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# E [Bf8)] #8754 KE Nilaparvata lugens Xtk B 25 MR B9 0 0L . [ AR ] DAkl iR
EIHME A CEF R REE, R QRT-PCR JiE/ll CYPEERL 7E4# K& & & M BRI RIH 2 LA K AE
Wk H e SAE Ve B AL B Y PAS0 BEAGTE PRI CYPBERL DR B FE XA I . 5% FH A=yl 52 # 05 =0RG M 771 AR
SR b ER A R KTk H B AP T Rl CYPBERL PRI 7 A [ M B Ff R R ) ik i [ 855R ] CYPGERL
PR CHERE CEURPRE 2k it 2 TR e, 7ERC AU 3-9 d BRI b i A R m 2k i 5 S50 R
AR, 8 KETENE B EBOER EEA RIS, CYP6ERL EL[F F2ik i P450 [ AR PEMIfEAE 24 5 Wi H)™
AU IXAE CEUR R M B Ah B CYPOERL JE [ Fe ik m ABi /KA 2. [ 458 ] CYPBERL Ml 62 54 Kalxt
kU (A B AR AR, SRR RE Ik B BT 2k

XEWR B KE; Pigit; CYPEERL; LKA

Spatiotemporal expression of CYP6ERL and responseto
dinotefuran stressin Nilaparvata lugens
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YUAN Long-Yu"?"" ZHANG Zhen-Fei" >
(1. Plant Protection Research Institute, Guangdong Academy of Agricultural Sciences, Guangzhou 510640, China;
2. Guangdong Provincial Key Laboratory of High Technology for Plant Protection, Guangzhou 510640, China)

Abstract [Objectives] To investigate the molecular mechanism responsible for the resistance of Nilaparvata lugens to
dinotefuran. [Methods] The expression of the CYPBERL gene and the activity of P450 enzymes were measured and
compared in brown planthopper (BPH) populations with different levels of resistance to dinotefuran. The expression of the
CYPGER1 gene in different developmental stages and tissues and the activity of P450 enzymes, were measured after treatment
with semi-lethal concentrations of dinotefuran. Susceptibility to dinotefuran was tested using the stem-dip method in a
laboratory. [Results] The CYP6ERL gene was significantly more highly expressed in resistant than in sensitive, populations.
It was also more highly expressed in 3 to 9 day-old adults than in other age groups, and in midgut tissue than in other tissues.
BPHs treated with semi-lethal concentrations of dinotefuran had significantly different CYP6ERL gene expression and P450
enzyme activity to the control group. [Conclusion] There is a correlation between expression of the CYP6ERL gene and
resistance in different N. lugens populations. CYP6ERL may therefore be involved in the detoxification of dinotefuran in the
brown planthopper.
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¥ )&\ Nilaparvata lugens f&/Kfg & KT &
PEFE > — (Huetal., 2016 ), EA 5 1 FIE
FEPEELEEE (Yuan etal., 2020), HAj, # €
A B G R EAREE R HL 5] (Wang et al., 2008 ),
SR A RS A F % 9], 4 Rl &
X AN [7] 288 28 14 2% JUR) 7 A A ) 72 B 19 Bt 24 1
(Wang et al., 2008; Zhang et al., 2014; Mu
et al., 2016 ). # CEZAEHTLYPEC BN S HTA
MBTIA A F RS Z —, 2005 44 KA
TR K W 0 i PR 22— A X b b ) w5 Bt
P (Garrood et al., 2016), L, A AEWF5HE
TRV R BRI BTE A R BLE LA HATPE )
PR, BRI CEK R fE T, AR R TR E KA
a2 4,

W B B AR = 28 JF & 58 = A8
B2 ORI, S B0 (W AR 25 P 2540 AN
], JLpU Sk mg LI T SR I | e
B, REWGICE, 7ErEREDT a5 WA BT AS [
(R RAF, 2013 ), WEHpE EZAEA THEAR
M, L FE R SR A, AT ( Wang et
al., 2015 ), R U4 R AL, 175 KA Sogatella
furcifera, 4%/N&gitif Empoasca pirisuga. %4
2| IR ELE M i 2R AR H o AU TR = A
HUEE (SRR SR, 2022), | AREANEFE X
VRIS K R ) ORI AN [R] M A b X A
TRV XTI R (1Y) LCso fHAE 3.67-11.09 mg/L,
BUPER A 26.21-84.35 1% ( M IUFESE, 2017 ),
kNGRS (2016 ) HaE 102 S AT b X 4
SREDIE B R A AT

R PASO S — A B AR K%
(Zhang etal., 2018 ), ZHffita 3R P450 1ERH—2
BENMEER, )22 50003 HO ik ek
WE U | WEHUGE | WE U AR TR S N R A
LR B FAPPE (JTinetal., 2019; Mao etal.,
2019; Hamada et al., 2020 ), #f5¢## KR}
TR AR 25 T 25 P B A 3R P4S0 JEPRAH
PR R AR AR L (B AE, 2019); K
AP Z MR P450 K ( CYPGERL .
CYP6AY1, CYPACEL il CYP6CW1 ) A it
ok, s R ES IR PTHE (Bass et al.,

2011; Dingetal., 2013; Laoetal., 2015; Bao
etal., 2016 ), CYPBERL it 3¢k & #y K mUAtk HL
PIPTYE SR LM 56 2R o BB 5 IE S 76 M B bk 25 1 i
Fitle KELP CYPBAYL BRI/ T m . B
SX CYPBAYL [ %35 7K P55 CYPGERL AH L% A I
LA, {3 CYPBAYL Xt itk A bk ()4 sk 2 o oy
RNA T4t (RNAi) SEEFIARSD 820 S0 1 R
CYP4CEL F1 CYP6CWL Xif it de bk A5 — & A e
fitRe S, THHZA D FER P450 F R L T3
TR waeE (Laoetal., 2015; Baoetal.,
2016 ). AR AL Fix s P450 K 2752 5545 K
AR IR PTE, XA FRIER .

K, ABFFEAERTIN 24 P450 e ik
A B, N ERE T REEREN
CYP6ERL NHFFEXT 4, K qRT-PCR J5 &4
CYPGERL 7emRPithts REURRIZIZ . Al
KRB BRI FRIABI, LA R b P AP AE K
BULE K HU 30 45 1 R R R ZE A R EUAR P i 2R
IKIKAF- o R T il R EWT IR U AL R AR e
AR, iz XA R C RS

1 MRERE

1.1 #iXEHR

S RECRIE T R A KRR B P
PRI T E A TR (RXZ B, T T
MXEY ) HiRFFZRE CEBURFIEE (SS)
FIZ 0 AL e A 2 iR 5% 30 0224 A HE KELT
ZiPEFREEC RR ), 2 M REF F 1 T TN
ORKRE B N TR EFKME: RE
(27+1)°C ., AHXHRE 80% + 5% . YHMI L -
D =16: 8, # K& SS FHEAI RR Fhfkxdmk iy
¥ (R R A 53 3312 LCso = 0.14 mg/L I LCsg =
24.81 mg /L.

12 FHik

121 HEARLIE KA CEUBURFREE (SS) Filg
REPZEREE (RR) 1-5 #7450 1-15 Hig
S RS R AR, (3 Hg ) RTRIALZY (Ag A
MEVEAR . A LA A RIEEEL ) IR
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R, BT - 80 CUKF#&M. M bHFEA
33k, 3WKEHE.,

122 RNA #2EY5 cDNA F—$&m %MK
Eastep Super Total RNA Extraction Kit ( 7% 22 4%
AT A ARA FRA 7 ) U0 & b 7 TR SR R
FEAL RNA, M 1%3iefseRc ik (24
A BR AR ) AR LI R AL (£
Bio-rad A7) ) Kl RNA 1Y i FIve i, FELL s
Ji &S RNA N #ifk, 4% M8 HiFiScriptctDNA
Synthesis Kit ( F 7% TAKARA A Al ) S 87
SV T cDNA £—HEE, fAA -20°C
UKFEASH o

123 # k& CYP6ERL WK EHNH KT

NCBI $l: JF # K#l CYPGERL( GenBank % 5 5
MN480657.1 ) mRNA J¥41 ] NCBI H' Primer-
BLAST T Hi#il—X}54% qCYP6ERI- F .
qCYP6ERI-R (£ 1), Uts CEUNFIEIE . AR
HAMAFIEIEFSHA cDNA Wfiit, #EH
ZAHA 18S RNA ( 18S ribosomal RNA ) FEHAE
J B . 18SRNA -F Fl1 18SRNA-R (% 1),
JUWAKZR 20 pL: SYBR Green Supermix ( H A<
TAKARA /A7) 10 pL, ¢cDNA 1 pL, EZ 5]
Y14 1ul, ddH,0 7 uLo R 2:14F: 95 °C 30's;
95 °C 5s, 56 °C 30s, 35 #E¥; 65 °C 5,
K qQRT-PCR J7 kil CYPSERL [ Hif 75 Fe ik 1t
RN A PR F5 1Y 25 73R4

®1 AXFASY

Tablel Primersusedinthisarticle

BIE/ 2 1 (5-3") EIk7/ RS
Primers name Primers sequences (5'-3") Usage of primers
qCYP6ER1-F GACGGCAGAGAGCCGTTGAG HIF RT-PCR #5illl CYP6ER1 ik
qCYP6ERI-R CGCTTGCTGGCAAAACCTTG CYP6ERI1 expression was detected by RT-PCR
18SRNA -F CGCTACTACCGATTGAA JIT RT-PCR Al A 2 AL K 2 3k
18SRNA -R GGAAACCTTGTTACGACTT Reference gene expression was detected by RT-PCR

1.2.4 B XE P450 ERRYE ST R R A
WA TR T 40 A R P450
(CYP450 ) TGPEME ) 14 7 i1l G 2 A 7 T
W . PR R 10 k&, A 4 °CHJ 2-5 mg
A BRER K IR T S AR AT, FRE, A
2mL BOEH . BRI AR G E T
HIH A B, FHAZHSEHL 10 000-15 000
r/min | N 60 s il LA Kl i
HAVSPR AR A E R DL 4 CATRE L. B
VWA A I B A5 FH 4% R S U EH 4l
DE I A [F A S REUAN CYP450 i
P

125 #BEXEMAMESNT HEFEXRTUAX
S R R K REZE AT AT A B LI 0.1%
- -80 MOZEIR/KAE MR R, A5 LU RN S
ARGV F o BT BERRIA R AR R, BT K 2
10 cm AOFEMRFEZE, 3Rk 1 41, BT M. KA
ZRW T2 30s, DL 0.1%01R-80 7%
WA R, B TR AR AT —500 3 I3

o020 Sk, AR FEM B, R IATIE L
PR slMRBE J5 U2 EL R SRAR, JF B F N TR
1, 96 h JEkuArAET - HEL, XHRAIZET SR T
10%HHAIR oA . FFREEE S 3 K. AP IEAEZE
T, T PR AR AR AR A o 48 UG
Hu e B REURRIE 26 A LCso = 0.14 mg/L ( 4 LRSS,
2017 ).

126 HIBAIE A 244 xS KA
CYPGOERL A 113 35 1t Bl 4 1 AH X 2 £ 53 B
( Livak and Schmittgen, 2001 ), fi /] Microsoft
Office Excel 2007 ZbFH C, fi, ¥ C, fE R SPSS
19.0 AHATEET 08T, LA t-test I 7E P<0.05 7K
- A A A B 2 R ) 22 S . BUEERE AL
(RR) =FrillF#E LCso/BUBFIHE LCsoo HLMEAK
SAE AT HARE : RR<3 AHURB B ; 3.1<RR<5.0
FHURPE T 5.1<RR<10.0 RXAKFHit:;
10.1<<RR<40.0 A H1 %K FEHi 1 ; 40.1<RR<
160.0 K=K SEHiE s RR>160.1 Mtk K E ik
(K95, 2013 ), JH Graghpad Prism 8.0 %k {4
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(3B FIREGRBRR, /P90 3.48 + 0.09 f1 3.32 +

2 GRESH

21 AEMZGHE CEMBEE KE CYP6ERL
M2 RIE

TEE AT, CYP6ERL 1EfURANEE (SS)
MPitE (RR) P CES DR B BIA R
ik, HAFEZS (E 1), CYPBERL 7£ SS Fiff4E
KEN, STRENBRIFEAREZR; M
CYPG6ERL 7£ RR FP 4 CECHIL 3 d F1 5 d B

0.09, JFHEZE S THERKTMBERERRET
3 A (2.57+0.18) (P<0.01 ), XLt SS Al
RR PPl CEL, M 3 ISR BN
CYPGERL 7 RR i i 8 B IR 25 T SS F
# (P<0.01 ), 7EPIAFEPLLY PERN RS LA
AL, CYPBERL HE[H Y iA K - R REAF
XS (K 2), CYP6ERL K 7EH I h ik
e, wEETHEALS (P<0.01), HkEE
A, BEETAENA . FRH . MR . OPE
JRFRIEE (P<0.01),

4r
a
— SS 5 2 a8
) —— RR o a
53 b b T
RE I v 4 b b b
7] T =4 L
Qg 1
2 C
_%021 d . c c c c c c c
3 d d d
&)IH H H
0 1L 2L 3L 4L SL 1D 3D 5D 7D 9D 11D 13D 15D

#7 1t Nymph

JH Adult

KB lrBt Developmental stages
B 1 CYPEERLZEARMAEB CEAMBEELFTMRFIAEN

Fig. 1 Developmental stagesexpression (in fold) of CYP6ER1 in different resistant brown planthopper populations

IL-5L: # KIl 1-5 474 1D-15D: # RECHL)S 1-15d. SS: HUBFfiE; RR: BRHUBHTZGTERTE
PR B PR EpR DR, A EARA ARG P REFR s M R El CYPEERL & K A X ik it 22 5+ i 2% (P<0.05,
Tukey f0 ). 2 A& 5 [6],
1L-5L: The developmental stage of nymphs 1-5 instar; 1D-15D: The developmental stage of adult nymphs
1-15 days after emergence of nymphs. SS: Sensitive population; RR: Dinotefuran resistant population. Data are mean + SE,

histograms with different lowercase letters indicate significant differences expression level of
N. lugens CYP6ERL genes (P<0.05, Tukey test). The same as Fig. 2 and Fig. 5.

22 ARHHBEECEME CYPGERL HIRIE
ST FA P450 BERI TR 5 47

FEVE U AR 250 T, BUSE (SS) R At
PE (RR) FREE#E G EUME R T P450 il Bl S 7K
R AR RAME (E 3), SHURFHEEE CEA
o, Zenk i hb B 24 h PR R TR EUME R
Hrr P450 BTG AKCE- TR, H S X IR A
R EEES (P<0.01), HEMRFIZET, Bt
PERDEER K EUME R B CYPBERL Jt [H Y iA 7K

S5 BT, HAR R RURA RS CE
495 1% (E 4), itk CYPBERL K2 548 KAl
X Ik HL BT 24 T TR 1

23 I"'EAAMKXE CE#ME CYPERL MR
LS

F 2 2 AT, BHYTAE CEVFIEE AR 568 KEL
FRREXT Wk de e e A £ 0 26.21 A5 F1 30.60
5, &AL, JETAE CEVR PRI
e KAV R Ok BT R o 65.44 £
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Fig. 2 Developmental tissues expression (in fold)
of CYP6ERL1 in different resistant brown
planthopper populations
Fb: JEMifA; Sg: MEWME; In: REZ; Mg: Tl;
Tm: ALA; Ov: BI&E; Lg: £,
In: Integument; Sg: Salivary gland; Tm: Muscle;
Mg: Midgut; Lg: Leg; Ov: Ovary; Fb: Fat body.
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Fig. 3 The P450 activity of the activity of
P450 in different drug resistant populations
of brown planthopper

LB R 22 S 3 (P<0.01). &1 4[],
Histograms with ** represent extremely significantly
different (P<0.01). The same as Fig. 4.
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Fig. 4 Population-specific expression (in fold) of
CYP6ERL1 in RR and SS brown planthopper

1 80.09 1%, J& B /K F-HitE o N LCso BAFIRKAE ,
S-S0 48 W EURPRE A BH Y48 W U R X ok B
IFHEA R E S (P<0.01), 7EM:dHiefe 252K
BB L A T, AS [R5 4 QR AR SHE A
H CYPBERL J A R K A BRI (& 3),
SUERh s CEAA L, 2k B EE 24 h S
AN TR b7 4 R EURP R E R R CYPBERL HE N 3%
RACET R, HAS X REURF IR Rk B Z A7
TERFEEZES (P<0.01 ), BHYCAE QEUFRHEME L
Hirh CYPBERL A R IA K- AH XA, HER
R SRR RS CEH L, R 15 A R5E
ey CEURI R 2 I 3.5 4% 748 REVPIEFZ L 5.2
s TR CEURH 6.4 %, MWEUE E,
4 G AR, P AR CYPGERL
FERF IR, N 6.72£0.74 (P<0.01), FH
TLFRRE I F IR AT IRAG, T RUARSERER A
IR (F 5), HIt, CYPSERL J:A K
FEIRIKF- 5 7 [ b 5 4 6 U AR X6 ok H ke ) B
25 AT I e AR e

R 2 I HRARMRE CE M EX KRR

Table2 Resistancelevelsof Guangdong Nilaparvata lugens populationsto dinotefuran

B moqenar 1O CSREB e
Population toxicity LCs0(95% FL) (mg/L) efficien ratio
FHYT. Yangjiang y=3.691 6+2.317 5x 3.669 3 (1.8202-5.5045) 0.936 7 26.21
I Pingyuan y=3.636 6+1.299 0x 11.210 4 (8.662 3-13.9905) 0.927 8 80.07
FFF Kaiping y=2.596 4+2.498 6x 9.1622 (6.3357-11.7509) 0.924 2 65.44
7R 5% Dongguan y=3.831 0+1.850 3x 4.2837 (1.7432-6.9226) 0.930 1 30.60
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Fig.5 Theexpression of CYP6ERL in different
geographical populations of brown planthopper

S

3 itig

FEA W) B Ak R I L H X A A B3840 g
3R PAS0 EAEY RN — 2 25 WR i 51
ZURe A ALl , HAEAS A8 A B /E

( Meunier et al., 2004 ), AWF5% % RT-PCR 5
B E T #8 KA CYPBERL HYI 25 ekt 4%
RN, CYPGERL 74 REUM BRIk 3R,
Ty MUY SRR AR (& 1), #Ellx A
HE AR AR QU S A A B R v ke 3 AR
. X—4535 PaCYP3001U16 A7 £ 54k
Pardosa astrigera ik RIA A =, 7E 6 1}
BRI FE w A I — 20 ( EHERSE, 2022 ),
A BF 58 2 WM 44 L Helicoverpa armigera
CYP6B2 HE[H H7E4l ik (fRiks®, 2009 ),
A AR P450 FERZEAR R RARERK
KENBOEANFEH. A5 LH, CYPGERL
RS REVT I IR E i S, AR R
#HIRZ (K 2), X—45RY5 Chung 55 (2009 )
% M) i Drosophila melanogaster CYP6G1
1 CYPAES (1) R AHL o A W98 R WA ] 2
H7E R AR AL Rk, T REEWE B
BAHL P PAT AR MIIEE (FIAE, 2021 ).
T BT CYPAGLS 738 f 4 4 rf A i e
15 ;s CYPALA TEH 4l 2 v 3Rk it B =7 ; CYPAG15
1 CYPALA R fEZ: 5 i S kA N Z2 A N R4

i A =T I = 8 1 S =N SR AW/ PO
( Maibéche-Coisne et al., 2002 ), TEAHIFEH,
CYP6ERL £ i &b, RNk R
RESOR T, SOE e R iU K & BRI
Wt B A 2 P4S0 ELA fi B AR I 0 E
FAEH (Senger etal., 2006; Houetal., 2010 ),

B AR A A AR P A A A R R R B AR
PRK AT BEZE DL S & o F R S i ik
AT 241 0 245 44 B JFC PN A 358 1 — 2R 80 g 1) 3 2
Fe xR 245G (Pang etal., 2016 ), AHF5TR
FHBEHPE S 2 A1 qRT-PCR 47 1460 1 4 K EL7E
ke e iR 45T 1 PA50 Tl )35 M AT CYPBERL
BRI ERIBAT (E 3, K 4), ERER, Ptk
FhEEAE REUME R P450 FEAYTEPEFT CYPGERL
FER 8K i 2 5 TR, Ui FEBTIE
FPEEE AU AR, P450 BEAYTEPEAYIE
A I T EUOR Ik e A 2 7% . NICYPBERL
LA RSN A Y, MIiZ5 BPH X T
SEPNE | URIR | SEAR | s I AT gE He ke B Pk ( Liao
etal., 2018 ), AMFF kI it FKik NICYP6ERL 1ty
it e R) R i X L ) R A — o R T B
185 55 BT IR UAS BtCYPBCM % 5L P i A1
o, 3235 NICYPECSL S Xif nb e il (1) o 14 ok
N (Wang et al., 2021 ), X i8] CYP6ERL
A HES 54 CAEBTZTEr= A iR 2 A, P450
ARG P ) 498 5 4 K U 3% AT 7 A K Y
Ltk

I 2R A8 AN TR e DX A TR R o 1k o e 1)
TEMEARTR] o T 2548 AN [) 1l X 4 R R X 1ok o i
IRRURE LCso fEAE 3.669 3-11.210 4 mg/L, Hitk
8 51 26.21-80.07 £ (3R 2), WEHUHE A —
FOBHHBRZE R R, 2005 4F2& [ I UA i FH vk
BTG #s REL, Punyawattoe 55 (2016 ) i
FEZ% E GRS B E e AR OK b 7B H
A, Matsukura 55 (2014 ) #&E 8 4E WM T4 &
BT IR AU BT 241, 25 SR 2 IR KUK Ik H e
P2 PE ETF, JEH 2012 4RI R KA
BB FLT 2006 ke CEVEE T .
EFRE, FEEL (2008 ) HEE#E R i
b FHURBY B 5 sk/NEESE (2016) HiRAABILA
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P AN b XA R UK R U B 7 A R AR K
ST AR SCINAE )R 4 M XA R BV REX
Wk B P 26.10-80.07 15 (£ 2),
Wt i JUAE T2, )7 R A AN [ i DX 4 G L
FREEXT R AU O 7= A S KPPt o ) AR AN
X4 K EFEE CYPBERL LA iy 31k B0 L
AP E TS (& 5). Hidr PHYTAE K EUFp
M R T CYPBERL 36 [ (1) 3 3k 7K 7 AH X 45
fiX, 208 1.54%; “FmRh el CEERAKEARXT
e, 20 6.4 £, i H CYPGERL J: M ik
IK-5 O [ b 77 4 & U R X ok H e g ot K
2 AR T, 1B CYP6ERL BH i 5
A REVH K R BT EAR G o T4k, SRR
KRR SR P45S0 FER1E HAth 2 Fb B
WARIE, WK KE Laodelphax striatellus 1
CYP6AY3v2 1 CYP353D1v2, MJE Hif CYP6G1
FIH# Bl CYP6CMAVQ ( Joussen et al., 2008;
Karunker et al., 2009; Elzaki et al., 2016; Wang
et al., 2017), X P450 FEH A KRBTSR E
P450 FER7EE Hpr 2GR BT R AYE 1, BT
O A 0 20 F 58 10, FH A G 35 PR A iR A 245 1 bt
%% (Maetal., 2022 ),

bl G R T, F UK B AT
FHEYN = EMASHRENZ 4, MR
P450 EPHMFRIAE SR AP E B, A&
v ] T CYPBERL 2 548 K mE\ % ik Hi iz
A N M, Ak — 2D o B R e 2k B AL 4
OISR
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