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IN B AITHAMT? EFH 8145 F4FE
EEEYMFEESIT

FHa omEs'" Sae 't THER’ Op 4°
o’ xEmETT kxR 2EL' ox o H T

(L BRI 25, R 5 AL 2 HE WE LS, A8 2300365 2. FEMHEGEAF UINEAH,
DU HE R R AR T, R 6100415 3. DU B AR HEILMAF, P§E 615000 )

B E [HB] %E/NHEE Agrotis ipsilon 401 E R B ( Juvenile hormone acid
O-methyltransferase ) AIJHAMT2 3L, fEAT HPFIRHE, FERMHAEY 22 oi6e. [ ik ] FIUHRERKE RS
AN 5SS P S 5E AITHAMT2 (1) cDNA JP31, i AR (R B2 A Hr P SIFRIE, il RNA
FHBARUUIR ATHAMT2, 538/ NHE R RAALIERTHE . AR R RE . (IR RRb R A7
b (B8R )] ATHAMT2 (FFRFSAE A 855 bp, HAmA%AYE 4 HA B 4L THAMT AYSLEIREAE, 4145 S-
PR H B 2R 45 A L e 11 A RefE 5 W) K AR BAE M SRR IRk . AiJHAMT2 SER T/ 5T 12 5 ¢
ok, fEIRHEA LKER 5673 bp, W 4 MMETH 3 ANNE T REMAPIEEREH ATHAMT2
SRR Mythimna separata MsTHAMT2 AV R il o [0]/NHBE PR 3 #4840 B 58 ] AiJHAMT2 F3L
BE RNA BB SUTEIZIE A, )G 24 A1 48 h i, AiJTHAMT2 F2ik /K55 BRAAH b o S0l 8 25 TR T
74.0% ( P=0.026 ) F1 76.6% ( P=0.008 ), i AiJHAMTI Fk/KFAETESSIG 48 h I .35 F T X R0 2.21
£ (P=0.009 ). ULER AiJHAMT? J5 , HIHRIRGMEHEE WE N T 46.4% (P=0.020), 4hBAFHER, 4
AT L HR 2800 91 B B R T 28.1% ( P<0.001 )., 31.7% ( P=0.007 ). 36.3% ( P=0.002 ) F1 35.2% ( P<0.001 ),
{APTER AITHAMT2 F5F /N E FEPIL R = A B E R (P=0.252), [ 85i8 ] VIR AiJHAMT2 & AR/ N
LR AR R B AT A R AR, R ILE B VRN RNA TR T/ N E PR IR T
REIR NBER; RYOMERT LB AN ZRIR; £ARAT

Molecular characterization and biological function of
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Abstract [Aim] To identify the Ai/HAMT?2 gene in Agrotis ipsilon, analyze its sequence characteristics and clarify of its
biological functions. [Methods] The cDNA sequence of Ai/HAMT2 was identified from the 4. ipsilon transcriptome using a
homology search method. The sequence characteristics of AiJHAMT?2 were analyzed using bioinformatic software. Ai/HAMT?2
was silenced with RNA interference technology and subsequent changes in juvenile hormone (JH) titer, larval survival rate,

body length, body weight, and pupation, and emergence rates, were assessed. [Results] A4iJHAMT?2 contained an open
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reading frame of 855 bp. The protein encoded by AiJHAMT?2 possessed features typical of other insect JHAMTs, including a
S-adenosyl methionine-binding motif and 11 conserved substrate-interacting residues. The 4i/JHAMT?2 gene was localized on
chromosome 12, and its genomic sequence spans 5 673 bp, comprising four exons and three introns. Phylogenetic analysis
revealed that AIJHAMT?2 is most closely related to Mythimna separata MsJHAMT?2. Injection with double-stranded RNA
(dsRNA) targeting Ai/JHAMT?2 effectively silenced the gene in 3rd instar larvae. Expression of 4i/JHAMT2 significantly
decreased by 74.0% (P=0.026) and 76.6% (P=0.008), respectively, 24 and 48 h post-injection compared to the control group,
whereas expression of AiJHAMTI significantly increased by 2.21-fold compared to the control group 48 h post-injection
(P=0.009). Silencing AiJHAMT? significant reduced the JH titer of larvae by 46.4% (P=0.020). This also significantly reduced
larval survival rate, body length, body weight, and pupation rate by 28.1% (P<0.001), 31.7% (P=0.007), 36.3% (P=0.002), and
35.2% (P<0.001), respectively. However, silencing 4iJHAMT?2 had no significant effect on the emergence rate (P=0.252).

[Conclusion]

Silencing AiJHAMT? significantly reduced larval survival rate and impaired larval growth and pupation,

demonstrating that this gene is a potential RNAI target for controlling 4. ipsilon.

Key words Agrotis ipsilon; JHAMT;, sequence analysis; gene silencing; growth and development

174012 (Juvenile hormone, JH) 2R H
— PR E B A IR, R R L A ) A
B OBk L, 5 A R R S R R B
KR E(EHSE,2017;Li et al.,2019b ),
BRGNS R M AEY & & 2P IR, Hodha
HEWN— LRI R R T LM (Juvenile
hormone acid O-methyltransferase, JHAMT )
RS E TR W F:1k ( Smykal and Dolezel,
2023 ), Ht, THAMT TELRHER G b B dU/E
KAEB T EECHEEN, B3R JTHAMT &
BT K A& Bombyx mori, WHNLRUEHZE H#E
s S-PRT H AR &R ( S-adenosyl methionine,
SAM) [ BB B R ZR TR R A [, AT
A EATTEPE R R4 & ( Shinoda and Itoyama,
2003 ). M, MR ME R M Drosophila
melanogaster . Y& VI Aedes aegypti FIIRUAT
¥ Tribolium castaneum 5 WP FELE Y E T
JHAMT 5:H, FHEH] T JHAMT Z 5 R 34K |
KE A EEA PR ( Minakuchi ef al.,
2008; Niwa et al., 2008; Ekert et al., 2014 ),
B U] 1Y JHAMT K& RRCR A7 78 0 3% 2%
( Smykal and Dolezel, 2023 ), N SR IE A
b HA 1A JHAMT, TSR 8 R 2 4333
A 3 64 JHAMT ( Minakuchi et al., 2008;
Niwa ef al., 2008; Guo et al., 2021 ), {EARUL
it £, HA TJIHAMT3 BEMEHR: T
AR DR TR HH Ak, I TcJHAMTL Fi
TcJHAMT2 ¥ JCthaE, FKWIAIR JHAMT 3k A

FEIIfE LAFESME ( Minakuchi ef al., 2008 ),
T JHAMT X5 TR BB EE, Iz FHE
YA RSN, JHAMT kR 2h
AEEAR -, AT TR R 2T RNA T4 RNA
interference, RNAi) EHBGFIEH AR (Lu and
Shen, 2024). fillil, Fu%§ (2016 ) i1l AL
5% RNA ( Double-stranded RNA, dsRNA ) JjiEk
LA B L Leptinotarsa decemlineata W) JHAMT
5, SRR E 2, ARl m s P A
RS, ME R A oY & 2D . Guo AF:
(2018 ) FEULILAN A EE T L 8 S Aa ik,
fifi 2 KAL) A4 B JHAMT 119 dsRNA, K
FH RS0 25 IR D] S8 2 U i S AR AR S, HE
FhHE R FF 2 T . I8 5 205 50 ) A 2
Helicoverpa armigera JHAMT ) dsRNA 544>k
AL S I RIEYI T B b, M g U
Ja REIET:, I HIXFh dsSRNA 9K EEE A5Y)
YR AR B %A B B & ( Kolge et al.,
2021 ),
INHBRE IR Agrotis ipsilon (BE#H, #EAEL)
Je M SPE A B B B0 E Hi( Liu er al., 2015 ),
FEFRE, /N R4l HURRAE Tk Z AR B A2 0
ER, IEAK . /NZE | RRAE . MR ER 2 g = 5
JEE S AR A T (PREEITAE, 2004 ),
KWK, B/ INE 2 5R 32 B A 2% % AR
(Liu er al., 2023 ). #RIM0, HIGEHIEE25]
O 28 T BB 43 Hb DX /)N 1 2 5 % 245 351 A el Jee bk
IR RRAL (T4, 2012; RgExteE, 2013 ),
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BN E A, WA 2R ORI S R R BRI AR
ERAEY), B ST5eR HEREE, ASHFIRE L
o I TR R R AR S S, R, IR
TE RS XF /N b 3 PR 1A PRI A B TR B il 1 %)
IINHBE PR SCHESE IR ) RNAT B — S8R, it
RO ML B T 12 ATP [ ( Vacuolar-type
H'-ATPase ) & RN il /b2 R 4 A K & & (Li
et al., 2019), UUERJLT it ( Chitinase ) FE[H
fifi /N b 2 B 24 U B AL SZBH (Li et al.,
2022), W RNAi fE/N R oA F iR R
A R R A AT

ERTIIAE R, AT E T/ 2 %
JHAMTI B, KIRTUERZ N & F UM E R
HRFET- B EN N, LI B E R ( Zhang
etal., 2025), AWFREE T/NERS 2 1
JHAMT 3 (544 AiIJHAMT? ), SFiZ3E N Y
S FRHESEAT AT, B IR DT IE R X /N
ZRERER MWW, UIHIHG AiJHAMT2 14
Y= oihg .

1 MRE5AEE

1.1 4B H

/INHb R PR A BURAR A U1 AR Bl BTG A R
MERIREARE, ZE AN T AR L 10 /R0 4%
RAFFE . 4h AR T AaEL ( Zhou et al., 2021 ),
BURMEZS 10% (viv) BEEKIEW, BT
R, /NHLE PR AT AT 25 U RT dsRNA
WFELEM R RE (26+1) °C, MXTEE
65%+2%, JEJEMA 14 L : 10 D,

1.2 RNA EEFNE 1 % cDNA 5

i/} RNAiso Plus 7] (5345 9108, 5 H

B=, dbat) $REUINEE A RNA, Il Hifair

[II 1st Strand cDNA Synthesis SuperMix for qPCR

B2 11141ES60, ¥ X/EY), 1 ) ¥ 5 RNA

JEE SN 155 cDNA, TR A ™= ik
BB AT HRAE

1.3 AiIJHAMT2? £ . REEFIISH

PIZ A& BmJHAMTI &£ fR 751 ( Shinoda

and Itoyama, 2003 ) fE £ if)54R , {fi 1] BioEdit
A TBLASTN )y, W/ % 2
(Jin et al., 2023) "TH&R AiJHAMT2 ) cDNA
%), {8 ORF finder # ¥ ( https:/www.
ncbi.nlm.nih.gov/orffinder/ ) 1M i [5] 32 AE
( Open reading frame, ORF ), MK RS ik
a1 (R 1), DU/NEEIRSS 1 65 cDNA g
M, X AiJHAMT? ) ORF 47 PCR §" 14, =4
5 pMD-18T #/k (925 6011, FHEE, L)
B R, FALKIAFF A TransSo A2 540M (47
F: CD201, 434, Jtat), RdEMAEY (%
B Bty ARAEN T . M ExPASy )%
( http://web.expasy.org/compute_pi/ ) i} &
AiJHAMT?2 Zi i 85 15T BRIE 737~ MIAE A A
fi  SignalP #£J¥ ( https:/services.healthtech.
dtu.dk/services/SignalP-6.0/ ) 1 TMHMM #£ ¥
( https://services.healthtech.dtu.dk/services/ TMH
MM-2.0/) 43 5 F5000 53 WA 5 BRI B IR IX o 38 4o
Clustal Omega F& /¥ ( https://www.ebi.ac.uk/
jdispatcher/msa/clustalo ) 5% W £ J¥ %1 kb X
AiIJHAMT2 1 AiJHAMTI W) PR 20 8 fL RS 5/
N 25850 FrH Splign #2/F (https://www.st-
va.ncbi.nlm.nih.gov/sutils/splign/splign.cgi ) 5¢ i,
i MEGAI11 #fF, 3EF40421%5 ( Neighbor-
joining method ) F ALY, £ 53 S EAFE LT
1 000 X Bootstrap B & K55,

1.4 dsRNA &R 5iEst

AiJHAMT2 5 MHTYEE N AiJHAMTI
( Zhang et al., 2025) MEFEIFE (ERFY)
—HE 60.5% ), NP1k dsRNA s, et
AiJHAMT2 5 AiJHAMTI 1) cDNA 55 #E47BC D
S3MT, FRARYE Chen 45 (2021 ) Hizif i B (A
TEREAR T B 7 DX 3 ( 2 Z2 DT e i A S 25
15 bp ) &t dsRNA, 51 E5IA T7 B8 F/7
) (F 1), X/NHEFRSS 1 5 cDNA #1741,
193] 283 bp M AiJHAMT? B, [FRE, %t
pEGFP-N1 #/& (%85 . 6085-1, Clontech, 3
) YEATY 8, 345 440 bp MISRATEOLEH
( Green fluorescent protein, GFP ) JEP B, 2
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x1 KHAREAWSIY

Table 1 Primers used in this study

5149 3l (5-3")

Primer

Sequence (5'-3")

YK R
(bp) (%) HiY
Product Amplification Purpose
size (bp) efficiency (%)

AiJHAMT2-F ~ ATGAATAACGCCGTGTTGT 855 / ORF i
AiJHAMT2-R ~ TCAGTCTTGCTTGTTGAG ORF cloning
AiJHAMT2-ds-F TAATACGACTCACTATAGGGGAACCAGAAAAAGTTGTTG 283 / dsRNA 21
AiJHAMT2-ds-R TAATACGACTCACTATAGGGCTGGCTTCCTGGCGTATA dsRNA
GFP-ds-F TAATACGACTCACTATAGGGGAGTAAAGGAGAAGAACTTTTCAC ~ 440 / synthesis
GFP-ds-R TAATACGACTCACTATAGGGTTGTATAGTTCATCCATGCCA

AiJHAMTI-q-F ATGGCAGCGTGACCGTC 212 9 S2H PCR
AiJHAMTI-gR CCAATGTAAAGCGTAAAAAGAG qPCR
AiJHAMT2-q-F  CGTCACTAACATGCTGAAG 149 93

AiJHAMT2-g-R  CAGGAACATCTCCCTCGATG

RPS3-q-F AAGTCCATGAAGTTCGTA 103 92

RPS3-q-R GTACTCCTTGTCTTAGCA

B-actin-q-F GATGTTGACATTCGTAAG 131 96

B-actin-q-R ATCTTGATCTTCATTGTG

TRIZ: N T7 RNA BAMRE T8,

The underlined sequence indicates T7 RNA polymerase promoter.

AR BLA B UK A B )5 L [l A AxyPrep &E#Z 7]
Pk F & (585 AP-GX-50, HET/EMRbE,
FVL ) AT, Lt AR, A MEGAscript
T7 AN SR & (5255 . AM1333, Thermo
Scientific, 3£ ) & & dsdiJHAMT2 F dsGFP,
FLFHJC RNase HI/ACK PR Z IR B 2 ug-ul ',
VeI K /N—S0H) /N FE 3 145 2 K4,
ff 1 Nanoject I # 7 & {¢ ( Drummond
Scientific, [ ) #FfT dsRNA VESF, 4F3k4hdt
WS 0.5 uL (1 pg) dsAiJHAMT? 5% dsGFP. iE
Sa, Krah iR = 6 fLakch (FERTACE A T 48
BE), BAL 1 Skghdm, S 24 148 h B (48 h
BEa A 4 ), MANEEA (g
dsAiJHAMT?2 ) FIXREL (74T dsGFP) FfifLzE
g, # AiTHAMT2 B: R 265K (5%
UL 1.5 75, AN 55 48 h B4 B AiJHAMTI
MR SAR DR (O 1.6 19 ),

1.5 AiJHAMT2 Rik7K &)
R 1.2 5y B4R /N 2 R 4h R

RNA, JfI 55805 1 4% cDNA, AT 519 L3k
1, /N ENSIE N (B-actin) FIAZHEIAE
H S3 3£ ( Ribosomal protein S3, RpS3) AW
Z (KA, 2024 ), ROV VAR 20 uL, 2
4 Hieff PCR SYBR Green Master Mix ( #5:
11201ES08, %A, L) 10 uL, BRI
W 19145 0.4 L, %5 1 5% cDNA BT 1 pl( 20 ng ),
HoAx i A KCRb 2 8.2 ul o W5 IE 1 A 52 7 V43
BT 96 L, BT CFX96 RISZRF %
PCR {¥ (Bio-Rad, [ ) Hifry 4, HIEH
P HR:95 °C 30s, 1 MEH; 95 °C 55,60 °C
30s, 40 MEH . R ZEHE, Ph 60 °C#| 95 °C
(A TR0 B A TR A 26207, APEAS 514 B4
Stk MRS ERRE TS Y, A 96 fLikY
A5 TOASAS 1) 5 FE LA K JoAZ R Tl 1) %t B 0 14
H3IWEYFEL, BAOEZAY 15 kil
] 2 24 T A R A

1.6 RHGFEHERN
BN E PR HUE T 1 mmol- L' BifiRth o2
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Y% ( Phosphate-buffered saline, PBS, pH=7.4)
W, TEVK BEFERAIHK, SIRWAE 4 CTH &
12 000 r/min B0, e L3 00 76 208 AT B O
B, R ORI TR S5 43 B i) &

%5 LB4799B, JyfdisiA:4y, si0) #il b
TET PR AIER N 2R SR A 1
PR It S AW Bl ) BT AR DR R T, P
U PP RRIGE A i W €0 516 J3E T A T AR 3o 41k ) il
G TE, A BEVRYRITHE . KOG
{E )32 BUCE Multiskan GO BUFEFR4Y ( Thermo
Scientific, ) F#fT, e 3 AV
I, BAEEAE 15 kgl

1.7 &£#HalE

TSt dsAiJHAMT2 F dsGFP J5, ¥4 duik
BE 6L, AFL 1%, 424 h T 1 0CH
et A N T ARDRE . BERAC S | IRA RS (R
MBI A 3 R, ERARNFEINGET), 1T
BAFIE R SRS 9 K, A ERGC 4 R E)
&4, i Fl ME203E #9387 K- R e A 2,
Tt ) ML) AR, [FRDWE R, 17
TG A BRI S, e A0 B P IR Y R A B
a, THEALIR AR, SR E 3 IR
HE, BOEEMS 48 L4hd, HAEARWNT .

P75 = (ARG BURI IR 4 1) x100%

fRifR= (HE/5E 9 RAETHMh Hi%) x
100%,

PbE= PR R E/ %) x100%,

1.8 HESH

14 il WPS Office 2019 &K1 4 B AEi%
F AR AP, ] DPS v19.05 MUt
WEATGET 3T, PRALREARTA] () 22 53 3 Ml e 2
AR TS, SRR Z 225 %
P i PR E 5 2508 (One-way ANOVA ) Al
Tukey’s HSD 3:E 174l o

2 HREHSH

2.1 AiJHAMT? FE5I 44k

AT S ARG 2R | R P B B A e, 3R

87T AiJHAMT? ) ¢cDNA ¥4 ( GenBank % 5
5 PQ063874 ), ZJFFIMLF 855 bp [ ORF,
uth el 284 N8 LR AR L A B B T
AUHAMT2 25 F W ELS o T8 A5 L o 5o
33.4 kD F1 5.9, AT, ATHAMT2 & A
T IME SRS B, HEHEN TR, £
¥ 5 BE 45 SR B R, AITHAMT2 H A B &t
JHAMT (B RVERIE, fhh 8 ME I
SAM 45 A 25U K 11 AN BEE 5K kA= HAE
SRR IERE (1),

WAt AT N RS AL, AR AIJHAMT?
TEIER A FKE N 5 673 bp, FH AiJHAMT?
FISCHT S E I AiJHAMTI 2EFAT 12 Stk
b, PIEAESEL A AR 8 081 bp (& 2: A).
2 NSEFBIH 4 SR 3 AN A AR (A
2: B), W&ETFHIHANMEDRFE“CT-AG”
MW (85 R KR ). AN, AiJHAMTI F
AITHAMT2 I RARSFIIN S TAEADI S, 56 1
AT 3 AN E T4 ATE G R — LR 1Y
T ER, MR 2 NS TR ATESAS A
AERWESTFZHE (B 2: C), #F 31 FE
By 454 THAMT EAFIIE T REREW,
SERRW, Sk A [F—HERE R0 JHAMT R7E[F—
By B, ATHAMT2 {3 T3 H 432, HYS
IR H Mythimna separata MSTHAMT?2 2% 5
il (K 3),

2.2 AiJHAMT? B R 5

lia) /NHb S PR 4y U ) dsAiTHAMT?, 38 5 55
BP9 fe PCR AT AR S TR G L o 46
WoR, WHE 24 F1 48 h B, SXFRL (S
dsGFP ) tHLL, /NHbE TR AiJHAMT2 133K
KETFFRET 74.0%F1 76.6%, 35 EKT X R4
(3635 7K F-( 24 h: 1=3.42, P=0.026; 48 h: +=4.88,
P=0.008 ), W] AiJHAMT2 %5 53hii ek (1Kl 4.
A)o TG dsAiJHAMT? J5 48 h W, AiJHAMTI
FRIRKF B BT EXT IR 2.21 £ (=4.69,
P=0.009 ) (&l 4: B). {F4 dsdiJHAMT?2 J5 48 h
BF, /INHZE PR 4 O S0 38 28 T B 3 IR T
46.4% (1=3.75, P=0.020) (& 4. C),



24 LB /N R AITHAMT2 B R 53T REE S A W) 2 DI RE o3 A - 321

AiJHAMT1
AiIJHAMT2
BmJHAMT1
SIJHAMT
SfTHAMT
HaJHAMT
MsJHAMT
DmJHAMT

I LKKYMPEINYKIMLVACDI SEKA
SVTNULKK Y Piy) CDISEKHVEAN
SV LKFYMPIN Y@L CDISE#\JKYAN
ST TLKKYMEENYKGLVACDT SERVKYANSH )
SVTvILKKYMP vk vACDT SEvRYANEHIEY

NY 1LVRCDISEK§VKY 79

AiJHAMT1
AiIJHAMT2
BmJHAMT1
SIJTHAMT
STTHAMT
HaJHAMT
MsJHAMT
DmJHAMT

RHVESFYALHWIYNQERAFENIYNLL)
NHVFSFYRLHWIREOERAFRN INLLEENAGDCLLIFL

WHVFSFYALHWIRNQEKAFRNI YNLLIERGGDCLLYFL
RHAFS FYRLHWIRNQEKAFN I[NILIN GGDCLLg M

AiJHAMT1

AiIJHAMT2

BmJHAMT1
glJHAMT

7
PEFVNNVFLEPTHQNLVKGIN 297

BFIDIVISMNLOQOGENNEDQK---FLSP

B 1 /NZE AIVHAMT2 5H AR B JHAMTs 5 5B
Fig. 1 Sequence alignment of Agrotis ipsilon AIJHAMT?2 with JHAMTSs from other insect species

S-WRH AR A PRES S LUK @ HER R, HIRWEARR) 11 NEEMRRIEU =MAIIR . Ai: NMBZFE (AITHAMTIL, PQ063873;
AIJTHAMT2, PQ063874), Bm: K& (ABI113578), Sl: SILfik (XM_022959200), Sf: HIHiZTAMk (XM_035578501), Ha: #j
i (XM_021326702), Ms: ZHFKid (MW365993), Dm: MIEHME (NM_135949 ),

The S-adenosyl methionine (SAM)-binding motif is indicated by grey box. Eleven amino-acid residues involved in interacting with
substrates are indicated by triangles. Ai: Agrotis ipsilon (AIJHAMT1, PQ063873; AiJHAMT?2, PQ063874), Bm: Bombyx mori (AB113578),
Sl: Spodoptera litura (XM_022959200), Sf: Spodoptera frugiperda (XM_035578501), Ha: Helicoverpa armigera (XM_021326702), Ms:
Mythimna separata (MW365993), Dm: Drosophila melanogaster (NM_135949).

A AiJHAMTI 8081 bp AiJHAMT?2

Chr12

B [ 4MEF Exon MMl W& F Intron
359bp 172bp 109 bp 176 bp
AiJHAMTI :-[_[_g
ATG TGA
356 bp 172bp 109bp 218 bp
A [ —— ] j—
ATG TGA

C 2 0
AIJHAMT1 ...RDQEL(::FRNIYNLLEEGGDCLLTFLGYTPVYSVYNVLAQCSKWKSWLKDVKTFISPYHDMEKKV

AiJHAMT?2 --MNQERAFTNIYNLLNEDGELFTIFLAGAPVFDVYRVLARNNKWSKWLQDVDKYVSPYHDMKEPEKVV
1
AiIJHAMT1 TQMMEEIGFRNIDVKVKEMLFVFDSVEAMKN[TVK...

AiIJHAMT2 EKMLEKIGFVDYNVRCKNSVFVFEDLHVLKNAFK...

B2 AiJHAMTI 0 AiJHAMT2 EERA M ESHRF/REFLEH
Fig.2 Genomic location and exon/intron structure of Ai/JHAMTI and AiJHAMT?2
A. AiJHAMTI T AiJHAMT2 (£ 54 BRI E s B. AiJHAMTI Rl AiJHAMT2 WA 51N & F 250, RE D78 %L
FHNEGETRE; C. AiIJHAMTI Fl AiJHAMT2 fIN & TARALLE, BROTTHE ERBTFRANE TRIARAL (0 RoRE
TARBNE T RRIT, 1 F 2 5050 3R B T RYH | ALFNSS 2 AL I IR N & T 0B IT ).
A. Genomic location of 4i/JHAMTI and AiJHAMT?2; B. Exon/intron structure of Ai/JHAMTI and AiJHAMTZ2, numbers above
grey squares indicate intron size; C. Intron insertion sites of Ai/JHAMTI and Ai/JHAMT?2, numbers above black boxes indicate

the phase of each intron insertion site (introns that do not split codons are indicated by 0; interruption after the first and
second nucleotides are indicated by 1 and 2, respectively).
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69 FRITHG . Mythimna separata JHAMT1 (MW365993)
100 Ha44 B Helicoverpa armigera JHAMT (XM_021326702)
FHEIR Wk Spodoptera litura JHAMT1 (XM_022959200)

100 [ B SR Spodoptera frugiperda THAMT (XM_035578501)
100 W E KR Ostrinia furnacalis JHAMT (XM_028322112)
ZALYE Chilo suppressalis JHAMT (KY421777)

JINSRUK Plutella xylostella JHAMT (XM_048624739)

— Z 4 Bombyx mori JHAMT1 (AB113578)
?: 2K ik Manduca sexta JHAMT (XM_030164746)
100 o /NHE R Agrotis ipsilon THAMT2 (PQ063874)

{;‘Ej‘i*ﬁ It Mythimna separata JHAMT2 (MW365992)

99 SIS Spodoptera litura JTHAMT2 (XM_022959043)
41()()': RIB I, Spodoptera litura THAMT3 (XM_022959292)
85 & Bombyx mori JHAMT3 (XM_062671426)
F & Bombyx mori JHAMT4 (BMSK0007001)
8| o K% Bombyx mori JHAMTS (XP_004929488)
62 4|— Z 7% Bombyx mori JHAMT2 (XM_038013025)
100 7% Bombyx mori JHAMT6 (XP_004933576)
100 ¥ R L Aedes aegypti THAMT (XM_001651826)
HUEFERL Culex quinquefasciatus JHAMT (XM_038262835)
1 75 FME Musca domestica JHAMT (XM_005179510)
56 _{ 13 WG Drosophila melanogaster JHAMT (NM_135949)
99 #&/INSLU8 Bactrocera dorsalis JHAMT (XM_011208655)
100 —— LY K& Locusta migratoria THAMT (MH176615)
L VYN Schistocerca gregaria JTHAMT (HQ634702)
55|77 TR EE 4 /N Nasonia vitripennis THAMT (XM_001604413)
m 100 FR YN fBI% Bombus terrestris THAMT (XM_003402433)
100 B ARFE ¥ Apis mellifera JHAMT (NM_001327967)
100 ,: LRI Apis cerana JTHAMT (XM_017063360)
99 IRPUB %S Tribolium castaneum JHAMT1 (AB360761)
TR ¥ Tribolium castaneum JHAMT2 (AB360762)
FEKARH B Diabrotica virgifera virgifera JHAMT (XM_028277347)
K LLIFA K /NaE Dendroctonus ponderosae THAMT (XM_019904587)
50 TR ¥ Tribolium castaneum JHAMT3 (AB360763)
83 e AR B dethina tumida THAMT (XM_020021167)
75 ILAABEH i Leptinotarsa decemlineata JHAMT (KP274881)
75 Y68 B R4 Anoplophora glabripennis JHAMT (XM_018709341)
JR#3 B\ Bemisia tabaci JHAMT (XM_019061769)
84 FRYF Aphis gossypii JHAMT (XM_027991726)
61r|:£7|eﬁ% Rhopalosiphum maidis THAMT (XM_026963990)
BiEHF Acyrthosiphon pisum JHAMT1 (XM_016804125)
100 ——— BIEMYF Acyrthosiphon pisum JHAMT3 (XM_016807606)

99 l: B Acyrthosiphon pisum THAMT2 (XM_001943694)
100 Bi S YF Acyrthosiphon pisum JHAMT4 (XM_016802746)

96 E INHE B] Agrotis ipsilon JHAMT1 (PQ063873)

0.10
B3 HEF3HEHRM 45D IJHAMT SARKEINEEHRRZHLE

Fig.3 Construction of phylogenetic tree based on 45 JHAMT protein sequences from 31 insect species
/N BE ATHAMT2 IR @ FTE AR, #6508 GenBank %585

The Agrotis ipsilon AIJHAMT?2 is indicated with a black circle.
GenBank accession numbers are shown in parentheses.
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Fig. 4 Silencing of AiJHAMT?2 and the effect on AiJHAMT]I expression level and
juvenile hormone titer in Agrotis ipsilon larvae

A. 5t dsAiJHAMT2 Fl dsGFP J&i 24 F1 48 h B, /N FR 40 AL AiTHAMT2 BN A 7K
B. [E4} dsAiJHAMT2 F1 dsGFP Ji5 48 h N, 4l 0\ AiJHAMTI WAHXT kK5 C: T4 dsAiJHAMT2 i
dsGFP J5i 48 hith, WM RAIERTHIL . BB P R ERR, A5 RR 4 Student X
KR PRI 22 53 B (*P<0.05, **P<0.01, ***P<0.001), K5 FE 6 A,
A. The relative expression level of AiJHAMT? in A. ipsilon larvae at 24 and 48 h after injection with
dsAiJHAMT?2 F1 dsGFP; B. The relative expression level of 4iJHAMTI in A. ipsilon larvae at 48 h after

injection with ds4iJHAMT?2 and dsGFP; C. The juvenile hormone titer in larvae at 48 h after ds4i/JHAMT2 and
dsGFP injection. Data in the figure are mean+SE. The asterisks indicate significant difference between two
groups by Student’s ¢-test (*P<0.05, **P<0.01, ***P<(0.001). The same for Fig. 5 and Fig. 6.

2.3 B AIJHAMT2 3B R BFFER,
ERMEENRE

W5t dsAiJHAMT? J& 1-5 d, /Nb3E R4
PIFEIE R S0 A (Y dsGFP) ZR AR E
(P>0.05) (K 5: A)o HEHS dsAiJHAMT2 J55 6
K, BHRAFIE R TREE 82.6%, 1k IR (A%
2R 97.9%, MHEFEREFEEZESR (=550,
P=0.005) (&l 5: A), WG, F4T dsdiJHAMT?
M4l HURAE G R LRI, 250 9 REHENG 3
O FREE 65.9%, SXF AR (91.7%)
HETRET 28.1%, MEZEREE (=11.70,
P<0.001) (& 5: A), ST dsdiJHAMT? J5 3t
ToR 4 A MR AL, IR AL AR N | R
(K S: B), W4T dsdiJHAMT? J5 B
O34 BUAENG , H AR A R I 25 (K T X R AL,
HAR KD T 31.7% (=5.06, P=0.007) (& 5.
C), REKMKT 36.3% (=8.24, P=0.002)
(K s5: D),

24 B AIJHAMT2 3F /B EAFEFN WL
RN

HE—3E 00T TUTER AiJHAMT2 XF /N % g
LU A PR, &5 R LW, EH
dsAiIJTHAMT? % B A ii= 57.9%, METFXF
WA ZH B F LT 35.2% (£=10.24, P<0.001) (¥
6: A). TEARRBIEFLIMLI R, B 47.1%M
AR Gy -, gEmseT (K 6:
B ) ULEK AiJHAMT2 Xt/NHb A PR PIML R 8%
¥ (=134, P=0.252) (K 6: C).

3 SRS

RIS H AT, %E T/ R
AiJHAMTI, FER Tz R AE /N & R A K &
B EAEEME (Zhang e al., 2025), #k—
WG R IR, /N PR L R A rh A 2 AN JHAMT
L ( AiIJHAMTI F1 AiJHAMT? ), F, ZABF5%
BIEHT AiIJHAMT2 B4 FRAE I A
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Fig.5 Effects of AiJHAMT? silencing on the survival and growth of Agrotis ipsilon larvae
A, TEY dsAiJHAMT2 F1 dsGFP JG /N A INAETT % B, ST dsdiJHAMT2 Rl dsGFP J5 41 {8 ;
C. EHIEE 9 RAFES ALK ; D: HHIESH 9 KAL) kR,
A. Survival rates of 4. ipsilon larvae after injection with dsAiJHAMT?2 and dsGFP; B. The phenotypes of larvae

after ds4iJHAMT?2 and dsGFP injections; C. The body length of surviving larvae on day 9 after injection;
D. The body weight of surviving larvae on day 9 after injection.
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Fig. 6 Effects of 4iJHAMT?2 silencing on the pupation and emergence of Agrotis ipsilon
A. [ER dsdiJHAMT2 F1 dsGFP Ja/NMiEFRIALIRR; B. {4 dsAiJHAMT2 Rl dsGFP Jri/INHE R i 2 Y 5
C. M4t dsdiJHAMT2 F dsGFP Ja /N FE ) SPIE R

A. The pupation rates of 4. ipsilon after dsdiJHAMT2 and dsGFP injections; B. The pupal phenotypes of A. ipsilon after
dsAiJHAMT?2 and dsGFP injections; C. The emergence rates of 4. ipsilon after dsAi/JHAMT2 and dsGFP injections.
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FIE DA IRE , & LIZIE A AR A /N o
R RB IR B AR TR BRI Rt . 5 AIJHAMTI
K, AiIJHAMT2 4% & [ o R AR A Rl
JHAMT [FJHLRVESEIE, 3R PRSFH) SAM 45435
DL 11 A 5 AR SRR 5 . WFE R
WS e S SE TR R AL K A AR, & B R
JHAMT 5 SAM FIJE#I M EM )1, H 55
JHAMT ARG T F%( Guo et al., 2021 ),
AN, ABF5EE KL AiJHAMTI 1 AiJHAMT?
TE 12 Sy ik RARYE, HIEA RN T
NS TFAEANL S, X 2 ADIEFE AR A
LR A S SE R, e E Ak v i A 3 R A
MIE

AT WG AiJHAMT2 (4827 3hfe, i i
5 dsRNA 15 B H L DTBR  UTBR 4iJHAMT?
J&, /N PRl AR S R T B 0 2 TR, 3R
Wl AiJHAMT2 ZS5R4METTNG . AL
P, UUER AiJHAMT? J5 48 h 5}, AiJHAMTI )35
KB ETF ST AiJHAMTI [ARES 5/
LRI R A ( Zhang et al., 2025), H I
PeI AT RESE T AITHAMT? TUERS | 054 2
TR T R — AP . XKW, AiJHAMT? 5
AiJHAMTI 16— FEE FAFAEDIRETUAY o

PRl R TR R s w WL AR 4l i R OE =X
(Lietal, 2019; Yietal., 2023 ), Himit4m
B 1Y 2 32 IR RV ( Receptor tyrosine
kinases ) CAD96CA #1 FGFR1 1455, 7EE
MR Wi ARSI A AR A R v AR
BEAER (Lietal., 2025), AW R,
UIBR AITHAMT2 ‘T30 HE R4 B A2 241
i, FET R LT, X AT REE T4l A
FABZM, drmisgm T AT T A A BT R
BRI R, SRR SRS R 5
WA, R ML A K AESE (Mirth et al., 2014 );
EFAET, BE JHAMTI S504)) AR b 25
N, X S R A AR 4l OB B s At T
( Daimon et al., 2015 ), EMRES HL . EHA 2 HH ot |
F/NSE WS Bactrocera dorsalis F1 V. K HE
Ostrinia furnacalis ", WUER JHAMT 52540 401
MAEKER, I DERRRAAER (Fuetal.,

2016; Kolge et al., 2021; Zhou et al., 2022; Xl
MAE, 2025 ). ARBES AW F, UL
AiJHAMT2 5350/ Nt 32 FE 401 IR I 3 2 RIS
B A AR SR A R AR G 3 R R 3R o [R]
P, IS S R A AR, S E W 4
BRI G R SR B4 OB S (XE 75,
2019), Htk, 4 AiJHAMT? WG, 1440
FORNE R SR 0 A T RE SR F T, DA RELAS /N
22 PR AL L 7 o BARUTER AiTHAMT2 X/ Hh
LR R PR B R, B A R dan
MR R R JHAMT 2340 p ok 1 6
HRE, ML (Wen et al., 2015;
Barton et al., 2024 ), TEJGLEWFFH, KR AE
PHILER AiIJHAMT2 245 20 /INHb 22 5 il R 9 2B
B P HE S

FORABIF S EST dsRNA BN S2 1 %F
AiJHAMT2 BUCER, (I A AR TR OR A
B . RIS & F H R SE PR AR o 3
AR, EETYORPURIY dsSRNA 3 6H AR E H
7 IR U — T BT SR R (2244
452025 ), AR fE dsSRNA 28 i 3% i i
FEHEAMR, ARURY dsRNA 32 E duidfbiE
PR TR il A e A, 0 S5 B T AR T S R R 50%
(RUPEFESE, 2025). DLRT, —Fhnl & sl i 2k
dsRNA [ B RIBH & R 5 W9k ok gt & |
FEAE /NI R TP R T A, R T AR B
HIVTERSR (Lier al., 2019a ), 2P %% —
BINZRK:, RSB K S REE, R
I B AiTHAMT2 UUER A 5 FSOR |

ZE LTk, AR A T AiJHAMT2 W)75))
FRAE , 4R T 18R AiJHAMT? S50 N % PR A 4))
WRTEE TR A K EE Z M AR R R E T,
T AiJHAMT2 ZA L) RNAL By i AR . J52k
BRI 538 A T )N A dsAiJHAMT?2 4K 3%
ik 250, USEmUTTERECR, R/ hE g n]
FesLin BRI TR AR
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