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Cloning and expression analysis of allatostatin gene in adults of the
oriental armyworm, Mythimna separata (Walker)
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Abstract In order to clarify the role of the allatostatin gene (AST) in the process of juvenile hormone synthesis
and release of Mythimna separata (Walker), the AST gene of M. separata was cloned by RT-PCR and RACE. The
full length of cDNA was 902 bp, which contained a 378 bp open reading frame (ORF) encoding 125 amino acid
residues with a molecular mass of 14.33 kD and a theoretical isoelectric point of 9.25. The typical structure of
C-type AST (PISCF) was located in the deduced amino acid sequence. Phylogenetic analysis indicated that AST
protein of M. separata had a high similarity (up to 80%) to those of Pseudaletia unipuncta » Spodoptera frugiperda
and Helicoverpa armigera. The qRT-PCR analysis showed that the expression levels of AST gene were significantly
different at different stages and in various tissues of the female M. separata , mostly expressed in flight muscle and
head, weakly expressed in the ovary. The expression was the highest in the head at 7 d but in flight muscle at 1 d.
This study has a significance in enriching our knowledge about the function of AST on JH and the molecular mech-
anism of JH during flight and reproduction in M. separata .
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Table 1 The primers used in this study
GIE BN 519751 (53" GIE7)ibes
Primer name Primer sequence Use of primer
CTE579 F  ATTVATGCDGCDCCWATGGA [7) 5 BL iy

CTE579 R GGTTGAAGTAGCACTGVCGGA ok

CTE605 3 GCCCTGGGACACCATCAACACG 3'RACE ¥ ##
CTE605 5 GCCGCCGTGTTGATGGTGTCCC 5'RACE § 1%
CTE605 F TTTCACGTAAACCTTCCAGCCGTT LA
CTE605 R GCCGTTGAGGTGTTAGGTTGC 4 Rt
AST-gF CTGTTTGTGACAATTCGTG

AST-gR CATCCTCTCCTCAGCATC S YG
Actin-gF AACTTCCCGACGGTCAAGTCAT £ PCR
Actin-qR TGTTGGCGTACAAGTCCTTACG

1.2.2 % RNA #42 B fn cDNA % —# 1y & K

i ) 2 HL s U AL 2L, AT WL, BE SE T
RNA Jif§ 5.0 % . A AR U5 A Trizol $2H45 41
41 RNA J5iA T DEPC /K. RNA FH# R & H R Y
6 e 5 R 0 L P 1. 5 %0 B R OB R A T L 5
#pE, 2 M FastQuant RT Kit (with gDNase) 2 §%
iR &5 G B DNA 28 — 85, IR R 1F T —
80 CLA I,

1.2.3 Zbd AST £ F 2K cDNA F7| 7w & K &= 4
LAY

DASRAR ) cDNA =4 At #1H ik it/
5141 (CTE579 FLCTE579 ROY 4 [ 41 5 b3k
BRI RIS, 854 3'RACE 519733 E % 11
¥ (CTE605 3", #il 5'RACE 5| #5055
PI(CTE605 5') , 43 B s ARAS L R i 3" 5051
PCR [ N R E A 94 C T ASPE 3 min; 885 30 4
PEI ER A 94 CARPE 30 5,55 CiE k 30 5,72°C
FE{# 1 min 30 s;H)5 72 CHE{# 10 min.

RS PCR Y1 B AT 12035 I e 1 R Ik
Fer I 0 101 WS o P 3% 42 5 pMID20-T ik i 422
Ja #FAL 2 E. coli Competent Cells JM109 H1, i 1
P, 37 CRl Rt Fe . Wi FVBETE , Phade BHE: T v - 48
BUSCREIIN R . SRR S Y 91 e Bepf45 31 cDNA
RPN, HrE cDNA JPF1 154 (CTE60S F,
CTE605 RO #4T PCR ™1 . T B UE Tk el BEAE .
1.2.4 ASTHEFF| oM 5 R Gt ity 2

FH ORF Finder Chttp: / www. ncbi. nlm.
nih. gov/projects/gorf/) 5 8 5¢ 5 i) I Ji B AE , I
e AN i 2 LR 7 41 . AR NCBI Blastx #E47
AR P A RIER R [ HTEL A SignalP4. 1
Server Chttp: / www. cbs. dtu. dk/services/Sig-
nalP/)HFATES BR AN . )3 51 Xt 1] DNAMAN
s M ClustalX 810F #4724 1R T 41 2 & L
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ND#AT 1 000 YCHE il it R GE A o
1.2.5 st tE® PCR R

DL 135 R0 7 H UG e sk iy Sk &8 CAT L B
11 cDNA AR, SR SIS 9 e 1 PCR BORK:
TP E G AN TR B E) 25 ZH 8L AST B 3R38 7K, DA 1
H ik B 8 S M Ao E 4 4

ST EE R SYBR Green 14,20 pll (&% :2X
SuperReal PreMix Plus 10 pl; I FiE547(10 pmol/L)
2% 0.6 ul.;50XROX Reference Dye 0. 4 pul; cDNA
Bt 2 pLs i ddH, O %552 20 pl. i FE ABI
7500 Real-time PCR X #1475 S I 45 1F 150 B R
95 CHlAE P 15 min; R 5 40 G, 16 2 5544 0
95 C7BPE 10 5,60 CIBk 30 5,72 CHEfH 32 s,
1.2.6 #HAERITE 247

i AST BEPRTEATE & F B Be f AL 2L 1 5% 5
ACFRI 27229 k000 ARl K B BB g2 AST
HIAE XS 2 35 7 ok SAS 5. 0 #K {4 #£47 One-way
ANOVA 7 2Z 5 Mr, 2 E L8 % Tukey’ s HSD
2, 2255 B E TR KKy P<<0. 05,
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2.1.1 %k AST R B %

DAZGHUNZHZY cDNA AR, 973875 31— J6 5
SEPERIE T8 4417 . W3t 3'RACE Hil 5" RACE J
SRS B S 388 bp (1 33 Al 224 bp ¥ 53 5 1%
Wiy 45 M F6 R AST L[, GenBank % 5% 54
JQ669383. 1,

2.1.2 #i# AST £ FH 77| 247

AST JEPH cDNA 741423k 902 bp, JF AA H
AW AL polyA NG 5 AATAAA, ZHEEH
THIRC B BEHE Ry 378 bp. UG E WS T4 ATG, £ L%
8 TGA, egmht 125 ML . Wl &EE 5+
o0 14. 33 kD, 25500 9. 25, N R & A 14 26
ANEIERA B E T AR J8 T C B M 2, %
AR IIARIME C ARi-PISCE, INAREL & I >E D 2
TR T LUE RS AE 1) B4 i), & 1 AN ek
PRAAL R CTIR? ), X o AST Sy [X. cDNA 1 )5
5, 25 NCBI I BLAST 4347, 55— f Rl
Pseudaletia uni puncta (GenBank % 5% 5-: U36570. 1)
[A) 6 PE 35 95%, F AR 45 it Helicoverpa armigera
(GenBank %55 : KC340915. 1) [a] P54k ik 87%. 5
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5 ¥es Wi gk Amyelois transitella (GenBank % 5% 5. Bank 2585 XM_013309172. D B[R JEER 77 % L
XM _013331392. 1) FIMHE KU Papilio xuthus (Gen- |, b R4S FUFBTIZ AL N %G gt AST JE[H

M 1 2 1 2 M 1 2 M 1 2 M
—— R—— ——
(—
a b © d

a: FHHASTIE K i cDNA JF BEPCRY“HE; M: DL2000; 1: 5 HicDNARGHAR; 2: AHIM-MLV A% I8, b: 35 H ASTHE R A3 K 5iPCRY”
34; M: DL2000; 1: 3'RACE PCRF=4; 2: R JIIM-MLV k%) i c: % BASTEEFE 5 A 3PCR Y 1#4; M: DL2000; 1: 5-RACE PCRj=4);
2: A JIM-MLV XS I d: B Ht ASTHE [F 1) 2K PCRY™#4; M: DL2000; 1: Rt ASTHE R 2477 40; 2: S IMM-MLV B HX ]

a: PCR amplification of M. separata cDNA; b: 3'-RACE PCR amplification of M. separata AST ¢cDNA; c¢: 5'-RACE PCR amplification of
M. separata AST ¢cDNA; d: Full-length confirmation of M. separata AST ¢cDNA. a: Lane M: molecular weight marker (DL2000); Lane 1: PCR
amplification of M. separata cDNA; Lane 2: Negative control without M-MLV; b: Lane M: molecular weight marker (DL2000); Lane
1: 3'-RACE PCR amplification; Lane 2: Negative control without M-MLV; ¢: Lane M: Molecular weight marker (DL2000); Lane 1: 5'-RAC
PCR amplification; Lane 2: negative control without M-MLYV; d: Lane M: Molecular weight marker (DL2000); Lane 1: Full-length confirmation
of AST PCR amplification; Lane 2: Negative control without M-MLV

1 FH AST E[E PCR =4 B ik E
Fig. 1 PCR amplification of AST from Mythimna separata

1 CATTTGCTTTCAAAAACCATCGGCGGCGACCACGGAAGCAGACTGAAGCCTCTCATACCG
61 ACTTGAAAAAGTGATCGTTACTAGTTTCACGTAAACCTTCCAGCCGTTAACAGCTGAAAT
121 TATTTCTACGTGTTGATTAAAGTTTGAAGATCACA

156 ATG AAA ACG AAC GTG TGC AAC GTG TAC TTG GCC ATC GTC GCC GCC ACC TTA GCT ATG CTG
1 M K T N vV _C N vV Y L A 1 V__A A T L A M L

216 TTT GTG ACA ATT CGT GCC GCA CCT ATG GAG GCG GAG GAC GAG CAG GCC GAC AAC ACT CTG

21 E_.v T 1 R A A P M E A E D E Q A D N T L

276 GTG GCG CAT CCG GAC GGA GAC ATG GAG ATG GCG GGG CCC TGG GAC ACC ATC AAC ACG GCG
4V A H P D G D M E M A G P W D T I N T A
336 GCC CTG CGC AAG CTG CTG CTA CAG CTC GAT GCT GAG GAG AGG ATG GGC AGG GTG AGC CGC
66 A L R K L L L Q L D A E E R M G R V S R
396 TCG TGG CCGCAG GCG GAG CCG CGC GGC TGG GGC CTG CGC GCG CTG GAC GGG CGC CTG GCG
88 S W P Q A E P R G W G L R A L D G R L A
456 CGG CAG TGG CGC GCC GAC AAG CGC CAG GTC CGC TTC CGC CAG TGC TAC TTC AAC CCC ATC
0l R Q W R A D K R Q V R F R Q[c]Y F N [P_1
516 TCC TGC TTC CGC AAG TGA

121 R K *

533 ACGCCACGGACTCGACGACGCATCGACCCTATGACCTAGTTGTGTAGCACTCAACTCATT
593 TCAACATTTTTTCAATAAAGTAGCAACCTAACACCTCAACGGCCACATTGTGAAACGCCA
653 ACGTCATCAAACATTGTCAAATTAGCTATCACAAATTGGGCGTTTCATAATGAGGTCATT
713 GACCAATCCAAAATTAATTATATGGGTATACATTCAATGTAAATACATATTGTAACCACT
773 CTTTTGTCAGCTAAGGTACTAGTAATCAATACTTTTTTATCTAAAAAAAACATATGTCAA
833 AATGGTTATAAAGCGACTTTGAATGACGTTTCCAAAGTACTAAATAAAACGTAGGCAGAG

893 CTAAAAAAA

TR S IKPF; HA TR BRI B FATG KL FTCGARIMESE T AATAAA; KA R R TEIR H
T DEAR; T HER AR CACR B S5 H

The signal peptide is underlined. ATG as the initiation codon, TGA as the termination codon of translation and AATAAA of the
possible polyadenylation signal are shown in bold letters. The cysteine to form disulfide bridges are shaded in gray. The non-amidated
C-terminal pentapeptide is in the box

B2 FHHREMEINEE AST WZEBRFIIREESHEERSFT

Fig. 2 The nucleotide sequence and deduced amino acid sequences of AST from Mythimna separata
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Zh Mythimna separata AF156408.1
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HHI ST Spodoptera frugiperda Q868F8.1
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F A% Bombyx mori NP_001124356.1

JNSEWR, Plutella xylostella XP_011549721.1
Consensus
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b Mythimna separata AF156408.1

— B4 Mythimna unipuncta AAA93257.1
W44t Helicoverpa armigera AGH25547.1
FH ST, Spodoptera frugiperda Q868FS.1
T AVIE Chilo suppressalis ALM30301.1

4% Bombyx mori NP_001124356.1 -
JNEM Plutella xylostella XP_011549721.1 TGGRISH
Consensus VI Wpq epr
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FIHIFES — B0, 23 3k 87. 26,85, 6%4.61. 6%6; 5
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001124356. 1) F/N3E Mk Plutella xylostella (Gen-
Bank % 545 XP_011549721. 1) ()% 51 — B3
%2331 h 52. 8% il 44. 8% (K 3) . 41 L 43 B
R FW], C B AST i 7778 T B i, A
[ E L AST )7 5 FE e 2L [l R <7 X 3k PISCF,
I HBAEPE R RIE B T AST HofE—— %%y —
Tk

.. DUEMAGP) ERMG. 76
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L

WML T % J5 A% )75 GenBank B 5, W KR LK Wi P A DE AR, wm KR CRIASTIRF EAERR)T 51

The species names are followed by the GenBank accession numbers; ¥indicates the two cysteines forming disulfide

bridges, m indicates the conserved amino acid sequence

B3 o AST EESERF 5 EIFEEL RS
Fig. 3 Alignment of amino acid sequences of AST from Mythimna separata

PR3 HT % L Bl AST e85 — S Ak
TG R IO , AR R L DT L A e R
Clostera anastomosis (AEM44668. DINFELZ LRI
. 5 E0 RUE Papilio polytes (XP_013145137. 1;
XP_013145138. 1), #f # X8 (XP_013164626. 1),
Mk 4P Danaus plexippus (EHJ74863. 1), %
P IR 8 (XP_013186846. 1) /N \ K A% . LR 1)
FL K R BE, 5 B K Aedes albopictus
(JACO07495. D) HUSRME Drosophila simulans (Gen-
Bank & 55 XP_016024602. 1) & R4 Operophtera
brumata (KOB78759. 1) {34 % R fie ik (18] 4) B A
PSR GO R IRl IR B R 5 AR 4 [
X4 AR BEAR —

2.3 FWAST EEHMFZERMERIE

KT E & PCR,MAPIMLIG 1~7 HIERS
HOpy sk AT LA B S rp A ) AST S 5 Y 2
ik o H LSRR 100 bt 25 2UFN & 8 B[] 09 A [ i A 1
WS, RS, AST fEA L B FRIATE AR
KATIL> LA >0P . B, Rhidy AST JEP Rk
HA W) W 253 A 338 R 1% (Flo = 26. 53, P<<
0.01;F, s=62.55,P<0.01;F;,=112.14,P<0.01),

Spodoptera frugiperda Q868F8.1
Helicoverpa armigera AGH25547.1
Mythimna unipuncta AAA93257.1
Mythimna separata AF156408.1*
Clostera anastomosis AEM44668.1
Operophtera brumata KOB78759.1
Danaus plexippus EHJ74863.1
dmyelois transitella XP_013186846.1
Chilo suppressalis ALM30301.1
Papilio xuthus XP_013164626.1
Papilio polytes XP_013145137.1
Papilio polytes XP_013145138.1
Plutella xylostella XP_011549721.1
Bombyx mori NP_001124356.1
—— Aedes albopictus JAC07495.1
100 —— Drosophila simulans KMY89687.1

B4 AST RERFIIHRGEHLK DT

Fig. 4 Phylogenetic tree of AST amino acid sequences
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PRIFE PG A [ B () PN 7 80k f 25 59 i 3 (s =
4.53, P<C0.05); Pb)5 7 H KA AH X 26k i
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il H %25 SR B2 (P>0. 05), PULEAR H IR AT
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9.63, P<<0.0D), k)5 1 Hily AST FLF )L
. W ETPMLE 5 HIRF 7 Hi (P<<0.05).,
AFPIEIG 3 H g 25 7R B3 (P>>0. 05) ; B L
AST RH Ik m ik, HASIR H & 2 0] it 2 35 5t
Tol FEME R (F;,,=0.49, P>0.05),

g or 22 772 %43 Flight muscle
P g s- % abA 5t Ovary
TR 7
i / / bA /
1—"lb abB bB %
o.éﬁ:ﬂéﬂzugﬁAléf
PFALrfE/d

Time after emergence
B s B PR A RN FBRRFA—HARF HiRE
BEMER ARAREFERAFA—HRAAARNFREEER;
B A% Bl Tukey’s HSD45 0 Hh 4883, P<0.05

Values are means+SE; different lowercase letters represent significant
difference among days after emergence; different capital letters represent
significance among tissues; statistical significance is analyzed by Tukey’s
HSD, P<0.05

BE 5 AST EF7ER: R R A LN E R RIEE R
Fig. 5 Temporal and spatial expression of AST in female

Mythimna separata moths
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AT i PCR 25 R 7R : AST J 2 A7 1€
TR AP0 A FE K € AT OP L HR I
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dJERE R OP L F 5 U0 R R R B s A
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