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Abstract: To investigate the regulatory effect of timeless gene on migration, mating and other rhythmic
activities of Mythimna separata, PCR was used to clone M. separata timeless gene (Mstim). Bioinformat-
ic methods were used to analyze the characteristics of Mstim. The expression patterns of Mstim at differ-
ent developmental stages, tissues, and zeitgeber were quantified by real-time quantitative PCR (qPCR).
The results showed that the full-length cDNA of Mstim was 3 132 bp, encoding 1 043 amino acid residues
with a predicted molecular mass and theoretical isoelectric point of 117 kD and 5.14, respectively. MsTIM
had the conserved PIS and NLS domains of timeless family, and the sequence similarity was 97% in com-
parison with Spodoptera exigua and Helicoverpa armigera. The qPCR analysis showed that the relative

expression level of Mstim mRNA was the highest at adult stage, followed by egg and pupal stages,
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and 6th instar larva was the lowest. The higher relative expression of Mstim was recorded from antenna

and head whereas lower expression was recorded from the flight muscle, leg and gonad in both female and

male. The expression patterns of Mstim mRNA in antennae of female and male were similar at different

zeitgeber time points. The expression of Mstim was lower in photophase than in scotophase, and the ex-

pression was lowest at the Sth hour of photophase but increased at the late photophase. The highest expres-

sion occurred at 3 h after light-out and then declined at the late scotophase. The expression of Mstim had

not only spatiotemporal but also diurnal specificity, suggesting that this gene may be involved in regulat-

ing growth, migratory and reproductive rhythm in M. separata.
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FELE T AR EY MR NG 30 HZ 28 B A A
RSB TIREZ IR AL T ) WP X if
(i8] S 2 (] (R HFIRRE 7 AR 8 i Ak 22 B o3 A8 A 55
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timeless 3 HIFH R G AL .
1.2.4  F5 & timeless 3 P B = F ik 3 5T

At AR BORE AT R IS R T R T U LR
FE AR B ek

W7 AN [R) & 8 B B Rl HE timeless 6 PRUAR X 33k
It U] B B Rl H T A LA PR
RNA, i TO85 14l BRI, BURE B Sk A
RNA AR i BURE B B9 100 K7, 1.2 % 4) du 4%
60k ,3 44l Hi4 15Kk, 5.6 14 114 3 3% i 24>,
B H 4 3 Rl Al OMERE AR 101

W5 B AN R 22 timeless JE RIS ik 1 43
SIBOCHIAE 4 d HE R, TR I ARTHT 1 h o351
HEATAH BRI, AR EURE S i 71 8 X, 3k 44,
RATHL2AS, JE 6%, AR 24~

W05 A A AN [R] B8] timeless J RIS Fik i 43
FBOCHIE 4 d e HERCR , TR 1 hid
HUfinh A RNA B 4 hJJBORE 1O, B R U A 8 X6

FrAFE R IRCE 3L EER, T AT R
IHR-AFT-80°C,,

HR PG FE R e 45 R+ 2 0 o | ), 24 T
A AR (L) IR A BR S W) AT W, I8 a3
i PCR ¥ LA K AH X b o i £k 125 E A7 9O o
PCR %5 Rk e 1519, IR SO AR & | Fe 4



414 AN K HUEYBD timeless HE PRI v e S 28 AU AR FR8 43 B 673

e BUE 514 Tim-DF : CTGAAGAAAAGGAGTC-
GGATACG , Tim-DR: AGACTGGCCCTGACTGTT-
TGC. LA B-Actin WINZEEH , % 514 : AcF:
AACTTCCCGACGGTCAAGTCAT . AcR: TGTTG-
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1.3 #ESHh
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2.1 #iHtimeless EERITEIES B 5

VIKG HL cDNA BRI T timeless FE R 141
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P R 7R FE (Asp+Glu) 149 A4, B Mk 22 FE iR % ik
(Arg+Lys) 107 4~ H 8 11 5 o K Pk | KAE M
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o T ) — G 25 48 o - BRTIE L 4 35.28%, HiE
% 12.37% , TCHI 5 M1 52.35% , HAZ R T LS
K,

LR T 5 BLAST L 45 336 W 10791 5
i =% % Wk Spodoptera exigua (GenBank % 5% 5 .
HQ731035.1) M ¥ %% H. Helicoverpa armigera (Gen-
Bank %5 5% 5 : KM233162.1) i # Bl 4 f &, ¥ o0
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R —3, RS8R 5 v Rk 4B Danaus plex-
ippus . A % RBE Papilio xuthus . . KU Papilio

polytes FFEMEIST Fy— 7 . MIXGH H 1) 2R IE 1 Dro-
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palpis 1) tim W 75— (E12) o AU 53 BT 4
YR timeless £ F R 2845 A dy- b e we B2 A R A
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2.2.1 REVE A B Mstim 2 B o9 R A 57
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B 08 B2 = T H B R F BB, 40 ] i
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A RAT LR A A0 2.94 211 £, ik
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FoIR AR, b AT AL SRR 5 o R BORS ELY
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ikt G LR S hiy, b kR R Mstim B PR )R
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BT FT AR Pk o 5% S A TG R timless H: IR
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TIM 5% J% M AL R AiE , H A TIMELESS_C.NLS
PIS.PIS_ Il #5445, K Ht MsTIM 5 Ho & i 33 H
TIM AL TS 81% LA L, i B B e TIM BM PR5F
X5 EER RO (4 /N AR, 2012) K A GRA TS 855
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1 ATGGTCCAATTAATAGCATTGTTGTACAAGGACCAACACGTTGTGACCCTGCATAAACTTCTCAACCTGTGGATTGAAGCCTCTTTATCC

1 M VvV QL IATZLTLYZXKUDSGQUHV YV TILHZE KTLTZILNTLTWTITEA AT S L S
91 GAAAGTTCAGAAGACAATGAGAGTAATACTTCGCCACCGGATAGAGGTAGTGATTCGTCTCCGATGTGCACCTCCGAACCAACGTCGGAC
31 E s S EDNTESNTS S PPDZ RTGTSUDSSUPMCTSET PT S D
181 TCGTCTGATATGGGCGGCAGCGGCAAGAGTAACGACGATCCCAACTCTGTTAACAAGGATTGGGATGCGTCTTCTCAAATGAACAACACC
6l s s DM GG S G K SNUDUDTZ®PNSUVNZE KTDTW®WUDA ATSSQMNNT
271 AGCGAGAATGGAAATGTACCGTTCCGGAGACCTGAAGAAAAGGAGTCGGATACGGAAGACAAAAATAACACTACAGCAAGTCCTAACGAT
99 S E N G NV P F RRUPETET KTETSTDTTETDTIEKTNNTTATS P ND

361 AATGTTGTGCAATCTGATAATGGAATGTCAACGACTTGCAGCAGTGGAGTACAGTCTAAGGCAAACAGTCAGGGCCAGTCTCCTGGCAAC
121 N VVQsSDNGMSTTT CS S GV QS KA ANS QG Q S P G N

451 ACGTCTGAAAAGAAACCTGTAATTTCGGAAACTTCTGATTGCGGTTATGGTACACAAATCGAAAATCAAGAGTCAATTTCCACATCAAGC
151 T S E K K P VI S ETSDTCGYGT QI ENOQE S I S T S S

541 AATGAGGATGAATTACCGTCAAAGAAACCTGTCCACCAGAAGCCACACAACCCCAAACAGAGGGTTAACAACAACAAGAATCGCGCCGGC
181 N E D E L P S K K P V H Q K P H N P K Q R V N NN KN R A G

631 GTCTCCATGCAGGAACGAARAGCGAAAGAAAATTGTCAAGAGAGGCAARATCTAACATCATTAACGTTCAAGGACTATCGCATARAACTCCG
211 v S M Q E R KR KK I V KRG K S NI I NV QG L S HZ KT P

721 ACAGATGATGACATTTCTAACGTTTTAAAAGAGTTCACTGTGGATTTTCTTTTGAAAGGGTACAATTCATTGGTCCAGACACTTCACGAC
241 T D DD I S NV L KET FTU VDT FTULTULIZ KSGT YNSTULV QTTULHD
811 CAAATTCTGTCTAATCATCAATTAGAAATAGACACTTCGCACTTCTTCTGGCTAGTCACTTACTTTTTAAAGTTCGCGACGCAAATCGAA
271 ¢ I L s N H Q L E I DT S H F F W L V T Y F L KFATOQ I E
901 CTTGACTTAGAGAACGTTAATTCGGTTCTATCTATCGATATTGTGTCGTACTTGACTGCAGAGGGGGTCAATTTATGTGAACAGTTTGAA
301 L DL ENVNS VLS IDTIVSYLTA AETSGVNTLTCTEQ F E

99] CTGGCCATCAAACTTGATGGTAATGACTTGAAACCGAACATTAGGCGTCTTCATTTGGTTGTTACAGCCATACGGGAAATAATACAAGCT
331 L A I KL D GNDUL I K®PDNTI RIRILIHHILWVV TATIIRETITI Q A

1081 ATTGATGTGTACAAAAAGCTTCCACACATATGCAAGGAGGATCAAGATGCGCTTCTCAAGTTACAACTTAAGATGTGTGAGACGGAAGAG
I bpbvyY KK L P HTICI KEDI QDA AILUZ LI KT LOQTULIZ KMMTCETE E

1171 CTCCGACCACTTCTTGTGCTACTACTGCGTCATTACAACCCGAAGTACCACTCGAAGCAATATCTACAAGATGTCATAGTTACGAACCAC
391 L R P L L VvV L L L R H Y N P K Y H S K QO Y L Q D V I V T N H

1261 ATATTGCTGATGTTTTTGGACGGCCCAATGAAGTCGCCGGAATATAACGGTGCAACCAATATGGTTGATCATATCAGACAGTTTGCCTCG
421 lf L L M F L D G P M K S P E Y N G A T N M VvV D H I R Q F A S

1351 TCTGATATAATGTATCAGTACGGGTTGCTGCTGGAGGACTACGCCGACAACGGAGAGTTCGTCAACGACTGTGTCTTCACGGTGATGCAC
451 s D I M Y QY G L L L E D Y A DNGEFV NDCV F T[V M H]
1441 CACGTGGGGGGCGAACTGGAAAGCTTGATCACTCTGTTTCAGCCTAAGATTTTAAAGACATTTACTACTATATGGAAATCAGAATTCGAG
481 [B_ v G G E L E S L I T L F Q P K I L K T F T T I W K S E F E]
1531 ATTTGTGACGATTGGTCTGACCTCATCGAGTACGTGATAAACACTTTTATTAAAAAACCCCATTCTTTACAAAGTCGTATTTTAATTGAG
511 [1_ ¢ b b w s D L I E Y VvV I N T F I XK K P H S L O S R I L I E]J
1621 AGTTTCGAAGAGGTTAAGATCGTGCAARAAGCCGGTTCCAGCGCCACAAGCCTCACCGGAAGCCACTCAGGCAGGTGATAAGAAGAAACCT

541 | F E E K I Q K P V P A P Q A P E A T Q A G D K K K PJ
1711 ACCAACAGTAGTGCAAGCTGCACCTCCAAAGGARAGGCGGAGTCGAGGTGGACAGAAGATGAACTATCGTCGTTAAGTTGGAATTACATG
571 [r_x 2 g T K G K A E R W T E D E L S L S W N Yy M]
1801 CAGTGCAGTGCTCTACCTGATGTCGTCGGAGAAATTATCTCACTCTATAAGGAAGATGGTATCATTAAATCGAGAGATTCCGTGATCAAG
601l [0 ¢ s A L P D Vv V G E I I L Y K E D G I T K S R D S V I K
1891 GAGCTTTATACGCAGAATCTTATAAACAAAGAAGATTACGATAGATATGTGAAAGGGGAAACTGACAGGAATGTGAAAACAGTACAGGTT
631 (E 1. Yy T 0 N L T N K E D Y D R Y V K G E T D R N K T Q V]

1981 ATGAAGGAGATGAGAGACGATGAAATAAACAAGCTTTGTGAACAGCTCACACAAGATGGAAAGTCCAAGTTCTTAGATTGGGTACAAAAA
66l (M x T m R D D E T N K L C E O T T 0 D G K 5 K F L D W V 0 K|
2071 GTATTGTTGGAAACCTGTTCCGCTAAAATATATTTAGATAAATTGGCCAGGAAAAGCGAAAGTGAAAATAACGCGAATGAAACAAAATTG
691 [V 1 T E T C s A K I Y I D K L A R K S E S E N N A N E T K L]
2161 ACCACATTGAAGAAATCAAATGAATTCCACGTACTGTCTCCAGTCTCATATCACTCCATTCTTCTCAATCAGTCCGTGCCACTGGTTCCG
721 [T_T 1 X K s N E F H V L s P V S Y H S I L L N Q s V P L V P]J

2251 TGGAACTGCAAGCAAGCGGCCGTTTGTAAGGATTTGAAGTTTCTGCAGCTGCTTCATAAGCTGGGATTCCACATGCCGGTGGACTCCGGG
751 [W_ N~ ¢ K 0 A A Vv C K D L XK F L Q L L H K L G F H M P V D s G]

2341 AAAGTGTTCATTCGGATTCCCCAGTTTTGGTCTTCTGATTTTCTGTATGACGTAGCAGGAAAAATTTCGCCGATTGATAAATCTAAACTT
781 [x_ v F T R T P 0 F W S S D F L Y D V A G K I 8 P I D K S K L]

2431 AAGTTCTCTGTAAATGATATTTCGGACAGCGGCATTTCAAACTCAATGCAACAAGAGAGTTTACTATTGTTACCTGAAAACACAAAAGAT
g1 [k F s v N p 1 s b S G I s N s M 0 O E s L L|]L L P E N T K D

2521 ATCACCATGATGGAGAGTCCGGAAAATTTCTATCAAATACACAAACAGAAGCACCTTGCTACTATGGTTAACTTCACACCAATGCCTGGT
841 I T MME S P ENUVF Y Q I HK QK HLATMVNT FT?PMTZP G

2611 TCTGCGTTCAACTCGGATGGTAGTGATGTTGAAAAGCACAACTGGTTGGAGCTGGTACAAAAGTCTCAAGAGTACAAAATAGCCTTGAAC
871 S A F N S D G S DV EKHNWILEULV Q K S Q E Y K I AL N

2701 TTGAGCAGTAGTATCATTAACAACGAGGAGGATGAAGGGTCGGACATAGTGATGCACATGGCGGGCAAGGACGCGGCGGTGTCGGTGCCG
901 L s s s I I N N EEDE G S DI VMHMAGI KD AA AUV S V P

2791 CCGCTGCTGCTGGCCGCGCCGGTCACCATCAGCTCCACCGCCACCATCACCAGCACCACCTTCCCCGGCACCGGCCTCATGATGCCCACT
931 P L L LAAUPUVTTISSTATTITSTTT FU®PGTS GULMMZPT

2881 ATCATGAGCATCAAACAAGAAACCACGCACTTCAACGTACCTGTGCCTGACTCCGAACATTTTAGTGTGTGTGAGACGGCATCGGTAGCC
961 I M s I KQETTHTFNV VPV ?PDSEU HTFS SV CETHA ASV A

2971 TCCGACCTGACTCGCATGTACGTGTCGGACGAGGACGAGAAGCCCGAGACTGTGCGCCCCCTCATCAAGATGAACCCTATCATTGACGAA
991 s bL TRMYV S DEUDZEI XK?®PETVRUPIL I KMMNUPTITIDE

3061 AATTGCGGCGATTTGGATGAAGACAATAATTCAGAAACAAGACTACGTGTCAATTTCTTCTCTCCTTTTTAA
1021 N C GD L DEJDINNUNSETA RTULIRVNTFTF S P F *

B 1 458 Mstim BERFFRAIEER HiESHRERF ]
Fig. 1 ORF region and deduced amino acid sequence of Mstim gene of Mythimna separata
WUFRI2k 3R 1B 15 PER ILAE I PIS s BIBS #0404 NLS 454 5 SCARME I TIMAY C AR DI *3/m 2113
. The double-underlined fragments are two PER interaction sites; NLS is shaded; the TIM protein C terminal region is in the

box; the asterisk indicates the termination codon of translation.
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91 Spodoptera exigua (AEJ38225.1)
91‘ ‘:Helicoverpa armigera (AKC42323.1)
100 * Mythimna separate (KY446806)
Sesamia nonagrioides (ABC18169.2)

01 {7 Antheraea pernyi (AAF66996.1)
s — |
91 Bombyx mori (NP001037622.1)

Ephestia kuehniella (AJG06482.1)

100

Danaus plexippus (AAR15505.1)
90 {Papilio polytes (XP013133833.1)
100 Papilio xuthus (XP013181216.1)
—Drosophila melanogaster (AAC46920.1)
L) Sarcophaga crassipalpis (BAB85471.1)

Mus musculus (BAA36500.1)

2 BEFTIMEERFFIUSEENEMAREEIRRNRZLER
Fig. 2 Phylogenetic tree of TIM from Mythimna separata and related different insect species by using neighbor-joining method

16 T a
14
12 +
10
0.8
0.6
0.4
0.2

MIXFFRIEE Relative expression level

SVEge 18 Ist 28 2nd 38 3rd 484 4th 588 Sth 68 6th ¥ Pupa SR Adult
R EHrBt Developmental stage
B3 #5H Mstim EE mRNA ERE L B M BN RIEE
Fig. 3 Relative expression of Mstim mRNA in Mythimna separata at different developmental stages
B B R P bR e R . R (R SR A Tukey s HSD IEA B 7E P<0.05 7K F-22 5 i 2% . Data in the figure are mean+
SE. Different letters indicate significant difference at P<0.05 level by Tukey’s HSD test.
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Fig. 4 Relative expression patterns of Mstim mRNA in Mythimna separata female (A) and male (B) at different tissues
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mean=+SE. Different letters indicate significant difference at P<0.05 level by Tukey’s HSD test.
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Fig. 5 Relative expression patterns of Mstim mRNA in Mythimna separata female (A) and male (B) antennae

at different zeitgeber time points
R B8 R B bR R . SR 5B 2R F Tukey s HSD BRGS0 7E P<0.05 7K K25 5 . 3 . Data in the figure are mean+
SE. Different letters indicate significant difference at P<0.05 level by Tukey’s HSD test.

RT-qPCR 45 -2 11 , Kk B Mistim 76 AN % 8 B
BiFA A BRI RS R R E S T
BB, O R A ek e ) 3 v T U X
Fp A AR A Wb L PR A F R 2L A, 2011)
VB2 25 B RGBS TF LR TR il A kAT
[ A= S e Y= N TR (PSR (i)
B B, AT O T ELA S, R A (R
1 T CRIEER A v RE S A W P S R e B R A
HEm T HEEEN BRI (G, 1964; T2 5,
2013; WA IA AL S B, 2014) . 48 period . timless
KRB TR S B OGIR AR ek
AR RO 40T M4 ) A 3R (R HE, 2009 5 X1 4
BRI, 2001 5 R AT, 2014) , RTAY A=)
B L DR 7 DA B2 M A 22 Tk B T BE S SR AL AL
U ORI AL AT RES ST AR T A B S8
T 47 31 A b 3o PR %) 3k s AR P RE Fh 3% s 40
M2 IS RGN A R B TEa, HAT RIS .

Rl 1 Mistim PRI S 30 R0 ik £ vh 8 sy
55 508 timless &R TE UH TR , 117 58 A B 22 Jhk 4 B
H ERI SRk i T AT L AEFE AR A S
(RN, 2011) o SRERE R L& RGP
T, AT il B4 PR, Sk S M e TRy
JEE Y BRR RS 0 (Myers et al., 2003 ), i fil £ H B
B ARG, B Al WRBE R B2 S AR
B FTIRE, 5 B AT R & A % YA 56 (Sch-
neider, 1964; ZLAE5,2015) . K HA T €T PERG 2
ik 4 BRESSE fi 7y U B, LAl A v A B R PR ) ik
BT, e T 2 M AT EE JJ (Guerra et
al.,2012) . R, A5t Mstim A8 ASTR] 20 2 b () 6 3k
22 SO RE R Sk BB A Sl A 2 TR T R B R

B TEIHAB Mk Spodoptera littoralis S5k P EL &
B timless /) 5% 35 5 1k HURS 1 O RS ICTY A 22 (Kot-
wica et al., 2009) , Ifij 7E i3 W 2% % Riptortus pedestris
H I g e PR A A W B R S e T LR R R Y
1EH U (Tkeno et al., 2010) , PRI MR, HUA= B AR 2 /2
G LD Mstim B RIB V] RES SAL A58 Ok
B TH AR

TS A N3 B R LT BRI 2 o i A= P
WEEIR I, crytochrome?2 period . timless £ CLK 5
CYC I Wi 5 — K5 & A= %% 5%, B TIM/PER/
CRY 1 T4 = IR SR . = RIKEE R
D] e TIM DL gk 104 i , R 4% 19 PER/CRY 1 2R
BN CLK/CY C BT Sk A 740 il DT 78 15 4 3
PR AR A P 22 3k (6 SCHR S, 2016) o Mistim 55 R )
IR ARG RS 8 N R ARG IR IR
BT R A LRI BRI timless AR AL RAE , 5 AR
g (B Sfe 26 45, 2005) | 2 ik 4 B W (Guerra et al.,
2012) \BH ALK (A /N R, 2012) | Hi R Vi oy B A
(Kobelkova et al.,2015) %5 B H timless F& K X ¢ R
7l ) Wi 7 1 o A — B, PR IHHEN simless 7RG L
AR N S e B A, R HHRAT R
7RG S R A AR X R A T O S AR R A
TG BTS2 6T, I timless () B R
IoF [FIREHE SRS A D A 8 5 L AT T
AL, Rl U R ARAT R B A5 B 2R RIS
HONHE B2 S0 & AR ARG I, R0 AR ABLY)
AT AT A e B R 2 TR
1) (ETCSE , 1964 ; TEFT SCRIXI # 9 , 1997 Silvegren
etal.,2005) . fER=RACK, R BUEERE & E
H BB RN T HSZ R AP I A (period Fl timless)



434 FUAENIAE R HUE YD timeless HE IR v b S 28 RV F5K 53 B 677

S (A= /N R, 2012) , FEXT R LA U oK
HTTE A B, BRI L A, A

S E] TE A U 38 e 10 T 2 A PRILA (Hall & Ros-
bash, 1987) ., [KITi Mstim 76 MRS B0 il f P 5295

frrEkik, BRI AR RIARDE , lRES 515 (5 5
RATEE AR, AR MR 0 5 ROR 1T
BT, IR A T [R]RR ] E A BCXT B9 56 Al . H

J& , [FRERY timless F& R FR iR A=Ay 380 T HAT M
AT AR AT AR AN B A, 75— L/FXTTHE

Wb A TR ANFSE (Kobelkova et al.,2015) .

AHH 5T T U RG A Bh B timeless 4T T
TElE I T HEAN I L R R & B BB e 3R
RIS E B E T Mstim AN, 6 B B
H A= pp B PR 5T, HEN Mistim 55 DR [R)AE R RS 1
A Rl AR TN BRI R AR, X eesh
R T XA LA timeless BN, I Mt —F
FRZAN HUA W O T S A B A AT R TR AL
il AP 1 AR RS He oA Bt T B A
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