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Function of methoprene-tolerant genes in the reproduction of
Mythimna separata
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Abstract Juvenile hormone (JH) is a sesquiterpene compound secreted by the corpus allatum and can regulate
many physiological processes of insects, such as development, metamorphosis, reproduction, etc. Methoprene-tol-
erant (Met), belonging to the family of the basic helix-loop-helix-Per-ARNT-Sim (bHLH-PAS) transcription fac-
tors, is most likely the receptor of juvenile hormone (JH) and plays a crucial role in JH signaling pathway. In this
study, we used qPCR combined with RNAI to determine the expression of Vg gene, ovarian development and re-
productive behavior in M. separata after silencing Met gene, aiming to explore the functions of Met in the repro-
duction of M. separata. The results showed that, when Met gene was silenced, the expression of Vg gene, which is
closely related to ovarian development, was down-regulated by 50% , leading to the significant inhibition of ovarian de-
velopment, the delay of oviposition and the decrease of oviposition period and egg production. The results indicated that
the Met gene is a key receptor gene in the process of reproductive development of M. separata . It regulates the expression
and deposition of Vg to control ovarian development and regulate reproduction in M. separata .
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(vitellogenin, Vi) 75 Ji§ 5 44 b J8C, 43 6 3 il bk 20
Hh L R BRBE 0 I A St I 6 R e
SN TR IR AR AU T A5 00 o I 2
FERRI RN RS R

WFHE RN JH 5258 2 AR A R R FEAE T . il
Wi 2 R JTH 5 5% 204 T L B 58 3R W)
£ bHLH-PAS # 5% I F Z R i Z — 1 Met
(methoprene-tolerant) i A Al GE 4 JTH A 3Z K. RNAi
FARAANS E Met FEH 5 B T R BUHD . Met 5
JH L[R5 25 B b py A= 58 B0 S B/ Ve &
. AUGH H S Met 8745 (&7 D) Je RNAL 4
Mer BEPRJ5 1) 352 B fRdpr 1 R 2 3 O B3R IR 4%
FAETE 1T B, E R Diploptera punctata
FR A Cimex lectularius F1 s Met FE R DTN G B3
WA T Ve {Zfd RNA (mRNA) 13635071 ) 7R E#
H&W. KIS Locusta migratoria P2 ZF5E JH 3@ 1
Met 3R 9P 8¢ Sz A= A BR-RE AN AR AL

Fh i Mythimna separata J&=—FhH A 7 15 25 1T
CHF AT FAE YL 100 280, 2 E R K E R
K NEFRRE = R ERRAE R ERF R, Hrp
AL G R 2 R R K IT R T B R SFR
F R A R B 1 S, T g R B
JH ¥ S8 7E 2 B RAAFE et fR b, 26 HRTE
PERCGART IR T €, S KBRS UG AFPHERY
JH MOPEL & O m TR B A, PMefE
1 B ® A7 2 Z 42 TFIRAA Ccorpus allatum, CA) 1
R K AT IR MR . 1 B AU TH 280
(juvenile hormone analogue, JHA){#i/= LRI, €
FTRESI R 1 H 42 TH A F 0 A 10970, it
ARG 1 H I ZE L Mer FERA ki i 8= T H:
fl H %, BRNHRAT 2 D)5 DI ER I Mer 323k 5T
FREET, UG TH R A s R (5 S
1R idA% AT AP B Ak 0 0 i R B K . A
AT, FH RNA TR ] Mer &9 B 2%
K, NI T Met £ERh AR SRR TP T RE .

1 #R7TE

L1 g

PR L B R AR R U A S0 28 B0 1.
2 PRI R, D HCRITZ 40 em 5 9 BRI
TSR AR IR N 10 36/ IR 24°C 560
L//D=14 h//10 ho AHRHREE R 705477

FZ AL A AR 9 6 2 #7500 Real-time
PCRCABI 23 7], & FD ; i {3 5L (WPT 4 /), 36
E), TRIzol i3] (Invitrogen 2~ &), 3 E) 5 [ ¥4 5%
57 & FastQuant RT Kit(with gDNase) CRARZEY)
BHEABRA AL AL 5 298 2@ Bl 57 & Super-
Real PreMix Plus (SYBRGreen) (CRAR A=Y B &
PR T A0 s 8 5 | W5 i A A TR A
FRAFl, W) s Tag Master Mix(Dye Plus) (i ME%E
EYIBHECA PR AR B R0 s B RS 1) (B AR )
FHEABRA L THD .

1.2 REAE

RNAL 5191356 B A NCBI ke i Ha 5% 5%
AR EAIR H Mer JEP G55 : MH050927. D JF
G B A BRA R D A sl Bt G 3 4%
Mer FEFRI I SiIRNA B J 1 2% 5 B HUE A BE R 10 %
FAHSA R BITERT I NO SIRNA B (& D

F 1 FXWPTE siRNA F R
Tablel siRNA fragments used in the experiments
siRNA F B H %
Use of siRNA

fragment

siRNA F Bt
siRNA fragment

JFBeF51(5'-3")

Fragment sequence

SIRNA-1  TGAGATTTGACTCAAGGAA  ¥{%k Met J[A
SIRNA2  CCGATATAGTACATTCACA SIRNA J B
SiIRNA3  GAAGATTATGGATGCAGAA

NC AGTAAATCGGTAAGGGTAA [EREROR

RNAL 519 6 : 155 H & w0 °H 46 1 H .
SEARIE N 0.1 nmol/ L TNy 2 L, TSR by M
IR ER 5~ 6 4 [A) 5, IR ) S TR IS 24,48,
72 h, JLRCE S AALPE, A MIE 3 AN EE.
Horp LTS A TR R 6 RNA il /K Sy 25 O
L NC B BE 0. 1 nmol/pL., LA siRNA-1, siR-
NA-2,siRNA-3 }y Mer 5 RNA THiab g, 1F
SF I ik ) DI SLIBORE R FH S 92O R i PCR J7 kA
IxF Met BT HERCR » USSR = (1 — FE L
BRIG LU Mer B [H] Y 2 35 /15 7K 0 B4 1
Met JER 355 X 100%0, fifi e H T ERBCR B i
f) sIRNA B b 4 5 i) .

Mer BRI R DIRESUE : AR 48 LA 51 W0 e 45 21
TIN5 R 1) Mer JE Y sIRNA B, 8%
BIPPAE 1 H SR AT 5 DATEST siIRNA (%6 B
R BR SIS 0.1 nmol /L ARF N 2 s P
TSR [ e B2 AR NC Y 2 HOAE Ay B 1 ) 185 LA
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VESARTEMAR TR T RNA i AKAE by Xof B 5 SR 52 i
PtrE i PCR A E RNA T4 48 h )5 Vg JEH
AR XS Fe ik i, F9T Mer BE PR AW il )5 00 5 &
FIEO0; BEAh 3 ) S B 5 ek — e — Bl X, 45 H
]I 5 D00 fi e e /K 2R ISR BE T TSR 7 B AT
NSO N TR SN/ Ve 2

®2 KRBAESY

Table 2 Primers used in the experiments

Glk/ s S19F51(5'-3") GlE7)ibas
Primer name Primer sequence Use of primer
Met-gF TGGGTCATTTGTGTCCTACG SR G
Met-gqR TCAAGGAAGCCTCGTGTTCT 7E it PCR
Vg-qF TGGCCCAGATGACCCATGAT
Vg-qR ACTGAGCTGCCCTAGACAGG

B-Actin-gF AACTTCCCGACGGTCAAGTCAT
B-Actin-gqR TGTTGGCGTACAAGTCCTTACG

1.2.1 & RNA #y# 5K cDNA 89 & &

A TR I ) D 8 3 X8 BTG RNA B0
H R TRIzol J5 k32 H0US RNA, H1JC RNA ik
V)5 » FH NanoDrop 795656 BE I e A% FR e & LA I
ODyg0/ODygy , 2= B8 Transcriptor First Strand cDNA
Synthesis 280G & GRAR A P RHEA PR A AL 50D A A
cDNA,

1.2.2 8ot & PCR K JE

Ml Hu 8 S 21 5048 2 B¢ NCBI GenBank 442 7
KIEFE I Vg B (B 55 . KF501044. 1) Fl Mer %
K51 b0 AR ) TR B A BR 2 W) 53 I 0 2k
8 A B 518 Met-qF/Met-gR, Vg-qF/Ve-
QRJAT aPCR i, 1425 BEH BB Bactin 3
PRI (55 GQ856238. 1)

AR A )5 %2 SYBR Green 5, &4k
A SN EYFHELE KL IANHAREL, JOLE &
PCR AR 7 4 - 95°C FAE T 15 min J5 #4740 4>
PEER RIS AL 95°C A2 10 5,60°CIR K 30 s,
T2°CHEA 32 s; Met J:[R Y 2 W 4 £ : 2 X SuperReal
PreMix Plus 10 pl, B FiE5I#45 0. 6 pul, 50 X
ROX Reference Dye 0. 4 ul., cDNA Bl 2 pL, il
RNAase-free ddH,O #p5% % 20 pl, Vg FEH X
MK Z : 2 X SuperReal PreMix Plus 10 pL, 5|
Y45 0.8 pll, 50 X ROX Reference Dye 0. 4 pL, cDNA
it 2 L, i RNAase-free ddH, O #8552 20 pl.,
1.2.3 BELEE

il SPSS 20. 0 AT EHE GL o0 pr . 1l
BEMS I BRI EERERFOR . i 2220k

XPZGH Mer £ Vg He PR @ 2 0@ £dis vy Ce {Ha
FTALFE 53 Mo BT A HH X R B R &R Oy 22 40 i
(one-way ANOVA) ,FI9% 2 5 4 F Tukey’s
HSD 1, 22 5 i F PR I K -y P<<0. 05,

2 ER5HM

2.1 siRNA BBk

M Mer FE R 2536 € e A5 R (B DT LLE H -
3 AN Ab P[] 4 245 R r BF %o R 5 9 K ko R B A
PR 2 5 1SS 24 h, siRNA-1, siRNA-2, siRNA-3
3 AR BT M UTERECR (Fuy =3. 719, P=
0.063), i Bt siRNA-2 YLERECR By » By 64265 T bt
J&i 48 h, B siRNA-2 4 W& VTR SR (Fup =
6.257, P<C0.05), Hh j Bt siRNA-2 BT BR AL %
Ak 8020 LA b ST E 72 h, BB siRNA-2 545 &
TR SCRAB TR T B (Fyi = 12. 253, P<<
0. 05), Hiv i Bt siRNA-2 {1 BRACRE R 58%.
Rt F BE sIRNA-2 X Mer 52 R (4950 BRA8CE B 15 »
It HAFEJS 48 h IR Ak

1.6f
ECK @NC

14+ 2 B siRNA-1 a
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i PR AR A RNG - RRFL Tukey’s HSDEEL
BAEP=0.05K-FERBE, FrAMARAZEIN. TR

Values are means+ SE; different lowercase letters indicate significant difference
at 0.05 by Tukey’s HSD. All sample sizes are 9. The same below

E 1 F[E siRNA FERAMEARRE R E G Met EEHRIZE
Fig. 1 Expression of Met gene of different siRNA

fragment in different treatment of time

2.2 Met ERTHEX Ve ERRIZEURMER
Bkl

it DL E sIRNA R B i e 45 51 R R Bt
SIRNA-2 T4t Mer B[ 48 h J5, Vg FEPH R E i
BT (F,s=15. 402, P=0. 004) , 5 & /K % 18
AHEL T8 1729 50 %6 5 B BE 55 1 /K X BRAH L Vg
FE R B A (B 2) . I 3 AL
F i T Mer 2R 5 L DR & B 900 5 %0 BEAR L
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%tt'. sMer FERWE T 48 h J5 . IE I & & 5 Ik
% U ELAE B W L OIRLA AT B, O 8 i A ORISR
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Ol 2 9, IR EAE @, IR R IR RO RL,

1,
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Fig. 2 Relative expression levels of Vg gene after interfering Met
gene of Mythimna separata for 48 h
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Treatment

B R P AR, RN FRARE L Tukey’'s HSDSELL
BAEP=0.05KFEFBIE; FrARRAEARIIH20. TR

Values are means+ SE; different lowercase letters indicate significant difference
at 0.05 by Tukey’s HSD. All sample sizes are 20. The same below

B3 THFhH Met £ 48 h Xt I &L B RH IS
Fig. 3 Ovarian development grades after interfering Met

gene of Mythimna separata for 48 h

afIb gy HIARFRTE ST SIRNA-2FITERNATGK (7 i1 5 L
The letters a, b indicate ovarian development after injection with sSiRNA-2
and ddH,0

4 THRFEH Mer EFE 48 h ERHBEBNIPELE
Fig. 4 Ovarian development of Mythimna separata

adult after interfering Met gene for 48 h

2.3 Met EETHIFHREBEMNFGHZ I

W 5 Fis . B AL HL A Mer FERBLTTER G - X%k
HAF=IRRTIA W50 (F.5 =4. 756, P<<0.05), 7=
TRRTH S X BEAH FLZE K T 0. 61 d, H 2% 5 5285 BT
RS K BRAH LB B E2E 57 . IR 3 HILIE
TR A Mer Fe[H 5 %28 Bt ¥R & (F 5 = 1. 307,
P=0.261) M Ffiy (F,.5 =2. 355, P=0.103) 30
ER SV AT BT EE P2 B i (F 5 =7, 467, P<<
0. 05) B35 N R, P B i (.5 =5. 880, P<C0. 05) i 3
R 0.78 D ACHLFE NI T 27 HAr .
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Fig. 5 Effects of silencing Met gene of armyworm adult

on the preoviposition period

F3 THHEBRME Mer BEXTE=IHE I E ST BLREL 32 Bl 2= F0 1 R 55 A O R20)

Table 3  Effects of silencing Met gene of armyworm adult on oviposition period, lifetime fecundity,

mating frequency, mating percentage and longevity of Mythimna separata adults

Qb3 k92 A FEER A/ d RBCIREL/ IR LR/ Y% W e i/ d
Treatment Lifetime fecundity Oviposition period Mating frequency Mating percentage Female longevity

CK (926, 12443. 14)a (7.08%+0.12)a (0. 8840. 12)a 72 (11. 25%0. 21)a

NC (915. 62450. 16)a (7.05+£0.16)a (0. 77£0. 13)a 68 (11. 142£0. 20)a
siRNA-2 (734.00429. 91)b (6.30£0. 25)b (0.5540. 11a 45 (11. 75£0. 20)a
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TEABEFE & B, TH0RT ) Mer JE[H 48 h
JG Ve HE P FRAERE TR, AU Es, i
H R UA i Mer A8 1405 90 7 & 4= 2 B DL &
Ve B RACE TS 5A R8s RARSE. Mk,
TP 8 HL Y Mer JETR S o J 2] T 26 Lo 5L
IR MR, X5 KM 3 Colaphellus bowrin-
gi Baly f1#8 K&\ Nilaparvata lugens Stal fFH %
WEFEARRT s DU KA i HORIAE R E ) Mer A J5 4B
R IP§E R TR, Bl CEl Y OP Al 2 5
Koo FmBi g i TR B Mer 3 [ Rk 4 10
HiljE . JH A RE S 2855 JH TR 914 5%
BEL, 307 1 Vig H PRI 3K o DT 52 e E PR A 1 2E
SN L H . IRAIIEER T ) FZ I RE 21
PE Vg TEMErE S I I 5 1A b 85 B Vi 5300 3 1 ik
B v A B9 £ 40 R A, DT 2 2 B B 1) 2 A
o TEH R B A0 A= OB T B R 4 i R R
Vg, PG ARG AW, 75T PE R U Mer LA
J& JH 5 S48 Sl 2 BHL, Vg B 1954 5632 B
FIRE TR, DPRRAHM R T A BRI IR B 1) Ve, H
R FNBEASZ B TR 1 50 S A % 5 LA S AR5
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G 760 210 ) iy A ORI 000 o T D) 960 240 L 2 1] )
AN a2 B Ve B R 3 I RE 40 A i 0 1 8
U, AN JTH 252 DNA & il RNAL ] Met
FORE L BEAR T TRIE i 5 4 20 i i) £ B A DNA
B 1 T 52 0 19 8 P40 2 SR 0 8 40 L )

TR AL Mer FEHJ5 T4 THAL KB Vgl
Vg2 MR B2 TR . 230 R Aot
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I it — 20 BIE Met Oy JHA (524K, 75 B0 Met
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U JH 5 52 14 Mer He[H e Vg Jk PR i) & 3K 1 O
HRE  NTHE— 2P UE S8 Met 752 HUAE 5 3o 72 v
EZAEN .l — RPN S5 R rhHEWT ) TH /)52
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LRI RE W) KA RO S /E M. SR, 2 R
Met "I i X BF B Az A FH LA K BB 240 i G20 3§
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HERRFE Y TR 08 W Y Mer J IR J5 ASAXE Met
mRNA FiA e B2 T, Wil E iR Krhl
(55 ST B 5 AR . DR AR U 5 Kr-hl 3
RE BT 8, X 5 Mer JER G A JH ) H
SRS B (JHAMT) R R A9 25 AR 1, R,
T St RN TH R Ui B 8 R AR D RE 4 A A Y
I TN 52— 2P 58 Ke-hl fE%h A 58
R PIRE

AT KT Mer FEH ) Fe ik )5, BLAS 1 51
HMRE M Vg FEHE M FRE R TAE. F, A
WA R R TH g 552K Met 25584 Ve 1Y
EESRMOPEN LT SR e A E . ASBESRUER] T
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