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R =W 572025; 3. WREFREEEHEAEYELREEREPL R B0 570228)

FE A e R A A RE N IR A B B T E A R Y B BT e LA, Cryptochrome #r
Period & £ 4 #b by 2 Mz £ H, H#EAH K PER/CRY s+ = RAEFEE £ WEF £, A#F%NH L
F- b Ay A A 5 B A 3t 41 BE (Tridacna crocea) & 4 4¢ 3t E Cryptochrome #1 Period # 4 75
RHFATT TEAAFAE T, TR T HALFEREMTRELBEEAR THERATESRAR, FRE
7, Cryptochrome 4% X5 2 5 7| K 1 641 bp, Zk#) 546 NEAIER, ELFH AN 6.08, 2 FEN
62.98 kDa; Period 4% X7 3£ )7 7] K 4 386 bp, 4% 1461 MNE LR, Hih&w 5 Y 6.14, 4T &
7 164.99 kDa;Hdock EAEHE XA X &R E =~,2 MNE B AW RF = RAE, 4 4 6k H-279.88 keal/mol.,
4 4k 3k 44 B <, Cryptochrome 71 Period 7 7 ML 3 kak, B, SMNEE, WAEHE,
#2 Fn [7] 7% L AR 2 % 34 B % 5 (Cryptochrome 72 10 I #7874 %5 & % 3k &), Cryptochrome # Period # &
ENMEIE., WHEHE., AT HEBER RN, FERNRGREANAE, EN. MEEF,
Cryptochrome #n Period 2t [H 2 Al £ X B J& 1 h A K BB AT 2 h Rk ik &3k 2| g, H MO B A 6k
(B8 B E] 07:00~19:00 3R £ 09:00~21:00) 77 3 4 5 78 #2841 42 o, IE % & #1140 3 B9 Cryptochrome
fo Period XEHAEXEM 1 h kA BB REm, YhBER2hE, 2N HEN KT RAIRNES
GHEJE 1h; 524K, &AL Cryptochrome 71 Period 3t E 72 08:00 42 # k% B 5, H KMt
FRIER TR A R A 47 b, B 5 R T e IR AR F 4R BR 2 A K # 4 40 #+ 3E ] Cryptochrome £ Period,
MEPBRIET X 2ANEAEEEARRANERTEY, ERAB T HFAEETH ., BT EMNLE
& RALH R EEE
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Period)ZH i, H.iA Z Bl BMAL/CLOCK 5 PER/CRY
S RIRSE R 2RIE A A% DR R TR
59, JEER T R RO 3 (Kume et al, 1999;
Vitaterna et al, 1999; Shearman et al, 2000), [A]ff, X
SO N A7 AP O A A PREE - s, o 9 SR A
i 2838 0 PR A i I P 2 Ak (Sancar et al, 2021).

W {1, 2% (Cryptochromes, Cry1/2)%& K S #R h
EOER, FSeAEilR T (Arabidopsis thaliana) i A 21,
Hy=PH CRY J&—Fot i e L RUR s Z A
MR, VRSP RN B AE AL ST R, O
H & 22 40 Ml 3l W) 4% 0 8 0 R 18 2 LR O
(Kaldenhoff et al, 1993; #f, 2020; BRFIEZ, 2020).
Ji 1 & [ 3L N (Periods, perl/2/3) & IR 1E B
(Drosophila)yf 4% & 8L, LIREAFFERMA, PER &1 AT
P O 125 0 (CKIS/e) B R AL, (2 iE & A7
B-%% T 45 1 # & ¥ 5 (B-TrCP) 4 5 ) I fife A1 K% B A
(John et al, 2014), I HiZHE Al i PAS Dtk 5
CRY HFE TR RIEZ S WS SR HEE
¥ (Kucera et al, 2012),

M 20 22 90 AEARES , A B A SR I RS B
PEX —4¢a, DAY B 4845, it B &
RN FRBITHEVELE G R AL O, IOREE . /NE(Mus
musculus) L & B & ffi (Danio rerio)&A 24 ¥y b & 3
T Per, Clock, Ckle/d %531 20 78 % i) 4= i 3 [
(Tei et al, 1997; Rutila et al, 1998; Chang et al, 2013),
BMEHAT, TGN RAEY R R D,
ACZE SN G DT (Mytilus californianus) . i U1 (Cellana
rota), £t D1 (Mytilus galloprovincialis)&5 4= 9 & B
T Clk, Cryl, ROR/HR3, Per fil Reverb % 5 fiA: 4
BREEDA, JERIL IR UE T 86 00 A P b 3 DR AR TR 4R 0 1k 19
£ (Connor et al, 2011; Schnytzer et al, 2018; Chapman
et al, 2020) . A< PR Hif H17E 25 L% 5% (Tridacna crocea)
A REAH SRS Th & B T A0 LY Bmal, JF56iE
T HBE R R A IR G PR IA T (Liu et al,
2021), fH ARG FLLEEE Cryptochrome il Period
AR DR A G I

TR I i A2 28 R G i T o, IAF
13 Ff, FREHGES 8 Fl, FEL0AR TR & LARG 19 3
IR DB ORI, 2021), FLLHEREZ 0 i) 2 . Ah
LB e S (9 S 2 — (T el Pl 25, 2020), R =
FHRIE 2 —J& 5 B8 (Zooxanthella) 36 4=, TG IR TE
PRRR— R w e A R B 2OCE ZAEN, i,
TR A Y O 3L RS RO AT, T R B U
P4 5 F2 5 R BE RS 4 (Griffiths et al, 1996; Liu

etal, 2021), AHFFT R BT L RERER st 4l P 98 2 1Ak
Yrgh e5E 5L Cryptochrome 1 Period, JFJEix 2 4~
JE DR A W4 8 2 0 B A R 3R 0 S e 2 A 5 ki
WFFEIxX 2 A IEREARRIH L A FEDE IR iR
FIEFAE, T AR N A Y L R T LD RERE A AT
A TR PR AL AR R JR S b PR e S8y

1 #RlERF®
1.1 TSR

S BT FH e 41 R R DR U T IR A A I A A
ERZRARR XA TEETNF—RBHE, Phikrik
9 75~80 mm . fREETCHAK, PR 2 4, &
30 2, ERERMNEYSE T 2mx08mx0.8m
TEA K IR R G P AT IR FE YA o FE i 1 7 21w A
ASTA] G R AR B9 A8 K R Ak PR AR AR 1k (X 3 M 55
2018; Liu et al, 2020), 74 % FE G EE K
12 000 Ixo SEHG MR F7 58 K ER BE R 32.0+0.5, /Kl
H9(26.0£1.0) 'C, pH 7.5~8.0, IF % I 2H 73 9l 76
07:00 1 19:00 FF ) FISCHI IR B (12 h OBERE 2 12 h
PR, FER GRS BIAE 09:00 F1 21:00 FF 5 A1 A
eI E , A FRAE A S IR O IRA AR . MO IR
JG 1 h (IEH G RE 41N AE 3R ' B8 21 6 4 BRURE A 7] 43 31
k1 08:00 A1 10:00)#2, 4ER7 3 h HEATHURE, ELLHUEE
24 h, B 8 BT, BEASBURERT R BELI 3 1
FELURERR . BURERT, 44 2 20 RERR R T UK V8 R Rk g
5 min, 11755 BIEEE . SMMERL . NAMERE . 152N,
AEFERR L EFLGHE 7 4180, U A R A RS A
T A-80 CUKARIRAE R, T IS 4L 5 RNA IOF2HL,

1.2 2 RNA RI3ZEUR cDNA BI& R

f#i ] E.ZN.A.™ HP Total RNA X H| &4 K4
FEREA NI R A RNA, KRG R T SRS R e v,
VKR 2 A7 AE 75 Y MR, 1] NanoDrop Kl it
£ RNA 4, fiiJi] Eastep” RT Master [ % 517 &
X iRt RNA SR AT SO s, A cDNA, &
NAARZ (10 pL): 2 uL Eastep™ RT Master Mix (5x),3 uL
S RNA ##y, 5 uL RNase-free H,O; X W F2fF: 37 C
60 min,98 ‘C 5 min,4 ‘C 4 min. /W45 5% cDNA
BAET—20 CTEIH.

1.3 Cryptochrome #1 Period & E KI5k

ffi 1 SeqMan #X {4 (https://www.dnastar.com/
software/lasergene/seqman-ultra/) Hf 43 Fl kb XF , 3K HL
Cryptochrome F1 Period & & (1) #i i )7 51 , £ il Primer
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WL A T REREA YA 3L Cryptochrome F1 Period o [ %52 K o't BRAH C 143 Hr 155

Premier 5.0 AT HIMIGER 1), LA cDNA AR
T PCR Y34, =W 1Yo g W 45 Jg ek T ARG 0 43 5
JH DNA B 1Rt 57 & (€ 3R [l -2l 4k B Y
PCR 729, ¥ H 10 7= 9% $: 5] pEASY-T1 Fo Rz 1A (4
4, RIGHALF) Trans1-T1 B2 S MM(ER4E)F,
AT T 20N R (RSP IEIE AR L,

37 Cib K g%, PRELBH M v ik A KA R A R
S Al Y . 20 uL PCR K% : 10 pL 2 x Tag PCR Mix,
3uLcDNA, 0.5L IE& 5%, 6 uL ddH,0, PCR 4%
PFAIF . 94 CHIALYE 5 ming 98 CAEME 10s, 55 Cild
k15,72 ‘CHEAH 1 min, 35 PMEFF; 72 CHEAH 5 min,

14 EYERESH

ffi %A SignalP 5.0 Server (https://services.
healthtech.dtu.dk/services/SignalP-5.0/)f1 SMART
(https://smart.embl.de/smart/set mode.cgi?GENOMIC=
)%} Cryptochrome FiI Period Zh A&k Ha sk tt 4778 £k 2>
Brsil; 832 ExPASy Server (http://web.expasy.org/
compute_pi/)TEL ZH BT A% 51 (0 SR BT i AT 43
FrAnum ; izl DNAMAN # {4 (https://www.lynnon.
com/dnaman.html) #7757 25 5 0 2 951 e Xt s R A

NCBI (http://ww.ncbi.nlm.nih.gov) 54 & A BLAST £
5%+ Cryptochrome F1 Period i 5 31 £ 47 [R] A 2347 5
R A S R 45 (2025), 8 1] MEGA 7.0
H1 4R 3T 5 (neighbor-joining) X} Cryptochrome FlI Period
HEAT R GE AL A4 E2 5B, Ho b bootstrap 27 1 000;
K H I-TASSER (https://zhanggroup.org/I-TASSER/)if
AT IR PR AR, SR T Hdock #F5T Cryptochrome Fi1 Period
B AR EAE F#E X ; R B Pymol 2.3.0 (https:/pymol.org/)
ST XTSRS B R

1.5 SRR HEEE PCR

{fi ] Primer Premier 5.0 B {f#it79¢ 6 E &= PCR
(qQRT-PCR)F:5E5147, LA Tubulin S PN S35 K 0 5,
2021; Li et al, 2024) (£ 1), fii /] Eastep™ qPCR Master
Mix i #] & #E1T QRT-PCR, 4> ¢cDNA #1313 MHEA
FWAKZ (10 pL #E%): 5 uL SYBR® gPCR Master Mix
(2x). 1 pL cDNA #i#x . 0.2 uL RT-TroCTSB-F/
RT-B2M-F (10 pmol/L) . 0.2 uL RT-TroCTSB-R/
RT-B2M-R (10 pmol/L). 3.6 pL RNase-free H,O, PCR
A 95°C 1 min, 1 MEH; 95°C 155, 40 MF
F£; 60 ‘C 1 min, 40 MEH.

®1 BERREYIESY

Tab.1 Primer information used in gene cloning amplification.

512 51975 B KR &

Primer name Primer sequence (5'~3") T/ C Purpose
Cryptochrome F: ATGCCAGCAGGAAGCCTC 58.1 PCR
R: AAGCTCTGAGGCTTCCTGCT 58.4 PCR
Period F: ATGCAGTTAAGTAGCAGGAACGT 58.2 PCR
R: GCACGTTCCTGCTACTTAACTG 57.4 PCR

Cryptochrome F: TACCTCCTTGATGCAGATTGGTC 57.77 qRT-PCR

R: GGGCTTTCCAGGGCTCATAC 59.5 qRT-PCR

Period F: AGCCAGGAACCAGTCCAAGAC 65.69 qRT-PCR

R: GGTAGCCAAGCAGTGGAATAGTG 58.32 qRT-PCR

Tubulin () F: ACCCTCGTATCCACTTCCCTC 60.13 qRT-PCR

R: AATGGCGGCGTTGACATCTTT 61.17 qRT-PCR

1.6 #H#EAbE

AL 2722 % qRT-PCR By 45 4T84
B, Tt 4 2URE S5 M 50 56 8 A [R] 20 40 R A ] 52
By, HR SIS BE T Ct (A K 0 SRR A B
TN 1o BRI {58 E 1% (MeantSE)
o fHFH SPSS 22.0 XM HHE #7225 F o b, Al
HHL 2R 7 2243 M7 (one-way  ANOVA)XT 25 S EF7 48
IF, R LSD kit T2 H L, P<0.05 WERBE .

2 #R

2.1 Cryptochrome # Period 54 #7

Cryptochrome J3 41 53 H1 & B , JH: 2 A [X 58 52 5 51
11 641 bp, Zihi 546 P E IR, HIS S H TN 6.08,
S F N 6298 kDa, AKMEFHREHN-0.417,
Period J¥ 51 #E47 0 01 & B0, Ho g it X 9 35 e 41 K
4386 bp, 4 1 461 IR, FILSFH TN 6.14,
TN 164.99 kDa, FKPEF-RECH-0.708,
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2.2 Cryptochrome EiR LI 5 RFE L 47

W 1a iR, FEF/LFERE Cryptochrome HH A7 7E
Pfam DNA photolyase (9~173 aa)#ll Pfam FAD binding
7 (293~495 aa) 2 PP, 5HABYFAALL P
SFER IR, FLLRERE Cryptochrome 5 K14 15
(Crassostrea gigas)H A 5 i [7] i 1:(62.87%) , H K&
B W W% UF (Euphausia superba) (44.51%) . A (Homo
sapiens) (44.38%) . # &K R (Rattus norvegicus)
(43.82%) . % fL & ff1 3 ¥ (Acropora millepora)
(42.21%) . 8 97 41 Bk #: (Haematococcus lacustris)
(20.85%) . T #f (Oryzias latipes) (19.41%). KE b fa
(19.01%) . JIUlEE (Xenopus laevis) (18.18%) . i 3kARA M
% (Raphidocelis subcapitata) (14.20%) . Ji& Bk %
(Coccomyxa subellipsoidea) (10.05%) (1% 2).

¥ EREAERTFIWERGEREN, KR
Cryptochrome 5 305¢ L2 KV 74115 Cryptochrome
REREREZBEY], SHEKET LR RE(E 3),

2.3 Period iR XT 5 RSO

miE 16 pros, 5HABYFIRY Period 2540, 767
ZWEREF W AZFLT 1 helix loop helic (126~176 aa).
2 /> PAS (211~278 aa, 399~465 aa). 1> PAC (473~
516 aa)#ll 1 > Pfam Period C (981~1128 aa), 3t 4 Fh4h
i, S5 HAWY R Period LML 75/ GenBank L
45 R BN, LR Period 5 KO- PEH W5 BA e
[ P51 (26.22%) , HR I B ik 4 B (Danaus plexippus)
(17.77%) . # % f.(16.19%) . B & 171 (16.08%) . A
(16.01%) . Ji§ % W (Drosophila melanogaster)
(15.88%) . JINHE (15.06%) . /22 (Triticum aestivum)
(14.16%) . BKPHIMZE(Brassica napus) (13.84%). ¥ &
P I (Aedes aegypti) (13.63%) . B 4 ¥ m (Eurydice
pulchra) (13.22%) . T 3k R 22 e ¥ (Raphidocelis
subcapitata) (9.66%) (/& 4).

BEERTIMERE LW, K Period 5

X AT FE4E WG Period RGik B X REEY],
HHRK R IRIL (A 5).

2.4 Cryptochrome #1 Period B9 B /E =

WME 6 fin, XL R B8, Cryptochrome il
Period 4% & fiE —279.88 kcal/mol, Cryptochrome
ARG-277 .ASN-158 . ASN-146 .HIS-152 43| 5 Period
f) SER-985, THR-992. ASN-450. ASP-446 J& {5
LSRR EN 3.3A 3.2A 3.0A F12.2A,

2.5 Cryptochrome # Period ZE T LI FERER IR E S

mE 7 FR, 1IEHE &M Cryptochrome Fil
Period 7£ 7 M2 A Rk, XOGHR 1 h 4542
FIRVEATH S He A & R, Cryptochrome 78 4 5 g Al
DI AT 1 2 35 i i AR OB . NANERR | 5%
WL, O HEFIEE(P<0.05); 1fii Period 764 FE I . P4 A
FILC I By e 35 o AR T AN . AP . BEFN
H15EL(P<0.05).

26 BHETETHELER Cryptochrome # Period £
AEERPHRIES

EH LI F, Cryptochrome 7E4MMERE . N
HME BRI 52 L 9 FR 3k i X 7E G BRAL B 1 h B e g
(P<0.05), 7EHSFIZEBEEAEE 5 h Bk E R
(P<0.05), PifiJi5 #5202 3R 3k 1 S4Bl 't FRURF [ A 38 o 422
IR, AMINERE . HERPA FE L Y 2 5K B A O R
AbFE 10 h BEEAR, NAMNE /e G AL B 1 h B 3Rk
AL YOGMEIER 2 h 5, Cryptochrome fEAMMNE
JBE . N AN R ER ) Rk B IO 1 h B
(P<0.05), TEMFENLH MEREALHL 7 h B &5 (P<0.05),
B $47 i R EST ] (g 185 i 222 B g, SRS RS
R FEWLAE SRS AL EE 1 h ek R eI, PO AN A
FEGIRALFE 10 h ARk AR AR (A 8).

EROCHEAMET, Period 7EAMNMNERE | AN

300 400 500

b - 0 7 100 200
100 200 300 400 500 [4

K1
Fig.1

00 700 800

900 1000 1100

Cryptochrome (a) and Period (b)ZE 14 £ #4) 38 751 1)
Structure prediction of Cryptochrome (a) and Period (b) domains
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FHTEFRR Tridacna coracea
KP4 Crassostrea gigas 62.87%
EIRBIF Euphaiesia superba 44.51%
A Homo sapiens 44.38%
#ﬁﬁ | Rattus norvegicus 43.82%
W Acropora millepora 16.08%

Nibfﬁiﬁ Haematococeus lacuseris 20.85%

FH¥E Onyzias latipes|9.41%
BEDVE Danio rerio 19.01%
‘enopus laevis 18.18%

U Xe
Eéﬁ i3 Raphidocelis subcapiiata 14.20%

3 Coccomyxa subellipsoidea 10.05%

FLLTERE Tridacna coracea

KP4 YT Crassostrea gigas

TEREAF Euphausia superba

. Homo sapiens

MIFEL Ranus norvegicus

ZFLERIIS Acropora millepora

WHHLIERPE Haematococeus lacustris

M Oryzias latipes

BEE Danio nena

TS Xenopus

1&’7:1)(4&[@?& Raphm‘acem subcapitata
Resk# Coccomyxa subellipsoidea

LR Tridacna coracea
ATEALIE Crassostrea gigay
TIBRAT Euphausia superba
A Homo sapiens
ABF I, Rattes norvegicus

ZILRAWI deropra milore

WILTEREE Haematococcus lacustris
ﬁm Oryzias latipes

88 Danio rerio
JTJQ Xenopus laevis
LA ARIKHTIHE Raphidocelis subcapitata

FRLTHEBE Tridacna corocea
AT Crassostrea gigas
TSR Euphausia superba
A Homo sapiens

B FER, Rattus norvegicus
ZILEHME Acropora millepora
WL Haematococcus lacustris
4% Oryzias latipes

T4 Danio rerio
JTYE Xenopus laevis
I SRIMENE Raphidocelis subcapitata
JHEERSE Coccomyxa subellipsoidea

TLTHER Tridacna ecrocea
KL Crassostrea gigas
TIHRRER Euphausia superba

Homo sapiens
B Rartus norvegicus
LRI Acropora millepora
FNAELT BRI Haematococeus lacusiris
8 Oryzios latipes

FEL A Danio rerio
I Xenopus laevis

SMBE Raphidocelis subcapitata

RS Coccomyxa subellipsoidea

FLUTHIE Tridacna ccrocea
R Crassosirea gigas
RItRENF Euphausia superba

A Homo sapiens

HHRE Rattus norvegicus

EAL#E FIIE Acropora miliepora
MPALIIRIE Haematococeus lacustris
Bl Oryzias latipes

ﬂQ’E Danm rerw

J
JE‘):%XQ:B&% Ru,-:hdoce!u subcapitata
BERRRE Coccomyxa subeliipsoidea

BELWRE Triducna cerocen

KATPRLUE Crassostrea gigas

WIARBEIT Euphausia superba

A Homo sapiens

W Bl Ratius norvegicus

EALf M Acropora mitlepora

WHALIIRE Haematococeus lacusivis

T8 Oryzias latipes

BEL 4 Dania rerio

JTYE Xenopuy faevis

i LARIUF Raphidacelis subcapitata
Coccomyxa subellipsoidea

FEALRERR Tridacna corocea
RFFEHAT Crassostrea gigay
BtRBHIT Euphausia superba
A Homa sapiens
#3LE, Rathes norvegicus
ZfLIE ST Acropora millepora
WAL R Haematococcus lacustris
‘E‘Wr Oryzias latipes

Danio rerio
I ﬁ Xenopus laevis
W3R Raphidocelis subcapitata
K Coccomyna subeilipsoidea

FLTRFBE Tridacna coracea
AFEEALI Crasrostrea gigas
TFIHBELF Euphausia superba
A Homo sapiens
WHR, Rattes norvegicus
ZILERME] Acropora millepora
WINILTAREE Haematococcus lacustris
F U Oryzias latipes

BT H Danio rerio
JT@?} Xenopus laevis

SRS MME Raphidocedis subcapitata

)B‘cﬂiﬁ Coceompre subellipsoidea

PRI HOOF 58 4 A R ) E AR

MPACS D AW ATFEDGG. - TPVEVEFGEVACTET. . .. ... ... NETIRdRSE AT ns[ NNSEEV ey
ANTNRH IMEPSII CGLSECD. - RFYPVFI FIRGEVAGTET. - . . _ Y D FRFLL QHICENBEAAGT RIBYCF (&
NTRGGH _TFRGIFITMEWFAGSSN. . . . . _ . - T NIWISRICCT EINSDT TSR EL NER F\'V

MVNAVER IRARIBS P AWKECT QGAD.
M 9 INNBRSINE P AEECT QGAT
QGKLEAK T

TIRCVYI LIBgVFAGSSN. . . . _
TI RCVYT LIBMgVF AGS SN
- TVRII YVLBSTKVDHATG. . . .

T NE VSRS QCLEINSC ANSRELD
T N VSR OCT B ANEREL
L NL VSR8 QS LEJRRCLS MR KL

MCR! .. NLIPVFI VAREEEGQFQ. . . . . . . . RF SRERTEKQS VALIJORLISGRL
NMASHRT VI QT ENOIAREIR ETEF VACKNATD. - HI VPLYCFBIERHYVGTYN FNFPET[EPFETEEIRINS VREIIR KT S K
- MSASRTVI QELIENDIBG SIS L VITVACRNAL. . II I PLYCTRERIIYQCTYIL . . . YNIPKTEPT SRS VIIHER ALISE K1)
NeVESRYE T O NIIRETON E VIIHVWAER NATY QI VPLYCFBERHYVGTHY, FNFPRTEPHE [EIBUES VRBMIR T#E KK

SCCAATAT AT WhALS IR
VSNCI HEAAT VT [HS DY B3 AJS

EAMTAAARYR. . . CLLPLACLIBIZADL CPRR. . SGGAGVPVA
APBVS ACSLPQTCEFVLPVYCLSFALL QPRCNI PGLNGI PVL]

Plfam DNA photolyase

PRI BB AL AAMQATME AAGE
DHEGUSBIE AL CABQCBAAR

FRTMF QEWD. .ITERLTFEQDPEPIVQP. . .. .. .. RDDAVERLCEENMGVE. . WVEEIL S /AGVI GDPPRP
LERI®I EEVG VTEVTFEADPEPI VQE. . . . RDRLVRELLDEENV(Q. = CVEEVS /TSTI GPPPRP
. . TTCLTFEKDPEPFGKV. _ . . . RDANI THI ARENMGI C. . VITETS 'LSTMNEPPPLP

I TELST EYOSEPFGKE_ _ .~ RDAAI EKLATEAGVE. VI VRI 5§ JOTLT SENEPLEI P

. ITELSIEYDSEPFCKE. . . . . . . RDAAI KEKLATEAGVE. . VI VRI § VSENMEPLENP

TSFLTFEEDSEPFGRE EDAAI RLLAQESGVE VRSLCNPQHP

AKAVYFNHLYDPI SLVR HEVKTALAKLGVE LANMPYPPPT P
vand! KQLG SVSSVAFHEEVASEELN. _ . KEVEEVCAQMNEVE. hLVESKSRVRBV
VCEMI KGLG. . . . . . SVSTVAFHEEVASEEKS. VEEKLKEI CCGNEVR. VEAQGRVRPY
TEDM@VECLG. . . . . NVSAVTLHEEATKEETD. - VESAVEQACTRLGI E_ VETCQCEVRPT
LPSALRALAPSLRAAGVSRAALLFTHAADATDRAARAEAAAAAAFEAAARELGFEPE\RGF \‘G ABHEPCDLPYAAF E' QGAKQQKCQ LQRACRRPEAL
1 PABVRGLAGQVSHVOLYHYLQI GRHS VEEED. _ . . AVADAFHAACKES QLTSEVHHF VGHI YEPENALAALKP. _ [BARCSNSGLIVESEGF VREP

VADPD. . . . FSEVILPVRENHDCLYGI PSLEALAITPEDEE. . . ... ... ... ............ QEF QVNS Vielaias OF
VELDPD. . FTDI SLPVSCNHDEQFGI PSLEDLNVRPECEE. . . CNERLVEW
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Fig.2 Amino acid sequence alignment of Cryptochrome
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The black base indicates identical amino acids, and the blue base indicates amino acids that are more than 75% similar.

The two domains are represented by a red box.
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Fig.3 Phylogentic tree for the Cryptochrome of T. crocea
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i ORI ALE = 75% M 2R . 5 DAL OHER R

The black base indicates identical amino acids, and the blue base indicates amino acids that are more than 75% similar.
The five domains are shown in red boxes.
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Interaction model of Cryptochrome and Period
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In the figure, green is Cryptochrome, and blue is Period.
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Fig.8 Expression of Cryptochrome and Period in different tissues of T. crocea
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Cloning, Identification, and Light Response Analysis of
Two Circadian Clock Genes Cryptochrome and Period in
Boring Giant Clam Tridacna crocea

YANG Wenhongl, NAN Yihan'?, LI Mengl, LIU Chunshengl’2’3®, YANG Yi', YU Fengl, GU Zhifengl

(1. School of Marine Biology and Fisheries, Hainan University, Haikou 570228, China;
2. School of Breeding and Multiplication, Hainan University, Sanya 572025, China;
3. Marine Biology Experimental Teaching Demonstration Center, Hainan University, Haikou 570228, China)

Abstract The circadian clock is an intrinsic timing mechanism that has evolved in organisms to adapt
to the Earth’s periodic diurnal changes. Cryptochrome and Period genes are pivotal in regulating the
circadian system. These form PER/CRY heterodimer complexes, which translocate from the cytoplasm to
the nucleus and inhibit the transcription of CLOCK/BMALI1-driven E-box elements, thereby functioning
as downstream effector genes. These two genes are also influenced by environmental cues, such as
external light, which can remodel the periodic rhythm and ultimately facilitate adaptation to
environmental rthythmic changes. The boring giant clam Tridacna crocea is a dominant species within the
Tridacnidae family, with notable economic and ecological importance. However, this species is currently
classified as a rare and protected animal owing to environmental changes, overfishing and other factors. A
defining characteristic of this species is its symbiotic relationship with zooxanthellae, in which light plays a
fundamental role in the giant clam-zooxanthellae symbiosis. Additionally, light is a crucial regulatory factor
influencing the circadian clock. Consequently, exploring the influence of circadian rhythms on the
expression of core clock genes in T. crocea can provide crucial data to support conservation efforts and
breeding programs for this species.

In this study, the SeqMan software was used to assemble sequences obtained through sequencing.
The software SignalP 5.0 Server and SMART 4.0 were used to conduct online analysis and prediction of
giant clam Cryptochrome and Period functional domains. The ExPASy Server online analysis software
was used to analyze and predict the physicochemical properties of the sequences, DNAMMAN software
was used to conduct multiple sequence comparison of the sequencing results, and the BLAST option of
NCBI database was used to conduct homology analysis of Cryptochrome and Period sequences. The
phylogenetic tree of Cryptochrome and Period was constructed and analyzed using the neighbor-joining
method in MEGA 7.0. For homology modeling, I-TASSER was adopted, and Hdock was utilized to
investigate the interaction mode between Cryptochrome and Period. The interaction mode of the docking
results was analyzed with PyMOL 2.3.0. Furthermore, PCR technology was employed to clone and
characterize the coding regions of the Cryptochrome and Period from T. crocea. Subsequently,
tissue-specific expression analysis of Cryptochrome and Period was performed, and their expression
levels in various tissues were quantified under different photoperiods.

The results showed that the coding region of Cryptochrome has a base sequence length of 1 641 bp,
encoding 546 amino acids, with a theoretical isoelectric point of 6.08 and a molecular weight of 62.98
kDa; the coding region of Period has a base sequence length of 4 386 bp, encoding 1 461 amino acids,
with a theoretical isoelectric point of 6.14 and a molecular weight of 164.99 kDa. The Hdock interaction
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model showed that these two proteins could form heterodimers with a binding energy of —279.88 kcal/mol.
Tissue expression analysis indicated that Cryptochrome and Period were expressed in all seven tissues
examined, with relatively high expression levels in the outer mantle, inner mantle, gill and adductor
muscle (Cryptochrome showed a high level of expression in the heart). Cryptochrome and Period genes
exhibited oscillatory expression patterns that varied with the circadian cycle in the outer mantle, inner and
outer mantle, gill, and adductor muscle. Under normal lighting conditions, the expression level of
Cryptochrome in the outer mantle, inner and outer mantle, and the adductor muscle all reached the
maximum value at 1 h of light treatment, whereas the expression level in the gill reached the maximum
value at 5 h of dark treatment, and then showed a decreasing trend with increased light time. When the
illumination was delayed for 2 h, the expression level of Cryptochrome in the outer mantle, inner and
outer mantle, and gill all reached the maximum value at 1 h illumination. The expression level in the
adductor muscle reached the maximum value at 7 h darkness treatment, and then all showed a decreasing
trend with increased illumination time. Under normal light conditions, the expression level of Period in
the outer mantle, inner and outer mantle, and gill reached the maximum value at 5 h of darkness treatment,
whereas the expression levels in the adductor muscle reached the maximum value at 1 h of light treatment,
and all showed a trend of first decreasing and then increasing with increased light time. When the
illumination was delayed for 2 h, the expression level of Period in outer mantle and adductor muscle
reached the maximum value at 7 h of darkness treatment, In contrast, the expression levels in inner and
outer mantle and gill reached the maximum value at 1 h of light treatment, and both showed a decreasing
trend with an increased illumination time. In conclusion, this study represents the initial successful
cloning of two essential circadian clock genes, Cryptochrome and Period, from the species T. crocea. Our
preliminary validation of the diurnal rhythmic expression patterns of these genes in key tissues provided
valuable insights into the behavioral and physiological rhythms of T. crocea, as well as its mechanisms
underlying light adaptation.

Key words Tridacna crocea; Cryptochrome and Period; Circadian rhythm; Expressive rule



