn, 1961)E %-&-3}¢]
At o4 ztole] EAXE cld FE o]8ste] &
—ﬂr SEARE FAEIAT AAE 8 R 5 AAshe
SAA (1A, 81-100%; 22A], 61-80%; 3TAl, 41-60%;
4] 21-40%; STHAL, 0-20%)2 -39}
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Table 4. Species identification from 16 Aphis gossypii populations.

Populations Scientific Acc. Percent identity
name number (%)
AD Aphis gossypii  MT430940.1 100
BA y ! 100
BE y ! 100
BR ” ! 100
DJ y ! 100
Gl " ! 100
HS1 ) , 100
3 y ! 99.84
SC " ! 99.84
SI , , 100
sI2 , ) 100
813 " ! 99.84
TA " " 99.84
Us y ! 100
Wil " " 99.84
wJ3 ) , 100
g 3

F3s0M S ZEES B %@
167] Ao Fgstolr ¢

JHAlE 2 107k ] DNAS —ir%ff} T BRYESA F F

A& T8k 2 A3, BE

X =2 B3R CE(4phis gossypii)\Acc. number: MT430940.1)

2 YRS TH Table 4).

SATof gt ofE "I 22t
F2ol ded HIGE T hAEE deR
st dEAl 2253 F71EAAA 8Fol Y Fas
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Fig. 1. Average mortality at 24 h of 7 Aphis gossypii populations against 22 synthetic pesticides and 8 organic agricultural materials.
Error bars indicate the standard deviations and the same letters are not significantly different by Tukey’s HSD.

b bc be (¢4

100 4

80
>
=4 b
Tg 60 4
[ a
(=]
S 40-

20 1 a

a

4 9 13 23

28
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Mode of action

Fig. 2. Comparisons of average mortality by mode of action in
seven Aphis gossypii populations (BE, GJ, 1J, SJ1, SJ2, WI1,
W1I3). Error bars indicate the standard deviations. Small
alphabetical characters represent the statistical significance
(P < 0.05) determined by multiple comparison analysis based
on Dunn’s method in Kruskal-Wallis test.

A
cd d X bed
100 - a a
g abc ab
>, 80
=
S 60
£
=]
=  40-
20 -
04
BE GJ JJ SJ1  SJ2 WJ1 WJ3

7 etATHFigs. 1, 2, 3). /WA B FAE T Ae&S et
15.1%3.01, oAl 2272 AES 4.5%-100%Z A= t}
EA JePstth(Fy 6= 17.994, P < 0.001)(Fig. 1). 3FeraAdar
FA} 71 EAAA T 1753 752 HA7E <F 60%0173<]
Ale&S Bt 53], SPIRPIASAl Tollx] 28712 34
7135 7IFOR 1, 3, 4, 284 2F0] E3Ee= o] oF
60% ©]’d<] SFEE JERAATHP < 0.0001) (Fig. 2).

ofe] Al HWE Aur, sl aEAld gl e
GIo} 120l Ha 66.3%9F 69.2%2) A8 BAL (Fouss =
9.718, P < 0.001)Fig. 3A), 53], F715 94 IME GI7}
322%%] B+t A VERHATHEF, 1 = 32.553, P < 0.001)
(Fig. 3B). GI= % 30%°] 52 & 165214 60% ©lat2]
AEES Yehlo] 7P v g E Ad Aoz FelF<9]
TH(Table 5).

N MEd EUHOo| HE
A F3AG= 1671 A A A R0l

bc

B bc

bc be
100 -
80 -
60
40 -

20 -

0-

BE GJ JJsJ1 sJ2 w1 wJ3

Tested populations

Fig. 3. Comparisons of average mortality in seven Aphis gossypii populations (BE, GJ, 1], SJ1, SJ2, WJ1, WJ3) against synthetic
pesticides (A) and organic agricultural materials (B). Letters above error bars indicating the standard deviations mean the statistical

difference by Tukey’s HSD.
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Table 5. Efficacy level of seven populations against 22 synthetic BA, GJ, WJ1 7§A10] 99-100%2] H] &S H L, S431F

insecticides and 8 organic agricultural materials o] Ao HF 86.8%2A T TN 44-100%2) B]&
Poecemn S o Sn sz Wi Wi g veRRIch slglaRel=A) obd 2849 VssC el
P_Test01 ! ! ! ! ! ! ! L1014F &0l HAF o2 W vl &(1.6%)S HArst
Pesmy | f 4 ! ! : 1 1 ™ SJ2 Al Rt 26%0] HIEE eSO W, MI18LE
P Testos | 1 1 1 1 4 1 i 263%EA AR 2 Edwe] HES BleH,
EE%Z 3 % 3 3 ? 3;- i BR, DJ, GJ, SC, TA, &% Wil A2l 60-100%2]
P Test0d i 1 i i i 1 i &S HTE nAChR §4%1e] R8IT Edol:= HHF
O T T O T 3.8%24 WIT WAZIN T 61%2] ¥l&2 Uepdt), A&
ETemts | e How, Fgsjoln 45e Mzl okl Ay 2
s e Zduo]lE HAd AR Fuold AEshs AL s
Eery AT T g orf, S AR Eduo] HlTE S431F > A3028 >
o B W N I R MO1SL > RSIT > L1014Fs-A 2 UERtT.,
P_Test20 1 2 3 1 1 1 2
P_Test21 1 & & 1 1 1 2
Pl |7 SN EEm— G o
ST T T
oesod | 1 Ls 2 e BatlBe 13} 7150 REsll Age
oestn | L 7 MRS tPoz 3059 SR ol ok W} Ave
O Test08 ! 2 ! ! 2 ! ; AA AT, gk DF HATS] 711, FEl AR EA

Y QU FE| 0| = A ASA o] Ay B S]] E4)
H] &S AF=31tH(Table 6). 71S1A|9F a0 EA] oA B2 L0 7 83l Aot}
2279 AChEIYY] A3028 Swol= 4 33.8%§H FZ3o A Y53 B GELS Ao A3 3}15H5HA

Table 6. Estimations of point mutation frequencies associated organophosphate and pyrethroid resistance in Aphis gossypii

Estimated point mutation frequency” (%)

Populations AChE1 VGSC nAChR
A302S S431F L1014F MOI18L R8IT

AD 0 100 0 0 0
BA 100 100 0 0 0
BE" 34 100 0 0 0
BR 0 83 0 64 0
DJ 0 100 0 100 0
GJI” 99 84 0 71 0
HS1 0 100 0 0 0
AN 31 57 0 0 0
SC 0 44 0 60 0
SI 56 100 0 0 0
SJ2” 59 100 26 0 0
SI3 0 66 0 0 0
TA 61 100 0 63 0
US 0 55 0 0 0
Wit 100 100 0 63 61
WJ3™ 0 100 0 0 0
Average 33.8+40 86.8+19.9 1.6+6.5 26.3+36.1 3.8+15.3

"Point mutation frequency = resistant nucleotide ratio / (resistant + susceptible) nucleotide ratio x 100. The nucleotide peak values were
estimated using chromas software.
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SR AT}. webr T8} 227 STt mE 531
A% F7F Al AR sAAE 72 A7 7heEhe
A AFTHFigs. 1, 2). 38 A Folld 28714 od,
130 259 S art v Yeltet, ol A

A7ko] 24X 7+0 2 FSkA, S FAEL] A EA

t

A2 e} 73} AxoA] Fadt E3RItEe
st EoM FEYel st FAEF YEE0]
| % < 015}l (data not shown), 2F&
S AFE AU olF g e HArolA

g
Ba}5Ee] B G FFUC) F2 Aol Bl

9 Fohe Zow DU, FF, 2FHI
Y BapIciee) AEAPPY FUS AT Ft A

[}
F715HAAE o83 oFa HrA O Test03S A<
3L 759 AN AREEOl F 77% oo E Yehe
< FRIsATH(Fig. 1). WA F7159 A& F8
S 7lEo g EFAAE ASksla(Kwon et al., 2021),
33}, Sof, MEAA AT HIRKIUES IO E {7
A ] okg 23EdS FAst f71E9AA 33F
752] A= oF 80% oo A& Bl tiAl 7hset
102 VERITHKIm et al., 2023). B3, of9] F-F3}9o
Zof LA EIRIGES ez By AgiMe
F715dAA 9] Fazt YER(Kwon et al., 2023), 3-9<]
tEFY 27FE A TSl B EsixitiEe]
sl sttt dEAE tAlst F71 s QAR BA7E 7}
TS 9ujsith

EotES veFet st d sl tal Addol
drgdE Zlo g By EATH(Bass et al., 2015; Feyereisen et
al,, 2015). ¥ dAFoXE= 16 A2 gDNA pool thAt
o2 BAAESH 24 Ax, §7104, 22| =A
I3 YIQYAE e EA] ofA A SRl UF
MAZANAN EAshs A AT F710A oA A4
SA31FEHo 9] Hlgo] 7H =9k, TR0 |=A] A4
& L1014FEAol] H]E&o] 7P YSkTH(Table 6). THE,
F710A A A Rlme} kg 7HA Atoof AR
T2 JEhA] 4 TtHdata not shown). =, ©F2] 7HA
9] oHA A EARe] HlE-2 opA|e] aakel AFARl
FaAo] S, NAEe] HEERALFEES FE) wh
Aol =5 Ao g Azbe)

o > L ofN off O ox

=

o - ole - hst - B

foi

AAAA el 71 Zleolr), =i
Ye oA A FEnE A7

#Ae 2
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