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[HM] S HEE (Apolygus lucorum) I IE Bt M M 5 W IRE AL b TRy 32 ZE AL (1 —Fh £
v, REXTRRIE . WA ARG 2 MRIEYNE RCE K fE T . H TR A4 5 G 1 2
AR IR AR, T T AR A 272 B ¥ i SR (R A g 3 R AN PR SR, FE1 2 b IX 4 B i b
FRUFNC AR FRERE BT, e A SR B AR ARSI . AR U A AT R
Bk (Hexaflumuron) X 4% 5 i (110 SO0 R0S K B L BARAE L, FEH10 20 D9 88 IR 4 1 i ik DR 2k
IEIREI, RS IRTE S B R 7R Hh S B3 8 R 2
(0735w il N TARRHR 2GR T T UL IR AT 4 B i3 BRI s ) 22 93 0, ARG AR =
PEE S E FIAS B R BAEIR . (LCio~ LCaos LCso) X 4R I AT W ESE RN I 78« A A T
W42 S FUER TR I BRI B ) 3 B e A K R RN B TR R S A HEAT SR IR S B i 1 H e s e e
IR, T AR IR N 4 e B A RS P A DGR TR
[45R] RRBENFEHRENT N E

SRR I X G B A s B ), TSk W s UM BT R IR R SRR IR R I S . A
PRI SR E I 1 845 HL LCiov LCa0~ LCso 1 LCoo {H43 %14 0.013 mg/L. 0.116 mg/L. 0.311 mg/L
H10.609 mg/L; 3 4 HL LCio~ LCa0+ LCso Al LCoo {EH 4371 0.018+ 0.127. 0.337 mg/L 1 0.655 mg/L;
1 H#& i H LCo~ LCa0~ LCso AT LCoo {43724 0.089 mg/L+ 4.587 mg/L+ 13.193 mg/L 1 26.902 mg/L.

T BFEIR B AR RN AN [F] S 5% 5 5 iR

SR IR EPEAL PR 47 i 3 W RN, R I LCiow LCoo A S50 IR ELAE R R A . P B0 R
RGP 2T R M . LCso AbFREEE M 3 W HUGT PIKJ5 Al e 5 6t BE AL AH LU Rl e 5 e s e, O
AR ITCR N, MR PRI R R R R, SR L P T 24.39%. 7R UL IR T SBOEAL HE A i
1 HES BRI, &I LCiov LCao 1 LCso 5% FRALAH LU BH Bys /D e % iy, ARIRAAHL T 15.26 %
56.24 %. 50.69 %: LCso 40P 55xf HEZHAH LL W g D I e 75, 92D 1 35.38%. LCaon LCso AbFE
E5o0f AL AR BL S 25 DRI 5 s B e 7 O, ARURPRAIS T 90.28% 87.11%; LCso ALEH 550 HRALAH LL R
AL TR 2 A, PRI T 70.28%. 25 FRTIA, LCso AbFREEH I 1 HES LU KR B K B WK,
FLURAE LCoo AbHE, 17 LCo A FETEBH B 5410

WHFCH ERR IR R B RAS

i3E RNA-seq 23 HT 1 AR S HEMR P L R AL PR T 05 1 1 464 WM ol 4% I i) BB Py B 7 2 o
Ak, Hrp T SAEIRE R IR (LCiow LCao M LCsp) ALHHSFEIEIG S 0 h RS Gk N 2 7Rk
RREERZE, BN EKS 48 h F1%E 96 h ZRE I 1A N 72 7 Rk FHUE A Wb . Hidr, LCiwo 4t
B EIBAN 2R RIEFE RN ED, LCso MFIEE . LCy A FLE LCso LALLM M B R GO BHa
HKEGG 38 6 73 41 H &0 2 I HH A AR AL o IR AFZ IR RS AR, R CTSB. CTSL S5 AH G HE A
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Abstract

[Objective] Apolygus lucorum has escalated from a secondary to a major pest in China following the
widespread adoption of Bt cotton, inflicting substantial damage on crops including cotton, grape, jujube, and
tea. Chemical control remains the primary management strategy; however, sustained reliance on this
approach is unsustainable. Resistance to various insecticides has been reported in numerous regions,
underscoring the critical need to screen and deploy novel insecticides. This study elucidated the sublethal
effects of Hexaflumuron on A. lucorum and preliminarily analyzed its impact on gene expression, providing
a scientific basis for its use in the control of this pest.
[Methods] The toxicity of hexaflumuron to nymphs and adults of 4. lucorum was first determined via indoor
bioassays using an artificial diet incorporation method. Sublethal concentrations (LCio, LC20, LCs0) derived
from these bioassays were then used to evaluate sublethal effects. Life table parameters were used to assess
the impacts of these concentrations on growth, development, and reproduction. Furthermore, transcriptome
analysis of 1-day-old female adults was conducted to identify genes associated with the response to
hexaflumuron.
[Results] Toxicity of Hexaflumuron to A. lucorum

Hexaflumuron exhibited high toxicity against Apolygus lucorum nymphs, whereas adults demonstrated
comparatively weaker susceptibility. The LCio, LCz20, LCs0, and LCoo values for 1st-instar nymphs were 0.013
mg/L, 0.116 mg/L, 0.311 mg/L, and 0.609 mg/L, respectively. Corresponding values for 3rd-instar nymphs
were 0.018 mg/L, 0.127 mg/L, 0.337 mg/L, and 0.655 mg/L. For 1-day-old adults, the LCio, LC20, LCs0, and
LCoo values were 0.089 mg/L, 4.587 mg/L, 13.193 mg/L, and 26.902 mg/L, respectively.
Sublethal Effects of Hexaflumuron on Different Developmental Stages of A. lucorum

When 3rd-instar nymphs were treated with sublethal concentrations of hexaflumuron, no significant
differences in adult longevity, fecundity, or egg hatch rate were observed in the LCio and LCazo treatment
groups compared to the control. The LCso treatment did not affect the longevity or egg hatch rate of the
resulting adults, but it significantly reduced the fecundity of female adults by 24.39% compared to the control.

In 1-day-old adults treated with sublethal hexaflumuron, the LCio, LC2, and LCso treatments
significantly reduced female adult longevity by 15.26%, 56.24%, and 50.69%, respectively, compared to the
control. The LCso treatment also significantly reduced male adult longevity by 35.38%. Furthermore, the
LC2 and LCso treatments significantly decreased fecundity per female by 90.28% and 87.11%, respectively.
The LCso treatment also led to a significant reduction in egg hatch rate by 70.28%. In summary, the LCso
treatment had the most substantial impact on the development and reproduction of 1-day-old adults, followed

by the LC»o treatment, while the LCio treatment showed no significant effects.



Transcriptome Analysis of A. lucorum under Sublethal Hexaflumuron

RNA-seq analysis of 1-day-old female adults treated with different sublethal concentrations (LCio, LCoo,
LCso) of hexaflumuron across various time points revealed that the number of differentially expressed genes
(DEGs) was highest at 0 hours post-treatment and progressively decreased at 48 and 96 hours. The LCio
treatment resulted in the fewest DEGs, while the LCso treatment produced the most. GO enrichment and
KEGG pathway analyses showed high similarity between the LCz0 and LCso treatments at corresponding time
points. Further investigation identified upregulation of genes such as CTSB and CTSL, alongside the
downregulation of genes associated with apolipoproteins and storage proteins.

[ Conclusion]

Hexaflumuron exhibited high toxicity against 1st and 3rd-instar nymphs of A. lucorum but lower
toxicity against adults. Treatment of nymphs with LCso hexaflumuron reduced the fecundity of the subsequent
generation. Treatment of 1-day-old adults with LCz and LCso significantly shortened the longevity of both
females and males and reduced fecundity per female and egg hatch rate. Furthermore, hexaflumuron
treatment suppressed the expression of genes related to apolipoproteins and storage proteins in 1-day-old

female adults.

Key words: Apolygus lucorum; Hexaflumuron; growth and development; reproduction; transcriptome
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%18 XHRk BAFRFHMEFMIRX

315 LRk

HiE R RT3 H Heteroptera 55 £} Miridae, 2t HELME Rz —, 4FR
i 11000 Ff, T EEA 1000 £ 5 (Wu, etal,, 2007; Lu,etal,, 2010). E4MRiEF:
BERENBBMEEWEEW Lygus lineolaris< S H W Lygus hesperus FERi%E
Creontiades dilutus 57 A U Z P2 FA/EY) (Naranjo, et al., 2008; Snodgrass a MELIE
nd Scott, 2000; Wilson, etal., 2015). HFl, FEE KN HA X HRiE GG EE R AE,
HHH %5 W Apolygus lucorum — 5B W Adelphocoris fasciaticollis « ' 2 5 I
Adelphocoris suturalis- E 15 5 W Adelphocoris lineolatus TV EE W Lygus pratensis 1X J1,
FRE . SEKBFESMAERERKIT. SRk, GEME. ERFAERNEED .
R E R KU R, = RUE W DO A AR, B B A R T
TN P L3 X A A, MO R R AR ALHIX (ER9E5E, 2015, FliZEHE
&, 20100, fE LR, FEEMESMIEEE, RElE Bt ARAEAE IR FE AU R
WA LK, FFRBES AR S, BiFgCs EIVRBFEEFERZ —, A EG
ML (Lu,etal, 20100, A (BE5R575%, 2019). 3ERM (FRESE, 2022) FEY).
H AT PR s B i = A R AL AR 2y, b2 il /e 35 NRAE AR R, &
e AR 2P R AT AN RO B UM RO AN R SO 1)1 2 e CRrE RS, 2008,
RALIAEE, 2009). Ft, Gk mAqREEHIAR Ly, —ERE R FEPa S 7T R O .
TP RIE TR IR SE R B, A S AR ER AR AL, EBERE L 9 H F ia T B
)iz CREREE, 2009), Ay AT FUIE R IR AT HI~F8 B H 283 BTG (Tan, etal.,
2014), B H Al 4% B i AR KR B SO SRR R R AN AR Fiik bL ik = o BRI, BT
FUARBH NN R, RGT R SR IR ARSI 2f B s UL U AE KRB
PRSI E T TR, JF it 22 e R B DR e My BAR S e, R B IR AT AT ia 4 E
SR AR AR R

1.1 FEBAEDZSEM AR BGiaHEEA

1.1.1 FEBEASYSE

KB BRNAE LA, HRMRR =R, Pt T ARG R
HAGRRAE: K2 Imm idy, 849 026 mm Zity, FEWIFRIE, —RA SR OP
NAM, HERFN, KA OB E, WaEl, WiRaRE. REEHS

1



%18 XHRk BAFRFHMEFMIRX

W ORI AR e N EHR N, REHAAIPET S, —RAIRIGEMRER] 7 Rt
B 5NN, —BRAEKZAE 1mm £ 3.5mm, E5%EZAAE 0.5mm £ 2mm, FEEE R
B, A BR S SE HIR I RO IR SR SR 0, | e I IR IR R D, 2~4 B3l
JUTF2UEkE, AR 5 WAy HEIIRER (. 2t fi A B8 B K B K A8 R 204
AR 2R, 8 R =AM, LRSS E . HREHE: AKAE 5-5.5mm, %E 2.5
mm fify, B S gk, SIRBEHRE, LRI, BT, Rimnl s 2] R b
8, T LR (R, 2018).

1.1.2 ZE%EEIMN

SEHETFEE, BWH, BrER, FEEWEZIE 54 B 288 I (ERIEE,
2015) . fERRb X, FLAR I ISR B W 4 4% 220 F 2 Ay A 32 BN HR IR Descurainia
Sophia~ # 5. Humulus scandens~ A6 E 18 Medicago sativa (Lu,etal., 2012), & FF
BUNERT Vigna radiata. B Ricinus communis. KAILE Impatiens balsamina F1a) H %
Helianthus annuus 55 (Pan, etal., 2015). {EH5RF w75 IX 55T F N HE Glyeyrrhiza
uralensis~ 2 Chenopodium album~ WX Brassica napus %, B ZE7F X FENHEE
AW Melilotus albus. FALE-ARME Melilotus officinalis« HH.2% (EYLES, 2024).

SREMSEA R X B R A 22 5. TS (2024) 703 5ERT e 75 HU X 5 I
Y EX R B AT R S I, R 1 ek BT 5 A fi~6 A Ragdik 4,
B 2 ARECRAE 6 A Bf~7 H BRI AR &% SRS R E S, 3 ~4 RE 7
H A~ A EENEMIESEEY, 5 ARBEZ 9 A Baj~10 Ad et =lglE, A
L EE 3~5 AV EES ., MEILHX KRN, SRRHUZEHE -FRE 44 1
R&AET 4 AHaREm B, 84T 9 H BRI RHUT R B SE7 EEY), DM
R 3HESE, 20210,

SR E G AE H G R TS S T I on PAE A 6 2, 78 R 2R . DX 38 ek W42 3 A AN [F]
FE, RIGEE A BAAE—RH 4: 00~22: 00 B8] B F-100 70N 78 b 21 ey e 3,
TPAFE 6: 00~8: 00 A120: 00~22: 00, B 21 L V& FEADS TP 2, A
B A I CHBRSE, 2024).

SEET CRE IR, 10 NS E G VITRE R, H RATIR S i ik 40 km. i
LA R G A EAEY AR AT AR IR, I E A EAEYDE 1E I O )
2t (Pan,etal., 2013). BAMERESE (2012) 7R HOULSE 4TS 6 B UG SR, A
FERBAETHES 200m 54 21 i i R B dpe ey, HLE ) 8 v T



%18 XHRk BAFRFHMEFMIRX

1.1.3 ZEHNEENE

KRER MG H G H IR s FRIEE EA A 30 4, kG 50 FFARER . K
TLABOR AR A (G, 2008) . MRE G- MR, SEIEE 2RI R AR .
90 EACBESE Bt AL FHAE, AR % bR T I T b, A 2 E A
B K B 9, AR RN A% O SHET (0) EE  UE iag PR 2R SR BT, IR T BRI
Z5Fk (Wu, etal., 2002;Lu,etal., 2010). SEEIERITE KAE 50, [hSrr 4 X T
BRI . B EESEN (2014) B IRAEHR AR &5 M BRI 7R 5N
FHAAE . & SEZAARANEY) . B8 S RSB b I3 X R ISR 5 i T AR AE A AU S 2 T
ey (ZEilgag5s, 20200,

Zx 5 I R S SR A AR 2R, (RIS 2 MAREE VR . S e e T A AR PR
FER Y, AREAE TR 2 i 4 i — B R “ Bk, IBE R ARG, 2 HR I R 1R 2 Vi)
TER “HEJ7 . fERRAEEE R AR, AFLR FEUERIEAE . RGNS, 2= & R
R GRXBHSE, 20220, TEAM . A% S R b, S AR K i, s ot S HE A BB /)N
o SRJETE AN 2, S B0 AR D AR R R B A A 2, 2 E A
EIFIFACE B E R (AHRAS, 2020). SGEIBGE RN BT SEZERL 2d
AT, 3~4 d ZHFEHAY KRB HE OB, RERLED, BEEHM
W%, FEERZ RS EA SR GBS, 2021),

1.1.4 FEHERNIa1EH

WWHERER (MELER) THTIERRERER, o E R, K NEGR T i
AN T EeH% &bl 3 1 1 FCH B & 350 B iR B ORI (SRS, 2017).
T HFE THEE (Dimethyl disulfide, DMDS) 252857507 5 B J)GEE(E A ; DMDS P [ 5%
WG 6 KN, A Rl R B R BRIK (Pan, etal., 2013). FIFKE S E IE(E B &6
RS T CE AR A, R BT R R T 33.18%:; AR HCF I R E T 29.17%,
FSCAAE TR T 7 ThT G SR GAT B =Gl ik T 58 BRAR ) TR O84S, 2014).

HRE 28 5 ™ O B8 8 > 1 B R T 997 5 H AR A I R BRI RO A i o 2
B IEA KON AR E RS AT R A B I 0E, B RGBT AR A JJE R B, JF
SO A THE B A SR i T R A H O (DR 1ESE, 2022). SEIENZ EMEER, I
AN EE . HZE SRS, N 2 R AR SR, SeE AR E
g, Y SRE AR E RIS X (ZERHREE, 2015). 787 Km0 DA )& 1
] FEACH I G HEFEE (Mueller, etal., 2005).

B 19 B RO PR ANEIE S o 1 B AR MR TR LS % A Peristenus spretus
VE NGB F R, R HAE R B R F ARy 102.0 3k, I ORI L 1]

3



%18 XHRk BAFRFHMEFMIRX

I (W, 2012; ZUROHESE, 2012). N THRFRMLI0E = Hg Ll 5-7d BIRIBRELT
2-3 WG SRR, % 1: 100 (P ARG IH 5 B G 2R LB n R 2] 80% i 1 i 7 Ak % (%
WS, 20160 o B BUERBEEFRE S T FE. 10 ik RREE 22 Fhoi B A0 22 257700
LHUE A AURER, REBULEAERIEAC 77.2% GRS, 2021). i H & U
VAR5 — PR BT vE T B R RS R R B AR JE 7. BEEE AT AR
S JiR BB B ) R, RN R R L, (ERTA &M U RIFRR
B (ZEB8%, 2015) BB RN 28°CL 1.0 X 108 AN T-/ml V< I 5o 43 5 W ) B0 5E
ROR B AL, Bisisoss (ZR8mss, 2022),

2= 6 H RT3 2% 5 i (R PR AR I S . BT . TR A LEE
KRAZEBIIA S8 I I F RN R, BB IBI (EXRE S, 2022). JiH R R
FIABEE H, R5E SR BH B INIE AL G, 0B ZR4 5 4 U LR =i,
SEI R B b B BTG 7 7E (Snodgrass and Scott, 20000, K IR —fF AL Z 0% R
AR A PO = AR pu 2, HILE BRI S . RAFIZEMEH . RAHEE KA
R HAR A /ANARZ, RERCIRZEDUZ MR, DR m E RPIaReE GRTYr4EE,
2007).

B B — O B S ol IE B 25 32, BRI R, R REE dO AN A B B
A AT N BEEH RLT IR F IS ) U 0 ) R BRI . GIRR AR 2,
2018) . I 7E AL el J{ B AN [F] B (Rl RSOR WL e i Al i, FLrb s b s (Rl HObOss
ERMREBHER S, HOZEEREN, mRER R RZE (FESE, 2019, 124
HE, SE BTG R AN E TR, S i R A T A e A RS R (F
AN AE S, 2014) o 7ERR FH A 28 5 i) 4t Rk SR [T R 0 H i 2 a1 (2 8 & 46, 2012).

1.2 E$LBRAVA S

B A KIAF 7 (Insect growth regulators, IGRs) T EEd T R B IEHAEK KB
STERG = 7 e (A S Ry =y P - N | E S = TBvivk = L INID A B2 B e A NN O S R =K 7
SO/ NTERE R FFA T RS R A K o AR B8 HAE F 07 X R AL 22 4540 70 ARSI ER
JUT B3 A il 7R A8 Je B2 A AE o AR LT 5T & sl 70 0 2 FR I B R S 1% 7]
(Benzoylphenolureas, BPUs) #2i§ & B 1972 4 22 B TAE# VanDuphar 75 &5 4 5
BT B AR R R I — AP 5T Dul9111 JH4R, 24 B o bR i it B A LT B A4
B BN IR (G R2REE, 2015) . 1115 Fili 28 HH 32K FP It R S 1% a7 F 3 B v kel
H. 558 H 00 B A H S E W, BT A AR R, IR 3 5 B HUIR
FIENR . BERIRTE



%18 XHRk BAFRFHMEFMIRX

1.2.1 |8 HRITHE HBV1EH

BB EEERTTANER, A 2 MCRER, A RESTRE AR I T F
IR A R ER . 76 5 ppm F1 25 ppm WRE T, AR IR 35 40 58 0 EF
i % Anthonomus grandis TE4ZEFAKZENT ) 7= DN A4 AL, FFaf e Hae A 20
il SR P S AR RO % % (Lopez, et al., 2009). 38 ¥ M2 52 HUR IR AT /)N 2
Plutella xylostellal 51« 3 %)) AT LK) LCso {673 714 37.32 mg/L+ 1.48 mg/L 11 348.38
mg/L , & LU0 AN &l doA B B B 0 m o T o BB E ) A 2 AR E AR
(MAHMOUNDVAND, et al., 2010), Z&SE® I Helicoverpa zea "B 1RA 5.0 mg A K
FIREREA RS, MEVERL R ESE 2.5 d BRIRAL 3R W8 B AIK,  TTZEAE [ 2610 T MR 23 eV
S HEVE I AL I ANF, RIIRERI R UIE M (Khorshidi, et al., 2019).

S IR BV 2 B R IR I AN AR, (HR S B, @ AR ik
R IRV IRAE A B 32 52 L Aubeonymus amriaefranciscae WAEFE 248+ L2 A EHSE 5
AR 2, I+ HSEIMAG KB 2B AL 3 % (Perez-Farinos, etal., 1998).
B R IE T MR NR A5 3R AP Aedes aegypti WEVERIHEYEAH LT3 F & it Ak
R IZFER TR T 78~80% (Vasuki, 1997). fEHEMR 316 ppm ALFER, HirhiEkiE
Ephestia kuehniella (WY EFEIIRET S350 5 FIE T 97.88%F 100%, e A i HApHt
¥i%= (Ashouri, etal., 2014).

1.2.2 @S IREIER AL HIA R

JUT i (Chitin) XFRZ NHFEER. 5o b, W, | Z2AETARA 2, fEKE
. BHRAH SR A R (Andersen, et al., 1995). JL T FiiXRLHEE B H
KREFEBREEN, MMUEREIMTEFERS, RSB EESR S, 4
B i fe W s ) 40% 4 4 (Kramer, etal., 1995). JU T & RGBS T R R4 K
REAELZAEN, Koy — i) 3 R B (BKSCREE, 2011). Candy 1 Kilby
B RGEH B LT FAEDA GG Tl & b T IUT B, JF T2 50T RA I
F§HA 8 4~ (Candy and Kilby, 1962). H AIHTFF i 2 & W SR AT LT o & R, 1X
PIEE 43 A7 5T LT A BOS AR TR FIZE SR, B8 2 o0 AT R4 I #06] JL T 5
A RBOR B ERER . GG AN EE R VAT (Tre-1) UL
AR EE (Tre-2); RHJLT BE BRI EE 2 A JE (CHSA) A1 B Z:[A
(CHSB) . 1X i 1) S5 S DR o I 482 B2 R LT Jo 4 RS o) 70 Atk 5 b o i oo g L
R 5

RAJUT B RAAE T . B ARc iz s B & i . LT iR
VR B fife b o B A Bl BRI LT BOAIVE AR D REAE T CREERIR, 2004) . I R AES) bl
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%18 XHRk BAFRFHMEFMIRX

Bz Ay BAL B AN P il B LA BT R R 0, I TR R R e A IR AR E A
EHJLT BA B Am s R R g g i fofE e (EREAERE, 2011, KEHSFEAN
(2022) RILAT I R [ VAT RSO S U 3, wT 4] SICht A1 SICHS-A ()
Tk, FERSORIEE KK E 32 b @ s N (2014 IR SbE  LmCHS2 1) dsRNA
TE S U S — R ) s rh I RS R R B R gD I O RSCHUAE T R AE 78%-85%,
IRl R T B B KR

WFIERER R Y IR, 2 B Rk L i — M BRI BT, A7 AE T4l e df ARl R
frEe (Wyatt, 1967). HFEEREANCN B R4 s shie th F Zae &1 H B Ry B il
RII1EH] (Tang, etal., 2008; Mihaela and Ryozo, 2008). i i B2 I 56 0 1) S B 5 1
g, WIS R R R LT B A G (Yang, etal., 2017). AR RI B
Bizs (DHD A 3G R0 ON B 00 v& 1, Jd e Mtk S RS N, S S ON BEZ0 i ob )
R FE R /5y, FF HIEE SR 98 08 & PCR 048 K I DH AT 3 5 35 v 14 1) 3 22 S A
RS IKT I ¥ Treh-2 25 4 (Kamei, etal., 2011). JEIEEH T4 A B E Y ZK-
[-21. ZK-1-23 ALY ZK-P1-4 T %K Spodoptera frugiperda 3 % 4)) B4
N, VESS ZK-1-21 F1 ZK-PI-4 J5 5t 073 i i 45 & B e e PE I B 25 R 1%, R R
IESHE S W% HARIE ) UK B A R IS, BRI 3 M| 55 T B ] v P g b
R BB 455 Y g PR M B R DR I 308, 5 B b B 0 B A A SR L g Al R ) LT
JRG P, IR O R N e R B BRI OL (ERESE, 2022).

A MRAE N LT o3 Bl 70 e A AL ) 2 30 0 o) B2 st je B B LT ot 5 1 il
RO, 33N R e B AR, A B et fe 32 BRI AE T (REESCEE, 2002). fEESL,
WEFEN LB IRRGE T K4 Uk PH6038 T4 KMy ik Pieris brassicae 5% 1T R IE R
JIAR (Kamminga, et al., 2012). Post Fl Vincent {# F H WK1 P brassicae .6 %) HUIE
], UDP-N-ZMtHiH[% (UDP-NAGA) [A)JLT BHI#E ANAEAR A 1 B S AM ] (Post and
Vincent, 1973). FEJSUER T Dul9111 GEMSHNHEI KM Pieris brassicae 32 572 JL T JR 1
AW R, ABRIIH R B B I A (Post, etal., 1974). 7E[E N, @it 120 A1 240 mg/L
A IRAE PR RS L 3 W ) U SO LT B s & RS, JH A ILAE 60 mg/L AR IRAL2E 72
h JE1EOU T LT o B 3 in (S5, 2014). AR IR IR 2 KT R
Cyrtotrachelus buqueti B VKREEEE GST+ AchE WG RININHITEH , X CarE &S
YEH: WE AR B POD RI ilifEH, fEMRREZR Bk SOD I NHIHIEH (B
EHEE, 2019,

AW FC I S B A R S5 N KWk Periplaneta americana PRBEUEBPH #7181 N-24
eI R I B A PR IR . B E = (P ) = abiie CES IR & E ) D
1 8-JR-cAMP SE 4, HAZZLHER D It (Nakagawa, et al., 1993). 7L 5t
FtH" Nakagawa 11 Matsumura {3 F i 40 1) 5 B AR BE G &R, A FEARH i N e
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