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HFEMHER Tim NEE  BERFRIEREK
3 R 5 i B 5 0

maty', M, WEF, FEFR, KHE, s, 0B

(1. WiVT T B2 Bt AR 5 PR B4 B Wi VT 48 /K = B 0 5 e 5 R R AR F 9% B S 30 &2, WL 7700 3151005 2. Tl L
PR FE BE, WiV T 315604)

FEE: Tim ( Timeless) 4 Per EERK NG W HE2 M E YA EE, Ed W EHA AL TR EEERE
Bl BT E ey L E Tim 3t % 87018 7= 0 6 =16 R, KF R R T % 4% Tim % B B cDNA 42 K
B3 3 #AT R 7l 047, FIH QRT-PCR B E X LR AHF X T Tim EH/EGEFR AL+ 0y B kK
R, SIRNA FTHRBEAWSHRT Tim EFENM R E LRGP, EREr, 895 Tim 28 7 FF %
7 352 4E J7 7] 7 3 090 bp, 4% # 1029 > & B, A % 3 AR F 4 #3 ( TIMELESS superfamily, TIME-
LESS CA1FIil) ; Tim XA AL B EN AL FH A RK, EPERBER KT WL BEFmRKK
FRE; TmEEENEMEE ST ENBE LA ERE XL, HE G X 12:00-18:00 & & , &
00:00-06:00 %z 1% ; Tim & & F % & {078 IR 09 B 28 0 . K %8 Koo 8 b % 28 i L 90 3 8 R 34 90 B 48 e
REEOETapy, EENEmBEE Tl EERESHE A K 12:00 # 3 T 7 8 00:00; siRNA T 3t
B, TimEHERE NEFTNELAEANETREEI~TREZTH (P<0.05), Tifh & £ 8 fyp
EPH _BLENETHREF1I~-9IARMEETHE (P<0.01) .. wT N, Tim & H/E éﬁ*ﬁ“‘%ﬂﬁﬁ
BERNEIA YN EBANEREN, FEHE B THRERAZ L ERERK, BN Tim EE T EALIN T
MH RN WS TR GBI RE, KARWF R T G4 Yo HEE Tim ’ﬂéi}?%ii%iiﬁ%fi
BE M E SN T, HRNEN N LN T W FEBRAE A EE N AN,
KGR 4 0% A M 85 Tims £ % 3k ; siRNA; % &

hESHES: P35 XA A XEHE: 0253-4193(2023)12-0101-11

1 B W EIESE, shYiE 2 KA Ar . Bais5 E R FAF,
IEPE. ACHE . PR AR, B 5 R G R YD, T H A

A= )% ( Circadian Clock) J& A= ) FH LA B0 B () 28 FE55 A= 0 O 2R AR5 o B A AR U 5 sl 2 — 11,

PO B A AR S B — RN TERL], BN S F . ISR, AR WA e A B AR S IR R A PR S 4

Al AURE . AR BRRAT N A AR E RO, AR Dy E R A O, AU R E L AR R, T H

P EE L XS R W R AR AR R R S M A IS IR S EROR iR BT S E R AR
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WP ZL A Per(Period). Tim(Timeless). Bmall . Clock
8, BT ot S — B0 PR 17 R B4 % Transcription—
Translation Feedback Loops, TTFLS ),

Tim 55 A S FL 70 SR i A ) A A0 90 v i B, 2 4k
Per KR R LG 155 2 AWy b L B, w] LI Clock/
Cycle ARG e sk, TEANL T h LR, BRI PR
F A B S A5 5 Per 85 B B Tim/Per 5+ — R IK#E A
% N, 1 Clock/Cycle 1 36 4, M1 T AL £ B 15t 2R
B, WS RY, Tim BRI S 543 B 1R
AR, TR B A b ke EEEHIT, e
2215 S W8 ( Drosophila melanogaster) W', Tim 3 IR 75 M
P S s, B B 240 L ) B9 9 A v R R R, HEB R
AT S0 2 P SR BB ) T R L A o e o SR i
OB 2 A 7 HE T R, T SR R Tim AR
O B RORS 7 B0 T B, JF HOH A8 B I B R AR
TE V0 s W (Schistocerca gregaria) W', Tim % R 1E 4
FEL A B UE R AR AR, H A TR H 53
O et g 7 O R DR /D, T S e A BE RE L AR
Tim K& PR 7E 06 o0 B 1 % A 45 A2 BE 5 T 4% B AR
Ao A H AR 8 UF ( Macrobrachium nipponensis) 1,
Tim 5 A 75 OF 52 v 52 90 28 5 P 3R 5K L7 91 3 A [6] &
A AR R IR, HEM 25 T H AT IR 25 1%
A FE R OPEAF M, SR, OC T Tim HE A AE DL 2K
FHE A AT S 1 A DL A

%5 1% ( Sinonovacula constricta) 52 3% [E 7 B 15 i I
FKFHMARF Z —00, KW AN TH i AE R
Sk B, 4 W 1) 7 OR 5 RS L B3 DL ( Chlamys far-
reri), SCUG (Meretrix meretrix) %5 45 K 2 BN FE LR
[F], 76 1K B AT R IR . BT Bk . Rk
JE O AFE Z B O N B BT A, L B A
[i) 7™ A% B AE A 0], B 2 J5 R 7 B 09, i 3R W]
24 W 7 O AT RE A7 PR R =2 A0 P TR A B R D Y
FERE S . BTAMFR B R B4R IR B R DR T
AT T 1 45 2 ISR R 1 AR A AR, D 4 IR SR R
A7 sl 07195 (= 2T AR U e BH 4 0 PR R (52 e A
) Ea R BB R AT B A T, TR I gE R
S VU B, DU PR R P RE R R 7 B ) EE
K3 ; Liu S8 0 fF g0k — 20 3R W, Ga S PRV R & ik Y
e ORI AR A2 Ak TT BB SR 3 SO ) 7= B % S B PR 2, B
B A W) FL K Bmall F Period W] g8 i A SR £
B 3 0 ) 4 4 W08 R 1) 7 BN S R AR T SR T 4R W A )
BhEE DR Tim 09I 98 0 R DL IE . BT i, AWFSY s
T AW sh 3L A Tim 19 cDNA 4 K 5 91, ) il qRT-
PCR i ARWFSE T Tim JE W 7E A [R] H 2 b (B R R 35

BB, FH S5 28 6 H AR X Tim 85 1 347 20 i 2% 5 0,
I A siRNA T EARRIE T Tim S N X PR
WA RN, A A T i 0 A 1] 7 B Y BILA
K X G AT DL 7= DAL AL A T A B i A
PR AL 2 B 1

2 BRIk

2.1 EIHR

E 4 1% B AR (10 A), T 7 g v 5 ol B
F2 00 37 5% B ik b 6 BECPE R R0 L /N B A 1Y 4 09 0
T [ 72K R (6.10 £0.25) om, FEHRE K (18.50 +
1.10) g]1 000 f5i, BEAL 5K 3 41, & T IR0 1 N k47
NSRRI . LB A 4RO B (120 : 12D, 08:00-
20:00 JH HOGAT BB AL K, 20:00 23X H 08:00 H
FEA T AR ), 43 1 OG5 B Sy (359 + 20) 1, 1
KRB R (20.0 + 1.0) °C, $h B4 20.0 + 1.0, 24 h # ZE
TR, R AR 1R, BRI A BRI 1 IR A G A
& # ( Chaetoceros muelleri) Fl/INEK 3 ( Chlorella vulgar-
is) IRA W o

FENY G T d )5, TR 72 h NASTE B[] g3
(00:00, 06:00, 12:00, 18:00), Fifi #L 126 HUHE | #E 45 6 i
(n=6), WGV fE FI AL, OIS ORGSR . K
B OKE . MR ARG, — AR SR AR,
F RNA FIE UL, o) — 020 B 5 4% 2 3R g
[, T e ol a5 .
2.2 4% Tim BEEAK) cDNA &K E[E

FIHH Trizol 3 [ A= T AW TAR (W) R A FRA T
2 H 45 40 K5 520 20 B0 RNA, FH 1.5% J0 6 B9 g e mi, Tk
Kl RNA €3, Nanovue Plus 4% i 4 {6 1 RNA
ali B AR . BE T 4R 1 5L N 41 (WSY000000000.1) 15
B, 0 A Tim BP9, 350G B Tim 3£ () RACE
5149 1), FIH SMARTer® RACE 573177 £ (Clontech)
F Advantage® 2 Polymerase Mix ( Clontech) §" 34 Tim F&
() cDNA 2+ 731 . F FH B i 5 58 i DNA [ S0
& (AR ) XF PCR = dF 47 I B Il | 4lifk, oK &l
fbak ) PCR =i A7 42 . sobe, PHAE soRE 2% e N B
BHAEY S J AT o ST 3R89 Tim 255 ORF ¥
S5 9 (£ 1), Fl H 2xTag MasterMix 32 5] (S
2 ) BT IF S B IE
23 G TimBERAREAFINENEEZSW

i F EBI Tools %% 14 ( https:/npsa-prabi.ibep.fr/) X}
4 1% Tim 55 R ¥ 5 #5417 PF 4%, /] NCBI 9 ORF Find-
er . E. (https://www.ncbi.nlm.nih.gov/orffinder/) ¥ 17 F
JC 1) 32 HE ( ORF) 71 M ; | H] ProtParam 7 £k %% {4


https://npsa-prabi.ibcp.fr/
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Table 1 Information of primers used in the experiments

BlE/EZ S SIHIFE(5'-3") ik
RACE- Tim-5 CCATAGACCTTTGTCGGCGAGTTGCTGT FEH v
RACE- Tim-3 TGGCGACACCTACTTCAGGGCTTTTATT FEH v

Tim-F1 GTAATGAACGGAATGGGGCT JFFNEE
Tim-R1 ATGGGGCTAAATGGAAGTCTCA JFFNEE
Tim-F2 GGAACACCTACTGGATGACGAC JFFNEE
Tim-R2 TGTTATGGCTGGTGGCAATG JFFNEE
Tim-F3 AATCAACTTTTCAAGGGGACG JFFNEE
Tim-R3 GTCTTCTCTTTGATTGATGTCGTG JFFNEE
Real-Tim-F CGGAATGGGGCTAAATGG PENGE
Real-Tim-R CGTCATCCAGTAGGTGTTCCA PENGE
18S rRNA-F TCGGTTCTATTGCGTTGGTTTT PENGE
18S rRNA-R CAGTTGGCATCGTTTATGGTCA PENGE
SiRNA-Tim-F GGAAGGAAAUAGAGUUUAATT SIRNA T4
SIRNA-Tim-R UUAAACUCUAUUUCCUUCCTT SIRNA T4
NC-F UUCUCCGAACGUGUCACGUTT SIRNA T4
NC-R ACGUGACACGUUCGGAGAATT SIRNA T

( https://web.expasy.org/protparam/) ¥F 17 2 H Bk P it
43 M5 A Cell-PLoc 2.0 7£ £k 5 4 ( http://www.csbio.
sjtu.edu.cn/bioinf/Cell-PLoc-2/) il Jl 25 H A9 3. 40 Jid &
{7 ; A NCBI Blast( https://blast.ncbi.nlm.nih.gov/Blast.
cgh) FEATHE A B[R PUF 5 R, A C MY Tim &
I S8R 7 51, fii ] DNAMAN 4/ () Clustal W
Gy Ht T B3 47 2 7 5 e XF s A NCBI CD-search( https:/
www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi) T £&
PR SF 45 49 B8, fF il MEME 7& £ % 1 ( https://meme-
suite.org/meme/tools/streme) Tl il 2 1 4 5F J& J¥ motif,
I 11 TBtools # A #EAT HT #L4L; 1 /] MEGAT.0 i 1F 1)
i KARLAR 5 (Maximum Likelihood Method ) #) 2 2 45 7k
AL (Bootstrap i = 1 000), - AL # {4 iTOL (https:/
itol.embl.de/) #4174k .
24 Tim BEMRERIESH

JH Trizol ¥ $2 U4 WE AN R AHZL (PSS, BF 5L | O
HEOFBRAR . KA B W, n=6) A 72 h NER A
Al B T8 ( 0:00, 6:00. 12:00, 18:00) iy JiF B Ji .
KA BN DL RO A2V L (n = 6) 1Y EL RNA, Fl
FH R st ) & ( TAKARA) 2 %% 5 4K £ cDNA 5
— 8k MRS Tim £ 19 ORF 741, it 56 5E
HHIY(FK 1), LA 18S rRNA 1R NS 5L R BT 96

H PCR, PCR JZ W & & 4 25 uL:SYBR Green Mix
12.5 pLCWMERE), I FIESI 945 0.5 pL, cDNA % —
% 2.0 uL, RNase-Free 7K #M % 25 uL. f# § Roche Light-
Cycler 480 I %% 5 & PCRALIEAT 34, PB4 F2 ¢ Ny
95°C AR 1 20 s, 40 PEFR: 95°C AEPE 35, 60°C iRk
15's, 72°C #EAfi 10 s, 3 PR AH X 3% 3K 7K S FH A X
2 YEAT B, SR FH SPSS 24.0 HEAT BRI K 5 22 0 bt
Al Turkey test K 4, P < 0.05 W& 5F B ¥, P<0.01 N
LA TE

25 TimEAEARALFHERRIESH

A Western blot £ R & i Tim & H — ¥T 19 48 =
PE: FH RIPA (5 R0 VR (38 3 58 ) £ TR 465 008 Tl e
KA OPIR RS B ZURE B ) RV 1, BCA YA I 2K
Ik B O HEAT 0 B 0SS B2 1 1T SDS-PAGE #E /i
HL YK, SR G EATHE I . 5% BSA & 4 . Tim & H — ¥
(1 : 400 5 B, HUMI A2 0l 25 ) W7 & . A HRP Arid
A BT BT (1 : 8 000 F5 B, LI %) M H .
ECL 5%, i )5 & T Bio-Rad BE ML T 4AIR .,

FH G 88 DO H AR KT Tim 8 (647 40 27 2 o7 - 4
SRR Y 4 0 Tim B — PR AT S 98 e oK
5o BORAFET 4% Z R EET Y 72 h B R [F] Bf
B8] (0:00. 12:00) A4 JIF R AR . /K4 . OF 5L LLROKS HL 4120


https://web.expasy.org/protparam/
http://www.csbio.sjtu.edu.cn/bioinf/Cell-PLoc-2/
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https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi
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FESEATRE BETERE K . 2R A )
R ORBER 4 um), 85 s SR 58 U0 AT — HOR G
WL B BERE S K . AR AP EAE K . 5%BSA E 4]
1 h, FH Tim & A —Hr (1 : 500 Fi B B & 3%,
FH FITC 51 i 940 S — 41 (1 = 200 5 B, LM AL Z)
5% 5 1.5 h, DAPI( Beyotime, I i) 4% {4, 1£ Nikon 80i
DS AT M N E VO 238
2.6 Tim BEEK sIRNA FHREEHZSENNE

PLGEI% Tim &K 9 ORF J551 A#H, BE3t Tim &
() siRNA £ . AR 5 il 52 56 0 2% tH 47 24 siRNA %
( siRNA-Tim-F #l siRNA-Tim-R, 35 1), £ 15 b A4 T
A F A . BRI BRE . TG Y 4 1% 500 [ 7
¥7e KA (6.10£0.25) em, FH B HE M (18.50+1.10) g],
AL R 3 2 (RF4 3 AT ): SEI 2 (V5 Tim &
B siRNA T H 85 ) . 25 (1 X B8 4 (7 5 DEPC 7K ),
99 1 % BB 2H (13 54 NC siRNA). ¥ 20 pL Tim FE P 4
siRNA T #f %% ( 150 ng/uL) . DEPC 7K Fll NC T #ki %
(150 ng/uL) 43 5 73 5F 3 52 55 26 . DEPC ZH Fll NC 4H 4
PR AN b, FEHESF0d. 1d.3d.5d,.7d.9d
Jei A 2 Hh a3 IR 5 T AR 0, e UM AR 4 4L
DVRPVERRE T WA T WSS, A R e SR 1 i
T, 5 Sk B0 TR sl A (50 TR O 40 i ) 0 Sk 1 TR
Wi e 45 0% 45 6 5, B Trizol $2 Bk R 4H 20 AY
RNA, % J2 %% 5% . gqRT-PCR ¥l siRNA T4 )5 Tim %
PR A 3k A8 Ak

B Tim R siRNA T4 J5 AS [5] B 8] 057 0 45 5% M
HEA RS 6 5T, B A S/00 A5 29 0.1 g, AILA 900 uL
A FRER K BEAT AL ZUSI 3K, 43 SR DL 2K e — 12 (E2)
SR (T) ELISA A5 I3 70) & (b ¥ i 28 0 R R
O], B854 Bk YX-0002008 FTYX-0000208) il AE
SIRNA Tt Ji5 A [7] B [51] 55 A9 52 i e — st 25 AR 1k o
95 K H SPSS 24.0 #E 47 5L Kl 2 J5 22 43 A7t #l Turkey

a 100 Homo sapiens b m
64 Mus musculus -
100 Xenopus laevis e
| ] |
Danio rerio
m
pir I
100 Drosol 8 In
86 Nicrophorus vespilloides -
Penaeus i T ]
100
Biomphalaria glabrata m_n
80 i mon
100 Crassostrea gigas
68 Crassostrea virginica n
Si la constricta

test 555, P<0.05 25 3, P<0.01 N2 .
3 4

31 &4 IimBEREBNRTFEF NGRS

45 0% Tim 3 M ( GenBank % 3¢ 5 : 0Q992660) K
ORF 4= 247 3 090 bp, J: 4t 1 029 & FEFR . 4 1%
Tim & [ 1943 T &8 4 116.22 kDa, F it % o5 pl =
4.98, o5 5 ORI 5 S X880, S — AN SRR, B
ENL T AN

¥ N (Homo sapiens), /N B ( Mus musculus), AF W
JNYE (Xenopus laevis). Bt 5 i ( Danio rerio), FLEHTRE X
R ( Penaeus vannamei), F: W8 . K 4138 W ( Nicrophorus
vespilloides) % & MU, Y 1 UKt 12 ( Biomphalaria glab-
rata) . K741 WG ( Crassostrea gigas) . 43 1% %5 D1 3§
I 11 AP FP Y Tim 2 SR TR 5F 227 (motif) FI45 )
B

PRSP ISP AT s SRR W, 76 11 D Rl 3k %
10 4 £/ 5F motif, A motif 1. 2, 3. 5. 6. 9K
VLAY FP T 3L, B0 0 B I PRSP . TE 4R IR
Tim 2 [ o 35 2% 52 £ 9 4~ motif (motif 1, 2, 3. 4, 5,
6.7.9.10). SWFL B WAH L, 45 Tim 8 H BLK
T motif 8; 5 B B H, 4588 Tim 25 A 84 T motif
10, 76 DU, 5 P A 0 R0 S A 5 A L, 45 0
Tim 2& 0 T motif 7 #1 10( & 1b).

S5RGBT 25 BRI, FE 1L AW Rl b 3R
4 A PESFEE R . BRAEMTREE SN, HA YRl Tim & A
¥J 41 & TIMELESS C 25 #3845 1% Tim & (L4
3 AMRSF 45 #3843 51 TIMELESS superfamily (25~
238aa), TIMELESS C(833~934 aa) /I FIil(769~872 aa)
SERg IR . 5 HE Sh A R R U L, S Bl A A DLk
Tim & [ 2 45 ¥ B TIMELESS, i 7 3 45 ¥4 f
TIMELESS superfamily. i 15 K7 4 375 455 HoAth D1 2%

m C motif 7
motif 6
- P motif 9
e motif 5
7 motif 3
motif 8
motif 2
n motif 1
motif 10
m 7 motif 4
n TIMELESS
TIMELESS_C
| TIMELESS superfamily
P EIL superfamily

L. U Y. U
0 200 400 600 800 100012001400 0 200 400 600 800 1000 1200 1400
BIERK i /aa

IR K ¥ /aa

Bl 1 Tim & H W REHFH (a), motif(b) R E5H I (c) 73 Hr
Fig. 1 Phylogenetic tree (a), motif (b) and domain (c) analysis of the Tim proteins
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AR 2, 4a % Tim 8 FURTH 2509 B0 FL (5] 1e).
32 4t Tim EANSERF I LT RGEHL S

PEHUCN . /B AR YITCIE | B Ey £ FLAYEE X IF |
T FE UG | 45 0% 55 23 YRR Y Tim 8 H T 2R IT
G X R 2R S8 A 40 A ()RR B LI 2) 0 AR IR
JEA L X 45 SR B, 45 1% Tim 28 -5 =oAL 4) Fh Y 22
1% AH b1 2 ( Similarity) 76 21.2%~ 61.5% Z [a], — i
(Identity) 75 11.0%~48.9% = [i) , HH451% Tim & [
5 6] R 352 DL 2K () 1 572 s ( Mercenaria mercenaria ) .
BE I G 01 ( Dreissena polymorpha) . b 1§ 4 ( Mya aren-
aria) WFIUMEITE 50% UL I, — B 7E 40% 7244,
FEI A8 e 1 IR IR

ARG AR, 43 0% Tim & 1 e 55T
W . B Ih It DL AR g M5 5 e RO — 3¢, 155 KP4
W5 | 5% YN A W 45 3T DL R A — 2, T 5 5 6T BUt
1 45 U2 (Pomacea canaliculata) 55 18 & 40 B WK AR
Y — K3, SRS (H 52 s P R 2 R —

1'9517910¥ toupuuvs d

. halys XP 014278196‘1

X, wJa 5 EMES Y R AE— R (8] 2),
33 4% Tim BRI ZRIEDH

HAFIREE LR, 4508 Tim FE A4S H B
Yo 2eik (1 3). v Tim 56 P70 JHF I B R O 2110 3%
AR, W T ARG ZU(P < 0.05), Hk ok
R A, MAEM L. M . S E R P i A K
AR H T 3 25 5.

IR ARG T I, Tim J R A B9 52 FIDRS S i
Pk 2B RO, HA F T R 12:00-
18:00 %% 75 , % 6] 00:00-06:00 %5 i ; 76 BT J§& B¢ o,
Tim FERAESS 1 KK 12:00-18:00 21k B8, 1 7E
552 K43 KA 00:00-06:00 %5 55, A8 Ak AL A B
s FEAKAE Y, Tim A RIBEAESE 1 KA 3 KA
K 12:00-18:00 %5 i, &[] 0:00-6:00 411K, SR 15 2 K
TR 5 Z MR (# 4),

34 G Tim EAEARALTHNERRIESHT

Western-blots 45 R £, T A I Tim 2 H —HimY

bo?" WHFLZh
S W ik
'3“;& & o _
&S A2
o Rt
Vi Wk
' 0\9‘6"7‘A‘56
4 i

P, rapae XP 022123071.2

Kl 2 Tim 2 M 0 ZR S (5 KSR 7, Bootstrap {& = 1 000)

Fig. 2 Phylogenetic tree of the Tim proteins (maximum likelihood method, Bootstrap value = 1 000)
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TimF PRI RS 3% 12
S = N W A L N I ® O

MIFEL M APEIE RE R 8
3 4% Tim HERTER L0 R IE T (n =6,
AF/NG FHAUER 257 B3 P <0.05)

Fig. 3 Relative expression of 7im gene in different adult tis-

R KHE IR

sues of Sinonovacula constricta (n = 6, superscript letters rep-

resent statistically significant differences at P < 0.05)

TEOLT, 7E 116.22 kDa AL JFBE AR . K4 . IR AL, KE 541
U R WA 20, BEWIR P AR AR S PR 45 65 A
Tim & A —FL A, 76 116.22 kDa 4b 4%/~ 20 41 b 4 m] i
WY . B — Y ka1, £ Tim & A — P04 740
B, WA T RSO 5 (K] 5),

B PE D AE B WoR, 45 0% Tim 8 (6 PR . /K
BB UP BLRDRS AL 80 34 Rk (B4 FITC
Sk BRI A 5 ), H: 2 s A 7 I IR R v 1 JHE 40 i (HC)
K AR I L R A (EC) T, B S A A B A 20

L (MO) B S A 20 i (ST) (&1 6).

E AR [R) 00 411 88 2% 1 (DG B2 L BRI [l 45 ) T,
Tim & HEN R R P WHEGFESHEAX
12: 00 Fi§ 58 F & [8] 00: 00( [ 6), T 75 T JB i A1 7K 4 41
ZUrh e S 25 S, FE W Tim 25 1 76 USROS S5 b i 3%
KK FEBER 2R
3.5 SiRNA F#HX Tim BEEMWREREBREZEDDH

A

siRNA TG, Tim FE DA 764 5 R B 8 rp () 3K
HAMEMESENETEGEE(E 7)., EEESD,
Tim B F 8 e TS 056 1 RIFIE T RE, 7656
3RS KT RFFE T H B EILT NC 41(P<0.05),
FESS 9 KWK 2 1E 7 /K- (B 7al), [0 S8 rp S2
ARG FE N R AR G A — B, BIET
YOG HE 1 RS20 i 05 0 3 TR, JFESE 3 RS K.
7R .9 RIS B E LT NCHL(P<0.01)(E 7b1),

FEIN B, Tim BE A F R AR SE | RIFIR TR,
IR, SKEFMT NCH(P<0.05), £ 7K
kLT [ HAR B KT NC 4 (P <0.01), 7E45 9 KK
SEIEH KT (E 7a2), [RE OP 55 e — 5 5 7F
TR E 1~9 RIW i E KT NC 4L (P <0.01)
(I 762),

AT T S S S

b JE R AR

T T T T T T T T T T 1
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Identification and circadian expression patterns of circadian clock gene Tim
and its effects on sex hormone secretion in Sinonovacula constricta

Li Qijun', Zheng Xiangyang', Liu Yanzi', Yan Yuxiao', Chen Yanlei', Yao Hanhan', Dong Yinghui’

(1. Zhejiang Key Laboratory of Aquatic Germplasm Resources, College of Biological & Environmental Sciences, Zhejiang Wanli University,
Ningbo 315100, China; 2. Ninghai Marine Biological Seed Industry Research Institute, Ninghai 315604, China)

Abstract: Tim (Timeless) is the second core circadian clock gene identified after the discovery of Per, which plays
an important role in the regulation of animal reproduction. In order to explore the molecular mechanisms of 7im to
regulate spawning in Sinonovacula constricta, the cDNA sequence of Tim was cloned and analyzed, the circadian
expression patterns of Tim gene/protein in different tissues were analyzed by qRT-PCR and immunofluorescence
technology, and the regulatory effects of 7im on sex hormone secretion were investigated by siRNA technology.
The ORF sequence of Tim was 3 090 bp, encoding 1 029 amino acids and containing three conserved domains
(TIMELESS superfamily, TIMELESS C and FIil). Tim was expressed in test tissues, and showed higher expres-
sion levels in the hepatopancreas, siphon, ovary and testis. The expression levels of 7im were higher at 12:00-18:00
in the daytime and lower at 00:00-06:00 in the night time, which exhibited circadian rhythmic expression patterns
in the ovary and testis. Tim protein was mainly expressed in hepatocytes of the hepatopancreas, epithelial cells of
siphons, mature oocytes of the ovary, and spermatids of the testis. And protein fluorescence signals of Tim were
slightly stronger at 12:00 during the day than at 00:00 during the night in the ovary and testis. After siRNA injec-
tion, the expression levels of Tim significantly decreased from the 3rd to 7th day in the siRNA treatment groups of
the ovary and testis (P < 0.05). Meanwhile, the contents of testosterone in the testis and estradiol in the ovary de-
creased significantly from the 1st to 9th day after siRNA injection (P < 0.01). Consequently, it could be concluded
that Tim gene/protein exhibited circadian rhythmic expression patterns in the ovary and testis, and the contents of
sex hormones significantly decreased after Tim interference, which suggested that 7im might regulate the nocturnal
spawning by mediating the secretion of sex hormones in S. constricta. These findings preliminarily explored the
regulatory effects of circadian clock gene 7im on nocturnal spawning of S. constricta, which will provide important
application value for in-depth analysis of spawning mechanism and optimizing industrialized seedling breeding

technology in mollusks.

Key words: Sinonovacula constricta; circadian clock; Tim; gene expression; siRNA; sex hormone
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