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# E [BM)] % K& Nilaparvata lugens Z/KFEEZLE B, SRR A =3 0™ ERER . AR SCETE
Witk R NIAKT B CEURE R A . [ 73] BT CEUE N4 545 NIAKT 194K IF i
& S2HE ( Open reading frame, ORF ) J¥Z 33l i 31408 NIAKT B8 )75 A RT-gPCR H AR 407 H:
Wfas Feaktis, fFilid RNA T4 ( RNA interference, RNAi ) WIJ51, 4387 NIAKT % NIVg Fl NIVgR %t
IR RFEmT, BF98 NIAKT b CECE . DELA & MO MR Em. [4&R] 50 N4KT
HIZE 59 & I NIAKT BA Akt 35 FROERE A 2 MESF45 8% 43510 PH_PKB.STKc PKB ). RT-qgPCR
2E R NIAKT £ E B Ba ik, 7eup S 20 pl I & 3k, Xt NIAKT #47 RNAi J&5 , NIAKT
HIZEIBFR T 88% (P<0.05) ; ULEK NIAKT J5Hs CELAY % 58 i SR A PE R T A3 BRI T 51.6%F1 146.0%
(P<0.05) , WEFLEEIEINT 56.4% (P<0.05) , XESRAR 55T A LU B 225 AMIUER NI4KT )5
NiVg Fl NIVgR HER 57K EAr IFRAR T 41.4%F1 59.3% ( P<0.05) , (O A FIER , TNE N NS F/N
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The role of NIAKT in regulating the adaptation of
the brown planthopper to resistant rice
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Abstract [Aim] To clarify the role of the NIAKT gene in the feeding and reproduction of the brown planthopper (BPH),
Nilaparvata lugens, an important insect pest of rice. [Methods] The full-length open reading frame (ORF) sequence of
NIAKT was obtained based on the BPH genome, and its protein sequence was analyzed using bioinformatics software.
RT-qPCR technology was used to investigate its spatiotemporal expression pattern. Finally, RNA interference (RNAi)
methodology was used to determine the effect of NIAKT on the expression of the N/Vg and NIVgR genes, along with its effects
on feeding, ovarian development, and lipid droplet accumulation in the ovaries. [Results] The N/AKT protein sequence
contains characteristic Akt protein domains, including two conserved domains (PH_PKB and STKc_PKB). RT-qPCR results
indicate that NIAKT is expressed in all tissues and developmental stages, with higher expression in ovarian tissues and during
the adult stage. RNAI significantly reduced NIAKT expression by 88% (P < 0.05). Silencing NIAKT led to a 51.6% decrease in
honeydew excretion, a 146% reduction in acquired body weight (P < 0.05), and a 56.4% increase in the number of feeding

pores (P < 0.05). All the above parameters were significantly different from those of the control group. Furthermore,
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knockdown of NIAKT reduced the expression of the N/Vg and NIVgR genes by 41.4% and 59.3%, respectively (P < 0.05),

resulting in delayed ovarian development and abnormal size and distribution of lipid droplets within the ovaries. [Conclusion]

NIAKT is expressed across all developmental stages and tissues of the brown planthopper. Silencing the NIAKT gene reduced

feeding behavior, inhibited ovarian development, and affecting lipid droplet size in the ovaries. These results indicate that

NIAKT regulates feeding and reproduction in the BPH.
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¥ RE\ Nilaparvata lugens =it CPEKFEE
Hu, HOE A KRB B ER RO B, X KRR AR
PR U™ . 12 SRR Y B AR
TEIE AT T, Bk e HURT™ B 500 -1 000 4,
HRHAFE A ZAEE ( Sogawa, 2003; A,
2007 ) o WEFERBY, M HURY S5 AE ) MK T DR
JREE (Vitellogenin, Vg ) A4 A M Hol i b
75 JRAE 15244 ( Vitellogenin receptor, VgR ) #% 5l
R iRy R (BIE, 2013) o EAh, VgR
TEAE CEY P S R b LR AR, HAE
V25 h S Nivg £ CEVE S 1 151 Fk
iCEFE I (Lu et al,, 2015; Qiu et al., 2016;
Pang et al., 2017; Lu et al., 2018 ) ,

L4k, KT B RS I ML 2
ST S TR, RMDNE)FEN Ve, 5EFR
FRIHAH DG 14 JBfe £ 2258 % R -, DA S 2 558 1 25 [
BEAE W5 W halloween FERI KA B1, YHER
228 1 %) O BE 20 L R 5 R IG R AR v
¥ T EEAVEH( Badisco ef al., 2013; Zhuo et al.,
2017; Bao and Zhang, 2019) . HH I B
(PKB/AKT) , J& T 228 R/ RIRRIA MG %
J& PI3K/AKT il i 1) OGS0V 26 1, I AR %
N FELRFESHERLRE, S 5w
iz, WX AEFE I RE ™ Ak E e . BF9E R,
AKT G5 NIRIESR A& s, =
HEERRAM RSN K F LR (Riddiford,
1994; Parthasarathy et al., 2010 ) ., FEH % H
Lasioderma serricorne 1, it RNAi £ ARl
LsAKT Wik, SEER BT L. WIS A
DL B A 538 % AE DG B R 1 R K B 2R
Rof o X AR RSO T T K R R A B B LR
B, SEMTREAT 7O E R FMEAEAE S (Xu
etal., 2021 ), W5 R, THRE R B E Liposcelis
entomophila 1 LeAkt FER ik, 2B ERK Vg

HFRik K, JEBRHM AN ELE (Luet al,
2023) ; IS, RNA TS0 FoAKT mfikRs
KT Vg &M EL, FIKT VLGS
Frankliniella occidentalis WJ'%%47] (Qiu et al.,
2024 ) ; XK Chrysopa pallens 1) CpAKT F&
RIEAT R TR, IR B R iR 5 Vg iR
AR RER, Bl RINERE R, FERE
W5 ) B3 N (Han et al, 2020) , %4
R, AKT 7EREEER . 2K EE )
HEELENMAO,

ARV T KWEl NIAKT [ 25 b
30, IFIz F RNAL SR 1P X 4 R EUR
BT R BHMEILH (NIVg Fl NIVgR ) ik
PRI 5 oAb, AR MEL T NIAKT X4
TREBP SR T DL O N IR, e R EL
SEANE IR ev € L BT RE e e AU PL IV e S

1 #R5AHE

1.1 KBEEHRHE

A5 R B UK RS LR TN R
Al IR36 LUK CEFIEE T AR Al B B
YRS AL . T g R 7E N TR
54 (RDN-300D-2, T AR AaARA R )
W, WFRAMBEENRE (26£0.5) °C.
KRR 80%+5% . JEHRJEIM 141 @ 10D, K
FEEAAER 30 d 4, s REUSh 1 H i
R S P
1.2 FERXFEH

FER CHRBHE (B E ) B MEGAscript®
RNAI Kit, RARA LB JE 5 ) RNAprep Pure

Tissue Kit, FHEAYH A (b5 ) AY Premix
Taq™ ( Ex Tag™ plus dye ) . & H EAPH A (Jt
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I ) ¥ Prime Script™ RT reagent Kit, KR4k
Bl (dbE) BY Universal DNA Purification Kit .,
FHEAYHE AR (JL50) ) DNA marker 2000,

1.3 18 ¢E A RNA REFN cDNA &5

K H Trizol 42 HUHS € EUME R AL 1 50 RNA,

2t NanoDrop2000 i i i 5850 S BE T e
S @ TTE0 i ) = A U AR UL 2 3 1 e
( TransScript® One-Step gDNA Removal and
cDNA Synthesis Superix with gDNA Eraser ) #f [

iR Total RNA #4355 cDNA, F - 20 °CUKAH
A7, FFIREER qPCR A&,

1.4 #B%& NAKT EBEH RNAi

1.4.1 dsRNA AR Fx4e Rl NIAKT
) ORF X, H¥E dsRNA St s, &t
dsRNA s H51Y). %I T7 Ribo-MAXTM
Express RNAi System ( P1700, Promega, USA ) i
FIE VLA A B dsRNA . EARHT dsRNA A A%
55 B 1,

®1 KHRFTASY

Table 1 Primers used in this study
GIL 4 S (5-3")
Primer name Primers sequences ( 5'-3")
QNIAKT-F GTGAAGGACCCGAACAA
QNIAKT-R TCACCTGTGGCTTGAATAG
QNIVg-F GCATCAATGAACCCAGCTAACTC
QNIVg-R TGGACGGCTCTTTGCATACTCC
QNIVgR-F AGGCAGCCACACAGATAACCGC
QNIVgR-R AGCCGCTCGCTCCAGAACATT
QNlactin-F ATGAAACCGTCTACAACTCG
QNlactin-R GCATCCTGTCGGCAATAC
dsNIAKT-F GGATCCTAATACGACTCACTATAGGACCAACCATCCGTTCCTAAT
dsNIAKT-R GGATCCTAATACGACTCACTATAGGATCGTCCGCACATCATCTCA
dsGFP-F GGATCCTAATACGACTCACTATAGGTGAATTAGATGGTGATGTTA
dsGFP-R GGATCCTAATACGACTCACTATAGGTCACCTTCAAACTTGACTTC

TRIZAR YN TT 8 TR,

The underlined portion is the T7 promoter sequence.

1.42 BEHRGES W 1 HRGHE CEUEPE R
HH COy RIS, MRS L[5 T 1% IR B4
I, FHBEEENEE ( World precision instruments,
USA ) Fil1E ) B E 7E4  CEURY 25— 20 R RN
T R Z R ZEREROL I S o dSNIAKT 7151k %
4 400 ng/uL, I HLIE 455 1Y dsGFP AE X
eSS fHE CEVE T IR36 KRR I,
IEHL S FRAR AR SR 5 . P HIAE 24, 48 F1 72 h
AFREMLIEIR 3 kil dy, FRBCH A RNA 5kt 5
J& , FIH qPCR FAKG I NIAKT HEF ) mRNA
FIRIKF

1.5 FWHEE PCR

DI ) cDNA WAt , £ CFX96 Real-
Time PCR ¥l Z%5( BioRad, USA ) I {i ] prime
PCRtrument ( Genstar, Beijing, China ) {717
RT-qPCR 43#7. KW RT-PCR #&)%, Z&14-n
T 95 °C, #IURAEME 2 min, #R)5 95 °C 15,
60 °C 30s, JE¥ 40 K. L) Nlactin ( GenBank:
EU179848 ) SN NS LA, FRiffbIk RIFE SRk
F 27T P A RE R KT RS | 95
IR 1,
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1.6 RNAiFELZETENTWL

o3 I BE LI 2 I X BR4] Control . dsGFP
ST dsNIAKT {54 AC 3R 72 h 5 9 4s K
%10 Sk, PEAT O SRR o A TS B B SLZ8 PBS
SRR , TROLE RURE T TR SRt
g%,

1.7 &8 dsVIAKT B8 C A EZENREMEE
Byt

P FR I Y Parafilm 45§ (7 cmx7 ¢cm)
FETEKFEZEAT T HE, BASHEA 1 3645 Kl FFIR
24 h 5, G CEUSEIRE, PIRIKE
ZERD A AR R o [, R R
BCETRE R E L, THRARI R X
TP E 10 NMEY) 2 EE

1.8 HErLaEn

FEERR KR RCE R 10 cm HAR 2 cm WREITE
PEEE N, B 1 SRR, ISR E 0, 24 h
Je bR R, BYHUE QAR T K FEZERT,
P ZEFTRE N E TEELT Y Yo hiR YL 12 h, BES
FERAL S SRS T RS RR 32 52 50 A 4 A B

B0 M EYEER
1.9 HESHT

AAF5Ti2 FH Excel 2019 ( Microsoft, USA )
GEiT IR , {f F SPSS 20 #F( IBM, USA )
TR AT AT, AR AT A R A Prism 8.0
A4 ( GraphPad software, USA ) HilfERIZFE, 5L
IR R - AR EDR ( Standard error, SE )
kR, RAPKEZE I 2348 ( One-way
ANOVA ) i, 2 K Duncan [GHT &E
W 22500 NIAKT R 28 ik it

2 #RE5HH
2.1 #BXE NAKT BEE B F4SE

NIAKT( GenBank % 5% 5 : XM_039437451.1)
FEHAKFEYI N 1727 bp, i 534 DKL,
HETF R SEHE A 1605 bpo N FH Computer PI/Mw
Tool # {4 ( http://web.Expasy.Org/compute-pi/ )
ST NIAKT 2 R BT F 5 60.2 kD,
pl hy 5.97, BB NIAKT & HA Akt
BEAMRE, A 2 DRSS (5508
PH PKB, STKc PKB) (1) .

NIAKT

RF +1

Specific hits
Superfanilies

ac
ATP bind
polypeptide substrate bind

| PH-like superfamily

e «
turn motif phosphorylation
PKc_like superfamily

P PR P - P
te SAA Ty Y A\ AN AN AL
™ te SAA A A A
(Y U - WY - N AN A
activation loop (R-loop) A phobic Y
site

4

B 1 NAKT B R RFEIFELRS 547
Fig. 1 Comparative analysis of the conserved domains of NIAKT
STKc_PKB: #2212 / 7haA RN (EAEM B) MMELLTHEL, E-value: 0;
PH_PKB: #[1i§i B B35 5o i 8 A W8 (PH) 454495k, E-value: 8.19x 107,
STKc PKB: Catalytic domain of the serine/threonine kinase, protein kinase B, E-value: 0;
PH_PKB: Protein kinase B-like pleckstrin homology (PH) domain, E-value: 8.19 X 1072,

2.2 BYE NAKT EEFFREER

K RT-qPCR #RZ T NIAKT HyH}2s FkH
o HAFIAERWEER BN, NAKT 1E45 Kl

ANFEHA A AR AR, A7 bE )
Rk (E12) , Ui NAKT TRES 5187
GLE YR = RIbRLE N < UP ey L S Wb AR e thod
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B, NIAKT TE457 B B R I, 7ERRES 8
K F R E, FEEIFRIEL, 518 CalbPE A
BB (K 3) .
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T
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2

Relative expression level

—_
T

Fbb Ov Mg In Lg Hd
#H 41 Tissues

2 B CE NAKT EREARANRIEE
Fig. 2 Expression of NIAKT in different
tissues of Nilaparvata lugens
Fb. JEW5#A; Hd: k¥#; In. F&; Lg: 2; Mg:
s Ov: BREL. EHEEE N FREERIER (n=3) ,
K ERA AR FEFRRZSF B3 (P <0.05, Duncan [G
BEWZEERL) o & 3.
Fb: Fat body; Hd: Head; In: Integument; Lg: Leg; Mg:
Midgut; Ov: Ovary. Data in the figure are mean + SE (n =
3). Different letters above bars indicate significant

difference (P < 0.05, Duncan’s new multiple range test).
The same for Fig. 3.

2.3 dsNIAKT FHB Rl

WK RNAL A5 CEURN NIAKT
FER PR KF, VIR 1% 1 RNALBCR

10 -

HAXFRIBKF

Relative expression level

qPCR Z5R W, FEFST dsNIAKT 48 h )5,

dsNIAKT W) TWR0REEF, TWRRAE] 88%
(P<005) (K 4), KWHES dsNIAKT 7L
M REURN NIAKT ik, LAl Ll
MR e 52 A ) S 360 e L e 5 3 R B T a5

24 MBNAKTHECAZZEMREHLE
A

B MR AR MR o] DL Al R EGE A
JEo RS dSNIAKT J5, HEZw R ERIK, o
Wk as (X IRAT dsGFP 41 51.6%F1 50.4%
(P<0.05) (K& 5: A) , #RAHEARE R
%, Z51has AR dsGFP 4 146.0%F1
150.0%( P<0.05) (& 5: B), X £MULER NIAKT
RAR T 48 CEE BT KRS b A o

2.5 ER MAKT 318 KENETAHNKIE

J T W NIAKT %48 CEURCE AT 520
UUER NIAKT J5, ARG AR S84 KRG 2R
FFEMBCE LB . S5 R R, 525 XA
dsGFP A, dsNIAKT | BB FLAY 70 A1 30 9%
£ (F 6: A) , BUEFLECR BRI, 490
25 FAXTHEFN dsGFP 4111 56.4%F1 57.0%( P<0.05 )

(El6: B) , iX—45 KM NIAKT FEH KA
ZR TG, B CEGE BT I B R,
W] NIAKT Z 5% CEEETT R .

L1 L2 L3 L4 L5 1D 2D 3D 4D 5D 6D 7D 8D 9D 10D 11D 12D 13D 14D 15D

# 3L Nymph

SR B & Brachypterous adult

& B BrB Developmental stage

3 #ECE NAKT ERRAEXEMBHRIZE
Fig.3 Expression of NIAKT in Nilaparvata lugens at different developmental stages
L1-L5: # K@l 1-5 450 1D-15D: BME)E 1-15 d AR RUMEVERS K.

L1-L5: 1st to 5th instar nymphs of the N. lugens; 1D-15D: Brachypterous female
N. lugens at 1 to 15 days post-eclosion.
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F¥B/ERFR (h) Hours after injection (h)

B 4 NAKT BT HFHE
Fig. 4 RNAIi efficiency for NIAKT
Control: JEHEGHALHE, YENSCI MRS FAXT IR dsGFP: 2 dsGFP (LT FIWEE RNA ) FEFFALHE,
A SRR AR R S ROV A AR B B A P (R UELR (n=3), AE AR AR/ NG 55,
FR LA Z A R EESR (P<0.05 One-way ANOVA), T &,
Control: No injection treatment, serving as the baseline blank control for the experiment; dsGFP: Treated with injection of
dsGFP (double-stranded green fluorescent protein RNA), serving as the negative control to account for non-specific effects.

Data in the figure are mean+SE (n = 3), different lowercase letters above bars indicate significant difference between the
experimental groups (P < 0.05, One-way ANOVA). The same below.

a
1
L

% E (mg) Honeydew (mg)

dsGFP  dsNIAKT

Ab3H Treatment
&5

Control

BT (mg) Gain weight (mg)

—_
(=}
1

B a a
E——
0.5
0
R —
-0.5¢ b
_1 0 1 1 1
Control dsGFP dsNIAKT
AbFH Treatment

NE NAKTEREEEZE (A) NKRBEEE (B) B

Fig. 5 Effects of NIAKT silencing on honeydew (A) and gain weight (B) of brown planthopper
BAR N T Eehr R (n=10) . Data in the figure are mean=SE (n = 10).

26 B NAKT M CRAEXEBERAN
RT-qPCR #&il

J T WEFEUTER NIAKT FEH 5 %48 KEFE
HHH S NIVg . NIVgR Wisemi, FRATH M
RT-qPCR A& 775 dsNIAKT 48h J5, Nivg,
NIVgR LR AT Fak K. 45 REH, 52H
XFHELHAR HE , dSNIAKT " NiVg . NIVgR WX} 3
IEIK A B B R R 41.4%F1 59.3% ( P<0.05)

(Kl7: A, B) .

2.7 LB NIAKT 3348 C B\ IR E %0

Wz AR IR . dsGFP F1 dsNIAKT #4035+
72 h G e REEA TINS5 R BN, P
X REZH A KPSk B IR, DR RO B Y
T, AR ORI FEZE , dsNIAKT 411
PSR FIRZE (K 8: A, D), Wk SaH
Xt FRZHAH F B T 61.8% (P<0.05) (K 8: C) .
UEAh, FJE 2 21 Y e e K 55 dsNIAKT i
A HL B L P BT TS AR R A A . SRR
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A 100% 150x

Control

dsGFP

dsNIAKT

B
> .
1

per unit area
[\*] (5]
S )

T T

BEALAE R AR B
Number of feeding holes
=

Control dsGFP dsNIAKT
AbPE Treatment

6 JES dsNIAKT 3418 SRR T AN
Fig. 6 Effects of dsNIAKT injection on feeding of Nilaparvata lugens
A, ) REUREALFEK AR ZEAT EAIEMR, 7E IR36 KAFAE A A8 100 50 150 £5 A9 2 SO ORG24
B. # CEUEALEGE . Bl oA EERER (n=10).
A. The image of the salivary flanges under microscope, microscopic magnifications of 100 times and

150 times were used on IR36 rice samples. B. Salivary flange of BPHs fed on rice.
Data in the figure are mean+SE (n = 10).

>
o
w

1.5

—
(=)
T
()

1.0r

%

0.5r b

HIXEAAAT

Relative expression level
o
AR RIS
Relative expression level

Control dsGFP dsNIAKT Control dsGFP dsNIAKT
AbFH Treatments AbFH Treatments

Bl 7 NIAKT # RNAi J5HI NIVg (A ) 1 NIVgR ( B ) RiAKE
Fig. 7 Expression level of NiVg (A) and NIVgR (B) after RNAi of NIAKT

Bl A FEYEEPRUEDRR (n=3), Data in the figure are mean+SE (n = 3).

TESY dSNIAKT Ji, BREEPRRIA/NER Bl AR/ oA sInEe (18 8: B) , X
ANE, TS dsGFP Mizs IR R IR EE N & SES5RERW] NIAKT SN2 mi s CaElbR A H .



2 4 LS A : NIAKT 454 "B W i MK R i S BE DTS - 313 -

Control dsGFP dsNIAKT

B 4,6- JKIE-2-FE IS W REF 4 CEid BR
DAPI Nile red Merged Enlarge

Control
IOHm
dsGFP
IOHm
dsNIAKT
10%m

C 40 - D 5 -
Qo
7, [0}
) a 8
2 30 o 24 .
g T —I= X 5 1
5 g]’p g 3L P
0 -KDI o
5201 K
2 w3 2t
i;ﬁ 10 | = p— —
& Sy
@)
0 1 1 1 0 1 1 1
Control dsGFP dsNIAKT Control dsGFP dsNIAKT
b Treatments LbF8 Treatments

8 B NIAKT 3$15 € E B0 S a9 7208
Fig. 8 Effect of NIAKT silencing on Nilaparvata lugens ovaries
AL W RE ORI, ORREEON 50655 B. T8 NIAKT )5 SR ISR OILES, BORASECH
20 f5 A1 40 155 C. BRIKL; D. BRELAF M. Bl b FHME + bR (n=10) .
A. Anatomical map of ovarian in N. lugens, the magnification is 50x; B. Observation of lipid

droplets in eggs after intervention with NIAKT, the magnification is 20x and 40x; C. Number of eggs;
D. Ovarian development stage. Data in the figure are mean+SE (n = 10).
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3 HFHit5vhig

e & I S P %) K R AR B R ™ R b
(Bao et al., 2014 ) , H5E KA EFH )] 7RG H.
BT 5| & RIZL RS % ( Shen et al., 2019 ) .
AT R U B & AR 5 O R B A S AR
B 5iES)E (Minkenberg ef al., 1992 ) , JH#%
A T A G DR 194 2 38 Bk S i HL B BE 7 1) OC
H&K . 2555 R JE Y i 3L R e B U5 )
WHCHAEN . 7E4 RaElt, BP i A 1 SO Az
TR % 8 v OB 20 1 7 3R AR 5 R AN ] Bk
1y, I HAE EBP B R 2 2 T e 2
FEF AT ( Tufail er al., 2010; Dong et al.,
2011; Zhai et al., 2013; Lu et al., 2015; Qiu et al.,
2016) o FEARHEGEH, ST dsNIAKT J&, # %
AU & BIRGE, UDRIEC R, OP b iR 1)
KN S5 (B 8) , RBH NIAKT FEH 25
M CEUNEEF .

A5 PCR $ARGRMG T NIAKT i) ORF
X, FIKIEHT /R, NIAKT 7E4 KA b
Tk (K 2) o i, BAa0F5E R LA
Aedes aegypti ' AaAKT 7EMEPE R HLON b HA
B M 2845 E (Riehle and Brown, 2003 ) ;
Xu & (2021) KIHEH Lasioderma serricorne
M) LsAke H AL AEHE IR S rbimg 3k, X 2E2h
LR NIAKT WTREVAIEWS REWP R A T,
WK E B BERim i Ok E , NIAKT 1845 Ak
KPRAR, MAEBCR AR S 8 KikB|HRikmIE
(K3) . X—EE5RFEEY Cyrtorhinus
lividipennis " ClAkt WIZRINFFEARL, J5 & TERL
AR R, PR 5 R R A
B (CXIEEF, 2021) , X5 CAUUNEME T
PRGN, (F9I55, 2011) .

ik RNAL $2R T NAKT B FRE
i, HaSEXTRA dsGFP AL, # KE W
BRI TRET 51.6%H 50.4% (F 5. A) .
PRAFHEARTE 7 5 B TR T 146.0%H1 150.0%
(El5:B), WEAARETNEEEZ T 56.4%
F157.0% (&l 6: B) , X KR CEl NIAKT
FEAS T4 REVE KRS BRI, BRIRT 48 &

AVPERN . LAk, # AWK Nive 1 NiVgR
BE PRI AR 26 58 7K 5 23 70t R B 43 T B
T 41.4%H159.3% (& 7: A-B) , HINEEF™
HAZRH, DRIEC TR, DPE  BR TR 0 RN o A
SH (K 8: A-D) . AWK, WBEHS
H U6 CIAKT I FRIK 2 T ClVg R KFE TR,
HEM I R A IEH K E (Hueral, 2024 ) ;
FENR R dorb | P0ER Lsdke FEPIASAAM ] T i
GNEMAE , U AL T H AR 1 ( Xu et al.,
2021) ; TESLFE R Coridius chinensis 1, CcAkt
R L CeVg Fl CeVgR B IRREAR, BEAT T B
HWRE , WOINEE L3 (Feng ef al.,
2024 ) ; # I NIRpn Fl NINCS2 £ [HTER G50
BN 8% B 32 BH LA K B9 5 v B i i 1S R HE S 25
il ( Wang et al., 2021; Zhang et al., 2022 ) . Xt
— LU NIAKT 59051 % & HA BH MK R .
giE Lk, AW R CERAS T 225/
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