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T VimCarEs-6 2 B 2200 5 15 DT 5F Xt
BNER T FOERIEURE

MR RYES FTHR-DH" AR

(1. sl KA 24 BE , AMRAT 35 A4 W W 5 22 s [ 4 o S S 2, 580K 5% 8300525 2. Y AV Bl
TP FSE T, FEPHR L AR ) R o S, b st 100193)

FE: 8% VmCarEs-6 X B £ H 75 83T Therioaphis trifolii 3t @ 2 AR F Be ik P a9 46 A, T
F AN E A AR B AT Y 78 BT 09 A ) Ao 3 A AR B B R B BT R A UG H 75 BESTAR R Vin-
CarEs-6 & B &9 A8 3 £ 35 %, A 24K T8 B F IR &4 (star polycation, SPc ) 4 K A4 AH4E A 3 4k ds-
VmCarEs-6 FN2| H 75 BEXFAK 1, & TR B oY 75 33T 09 575 5, 0 2 T3 VmCarEs-6 & R
&R AAAB A H BRI ENEN . EREY A SR B R L e 5L LB A 4938 e,
AT H s ML R MR E A A R B AT Y B s 8tk E LC,, LC, 2 LC,, 2 A1 4
2.550.5.617427.761 mg/L;LC,,.LC;#n LC,, s R A A A B 4L 2 48 hJz , B 75 LR W VmCarEs-6 2 A
BIARRT A T B 5 T AT KA AL B AT 18] 3% e, ds Vi CarEs-6 9T KR MR % dsVm CarEs-6 2 32
48 hJa , B 15 BE¥F R W VmCarEs-6 2 B 69 4034 F 38 2 803 IRZAAR B35 AR, T F 4 73.30%; ds-
VmCarEs-6 432 6 1224 36 42 48 )& , Y 75 BEYT 64 17 %) 1 92.22% .88.89% .86.67% .83.33% #»
78.89%,3) 5 3 B AR & £ 5 ;dsVmCarEs-6 232 48 hJ& , R Rl iR B & 2L RR AU B5 AL 2269 75 5
BT F AT R B F K A, R H 7 B2 VmCarEs-6 3 B % vf1 Y 75 BESF T 5 20 AR BUH B 9 4K
R,

KHEA: BB ; S AR BE,; RNATIL; FH0 T, 2k

Interference with the VmCarEs-6 gene affects the sensitivity of spotted alfalfa
aphid Therioaphis trifolii to lambda-cyhalothrin
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Abstract: To elucidate the role of VmCarEs-6 gene in the resistance of the spotted alfalfa aphid The-
rioaphis trifolii to high-efficiency cypermethrin, the toxicity of high-efficiency cypermethrin to alfalfa
aphids and the relative expression of VmCarEs-6 gene in alfalfa aphids under different lethal concentra-
tions of high-efficiency cypermethrin stress were measured indoors. Star polycation (SPc) nanomateri-
als were used as carriers to introduce dsVmCarEs-6 into spotted alfalfa aphids, and the interference effi-
ciency and survival rate of alfalfa spotted aphids were determined. The indoor toxicity of lambda-
cyhalothrin to spotted alfalfa aphids after interference with VmCarEs-6 gene was also measured. The re-
sults showed that as the concentration and treatment time of lambda-cyhalothrin increased, its lethal ef-
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fect on spotted alfalfa aphids became more significant. The lethal concentrations (LC,,, LC,,, and LC,,)
of lambda-cyhalothrin against alfalfa aphids were 2.550, 5.617, and 7.761 mg/L, respectively. After 48 h
of treatment with lethal concentrations of LC,,, LC,,, and LC,, of lambda-cyhalothrin, the relative ex-
pression levels of VmCarEs-6 gene in spotted alfalfa aphids were significantly higher than those in the
control group. As the processing time increased, the interference effect of dsVmCarEs-6 became more
significant. After 48 h of treatment with dsVmCarEs-6, the relative expression level of the VmCarEs-6
gene in spotted alfalfa aphids was significantly reduced compared to the control group, with an interfer-
ence efficiency of 73.30%; After treatment with dsVmCarEs-6 at 6, 12, 24, 36, and 48, the survival rates
of spotted alfalfa aphids were 92.22%, 88.89%, 86.67%, 83.33%, and 78.89%, respectively, with no sig-
nificant difference compared to the control. However, After 48 hours of treatment with dsVmCarEs-6,
the mortality rate in different concentrations of lambda-cyhalothrin treatment groups significantly in-
creased compared with the control group (CK). These results indicate that the VmCarEs-6 gene affects

the sensitivity of alfalfa aphids to lambda-cyhalothrin.

Key words: spotted alfalfa aphid; lambda-cyhalothrin; RNAi; toxicity testing; nanometer material

B A& BEYF Therioaphis trifolii J&: /™ T 520 H 15 17
i A A 2 B AR R — (MR 55, 2005) .
H AT d Bh6 2R B2 B, LR 2R R
BAFEA IS AT IREE IS NI A IR A,
T4 % H R X I A A A A ) B AR (A B A
2015) . fHR Rl A HAPRUE K T — RN A5
(R, Ty HL il = A T2t (FEo0 2245, 2020) .
PRt , S4Bk B i ik n 7eJE B

& HOGE R B 7= AR e S YR 2 AP L, B
RV At P X 2% H TR ) e R 4 L 255
IR rE QI RE 1 (WREE 5255, 2016) , 3 2 FP ALY
SRS HAE L kAR E AR B B P T il R R 1 R
HECRIRL IR Y 28 A8 R S LAY (Li et al.,2023) . JRIR
fig i (carboxylesterase, CarE ) 5 % J2: B W16 B #1554
Jofp36 P — o o ZE PR, 7 R HUR N U S A A
Bl 2 52RO A R R AR A 245 X6 R
H T A S A BORT 3 AR RO (5 [R5 55, 20205 B
R HAE,2024) W03z 3 H 2 BB 4 o 2 R TR R EL
T 200 S AT A T R S R R Y T e A R R e
ZLNE O B Grapholita molesta . - W. K W8 Locusta
migratoria manilensis F14& K E\ Nilaparvata lugens %
B AR Y CarE L H Rk i 2 FF 22757, 8 0 RNA
F4L (RNA interference, RNAi) CarE 3 [K] {3 ik 1]
DA 7 R HON R BRI R BB E (Zhang et al.,2011) ;
DUERZR . IR N LmCarE9 F1 LmCarE25 &R 5 ik
bt REURN Y CarE17 3 )5, B HOG Sy h A ok
FEFEWHTIE TR (Lu et al., 2022) ; Z R0 5% A
FJ5 4 CEUA CarE FE A (1A 1 FI, TR
A% BRI BT 1S 58 (Mao et al., 2021) . B IL, RA

PRI CarE X 7% H 70 JBipA60 1% w1z AL ) 7T >y -85 1
A HUFHE R B HE RIS AR R

RNA T3 (RNA interference, RNAi) /& — ' i
X5 RNA (double strand RNA, dsRNA) m¥ /) + 41t
(small interfering RNA , siRNA ) 5| % B4 W) 275800
18 1o [7] Y 7 31 15 £ RNA (messenger RNA, mRNA )
1) 5% it e 24 5 BIORE S 1 25 TR 3 51 )5 DR (Mou et
al.,2017;Peng et al., 2022) . VT4FEH , RNAIH A LE
B A2 AR AR 2 1 T N A 4G T e A R
5% PTG ML A3 Hr A E BRSO T (B A
4 ,2015; Hafeez et al., 2019; V£ 35 4F,2022) . L4
ZH F ) RNAT AR I 53X 3250 b e 6 ik A ] g
Beo WA SHAE FH TR BIRS R Ay R R (X 1
Gy AR AV EMERE R AR B e R
B, TR RIK: dsSRNA § A B B HUAR P, B4R RE
fEf 2R, SOR S8 A= P04, {3 RNALCR B (X115
1R,2023) . GIARARHE EA R B AR AL
s, T DL FAVR BACKE 2 HUR) (B fE FLR T . X R
T A B TR R AR, P R SR
I DA LRSI (175 e 2 (BRHESE, 2024) o K520
KA EME A dsSRNA 25 AR 1T LA S0 Pt dsSRNA IR
Ha FVR A o B A0 Uit FH X B el ] R O 4%
2023) . KL, AWFEFE LR AR FH 251 R & ¥ (star
polycation, SPc) i K #4 BHE Ky #AAKs: dSRNA 5 A
PR AR, DL R dSRNA AYFa e PEADE A HARE
YL S sl AR MR BE T, DA T g 0 i) 3B 36 50%

i RNAI P A A= W 25 0] By 4 5 i e it =% T
S PRI e R S TR A TR 6T I A B 11 5 ) R Al
SATUAE R AN [R) BOOE v B Joh 30 i S B AR 1Y Vim-
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CarEs-6 SR AHXT 2k 1 FF SPe AR EHE N 28
K dsVmCarEs-6 5 A2 T BEFAAR Y, 0 2 T4
BRI E A8 BEF A A7 2%, I 2 T4 VmCarEs-6
SR e s R TR 7 B 1 = N EE T, DA
WA I SR ATRTT B 18 B Xt 25 B BT RIL R ARy
AR AR B A
1 MR ERHZ*
1.1 ##

A B RS« T 2023 4F 6 A 7ET AL i M
T2 A6 B 00 R B 1 7 BT L 2 WL343
LI ETE B G S0 ,2024) BRI (25+2) °C.,
JGJEI 16 L: 8 D AHXHREE (70+5) % & iE N T
TR R B RS B SE IR 2 R, BTG i it
BEK. BT R AL TR R AT R R AL

A% 25 F 5 2 96.6% 125 385 54 F 5. 44 i (lambda-
cyhalothrin) Ji1 24 , 7* B AR KB} 27 B 4 90 DR 37 DF 5%
JIT 5 SPe 4K A R, i Al R 2 T A A2 1] BA 4
fit . TRIzol” RNA 73 5 7] .2xGS Tag PCR Mix (5
% DNA R4 il . DNA BER [ gl Ak &, Jbai 4
oI R AT BR A ) 5 TS-GelRed AR Yu k) , b 5u 4
BHA W B ey A R 7] ; DL2000 DNA Marker
Prime Script™II 1st Strand cDNA Synthesis Kit, 5 H
BE AP HR (b 50) A FR 23 7 5 Bseter® SYBR Green
qPCR Master Mix S 2 T iR 6, B Bt i Be
R A PR A Al 5 T7 RiboMAX™ Express
RNAIi System, 3¢ [ Promega /A 7] 5 HoAt 751 £ 4y [
7oAl

X #S - PRX-350B & BN T4 , T I P A 5
AL A AT R A 5 QS SERT % g it PCRAY, 36
ABI/AF];ETC-811 A< I PCRAY, A6 5T A HEAI £
YR A BR S 7 5 2x-2020D BEIR AR R 55, b ik
B IR ARAT FRA F] ; WD-9403C 554 AY
JtHE i 7N—14Y#8) ; NanoPhotometer-300 {3 & 43
JEEEH, 8 IMPLEN A ]
1.2 Ak
1.2.1  FHACERAD BT H 5 s E WA ) 6 E

K FH ORI (R R H A, 2020) 1 22 B AL
FUFAHTET B BB =N w1 HINEEE 96.6%
1o A SR TR A 4 T D 24 T o) B RV, FH 28 TR AR R
Fii B A 10.00, 6.67 ., 5.00,4.00 1 3.33 mg/L fi. 7>k
o BEREAAR R/ INFEA — B 1% T M i , T AR [
WL 25 R IR A 10 s JE BT IS AR 25 iR JE]
Rl Z A 253, TN EAE R 90 mm Y35 FR LR 3%,

BMAEER 303k, A 3 UK, LATE AL BRAE A Xt R
12 h EEFF il il OB T O, FF 220058 48 he H
BEER b AR BARTCATAT R, WA HAE T,
JH SPSS 26.0 #AFH ) Probit 1 b3 1 5 1
5 e B LC,, LC, MIESE M FE LC,, (B 4
2006) .
1.2.2  VmCarEs-63 B 3 3 2 SR A BE rah 69 ve

I s 280 43 A (ol SCEB 55, 2024) e St
7¢It %€ Bt PCR (real-time fluorescence quantification
PCR, qPCR) 5 (5K F 145, 2023) R , VmCarEs-6
B B s B AR N ik o S I AE BE AR
VmCarEs-6 5 [F 2 15 23 1 [0 55 250 55 91 5044 B 1 Joly
38, 2R H qPCR 7 AR X 5 25 55 960 5 44 TR 35000 ok B
LC,,.LC,, Fl LC,, W81 J5 1 18 BERF AR N VmCarEs-6
FERI AR IR A T80T

PR 1.2.1 J7 MRl LC,,  LCy F1 LG, W 1Y 75
SRS U4 TR 24 W, LA ZE AR K A O o iR 4
1.2.1 Frik b By, A Ah PR 90 Sk i, TR 3 K,
AbFE 48 h 5 BURE , B A0 FRER 40~50 S J0H8 I A
A2 mL 20, HIAGE TR 15 minf5, T7-80 °C
f8FE, 45 . R TRIzol® RNA 438532k 51 43 il 4 B
LC,, LCy, LC,, i 505 3L US4 Tl Ak B K0 B 1Y) A
BEF 5 RNA , #% I8 Prime Script™ 11 1st Strand cDNA
Synthesis Kit S % s 12050 & W 455 i cDNA (23
72,2021 ;25244 12023) . #1]H Primer Express 5.0 %X
151t VmCarEs-6 K 1R 505 19 VimCarEs-6-F/
VmCarEs-6-R(FE 1), A 5 ¥ ZATAL R A=)
BHE BB FRA RIS B LAETE BERF B-actin (AL
5 ,2022) A NS (1) 1T qPCR, 20 uL )
K& E TS99 % 0.4 uL. cDNA 4 0.8 pL.
SYBR Premix Ex Tag 10 pL, 1 ddH,0 #ME % 20 pL.
qPCR 27 : 95 C Wi ZE P 5 min; 95 C A8 4 30 s,
60 CiE K 1 min, 72 °CZEfHi 30s, fEIR 40 K . K H]
2T A Vim CarEs-6 F& IR AR X 263k 1 (22168
4 2023),
1.2.3  VmCarEs-6%7 F #.zc Zn &

FEHEAT TR IG T, BE ARG HL, LAFHE
BRX TR A2 . Uk SPe S 75 1 1 1 5
WEBET, X AT T A . i4E VmCarEs-6 1)
FH ¥ 5, FI H e-RNAi #F (https://www. dkfz. de/
signaling/e-rnai-3/) £ & & 1147 A T7 )6 8h 7 ¥ 51 (1)
5% dsVmCarEs-6-F/dsVmCarEs-6-R(F 1), H253k
T 7 BRSO O MO, 255 N 1.5 mL JC RNA B 1) 55004
I TRIzol® RNA 43 #5351 45 B RNA , 4% FEF|
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JH Prime Script™ II 1st Strand cDNA Synthesis Kit &2
SR & T A5 i cDNA L LUE 7E B cDNA
MR, UL dsVmCarEs-6-F/dsVmCarEs-6-R (& 1) fll
dsGFP-F/dsGFP-R (% 1) 59191 H 1) cDNA J
Bt. 50 pL iR AR : RS 445 2 uL . cDNA £
# 2 uL . Hieff Canace® PCR Master Mix 25 pL,
ddH,0 #ME % 50 pL, PCRF2EFF:98 CHiZEE 3 min;
98 CAEPE30 5,41 CiR k305,72 CLEM 15 s,
72 CLIEMH 2 min, HUPCR =828 1% Bl AHEE AL
FEL KRG [P 1) FH DNA R IR & atifb , 2R
1% dsVmCarEs-6 45 W Jr 75 cDNA #ifg . i
dsGFP-F/dsGFP-F 5 (3 1) %} PCR ¥y 4 7 D) it
E R B A E L 1 B S U N S N B~ SN Vs /L (Eog ¥ i
T7 RiboMAX™ Express RNAi System iz 77l & i ] 45
4 dsGFP(JE4R TG4 20195 Th[H 58 4%, 2020) . R
P 17 A 03 56 45 A, B dsVmCarEs Wk FE 5 BN

300 ng/uL. FJC RNA /K ¥F dsVmCarEs-6 1 5 i
FEM 300 ng/uL, 4324 5] 2.0 mL B4, -80 CA4
A H He B R R L 1 1 ) B0 P I A SPe, TR AT,
T37 CHA 30 min(XHEPL,2023) , 3875 SPe+dsVim-
CarEs-6 %, R 5 75 3545 SPe+dsGEP ¥ W (X
HE) , 25 B2 mL FH M At X6 1 7 BRE 0 O Sl i e 46 4 7
WEZEAbEE A AR PE 1103k, TR 3wk, A B T3
TFE, 39T 6.12.24 .36 F148 h 5 WAL AC s
HAPETIEOL THRAAE R, BN AR A BRI
PEHE20 K3k d , B Kb B E AT 3 U, WCAR AR A 4R
S RNA, A B cDNA MR, 7[R 1.2.2. R H qPCR
F AR A3 M A [a] b R 1 B 45 BE WK N VmCarEs-6 %
DR A ARG Rk i, 5 k] 1.2.2 ARG PRIAR XS 265
AT PR, TR = O BE 20 5 DR AR X 3%
o — T 4 S DR AR G ek )/ B A 3 PR 3R 3k i
100%.

F1 KARFTASIH

Table 1 Primers used in this study

5|4 Primer 5191541 (5'-3") Primer sequence (5'-3") FH& Purpose
VmCarEs-6-F ACCTTGGTTAGGAGTATGG SENZOLE H PCR
VinCarEs-6-R TTTCTGGAAGTTTTGGCGT Real-time quantitative fluorescence PCR

dsVmCarEs-6-F

dsVmCarEs-6-R

p-actin-F ACTCCGGTGATGGTGTCTCT

f-actin-R GTCGGTCAAGTCACGACCA

dsGFP-F TAATACGACTCACTATAGGAAACGGCCACAAGTTC
dsGFP-R TAATACGACTCACTATAGGCGTGCTGCTTCATGTG

TAATACGACTCACTATAGGAAGGTTCACGGGGTCTTTCC
TAATACGACTCACTATAGGAATCGAAGCCCCGGTAAACG

dsVmCarEs-65 %,
dsVmCarEs-6 synthesis

WS

Reference gene

dsGFP &,
dsGFP synthesis

THRIZ AHB)F. Underlined sequences are the promoters.

1.2.4 KB FIJG 2 H 2+ Y 75 s 2F 4 A gl 2

1218 1.2.3 )7 1: 3145 SPe+dsVimCarEs-6 L, K
H 5 5 LC,, . LC,,  LC,, 1o 285 52 TR 44 ik 25 IR
B AR A JE Wit 2 JC M ME R IR SR, 7k TR 1.2.3 5[]
A3 5 LA LC,, \LC,, \LC,, i 2 IR A BE 25
R} B RS b PR AR VR B A3 90 Sk, FE A 3 IR, b
MG TR MR, 20 T3 12 .24 36 F148 h 5
MBS BR R A FE T AF 0L, THRBET R, D[R]
1.2.1,
1.3 BB

% JHl Excel 2019 H1 SPSS 26.0 4% F % i 5 5 ¥
HEAT A AT A B, 1o 280 SR R T B T A ) v Ak 38 i
HIBET R AN VimCarEs-6 5 PRAH T 63k 507
Duncan [CH & M 22 k00 722 7 B & PR R 5%, T4 AT

Ja iR BT R AR VmCarEs-6 5 KA N 2615 5
YR eI T 22 59 W B R

2 ERESH

21 BHEESHENEEHTNENEN

[Fi] — &b ST R] , i o 20 S TR 48 R A 1 34
T, T 7 BRI P BTSSR A 5 5 Bt oAb P i)
FRIBE I, 1o 255 G T U B T o T T B B SO E R A
MR (F2), 10.00.6.67.5.00,4.00 F13.33 mg/L
W S A AU G ERAL PR 48 h )5, B TR B A9 6T
BB, 4y B R 78.89. 65.56. 47.78 . 24.45 Fil
18.89, ¥4 X} HE 5 E 19 (P<0.05, %6 2) . &5,
o 2 SRR A T X R BRI Y LT, (LC, A LC,, 5
142.55.5.62 F17.76 mg/L.
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Table 2 Mortalities of spotted alfalfa aphids after different treatment times with high-efficiency lambda-cyhalothrin %
e & Concentration/(mg/L) 12h 24 h 36h 48 h

XFHE CK L11£L11 ¢ 3.33£1.93d 4.44+1.11e 5.56x1.11 ¢

10.00 26.67+5.09 a 45.56+5.88 a 68.89+1.11 a 78.89+0.98 a

6.67 20.00+1.92 ab 43.33+£8.39a 55.55+4.01 b 65.56+4.44 b

5.00 16.67+3.85 b 34.44+2.94 ab 41.11+4.85¢ 47.784+2.94 ¢

4.00 3.44+1.83 ¢ 18.89+5.88 be 22.22+4.01d 24.45+4.01d

333 5.56+2.94 ¢ 10.00+3.85 ¢ 12.22+2.94 de 18.89+7.23 d

T BAE T B e 22 . RIS [F/INE B 387K 28 Duncan [GHT 8 A 28 16K 50 22 5 8 35 (P<0.05) . Data are mean+

SD. Different lowercase letters in the same column indicate significant difference by Duncan’s new multiple range test (P<0.05).

2.2 VmCarEs-65 EX1 5 % S & % Be B B M Kz

LC,, . LC;, MILC,, = 8 IR A A M A L 48 h
EE LAY VinCarEs-6 FE R A ik 3 3%
1 X R (P<0.05) , R EOLHR o LC, I, 7 B
BHAN VmCarEs-6 FE N P AHXTZRIA HE 5, o4 5.66 18
(E1) , F B 15 BRI VimCarEs-6 55 [F GE M [

ARV BOIEHe B v A RS R b

AN RIL R
Relative expression level
N
(e]

SRR CK LC LC LC

10 50 70

AbEE Treatment
1 BHESREAHEMILIRELC, LC,FLC, AEF
BIEW AR VinCarEs-6 EEMEIT RIEE
Fig. 1 Relative expression levels of VmCarEs-6 gene in the
spotted alfalfa aphid after treatment with different lethal con-
centrations of lambda-cyhalothrin (LC,,, LC,;and LC,)
R B AR bR 22 . ARVNG FRERIR 28
Duncan [ &t 22 B: 8 56 22 & I 3 (P<0.05) . Data are
mean+SD. Different lowercase letters indicate significant dif-

ference by Duncan’s new multiple range test (P<0.05).

2.3 VmCarEs-6EE TR R BERTHFEER

Bt 2 Ak BN A] B934 00, VmCarEs-6 DR i T4
ORI % . dsVmCarEs-6 Kb 24 h F136 h ), B
T8 BERFAAR N VinCarEs-6 3 R BRI gk 3] i 2]
i 2 FE AR (P<0.05) , T 2% 43 i 2 51.57% Fl
59.63%; dsVmCarEs-6 Kb 3 48 h J7 , B 15 BEUF 1A N
VimCarEs-6 F& R AR 26 38 500 BRZH A i 25 A1
(P<0.001), THACE T 73.30% (& 2) , F % FE A

TIAH . dsVmCarEs-6 4L 6.12.24 .36 148 h
Ja ., H A BEBF B AF T R 5 5 92.22% ., 88.89%
86.67% .83.33% F178.89% , ¥4 55 %} HA TG . 2 2% 5+ (K]
3), BRI R T HERCR TR M

2.0 [ SPc+dsGPF (CK)
W SPc+dsVmCarEs-6

1.5

1.0 4
%
%
0.5 kK
0.0 T T T T
6 12 24 36 48

KLPEHT E] Processing time/h

2 VmCarEs-6 EE TG EEPTE R VimCarEs-6
HEEWHEXNRIEZE

Fig. 2 Relative expression levels of VmCarEs-6 gene in spot-

X RILE
Relative expression level

ted alfalfa aphids after VmCarEs-6 gene transformation

R R R bR RS o+, e KR R [) 2 A Ak
P28 ¢ K00 1 G 30 22 5 8.3 (P<0.05 5 P<0.001) . Data are
mean+SD. * or *** indicates significant difference between

two treatments at the same time by ¢ test (P<0.05 or P<0.001).

24 ERTFHREENEASFHENEERTENEN

SPc+dsVmCarEs-6 A BH 48 h Ji , 2 R A U524
B A BE LC,, LC,, Fl LC,, % T 7 B I 1) 75 F7 8%
X BRI 25 1A T (P<0.05) , B 18 BERF A A0 T2 51
27.78% .66.67% F171.119% (1K 4) , F21H SPc 4 KA1k
VE R #ARGERS dsVmCarEs-6 5 A\ 5 & 18 BEF AR N,
A HFIT VmCarEs-6 (1T, i i 35 52 5 2 R U
BGTEXT 18 BN B

3 iTig

CarE 2 B AN T SR Z I REK R, 2 5 R
B A2 A AR B VR, A B TR 25
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X B HL P AR Y A 5 0 i) A0 3 /R (Wang et all.,
2020) , H 5 41 i1 (7,28 P450(cytochroe P450,CYP)fi#
BB e H IR-S- B Wi AL pk o B iy = K i 5
il 25 (Bt R B3 45, 2024) , i 2R 55 AHSCHE DI LR AR ST
BTyt ) O . A SR WoR, HE B
gk CarE 5 PRI AT X0 1o %0058 F 5046 T 2 72 A AR e
N, Bk & B BJF . Yang (2016) W50 45 S
TN, 5 1 BGR R R A T Ak P SR ZE M Cydlia po-
monella R P R FR IR B 3L [N CpCE-1 373k 2 3%
L, A SR 8. (HIRRE(2017) 5T 4,
IR, AN T v B 045 T Ak B A R ARG 4 Tl
Panonychus citriV& 1} 6 4~ CarE 2[R 1Y #2355 B [H]
FIFARRCR, o 3B Rk E B E LI, 54
o g A 257 . B (2019) W58 45 5 B, AIK5H)
10 U E R BR AL BRET , BV Tetranychus cinnabari-
nus YU R AR CarE JE R 55 & 0 35 5 AR 25
B &

—1SPc+dsGFP wmm SPc+dsVmCarEs-6
100+ ns

o ns ns
IS ns ns
o

2 804

E 601

Z

A 401

¥

8T 20

&

0
6 12 ' 24 ' 36 ' &

KbFEEY 8] Processing time/h
B3 Fk VmCarEs-6 EE BB NFEEER

Fig. 3 Survival rates of spotted alfalfa aphids after interference
with VmCarEs-6 gene

FEPEE J T EREARIEZS o ns IR W] IR ] 2 b PR 22

[B] 25 ¢ K B 72 A6 06 22 57 AN 2. 3% . Data are mean+SD. ns indi-

cates no significant difference between two treatments at the

same time by ¢ test.

MBI EOEA A RN, R R EN Sk
A A BERN A AL T T 28 Ak, 33 pR A2 R R 5 1
(N BFERN S T BOE R HT 25 PR A YRR
Ty 2R N, TRAE(2023) BFSE A5 R o, /)
KM Plutella xylostella 2 filt BV BAE ) 7 35 A5
HARANRZA> CYPIEFIFA i, AR CYP K
WIS e, /N SRON 25 750 7 A B s W A2 (2012) Al
RFEEF (2021) F BB A AR H R 5R
Fi48 . Helicoverpa armigera FINE I £ K& Ostrinia
Surnacalis R i iR JE A IS HUR IR ; 4
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Fig. 4 Mortalities of spotted alfalfa aphids after 48 h of treat-
ment with different lethal concentrations of lambda-cyhalothrin
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