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Spatio-temporal expression and function of the Spodoptera frugiperda
Cut and Spalt auditory genes
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Abstract [Objectives] To investigate the spatio-temporal expression and biological function of the Cut and Spalt genes in
Spodoptera frugiperda during the development of the auditory organ. [Methods] Full-length sequences of the Cut and Spalt
genes were downloaded from the NCBI website and bioinformatics analysis performed. Quantitative Real-time PCR was used
to detect the relative expression level of Cut and Spalt in different developmental stages and adult tissues. Interference
fragments of Cut and Spalt were cloned with RT-PCR after which RNAi and qPCR were used to verify their effectiveness and
observe the developmental phenotype of the resultant genetically modified insects. [Results] The amino acid sequence of the
S. frugiperda Cut gene is most similar to that of Spodoptera litura (99.19%), whereas the amino acid sequence of the S.
frugiperda Spalt gene is most similar to that of Helicoverpa zea (97.15%). Cut and Spalt were expressed in all developmental
stages and adult tissues; expression was highest on the 7th day of the pupal stage and in the heads of adults. Interference
fragments for S. frugiperda Cut and Spalt, with lengths of 486 bp and 317 bp, respectively, were successfully designed and

amplified. RNAI significantly reduced the relative expression of Cut and Spalt in 5th instar larvae, resulting in abnormal
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development of the auditory organ and wing in adults. [Conclusion] Silencing Cut and Spalt down-regulated gene

expression in larvae, thereby impairing normal development of the auditory organ and wing in adult S. frugiperda.

Key words Spodoptera frugiperda; the temporal and spatial expression; the development of auditory organ; RNAi
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Tablel Sequenceof primersin thisexperiment

Sl GIE7E S F1F5) (5-3")
Primer application Primer name Sequence of primers (5'-3")
FEH TR SfCut F CAGAACCAGCAGATGAACG
Gene cloning SfCut R CAGTCTTTGGCTAATGGAGTA
SfSpalt F CCCATTCGCATCTTACAC
SfSpalt R AAACGGTTCATTTCTTCC
dsRNA H 1% dsSfCut F TAATACGACTCACTATAGGCAGAACCAGCAGATGAACG
dsRNA synthesis dsSfCut R TAATACGACTCACTATAGGCAGTCTTTGGCTAATGGAGTA
dsSfSpalt F TAATACGACTCACTATAGGCCCATTCGCATCTTACAC
dsSfSpalt R TAATACGACTCACTATAGGAAACGGTTCATTTCTTCC
qPCR SfCut qF ACAATCACCGAATGCGACTA
Quantitative Real-time PCR SfCut qR CAGACCCATCCTTTCCTTTT
SfSpalt qF TGGATGGTCCTAACAAACG
SfSpalt qR TCGGCTTCAGGCACTTCT
RPL32 F GGTTTATCCGCCATCAATCGG
RPL32 R GGTAGCATGTGACGGGTCTT
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W RE i R N 58 L R SR AN o ROk R I
Nanodrop ND-1000 ( Thermo Fisher ) il 5 Foifk i

ML . cDNA H AL P2 | TaKaRa 247l
PrimeScript™ RT reagent Kit with gDNA Eraser
( Perfect Real Time ) A& ULHI4, Hl454rmY
cDNA & F - 20 C&H.

YOLE RV FR : cDNA itk 3 L,
2xTalent qPCR PreMix 10 pL, iF /& [W51%4%
0.6 uL., 50xROX Reference Dye 0.4 pL., RNase-
free ddH,0 5.4 uL. RN &S Talent gPCR
PreMix ( SYBR Green ) 187 & U RH 3#£47: 95 °C
PAEPE 3 min; 95 °CAEE 3055 60 °CiRK 30s;
72 °CHEfH 30 5;40 MEFF LIRS H L32 2
(RPL32) NNBEEM, KA 27 ik

(Y EPOE v
15 PCR# &, HBik#&WENE RNA &/

PCR #"#4{A& Z 4: LA 2 uL ) cDNA J#¥itR
WER 594 1 uL, dNTP Mixture 4 pL, 10xEx
Taq Buffer (Mg2+ plus) 5 uL, TaKaRa Ex Taq
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0.5 uL, #MFEKHIK 36.5 uL, PCR 4 14 544
94 °CHiAEME 5 min, 98 °CAME: 10s, 55 CE M
30s, 72 °CHEff 40's, 30 MG, 72 °CRIEf
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IER R BARZ, My 87 Y Fmfk)5 5 pLB
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PR TOP10 B2 254001, ¥4 T 100 mg/L
ANEHBRMN LB AR, T 37 CHFEFIK.
FUNPUHEST e AR VR #EFT PCR %€ 5 .
W IERG )G, {# /] TIANprep Midi Plasmid Kit
( RIRAEAPHCABRA T ) SEIBoRLA H
W RNA Gl : 2% T7 RiboMAX™ Express
Large Scale RNA Production System ( Promega )
R & UL A5 7E PCR 5 W Wi b T7 )8 8 5%
PG RNA THE514, % R 5 F-T7 EAG1H
XF, F 5 R-T7 LRG0, LA R4 IR kL
AR AT BIBEA TS PCR Y734, #3515 A
KUFEIASAR 1 AR 2, (1] Wizard® SV Gel and
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BB 1 AR 2 I T7 RNA R4 B 5450
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Buffer (37 °CHii#4 ) 10 uL, Enzyme Mix, T7
Express 2 uL,#iAz 1 Bi#AR 21 pg, Nuclease-Free
Water #h5F = AT 20 pL. #4520 1F f Sk
SHATUR A, RIS IATIR KRN A X .
R Em A4l k. dsSRNA, dsRNA ¥R H]
Nanodrop ND-1000 {li5& , F-JH =24k % 2 500 g/L.
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1.8 HiESH

K] SPSS 17.0 B4R i 25 ek i g K i ik
1T One-way ANOVA 4387, Ff R H Tukey 2847
Z & L850 Fr ( Tang and Zhang, 2013 ). H
Independent samples T-test J5 X RNAi 4ZbBHH{]
Je W R IR E G 7 22 S W B R e by o e e LA
EEHEAREIR TR o

2 #REHH
2.1 Cut #0 Spalt #3185 #7

Cut 2K} 5 674 bp, ORF Jy 4 098 bp, %i
iy 1365 MR, SHERIEIX N 681 bp, 3dE
FIPEIX A 895 bp. Spalt x4k 5705 bp, ORF
94035 bp, 4ifi% 1344 DEIERR, SAERIRIX
183 bp, 3'IERHIEIX R 1487 bp. f#iH NCBI
Conserved Domains 82, 7E¥EHi & 77 1% Cut )7
GIHAEAE 5 ANE5R38,, 4392 Sme super family

(39-250 aa ) . EnvC( 135-250 aa ) . CUT domain
(342-406 aa, 741-816 aa, 948-1 023 aa ).
COG5576 (1 067-1 130 aa ) 1 Homeobox domain
(1075-1128aa) (K 1: A); Spalt JFFH 17
4 PNEEFI, B0 COGS5048 (340-761 aa) |
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SUF4-like super family ( 359-429 aa, 706-759 aa,
1 124-1 172 aa ), Zinc finger C2H2 ( 360-382 aa,

A 39 342
135 250 406
[ smc [JEnvc [Jcur [] COGss76
340
429
B 388

388-410 aa, 743-754 aa, 1153-1175 aa) Al
PRK 03427 super family ( 401-525aa ) (& 1: B ),

741 948 1067 1128

1075
816 1023 1130

u Homeodomain

759 1124
732 1153

410 o0&’ 1147
359
261 1175
[ cocso4s  [] SUF4-like [] Zinc finger C2H2  [J PRK03427

B 1 Ef® Cut (A) #0 Spalt (B ) EEZE#E
Fig.1 Cut (A) and Spalt (B) domain of Spodoptera frugiperda

R A AR I DX G B DX 1 4 K 97 e A G X 51 o A P TR 43 ) 2 2L HE Smc super family ( Qe iAS5 M 4L ),
EAME EnvC ([RIFRIRA T, MBEFUK A AmiA Rl AmiB (LG ), 3 @HE CUT domain ( DNA 54 3F ),
HREHE COGS5576 ( EIRIRLSHIR ML ST ), 4 HE Homeobox domain ( DNA %5& 45443 ),

B Bl 432 W A HE COG5048 (BEHE ), ZRAHE SUF4-like super family (N usEfa 4545k ),

#(OHE Zine finger C2H2 (£F3S, C2H2 &), £ (44E PRKO03427 super family ( 404324 1 ZipA ).

Gray represents the full length sequence of coding region and non-coding region. Figure A shows Smc super family
(structural maintenance of chromosomes) in red box, EnvC (Septal ring factor EnvC, activator of murein hydrolases AmiA
and AmiB) in yellow box, CUT domain (DNA-binding motif) in blue box, COG5576 (Homeodomain-containing
transcription factor) in purple box, Homeobox domain (DNA binding domain) in brown box, respectively. Figure B shows
COG5048 (zinc finger) in blue box, SUF4-like super family (N-terminal zinc finger domain) in green box, Zinc finger C2H2
(Zinc finger, C2H2 type) in yellow box, PRK03427 super family (cell division protein ZipA) in red box, respectively.

22 FEELENEREZESHT

it NCBI R LA, R SR Cut LK
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i, N 99.19%, HUCZHH4L H Helicoverpa
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ERITH), MERGEREW (K 2) . 2558%KH,
JIT A R H B R 2 A FERTE AL T — 532,

S RHBOBR I | AR HURT SRR % 1 A5 3 R R
PRGRARIE, S5 LN IEEA -

23 METRIE

qPCR 5 Cut 1 Spalt 2 /~F K 76 5 57 7
WAL TR L B BRI R L W
LA, il B3R B B 2 kA, S5 SR R
TE R 5T AN [ R B B B g s i v, Cut
R DR P A AR 3 30 A SR U &)y U R 40 1
KA, 1-5 WA K, MR, B
PRARUL, Cut LR LUFHIIZE 1 K55 7 REIKK
Vo, 5 R4 H R FRIAACTRAR (] 3
A) ; TEARRAL RGNS, Cut BEHTEA
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A &: Helicoverpa armigera (XP_ _021183790.1)

100

100

Helicoverpa zea (XP_ 047032575.1)

52 : Spodoptera frugiperda (XP _035447969.1)
87 97

Spodoptera litura (XP_ 022831620.1)
Manduca sexta (XP_030023273.2)

100

100

Bombyx mori (XP_ 012552367.2)

[ Papilio machaon (XP_014361241.2)
100—— Papilio xuthus (XP_013167770.1)

Plutella xylostella (XP_ 037974665.1)

[ Apis mellifera (XP_ 026297348.1)
99— Tribolium castaneum (XP_015836582.1)

Culex quinquefasciatus (XP_ 038120840.1)

Drosophila melanogaster (NP_ 524764.1)

B i: Helicoverpa armigera (XP_ 021184029.1)

100

79

95

Helicoverpa zea (XP_047042140.1)

65 m: Spodoptera. frugiperda (XP_035445901.1)

Spodoptera litura (XP_022820679.1)
Papilio machaon (XP_ 014360121.2)

—
100 “—— Papilio xuthus (XP_ 013181 149.1)

100

Manduca sexta (XP_ 037297839.1)

87

Bombyx mori (XP_ 037866511.1)

Plutella xylostella (XP_ 037976911.1)

Tribolium castaneum (XP_ 008 193710.1)

100

Apis mellifera (XP_ 026296931.1)

r— Culex quinquefasciatus (XP_ 038109427.1)
L — Drosophila melanogaster (NP_ 23670.2)

2 ETSEBFIMENEMRRHREMESR Cut (A) 1 Spalt ( B) BEEM S FiLH
Fig. 2 Phylogenetic tree based on the amino acid sequences of insect Cut (A) and Spalt (B)
P& R AR T B AR IR H R 1000 IRE B RS0 1Y E 43 HUAE

The number of nodes in the phylogenetic tree in the figure represents the percentage value using
a bootstrap analysis of 1 000 replications.
Tk Y Fh A0 $E  Selected biological species include: 2AJIE F 1 Drosophila melanogaster; (45 21 Culex
quinquefasciatus; 7711 4% % Tribolium castaneum; 7 KR 2 1 Apis mellifera; /NE ik Plutella xylostella; #47% XUE Papilio
xuthus; 4 XU Papilio machaon; ZZ#% Bombyx mori; 4HEE KK Manduca sexta; #HSC ik Spodoptera litura;
SEMMHR4SS d Helicoverpa zea; Hi4% 3t Helicoverpa armigera; #7771 Spodoptera frugiperda.

HAHBFHRL, BELPHRLIERS, B
FETHEHA (P<0.05) , 7EUTE . JLA.
WA P Rk B WA BEES (K 3.
B) . Spalt J R %% (A 3% 1K % i R 3Rk
A, A AU A R, B DL A
5 KN 7 RFEBKFEE, 5 40 R L
HrhFGAKERAR (8 3: C) 5 Spalt HEH7Ek
R s, HORGENLA, EWrds iR
Ik A T AE R R R ) 3R R AR
(K3: D).,

24 RNA FHEiFEEIhEE
i RT-PCR 45K el A5 5 57 A7 1 Cut

1 Spalt FH T4 7 B, 43 51145 21 486 bp #1317
bp 5% (&l 4),

RNAi 455 &P, 48 h i5f, E4F dsGFP, dsCut
1 dsSpalt 1) 5 {44 U BUFET- B4 & 5:B-D ),
HANFRL 4l R AETJ5 H AR B I X B2 R B
B, ST Cut B dsRNA B HUAR IEAET %5k
£ 20.8%, {F4 Spalt LK dsRNA 4 HUAKS [EFE
T-%N 16.7%, UiHX 2 M EFEAELAR LTS
R RE—EMER, 4 dsGFP [ HUASET
FBH 4%, ] RE SR E T A P B A o
qPCR 253, 15} Cut FIl Spalt dsRNA J54)
HARY 2 ANEEH AR KA 5 dsGFP Y
RN RIBKF IR EAL (Bl 6) .



& B Br B Developmental stages

1176 o B 3244 Chinese Journal of Applied Entomology 60 %
1571 1.5
I = A i o B
g 2 Ka |3
KES 1.0 > KE31.0
ZEQ % 7B
E52 | g3
LT (s . T2 s
S5l 5 BEf
S . % % % S b b b b
P7 FM M HE AO MS MG CT
Developmental stages AFRIZE Different tissues
ﬂllﬂﬂ - 15 r C IIIIEH o 15 D
e a He
ﬂfﬁ&l.o— a g K210
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ARIZHZA Different tissues

B 3 Cut#l Spalt EREEMBAREAR KX EMEMARARRHRIEER

Fig. 3 The developmental stages and different tissues expression level of Cut and Spalt in Spodoptera frugiperda

A. Cut 7EANA & B I mRNA /KFHXT A R B. Cut 7EMEM: AN FIA121h mRNA 7P AR X 23k i
C. Spalt 7EANIF] & & B ] mRNA /K AHXTRIA 5 D. Spalt 7EMEME M HUR 412U mRNA KA X R A 5
KBRS (bR e DR, A EARA AR P RERIR 255 B3 (P<0.05, Tukey K3 ) o ARBEREN 1,
L1-L6: 1-6 #&4hH; PO: THMH; P1. SHIISE 1 X, P3. WEMAZE 3 K; P5: WHIMISE 5 K5 P7. WSS 7 K,

FM: MEPERCE; M. BEVERCE; HE: K AO: Wrgs; MS: MLA; MG: Hil; CT: KiK.

A. Relative mRNA expression level of Cut at different developmental stages; B. Relative mRNA expression level of
Cut at different tissues of female adult; C. Relative mRNA expression level of Spalt at different developmental stages;
D. Relative mRNA expression level of Spalt at different tissues of female adult. Data are presented as mean + SE,
histograms with different letters are significantly different at 0.05 level by Tukey’s test. The highest expression amount was 1,
L1-L6: 1st-6th instar larvae, respectively; PO: Prepupae; P1: The first day of pupal stage; P3: The third day of pupal stage;
P5: The fifth day of pupal stage; P7: The seventh day of pupal stage; FM: Female adults; M: Male adults; HE: Head;
AQ: Auditory organ; MS: Muscle; MG: Midgut; CT: Cuticle.

bp M2 W5 R PR S R0 R B, 5 % IR 2 A

He, TP 2 A PR H AR Bl 3 i 2 (7).

ﬁx RS 2 SR | AR 2 AN D ARt 28
150 BB, Pk B ARS, 5E A%
50 AR R RS 31.5% (B 8: B) ; Wik
106 Wk R, EAIT RS R ER L 16.7%

(Ig 8: D) o
it 5itie

W& AW BRI & ', RNA T4
( RNA interference, RNAi) 7ER B ILHF e
) 2, I 5 AT AR —F G 2 A= B
IGITHE . RNAT $IEVE —FE e T ALY b
M EERRPELE, BET IR BT (TRT a5,

3

B4 RFRYIGER
Fig. 4 Amplification of conserved region
M Vkif: DNA maker; 1 JKifi: Cut R T4 B,
486 bp; 2 VKiE: Spalt FEETHLH B, 317 bp,

Lane M: DNA marker; Lane 1: Interference fragment of Cut,
486 bp; Lane 2: Interference fragment of Spalt, 317 bp.
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5 RNA F#; 48h FR{EFET-RE
Fig.5 The phenotype of dead larvae after RNAI for 48 h
A BPAERL S L B AT dsGFP 48 h JGAET-HUK; C. 4T Cut dsSRNA 48 h J5AET- HUA

D. {5 Spalt dsRNA 48 h J5FET-Hifk,
A. 5th instar larva of wild type; B. Dead larva after injection of dsGFP for 48 h;
C. Dead larva after injection of dsCut for 48 h; D. Dead larva after injection of dsSpalt for 48 h.

s 15p 3 5.
4 s [e
g o pr K
5 —
p > I / o
;g.“_’ 1.0+ K E 10} —_——
z 8 £
;) K8
# 5 0.5 Heost
k| k=
=~ 5’2 0
dsGFP dsCut dsGFP dsSpalt
ANEAEFET5 =, Different treatments AFAb 252, Different treatments

B 6 RNA F#J5 Cut (A) # Spalt (B) HHEIIFIEE
Fig. 6 Expression level of Cut (A) and Spalt (B) after RNAI
RN AL BT A 22 5 B (P<0.05, JHSAFEA T-HG5) 5
PR E L IRy 2] 25 el W (P<0.01, HSZREA T-Rid ) o

* indicates significant differences between different treatments at 0.05 level by independent samples T-test;
** indicates extremely significant differences between different treatments at 0.01 level by independent samples T-test.
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B 7 RNA THEBHRE
Fig. 7 Phenotype of wings after RNAI

A, PRI R IE R R B, C, D.RNA THJE ALy sk g my
A. Normal wing type of wild type adult; B, C, D. Residual wing type of adults after RNA.

E 8 RNA TitErsRaFRETH
Fig. 8 Phenotypic changes of auditory organ after RNAI

A, C. BPARUSHR T AS, R R N B, D. RNA TS UL AT o
A, C. Auditory organ of wild type adults, and circled part is countertympanic cavity; B, D. Auditory organ of adults after RNAi.



4] ATTUAAEE: 4 ST RCRRIT SE 36D Cut il Spalt i 2 ik 4B K I RERIF 5 1179 -
2021 ), ELHL RNAQ P58 — B2l fa il H AR SRR HO BRI o S e )l i o e B

PRI A T HIE 28023 0 40 T R 7 A= ) 2 Bk A 9 RS A
A R I RE ( Xiang et al., 2011), HAT,
RNAI O K 0w 233 B Bt B R D et o
VLS AE W i R B F 5T . Cut Al Spalt JE1A
BEUE R R VT A8 & B R AN DA S i
R Cut Fl Spalt J& K 25 B MRV GRS 1B
I H & FHHRERVTEEE ) (Dong etal.,
2003; Ebacher et al., 2007 ), [ HNr3E A1 &3 A
PRI AL TR AL B B, B304 F2 B4R rh e SR i
XA b R SR R FE R AR
SR T XS e L B 2 e U 0 A O B 5 30 R 9 B 3 4
T2, Cut 1 Spalt JEPH 7F 5l 53 1% ik H (14 A=
YD RE M AN 2

A SCiE % Cut F1 Spalt 5 PR 7E B 7% 74 gk
ANE R E IR T, Cut F1 Spalt Ji
PRI & Ha S0 38 g e SB35 e 3k, RIS 5 R
ORCIRAE AN A S, Hodr Cut F Spalt JE PR 7 B
WSS 7 Kimakih, S g duiitdkik, A%
BT, SR fl £ 85 ) 5 S RN M 2 e 254
—FE, PR T AR A BRI, TR R 3 Y 2
MIAEING e 2B S R v AT HG 5, TR R & )
IR, JETEN I R4 501k ( Boekhoff-Falk,
2005 ), PRI 00 56 DR 7 o 30 s e 1k T e i 3D
B SV T A AT I o X R T A R
FrE HA BB MTSE &P, Cut Fl Spalt
FEHTE LR Rk, X 57E Uniprot £ 4
& 1) S g [ U PR ) ik AR AL T Cut
1 Spalt HePRI7E AR T a8 B Rk AR SRR A
MRERLTMTEEET MG ECOARE
SE

AHFFERT 5 14 Cut F1 Spalt 2 ML
7 RNAi, 458X BRA AYFET- RN A Wi T
XTHRZH , VB Cut F1 Spalt 5 PE 7 A b 5 1% ik 1)
HREBHAHEEMN, X5 De fil Rosa (2009 )
FIBFFE 4 AL . qPCR A5 3R h Cut Al Spalt
FEH R BE M, MES dsGFP (X}
4H, Cut Fll Spalt K&K FRIEIKN- K R b 5K )
R EFYRZEMW ., LA, &G
FEACIR RGNS, W U R A RESE 2R T,

P T SR 25 A ) o s R B SRR . TE Celis il
Barrio (2000) &% Ludlow %5 (1996) 53
Z I Cut Fi Spalt #=HI LM L H , AUFFL
SR [FRETIE I 733 a5, B R b 5 7 S o) Ak oA
Hupst, BT S AN e R ol - A 0 v A
FA, 25 b, RO TTROR A Wt i B
HEEMEMN, LB Tw, MR 2, A
ITCEBRM B &, 8 n)JLE, miH
ANREHEAT RIS BC i, S m 2 g i, MM
KB E BT IR R

T 3 7 5 Cut A1 Spalt JE K 1) dsRNA 31 53l
TR IS AR, (A B Cut A1 Spalt
FERF R T, I B R VT Al B B A &
S ING . ARFFREE R ik — S HT Cut Fl
Spalt I PRI 7 R b 57 RAA P %) A 2 Dy g pe it
THEEHIE , I RNAL FEARALEAE W 5714 B b 57
BT THIBEE T 3Ll S oA e T R
FHRPIR RS

Sk (References)

Blochlinger K, Bodmer R, Jan LY, Jan YN, 1990. Patterns of
expression of Cut, a protein required for external sensory organ
development in wild-type and cut mutant Drosophila embryos.
Genes & Development, 4(8): 1322-1331.

Blochlinger K, Jan LY, Jan YN, 1991. Transformation of sensory
organ identity by ectopic expression of cut in Drosophila. Genes
& Development, 5(7): 1124-1135.

Boekhoff-Falk G, 2005. Hearing in Drosophila: Development of
Johnston's organ and emerging parallels to vertebrate ear
development. Developmental Dynamics, 232(3): 550-558.

Bokolia NP, Mishra M, 2015. Hearing molecules, mechanism and

Modeled in

Developmental Neurobiology, 75(2): 109-130.

transportation: Drosophila  melanogaster.

Biirglin TR, Cassata G, 2002. Loss and gain of domains during
evolution of cut superclass homeobox genes. The International
Journal of Developmental Biology, 46(1): 115-123.

Celis J, Barrio R, 2000. Function of the spalt/spalt-related gene
complex in positioning the veins in the Drosophila wing.
Mechanisms of Development, 91(1/2): 31-41.

Chen HL, Xie MH, Lin LL, Zhong YZ, Zhang F, Su WH, 2022.
Transcriptome analysis of detoxification-related genes in

Spodoptera frugiperda (Lepidoptera: Noctuidae). Journal of



- 1180 -

o B 3244 Chinese Journal of Applied Entomology 60 %

Insect Science, 22(1): 1-8.

Corcoran AJ, Conner WE, 2017. Predator counteradaptations:
Stealth echolocation overcomes insect sonar-jamming and evasive-
manoeuvring defences. Animal Behaviour, 2017(132): 291-301.

David DY, 1999. Structure, development, and evolution of insect
auditory systems. Microscopy Research & Technique, 47(6):
380-400.

De C, Rosa B, 2009. Regulation and function of Spalt proteins
during animal development. International Journal of Developmental
Biology, 53(8/9/10): 1385-1398.

Dong PD, Dicks JS, Panganiban G, 2002. Distal-less and
homothorax regulate multiple targets to pattern the Drosophila
antenna. Development, 129(8): 1967-1974.

Dong PD, Todi SV, Eberl DF, Boekhoff-Falk GE, 2003. Drosophila
spalt/spalt-related mutants exhibit townes-brocks' syndrome
phenotypes. Proceedings of the National Academy of Sciences of
the United Sates of America, 100(18): 10293-10298.

Eaton JL, 1988. Lepidopteran anatomy. Quarterly Review of Biology,
64(2): 206-207.

Ebacher DJS, Todi SV, Eberl DF, Boekhoff-Falk GE, 2007. Cut
mutant Drosophila auditory organs differentiate abnormally and
degenerate. Fly, 1(2): 86-94.

Eberl DF, Boekhoff-Falk GE, 2013. The Drosophila auditory system.
Wiley Interdisciplinary Reviews: Developmental Biology, 3(2):
179-191.

Gpfert MC, Piepenbrock D, Winkler M, Mbius W, Howard J,
Senthilan PR, Bechstedt S, Nadrowski B, 2012. Drosophila
auditory organ genes and genetic hearing defects. Cell, 150(5):
1042-1054.

Hoy RR, Robert D, 1996. Tympanal hearing in insects. Annual
Review of Entomology, 41(1): 433-450.

Heldman AW, Brinker JA, 1999. Good vibrations. Catheterization &
Cardiovascular Interventions Official, 46(1): 105.

Kiihnlein RP, Frommer G, Friedrich M, Gonzalez-Gaitan M, Schuh
R, 1994. Spalt encodes an evolutionarily conserved zinc finger
protein of novel structure which provides homeotic gene function
in the head and tail region of the Drosophila embryo. The EMBO
Journal, 13(1): 168-179.

Li CY, Zhang YP, Huang SH, Liu WL, Su XN, Pan ZP, 2019. A
study on artificial rearing technique of Spodoptera frugiperda
(JE Smith) in the laboratory. Journal of Environmental
Entomology, 41(5): 986-991. [ZEfEHE, # 3, H/ME, XIff
¥, TR, WEEE, 2019, RO ST E N TARIFRER Y
WEFE. FRBER AR, 41(5): 986-991.]

Ludlow C, Choy R, Blochlinger K, 1996. Functional analysis of

Drosophila and Mammalian cut proteins in flies. Developmental

Biology, 178(1): 149-159.

Montezano DG, Specht A, Sosa-Goémez DR, Roque-Specht VF, Hunt
T, 2018. Host plants of Spodoptera frugiperda (Lepidoptera:
Noctuidae) in the Americas. African Entomology, 26(2): 286-300.

Nakano R, Ishikawa Y, Tatsuki S, Surlykke A, Skals N, Takanashi T,
2006. Ultrasonic courtship song in the asian corn borer moth,
Ostrinia furnacalis. Naturwissenschaften, 93(6): 292-296.

Tamura K, Stecher G, Peterson D, Filipski A, Kumar S, 2013.
MEGAG6: Molecular evolutionary genetics analysis version 6.0.
Molecular Biology & Evolution, 30(12): 2725-2729.

Tang QY, Zhang CX, 2013. Data processing system (DPS) software
with experimental design, statistical analysis and data mining
developed for use in entomological research. Insect Science,
20(2): 254-260.

Tobin DM, Madsen DM, Kahn-Kirby A, Peckol EL, Bargmann CI,
2002. Combinatorial expression of TRPV channel proteins
defines their sensory functions and subcellular localization in
C.elegans neurons. Neuron, 35(2): 307-318.

Todi SV, Sharma Y, Eberl DF, 2004. Anatomical and molecular
design of the Drosophila antenna as a flagellar auditory organ.
Microscopy Research & Technique, 63(6): 388-399.

Wang S, Na YH, Leng X, Na J, 2010. Insect auditory organs.
Chinese Bulletin of Entomology, 47(4): 652-656. [ L3, A%,
wA, R, 2010 RRHUEGUTSE G E . B AR, 47(4):
652-656.]

Wu QL, Jiang YY, Wu KM, 2019. Analysis of migration routes of
the fall armyworm Spodoptera frugiperda (J.E. Smith) from
Myanmar to China. Plant Protection, 45(2): 1-6. [ =®kHk, ZEE
Y, FALWI, 2019, W BRI A fe) HLUISGE A R [ A BRAZ ST,
TEYIRD, 452): 1-6.]

Xiang H, Li MW, Guo JH, Jiang JH, Huang YP, 2011. Influence of
RNAIi knockdown for e-complex genes on the silkworm proleg
development. Archives of Insect Biochemistry and Physiology,
76(1): 1-11.

Xu XL, Wang FS, Liu ZR, Fan LJ, Ji XY, Jiang JX, Yao YJ, 2021.
Research progress of RNA interference technology in the field of
entomology. Biotechnology Bulletin, 37(1): 255-261. [#R54,
Eavll, XIFoR, WA, =&, AR, BhItiE, 2021
RNA THLHARTER m G a T k. AR @, 37(1):
255-261.]

Zha YP, Chen QC, Lei CL, 2009. Ultrasonic hearing in moths.
Annales de la Societe Entomol ogique de France, 45(2): 145-156.

Zha YP, Chen JY, 2011. Advances on auditory gene in insects.
Chinese Journal of Applied Entomology, 48(1): 160-166. [# %
W, BRAEOT, 2011, BT SEAH SN I B FEHE . R R iR
24, 48(1): 160-166.]



