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ABSTRACT

Cytochrome P450 mediates the function of Imidacloprid and
Thiamethoxam resistance from Aphis gossypii Glover

Neonicotinoid insecticides have played an important role in pest control due to
their unique mechanism of action. However, after years of insecticide pressure
selection, pest populations in the field have developed varying levels of resistance to
neonicotinoids. This study focuses on the cotton aphid (Aphis gossypii) and explores
the mechanism of resistance to two important neonicotinoid insecticides, imidacloprid
and thiamethoxam, in order to find ways to delay the development of resistance in 4.
gossypii populations in the field.

Cytochrome P450 (P450) is one of the important detoxification metabolic
enzyme systems in insects, and is widely expressed in tissues and organs such as the
fat body, midgut, Malpighian tubules, nervous system, and antennae of insects. In this
paper, through synergist bioassay and transcriptome sequencing, it is preliminarily
determined that the P450 gene in A. gossypii may be involved in the formation of
imidacloprid and thiamethoxam resistance. Transgenic Drosophila and RNA
interference technology were used to investigate the role of P450 in A. gossypii
resistance to imidacloprid and thiamethoxam.

The bioassay results of laboratory sensitive A. gossypii strains (SS) and
Shandong field strains (SDR) showed that SDR has a higher level of resistance to
imidacloprid and thiamethoxam. However, under the co-treatment of the P450
inhibitor piperonyl butoxide (PBO), the resistance level of SDR significantly
decreased, indicating that the P450 of A. gossypii may be related to its resistance to
imidacloprid and thiamethoxam. By comparing the transcriptome data of SS and SDR
strains of 4. gossypii, it was found that most of the candidate differential genes were
enriched in the pathway of P450 detoxification metabolism, and 18 P450 genes were
selected as up-regulated in the resistant strains and possibly related to imidacloprid

and thiamethoxam resistance. The GAL4/UAS system was used to overexpress these

I



18 P450 genes in transgenic Drosophila, and functional verification was carried out.
The biological assay results of transgenic Drosophila showed that overexpression of
CYP6CY9, CYP6CZI, CYP6DBI, CYP4CKI, CYP6CY22, and CYP6CYIS
significantly increased their resistance to imidacloprid and thiamethoxam. Among
them, the ActSC>CYP6CY?9 line and Act5SC>CYP6DBI line both showed more than
seven-fold resistance to imidacloprid and thiamethoxam, and the ActSC>CYP6CY9
line showed a 24.03-fold increase in resistance to thiamethoxam and a 10.24-fold
increase in resistance to imidacloprid. Based on the results of the Drosophila
biological assay, P450 genes with higher tolerance to imidacloprid and thiamethoxam
were selected for RNA interference experiments, and the results showed that
inhibiting CYP4CK1, CYP6CY9, CYP6CY1S8, CYP6CY22, CYP6CZI, and CYP6DBI
expression in SDR-resistant A. gossypii significantly increased their mortality rate
more than 20%.

In summary, the functional study of P450 genes in the SDR strain suggests that
P450 may be involved in the detoxification of 4. gossypii to imidacloprid and
thiamethoxam, and six P450 genes (CYP4CKI, CYP6CYY9, CYP6CYI18, CYP6CY22,
CYP6CZI, and CYP6DBI) may play important roles resistance of A. gossypii to

imidacloprid and thiamethoxam.

Key word:

Aphis gossypii, Cytochrome P450, imidacloprid, thiamethoxam, resistance
mechanisms
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L1 % R SR/ L

A 2R SR it AR KRR B B T A 3k AR 5 ol 3 oot 1 N 64k
24 (Landrigan, 2018) o HH T2 HUFIAKIYERE , 5k 171 2 1A,
191 40 5 O T 2% R B BBURR M B, 72 A T AN TR RR FE A 2 7 DA RO T 2 ol
AR B . T34h, A HFRIAS RIS e ionf T AR REAR AR Wi B 1 ST o [
BEIRN T fif s BT EAL A B 8 PR HORI i AT, (Rl B IE Re S I 4
R IR T7 ST SR A 1R SR

AW B 77 Corganochlorine pesticides, OCPs) (R A 42 2 iR A 40
i, TEJR T IR 7 B, REARICT R =R oA, ANEF kA
AFAC A S5 3 AR AL &%) (Salihovic et al., 2016) . [A]I OCPs
A i A R IR R T AOl N T B A PR T A 25 8% G SO
R =R IR S P R FH AR AL T A R G R LIRS IR, /S5
CE A I 32 B E R AL T s 28 R W S AR AL, 17 AL TR B AL
SN LR A AR R G (R y- 2 2 T RSB TEIE ) GABA 324K, i
HINAT . R BREE ZEAETS (Bak etal., 2006) o OCPs fh2# 1k i ke i HAE RIS
h G iR, KRR AE YA AR S T IE B T M E I, HR B SRR AR )
TG AN RS, g ankt NS A B P A 50 S5 1) 8 (Freire et al., 2011;
Rantakokko et al., 2015)

A LB 7 (organophosphates, OPs) & B IR AC B MRl 2K 1k & B
A&, TR Tk Ak # i H 5 5+ (Roman et al.,
2019) . OPs [{EFHMLHITE T HIH 7 ZBEARBR K it 2, SECLRER R, &
LAF PPN R H AL S (Georgiadis et al., 2018) o A1, OPs i & it JH Ak B <=
St NI RIS A RG2S R EGZ B . M4 RAER H & Ful it
JiW (Xu et al., 2015; Naughton and Terry, 2018)

ZILFHERNE (Carbamate) %&F &£ ¥ T RHEY # R & P IR =5
Ji SRR A R &, ZE YR TR A F R EE A (King and
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b 3%

Aaron., 2015) o &k HERER A2 B/EHIPLEE[A] OPs — 4, 3@ 41 £ e I il i
Mg (AChE) V&1, SEEMaift TR, REFECE RABAAT N T
T (Arora and Kumar, 2021). %45 F GRS AR 275 A W)k A AR 08 25 00 K il
H5 AChE (45 &2 ngi v, KUk LT OPs, 20k F R 2R 24 (0 RF A7)
A# I MIXF 8K (Barlow and Bradberry, 2023)

IR HUAG TR 2 A 27 21 R 003 R S 7 2 46 R 46 Ja8 R4 v DR SR B R A T ) 26
U4 BT K (Smith and Stratton, 1986) o R 0Lk HUA S % sl (0 34k A 4
LERIAN I E S N AR AU R R R % d5T) (Soderlund,
2012) o B ARIIBR BUAG R R AR LL T — R 2 T o-FEER], HA HRIpE
P (Palmquist et al., 2011) o P& 4G A9V AL 2 32 20 Bl R IR | Na 25
THIEENE, {f Na B FEE KGR, Na B AWNE % bl Xdy . EZES)
BRI ZE T o T 565 AR LA U4 TR 7% U 9 2 DA B 7 AN SRS a1 DA Ry s A
THZ (GABA) M RIKEAE L& (Schleier and Peterson, 2012) . Btk 4h,
LR UG S BGTIE S 5 R A H L (h e & RGN B4 R 40 KIRAE
ANA SR AE AL IR ARAY,, $0RA 2 e 42 R IS BE o, AR )2 B YR T R 0 7 T R
HREAMEH (Palmquist et al., 2011) « FHT LAY B HUK AN 2 710 18 451
JELR S, DR A0 ok ER 2 T 288 2 R FROnT T I L 3 4t 2 0 A — 5 R EE O b
(Soderlund, 2012)

1.2 FrRBIE AR 7R K AR B

1.2.1 FEBRSR R B fE A

BRAE DB AHLEA 2 TR IR AUA R Je o R DU 2B A 2 o RO, B ek
A% BRI AR 2 T 5 B A A ) V2 R R5F) (Sparks and Nauen, 2015) o 1972
T, FORR A TR FEN 51 DU b R SR S BCA it 38 I FL 5 B M T
TP O BRI B T AR TE R T KR B GAR R . X
A EEE N, KR A RS R YIS TRy, 1E 1991 5 —
AR S BRI H s BRI TF R 1T o Wb J I SIS % GRS T A e i
Mt sk BT EA A, HMElE B (Minamida et al., 1993; Takeda, 1995) FIHE H ik
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(Takahashi et al., 1992; Nippon, 1996) tHAHAk M HE A T37 . HrHHRE R HF R
A BRI G RO o #0 R IR T RERATT AR 4, SR RT3 BE A R R KRR A4
SRSV E TR, J5& A RBITE R XA EE R IS E i
TR B o R =AR, BB — R B —A 6-Ebne-3- B N MR, =
FRUAME s e AR R TR 28— AN A AT 2- 8- 5-ME Ik R IR IR T AR B 2K 1% G

(Maienfisch et al., 2001b) , i Fif )5 _E 17 ) 55 = ACHT AR B HOR) G Sk & AN [ 5
AT AR, HIE PR M EE AN S SR TR D5 BN, I HLILTE M o 254 i DAk
WRg 2= AT EAR, T i 7 AR P AR I e A AR e B ] (Wakita et al., 2003) o HR4EHT
RRBR SR AR AR A, PR AR R AR 3R e (1977 4F)
Mt bk (1985 4F) | MEHU (1985 4F) FAmEdiE (1992 4F) ; K. JhnEh
fi (1988 ) | BE K (1989 4F) . MEHUI (1989 4F) MMk Hifi% (1994 42) (Bass
and Field, 2018) o BB A AR 3 5 A %N 24%, B TR A )

(Sparks et al., 2020) .

o — (, )
el RS ——

L _— N . D
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I ch g g 1 chL b Mok ek iz
1.1 w2 R
Figure 1.1 Neonicotinoid pesticides

Wk s Abk (Imidacloprid, IMD YRR K56 — B HEBSE R 7], e

TR, AR S R R S TR 6--3-MkE FHAE (CPMD « HE#

RE % RO IR SOt sk, HLRE S B O B N & A, T A E S AR # A

fun 2 AR F o B A O N R ER AT I DASKE, e Tk R S AN AR S IR B AIG
T KK 2
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Table 1.1 Physicochemical properties of imidacloprid

BAE R L H bk
CAS 5 105827-78-9
n¥ CoH19CIN502
e 255.7
KRR g/ 0.51
R glem® (20°C) 1.543
& m °C 136.4-143.8

WE B (Thiamethoxam) J& T~ 58 —AUBT AR dUf], HAMEE 2-5-5-
WERREEIRFR, 0T 5 A7 A R RE P 08 o 1 o sl 2 1 B RO R HROVE I, T 2-
-5 TR A 4 AR D) 2 A 200 ) i o LM 5 e O AR, Rt R i LA O
A BAUR (Maienfisch et al., 2001a) o ME AR BRAR LT H A 280 AT B E
AR RGBT, B AT H IR @ BOREE, 2800500 T HAERMA H
B iG E AU (Hilton et al., 2016) .

%* 1.2 EHBEAELR

Table 1.2 Physicochemical properties of thiamethoxam

BAE R Mg o s
CAS 5 153719-23-4
AN =V CsH10CINsO3S
e 291.7
KRR g/ 4.1

R g/em?® (20°C) 1.57

1% mi°C 139.1

F T R 7% ERUUG v 1 o HROS P, DR G AR R ) 7 A TRV 1R PN 4 AN T T R
A" B 2018 4F, HMHBREA HAC oA BRI S80S A R R m i) — 2K
A HiF), TIE 24% (Sparks etal., 2020) o HPMRBRSEA d ) BT LR 4k 2 A
AR A L R AR N S, an LR L R L B R4 P AL
(Krupke et al., 2017; Bora et al., 2019) o HrHBHE A HFURLF RN T T 0T 420k
R, HO TR e R (A R ED ERDRIE . SO R
(Matsuda et al., 2020)
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