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Mz (BRI MEE OPN) RANSEXLEERZ5FFMNER, ENELT. BEAT
HEFREN YK EEERA . AARBITT AEANE A EE R RN A RAFE. HAMA
BERAFRAER. [FE] RAENEEEFEE R KE 4 opsin RE XK R, 2t H
AR RFEF. EMEBERRRELRE XA, BT qQRT-PCR LA A I H £ 7 #
REMEHRIBERAR TR ELE TN RHME. (4R ] A#EaE% w254 opsin
HE, FEHRKEN3BS40NAER, UL THREN 37.1~623 ku, F# AN
5.95~9.57, HEM T aME. FTH OPN & g 48 7T AR F 27t BBy 7 R 5 i 45 1
B (7Ttm_1), 3BT ClassA # G & GBI ZEM Kk, —REM L o-B e (30.07 %~40.41 %)
AT AN %t (44.54%~5593%) h £ RAK A AN BT, K#E & opsin FH T 4 A W%
A FndE L w B WA, KA opsin @45 rhos opnllwl. opnlsw2 Fo rh2a; A5 A opsin
H, 4% opn3. opnd. opnS E S ANATAE , HBF AN LT, K& opsin HH A 1~35 H#h &
T B R EACFRAK, HE rho fnopnliwl £ 15 B EF EF. tilMas Rk,
TR F L rh2a Fooopnlsw2 Wy Rk, RomEAMNT R E NG EEF L EZCER .
(518 ) K& opsin KA R EHEM EGERT, FEXFTIRFZAR BB LERK
MM REFAE. AFETHRMATEE T HEREREE B R A G RARERZRE
KA K#E B opsin AE R ik; KEwE; WEKE
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SR A AL AR 1R A LR R L
B B A TR BT A0 A A A M, £ 5E
I WG 5 A BN AR 1T
AR TSR BN IR, SRR
P L AR T RO A TR B

2 opsin N FKIGEA T T 2R EH 5 E K
F, NE YR R N A5 5 R IR TR E N 2 R
TE A A KRS X AR K B i A i
I AL A v K SR 5 AT A 2 N T B AR 3
me R TEIESE . T AN T EDOLIE S KA
IKEFAE S, RGN LB KT B AT
HE 009 TF 1 48 & 5 MR U R, B, M
opsin F& R G0 )2 THI BT FL2H B0 5 3RIBFHAE, X T
BHHEANERARAEEE L,

K ¥ i (Larimichthys crocea) > J& T #5JF H
(Perciformes) f1 1 fa &} (Sciaenidae) ™, 2024 4 F&
FE| R W A FR 5 re ik 29.26 7 t, 23R E T A
KFFFAT AR Z L SR, HAEANTEFH
TR R R N B RS A R A, R
A5 E R AR B AT EIRE R
WU LF 4 At L o B iPAR R R EE A
T8 e o O ST T, HOGTHAL N & F W SEAT
SRAFR, JUHORXTILEE [ Ge 5 AL R R 1
AR

AT HE TR e PRI 2 R S D Y R
Xof R Bt AR R R IG AT R G E 5T,
FEHIH qRT-PCR ARG i BE N K IEAEA M K F
i BOFIDOGIE 2508 T R B AR, BFE R
0 LR 11 3 R G0 1 i AR RRAIE B L) R AT 5% i it
PR ELA, MU N T F B R R N B
BRI THR IR 2K

I MRS IHA

1.1 SEIE#R

SH R AT HEf RS TR
Pz Pt 5050 q WEIL AT 7E 24.5~25.5 °C 5%
B T ARFE ., AWEIFIRESE 40d, B H LA
9:00 FEATAT RWEE, DAMEIALAE S v 1) K B R
PEHUREAL)S 1. 7. 15, 24 A1 35 H % 5 ML &
KB W Bt R S8 o

VEH 15 H % K& AT it Ao sc s, &
B 3NFATYL, LG 4R LED SGLigABE . Pt

Wt (Pl 449 nm) . £ (Wl 516 nm) FIZLE (P
U 635 nm), Fr A GRS R FAHRI A5 LED 4T A,
IETEAA ) 22 e i B . RRURE R S BE AL, ST A
JERESR FH A G T (W] )2 R 22 BE ik CS-2000) il
JE o SE I KObE Rk el R K RS B AR i
KRS B AR S A o B AL

S E 4 DUKAE, BAUKFECE 3 AR
MIFRFE S, LED JTEH: TR0 IE LT, JEi
SCYGHFSE 72 h, HLRLE A AR FUK IS R G GE RS
HKIRTE 24 °C, DRFFAR RS, I H ER 50%
IKAAR o KA AN ERAE R A P A Ak, S )H
WIE H 241 : 0D,

SR A S N B R AR FE A, SR A A [
£ T Bouin [CI, £ 70% ZBEERE, BT 4 C
TRAf; — A IR AR, T80 C IRAF
TR 3 AN Y EE ARG, R BRI T A
PRFNORAE o T A S5 00 B 2 )™ A S A0 v IR 27 B
Bl S A B ZE D 23 R OG 48 5 JE U JACUC it
HEGi 51 160413), A 5% A 6 K AT o] il £5 1k 2 F
TR . T KR S0 A A S8 4 R o 1) S
TREVEAT IR A 2 SR AL B, DA KRR FE 0D 3h )
I
1.2 RNA fZBlS cDNA &K

M5 AT 2 7 B3 AR 2 s AL RE A eh L AR
SCURZHPRIE 3 BRI, fii ] TRIzol it
7 (Invitrogen, 3£ ) #2 ML RNA, #AE ™48 #
TR FULA B T BEJS, X mRNA #Ef74ifb 5 R
Bk, FEHH Mlumina mRNA-Seq SCZER) H#HR 57 &
(Illumina, 3¢ [E) K skA L cDNA 3L,

XTSI AE i, &L RNA i ] RNA Easy
Fast Zh4 41 21/40 i &5 RNA $EBGAF & [ RARA:1k
B demt) AR A T4 $2 0 RNA R i@
R E 56 E 1T (NanoDrop OneC, FEER it
IRBHE A FE, SEE) M E, RNA SR 1%
TN BE R S B UK IR E , AR OR AT A PCR ¥4 12
qRT-PCR %3k, Pfi)f5, i FastKing — kR
[K 41 DNA [1) cDNA 25 —%5E A iR R [ AR A
fERHE dbat) FBRAF] 18 RNA Jf65%8h cDNA,
MFIR8E .

1.3 3ERENF 2

DU PP AR B b e A MR A BR 2 ) 5 1
1 Illumina HiSeq 2000 - 5 #£47 Xl J3* (2 x 100
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bp), FEIHH A R BN (300 + 50) bp, AR
J &85 TR 8 AR AS B A0 A0 B 1 ZOR SR IR Y ik
(FPKM),

14 MEBEEXRENEERATFIEZ. £ER
JEi i

NS S 55 2 A 1) A B B i 2 000 2 v
Tk opsin P, I NCBI ¥ e v T 30k 2
i 5L PR 41 )7 5 R R SC A (GCF_000972845.2),
{#i Fl TBtools 7] M4k opsin F R FIEAE YL K 1Y
B HRSF S5 38, B 5L 7 il MEME B ;
F ] ExPASy #4423 7 He B AL 5 ; 3d 5 Cell-
PLoc 2.0 k{3 OPN 2 1 (4 W 40 i i 7 5 R
SMART # 4 40 HT 26 A S5 H SRR 1iF 5 3 52 SOPMA
TR OPN 25 [ 09 — 204544 ; I ] SWISS-
MODEL % 8 57 35 (4 )i = 25 i Al s i i iy
KEfh opsin AR AW AR LT LR, At
5% 18 BURE X 1 2R BE 5 1 (Danio rerio) " i B 58 35
) OPN & 1 ¥ HIE N S%, 5K fafEdk OPN
EHTFIRAMERELRETN ., EATFIL
MEGA 11 5 (BB Xt br . K4 B 5 fa
opsin V. AU ) IS EE L | XF K H A opsin F K )43
RIHEIHATHIE ; B RE A Le-rh2a Il Le-opnliwl
)R BE TR 7 9] 5 BE T 8 6 1. OPN 22 JE R 7 51 ik £ 7
ZIFHN AT o Eo &6 F e BE AR A5 2T 0 i 5 1R &R
HEATH S, IR LB GG G 1148 5] Bl 11 G 4 3
RS A5.(5F 83, 122, 265 1292 i f5) HEAT43HT o
1.5 “HZAZEXE

B i 48 Bouin PRI W15 J5 , #5H BU k4T
AR F (R 6~8 pm), ) A 2 4 7k
JE AT IRANE DAL (HLE) Yt , FF7EJe G 2E
%% (ECLIPSE E100) T ML HIFA R S 4 414544
TEAHFE

1.6 RKHAEEZLW

P EAEEN (& 1), LA p-actin fE NS
LR UEAT IS E i PCR 520, il g 27280 ik
T H R A AR e ik i

qRT-PCR & i f& 2 4 20 pL, Ho g £ 2x
FastReal qPCR premix(SYBR Green)10 puL., I T iif
F1¥14 0.6 uL. dd H,O 7.8 uL. cDNA #i#z 1 pL.
L FAF 95 C FWAEPE 2 min, 95 C B 5 s;
52°C IR K 10s; 72 C HEf 15 s; b 40 PMFEF,
F5eJo R JH S it Y 2R AG I 5 | 0 2 A5 R Sk o

x1 31495

Tab.1 Primers used for sequencing

ElEY s SR 5I(5'~3")

primer sequence of primer(5'-3")

TCGTGCGTGACATCAAGGAGAA

p-actin-F
P-actin-R ACCGAGGAAGGATGGCTGGAA

Lc-opnllwli-F CTGGGTCTGGTCAGCAGTTTGG

Lc-opnllwl-R ACATCAGGTCCGCAAGAGGTCT

Lc-rh2a-F CATCCTGGTCAACCTGGCTGTG

Lc-rh2a -R GCAGGCAGTGGCTCCAAGAAT
Lc-opnlsw2-F CAGTGCTCCTGTGGTCCAGACT

Lc-opnlsw2-R CTTGTGCCTTCGCTGCCAGTT

1.7 AR

>R 1 SPSS 26.0 B #E AT Bl g it or M . B
AEHYIRIET 3 DS Y E R, LY
HpRifE2E RN o X TR L T B B At
BN EYEEL M 3 B —F T AR EeH
o AT T ET, B 56 R Shapiro-Wilk
o g5 % B g i AT IE SRS, IR Levene K46
K g 75 2257 X TR RS B R 7 25 5%
PERIREA KL, SR FH 3R J5 2253 B (One-Way
ANOVA) #1740 22 55 Fb 8, JF(# FH Tukey’s hon-
estly significant difference (HSD) £ 5 b 3546 56 73 #1
SHZEPEEEZES ., BEEKFERERN
P<0.05, %] GraphPad Prism 9.0 #4251 1K % .

N~

2 &R

2.1 KHEE opsin EERENEEHE ST

K w o LS g Le-opnliwl, Le-
opnlsw2., Lc-rh2a. Lc-rho. Lc-opn3. Lc-opndxa.
Lc-opndxb. Lc-opn5. Lc-opnba. Lc-opnia. Lc-
opnTb. Lc-opnTd. Lc-opn8a. Lc-opn8b. Lc-opnSc .,
Lc-parapinopsina, Le-parapinopsinb . Le-parietop-
Lc-tmtops2b |

sin,  Lc-rrh. Le-tmtops3a.  Le-

tmtops3b . Le-tmtopsa. Le-tmtopsb . Le-valopa 3525
A opsin [ . KEE A opsin I W F i 25 1 5
SR FRE MM 1. 2, 3.5, 6, 9, 11, 12,
15, 18, 21, 22 Je 23 ‘S fk I (& 1), Hrpij
@3, 6. 11 K 15 SR EREARENEE RS

22 KE opsin £ FZ IR B I 40 B
FE LT

25 R £ opsin K& PR 9 fith DX R H 1A AR
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Le-rrh
Lc-opnba

- 10 Mb

Lc-opnTa

F 20 Mb

Lc-tmtops3a
Le-rh2a

F 30 Mb

JERRFERT

megabase pairs

F 40 Mb
Lc-valopa

Lc-opn3
F 50 Mb

- 60 Mb

Lc-parapinopsin

Lc-opn8c Lc-opn7d Le-tmtops3b

(M TN TTRAARTED <

Lc-tmtops2b
Le-parapinopsina
Lc-opnTh

Lc-rho
Lc-tmtopsa
Lc-opn8b

Lc-opn8a
Lc-opn5

Lc-tmtopsb

=

4 Lc-parietopsin

1 opsin RiFEEEAREGREALEND

Fig.1 Distribution of opsin family genes in chromosome of L. crocea

ZEAK, EBIH Le-opndxa, T Hahth 540 2 K
B2, MR Le-rrh, W40t 334 DEIER . K
¥ 10 opsin F& A T 43 5 BT A YE LR 37.1~62.3
kuo T 45 H 59 LA 5.95~9.57(F 3), Xt K
ff OPN 5 AT W40 M 8 AL T, & SRR 2 11 4
fL T 40 ML (3% 3).

2.3 K#Ef opsin BEERELEH 5

BEXF R B OPN R 348 i 10 MRSF I
motif, 43354 A motif 1~10, 437 & B K & A
OPN ' motif [ %5 i A1 S AU E AR X PR SF (1), motif
1. 2. 3.4, 5. 6. 87EfrA MK OPN 113
e, HASIINFHB /& motif 8. 4. 3. 1. 6. 5.
20 4y, 7, MR F G 5 B A 53 A
) motif 1AL (& 2).

SERI TS R R, KT AT OPN ks
B s R Ry 7 R OBS B 45 M) ) 7tm 1 (Pfam:
PF00001), T8 T2 ke G 5 F B2 1R %K
% (Rhodopsin-like GPCR, Class A) (& 3), A[a] F
AU ZER 01k, 58 OPN 3= BAGIN 3] 5 ) 145
JEVER RO ZE RIS Y, U1 SWS2_ opsin( i ' Rk
H9) A1 LWS_opsin(ZL YE U AY ), 4E A5 OPN(N
OPN4 ., OPNS %5 ) Il 4 I 51 Tf) 68 5 55 1 45 #4 45§
7tmA_Melanopsin 5 7tmA_Opsin5_neuropsin, H1t
A 23 4~ opsin H F £ 2] PHA03087. PHA02638
F1 PHA02834 %5 5 4 F ek

24 KEE opsin EEREZREHF=ZRLE
SR

R AR, KB opsin KR 25

AN ) R AR L R AR L. T R A
e, a-MBHE (5 30.07%~40.41%) F1JCHE
Bl (7 44.54%~55.93%) & H R EgE oo, 3t
FXF K A opsin B K FE AT G 45 46 700
(#3), BIIZIEH RN E AT =450 2 h
TCRLAG . AE i Je o~ e 2H 1 (8] 4).

opsin BERERIERG LG T

KRV K B opsin LR R HEL X R,
PLBE T f6 B TE B OPN & R F 51 S %, M
NCBI %8l P T 8 B P51 (% 2), 5 R fafig
P& OPN Z LR 7 94T Z P 9 Lhxt . BT L X 4h
A, FIH MEGATL BRI SBEREWER G KT
¥ (Bootstrap = 1000)(¥] 5). RG Kk BWE R ER,
128 opsin K] 430 3 K EE 437 (Branch [ ~
). Branch | 1 opn4 M (R ALEE H LA
Melanopsin) HAMIE %, Wos AR a7 o4k,
RFR MBI WO SZ LAY ; Branch Il (05 £
ANAELAE opsin WEAE, H opn6 AN EE S — 32,
opn5., opn 5 opn8 IR 8 — 32, rrh WIAY 5 55
— 74337 ; Branch I FZ AL AESE opsindd i,
1035 opnliwl, opnliw2. rho. opnlsw2. opnlswl
M orh2a 5, X EEEL LR R — Ko A,
valopa 5 L & opsin B H W) — 43 % . parap-
inopsina 5 parapinopsinb W ML W57, 1M pari-
etopsin WAL F 1% 50 SZ AN, 5 H Al 42 5 AR HH 56
opsin PREFBOE RS KR, K opsin R
ERFERKEW 5B opsin B0 R 4T 1 [F] I 2R
RER, WK opsin 5AEWK opsin B 8534k .

2.5
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Tab.2 opsin amino acid sequences used in phylogenetic tree construction

A Py RS A Py HRT
gene species accession number gene species accession number
Le-opnliwl Kkl XP_010754331.1 Dr-valopa HEH NP_571661.1
Le-opnlsw2 L. crocea XP_010754316.1 Dr-valoph D. rerio NP_001103750.1
Le-rh2a XP_019118059.2 Dr-opnliwl NP_001300644.1
Lc-rho XP_010740392.1 Dr-opnliw2 NP_001002443.1
Lc-opn3 XP 010732894.1 Dr-opnda XP 073775997.1
Lc-opnéxa XP_010736394.3 Dr-opn4b NP_001245153.1
Lc-opndxb XP_010730783.2 Dr-opnba NP_001073125.2
Lc-opn5 XP 019132520.1 Dr-opnTb NP_001303878.1
Lc-opnba XP_010728177.2 Dr-opn8a NP_001303876.1
Lc-opnTa XP_019117643.2 Dr-opn8b NP_001303874.1
Lc-opnb XP 027144743.1 Dr-opn8c NP_001304693.1
Lc-opnld XP_027144624.1 Dr-parapinopsina NP_001304685.1
Lc-opn8a XP_027140091.1 Dr-parapinopsinb NP_001428334.1
Lc-opn8b XP 019125404.1 Dr-rho NP 571159.2
Lc-opn8c XP_010744502.3 Dr-rrh NP_001004654.3
Lc-parapinopsina XP_010746869.2 Dr-tmtopsa NP_001112371.1
Lc-parapinopsinb XP 010736993.3 Dr-opnlmwl NP 571328.2
Lc-parietopsin XP_010755635.2 Dr-opnlmw2 NP_878311.1
Le-rrh XP_010755153.2 Dr-opnlmw3 NP_878312.1
Lc-tmtops2b XP 010745564.3 Dr-opnlmw4 NP 571329.1
Lc-tmtops3a XP_010727954.3 Dr-opnlswl NP_571394.2
Lc-tmtops3b XP_027129101.1 Dr-opnlsw2 NP_571267.1
Lc-tmtopsa XP 027129101.1 Dr-opn3 NP_001104634.1
Lc-tmtopsb XP_010750768.3 Dr-opn5 XP_073788979.1
Lc-valopa XP_010753558.1 Dr-opna NP_001303877.1
Bt-rho 4 Bos taurus NP_001014890.1

2.6 rh2a#0 opnliwl RN IE TN S RE
BEFHE S 47

RTHUWELTR SR, XREMT Le-
opnliwl Fl Le-rh2a 1 A1 P8 46 407 S 64T T &
LR XT38 o E Le-opnliwl i, 5421 4R 41 i
B 122 A7 [ Y5 ) 0% 5 A R BT R £ v )y 45
IR (B) B N 5o &R (), 10 HAL S B mR
WEREI P 25 5 o IS RRI, LL0 opsin TEIZAL
R T A SRR e, TRERCM TR
BOCRFNTIRE LA 3L Jr TRRAE, TR YRRy 7
PERDCIE RS (18] 6); TE Le-rh2a h, 55 LL
s 83 SRR AL &N HE R (G), SR Dr-
opnlmwl.,  Dr-opnlmw2.  Dr-opnlmw3.,  Dr-
opnlmw4 P45 —8, RIHE SRS, B
122 (7[R JRALE b, K Le-rh2a AR (B),

5 Bt 5 1 Dr-opnlmw3 — 8, Wi AN [E T Dr-
opnlmwl . Dr-opnlmw2 Fll Dr-opnlmw4 1 &5 &
WERE (Q) Bt (18 7). TE rh2a Fl opnliwl EIEIRIF
Firhr, K A SCHOGIG AR AL ERIR R I
F6R B EER A B N RHE T AR A A .

27 KERBFHLFNERMMIRAE R FHE

1 H 7 a0 M J2 MR e 2 TE N, &2
S5 FLIRANTE . SMZJZE (ONL) 527y 4i g )22
(GCL) b AN, & 7 Hidm, PR E S
B IE W ZARGE R, nTHFRE R R (RPE).
BOLYHAEZE (PRL). SMZJZ (ONL). HI#%JZ (INL)
FARZEATHZE (GCL)o DL B 004 41 A 4
WIFMR L, HEFIAR XS R, RPE 40 iA% 240K
AR, 15 AR AF A M E—22 & F, ONL )z
JELE A S I, T GCL JZARXS AR M oG4 2

R E K7 2: 2 E /) sponsored by China Society of Fisheries

https://www.china-fishery.cn


https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

5 Koo 4Rk 50 45
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Tab.3 Physicochemical properties of OPN proteins in L. crocea
SR HEREE EASTHEN st V40 L 5E i A TR /% FEEE/%
gene number pf mole.cular theoretical pl subceuular a-helix B-turn randpm extended
amino acids weight location coil strand
Le-opnliwl 358 40 127.80 6.75 ML cell membrane  37.99 0 4525 16.76
Le-opnlsw2 352 39263.38 6.74 MBEME  cell membrane  37.78 0 47.16 15.06
Le-opnéxb 552 62281.54 9.57 ML cell membrane  30.07 0 58.33 11.59
Lc-opn5 356 40243.33 8.51 MBEME  cell membrane  36.52 0 48.03 15.45
Le-opnTa 411 4594727 7.02 ML cell membrane  32.36 0 52.80 14.84
Lc-opn8a 339 37 881.89 7.67 MAEME  cell membrane  40.41 0 44.54 15.04
Le-opn8h 351 39360.77 9.22 ML cell membrane  38.18 0 46.72 15.10
Lc-opn8c 514 57 745.05 9.70 MBEME  cell membrane  30.16 0 52.72 17.12
Lc-parapinopsina 347 38 434.30 6.97 HHEME  cell membrane 38.04 0 47.26 14.70
Lc-parietopsin 359 40 398.88 8.00 MMM cell membrane 38.44 0 47.91 13.65
Le-rh2a 353 38 822.49 6.45 M cell membrane  39.09 0 45.04 15.86
Le-rrh 334 37017.77 7.54 MM cell membrane  40.12 0 4491 14.97
Le-tmtops2b 379 42 069.86 9.41 ML cell membrane  34.30 0 52.51 13.19
Le-tmtops3a 391 43 075.52 9.37 MBEME  cell membrane  34.02 0 51.41 14.58
Le-tmtops3b 377 41 156.50 8.12 ML cell membrane  33.69 0 5225 14.06
Le-tmtopsa 407 44 318.27 7.31 MBEME  cell membrane  32.68 0 53.81 13.51
Le-tmtopsb 402 44 338.30 7.73 ML cell membrane  31.84 0 52.49 15.67
Lc-valopa 387 43 374.00 9.32 MBUME  cell membrane  35.14 0 51.16 13.70
Le-opn3 386 43 924.94 9.00 ML cell membrane  34.46 0 51.81 13.73
Lc-opnidxa 540 61389.79 6.88 MHUME  cell membrane  34.44 0 55.93 9.63
Le-opnéa 412 46 680.33 7.10 ML cell membrane  32.77 0 52.18 15.05
Le-opnTb 405 44 576.44 6.87 AMEAE  cell membrane  36.30 0 50.62 13.09
Le-opnid 405 44 453.80 6.75 ML cell membrane  37.04 0 50.12 12.84
Lc-parapinopsinb 337 37 066.88 6.86 MMM cell membrane 40.95 0 45.99 13.06
Le-rho 350 39 059.74 5.95 YHMIfE  cell membrane  38.86 0 47.43 13.71
- (PRL) JEFEHH W14, % 24 HSHEMAN B, LK
#4 OPNER motif 2 WSS ESE %, ONL 25 PRL JRE— 5 #)E,
Tab.4 OPN protein motif information INL 25 RPE 2 LR IEMT . GCL R4: Mt FHa
R JfEILRe T35 FBIE, 0 A R 25 AR
1 29 SWLYSLVWAVPPLLGWSSYGPEGYGTSCS BAKHLIESS 24 HIRA ALK (F 8),
2 29 SAIPALFAKSSTVYNPIIY VFMNKQFRRC 28 KEE opsin EEERH L EMBRINEL
3 29 CVWYGFAGSLFGIVSLITLAVISVERYJV gy
4 21  KFKKLRTPLNLLJVNLAVSDL
5 21 KVTKMVVVMVIGFLVAWSPYA X} opsin &N ) F BB HIT RG 50Hr.
6 15 FCFILPLGVIIYCYG i BE A AR R kB 25 R R B Y o A
7 21 TGYPLSFASSLQGRWLLGRTG FHIE, 25 BIR opsin FE R 2Rk 2B B A4 i Boik:
8 21 VVAVYLFFIGVLSLLGNGLVL Al 3AFEFEE 1~ HIN B2 T, 3403
9 15 VCKPLGGVKFSSKHA Tf 1~15 Hﬁ%iﬁ?ﬁ?ﬁ], 24\%?33 7~15 H”ﬁz\'j';
10 18 KEAAAQQQESESTQKAER

2 EE, 1R 15~24 HiIB B FiF, 8 3t
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Fig.2 Conserved motif analysis of opsin gene family members in L. crocea
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Fig.3 Predicted domain architecture of OPN proteins in L. crocea
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Fig. 4 Three-dimensional structure prediction model of

OPN protein in L. crocea
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Fig. 5 Phylogenetic tree of OPN protein family
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5 3 KO AR 50 &
Bt-rho ..o MNGTEGPNFYVPFSNKTGVVRSPFEAPQYYLAEPWQF SMLAAYMFLL 47
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Dr-opnllwl MAEHWGDA TYAARRKGDETTREAMFTYTNSNNTKDPFEGPNYHIAPRWVYNVATVWME FV 60
Dr-opnllw2 .MAEWANGAFAARRRGDETTRDNAF SYTNSNNTRDPFEGPNYHIAPRWVYNVATVWME FV 59
consensus pfe py a w mf
Bt-rho IMLGFPINFLTLYVIVQHKKLRTPLNYILLNLAVADLFMVFGGFTTTLYTSLHGYFVFGP 107
Lc-rh2a VVLSVFTNGLVLVATAKFKKLRHPLNWILVNLAVADLGETLFASTISVSNQFFGYF I LGH 120
Dr-opnllwl VVASTFTNGLVLVATAKFKKLRHPLNWILVNLATADLGETLFASTISVINQFFGYF I LGH 120
Dr-opnllw2 VVASTFTNGLVLVATAKFKKLRHPLNWILVNLATADLGETLFSSTISVINQVFGYF I LGH 119
consensus n 1 1 t kklr pln il nla adl t gyf g
Bt-rho TGCNLEGFFATLGGE TALWSLVVLATERYVVVCKPMSNFRFGENHA IMGVAF TWVMALAC 167
Le-rh2a PMCIFEGYVVSLCGITGLWSLA I 1SWERWIVVCKPFGNVKEDAKWALAGI I ESWVWSAVW 180
Dr-opnllwl PMCIFEGYTVSVCGIAALWSLTVISWERWVVVCKP FGNVKFDAKWASAGI I F SWWWAAAW 180
Dr-opnllw2 PMCIFEGYTVSVCGIAGLWSLTVISWERWVVVCKPFGNVKEDGKWASAGI I F SWWWAAVW 179
consensus c eg g Iws 1 er vvckp n f a g f wyv
Bt-rho AAPPLVGWSRY IPEGMQCSCGIDYYTPHEETNNESFVIYMFVVHFI IPLIVIFFCYGQLV 227
Le-rh2a CAPP I FGWSRYWPHGLKTSCGPDVF SGSDDPGVQSYMITLMSTCCILPLAITILCYIAVW 240
Dr-opnllwl CAPPIFGWSRYWPHGLKTSCGPDVF SGSEDPGVQSYMVVLMITCCI IPLATIILCYIAVY 240
Dr-opnllw2 CAPP I FGWSRYWPHGLKTSCGPDVFGGNEDPGVQSYMLVLMITCCILPLAITILCYIAVF 239
consensus app gwWSsry p g scg d s i pl i cy
Bt-rho FTVKEAAAQQQESATTQKAEKEVTRMVI IMVIAFLICWLPYAGVAFYIFTHQGSDEGP I F 287
Lc-rh2a WATHSVAMQQKESESTQKAEKEVSRMV I VMI LAFCFCWGPYTFFACFAAANPGYAFEHPLA 300
Dr-opnllwl LATHAVAQQQKDSESTQKAEKEVSRMVVVMI FAYCFCWGPYTFFACFAAANPGYAFHPLA 300
Dr-opnllw2 LATHAVAQQQKDSESTQKAEKEVSRMVVVMVLAFCLCWGPYTAFACFAAANPGYAFHPLA 299
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Fig. 6 Multiple sequence alignment of key spectral tuning sites in opnlIwl

Amino acid residues highlighted with a blue background indicate conserved sequences among species, while residues marked in red correspond to key

spectral tuning sites at positions 83, 122, 265, and 292 based on bovine rhodopsin numbering, the same below.
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......... MNGTEGPNEYVPF SNKTGVVRSPFEAPQYYLAEPWQF SMLAAYMFLL IMLG
MAWDGGGHDANGTEGKNFEY I PMSNRTGVVRSPF EYNQYYMVDPMTYKLLAFYMEFLICTG
......... MNGTEGSNFY I PMSNRTGLVRSPYDYTQYYLAEPWKFKALAFYMFLLI IFG
......... MNGTEGNNEY I PMSNRTGLVRSPYEYTQYYLADPWQFKALAFYMFFLICFG
......... MNGTEGNNFY IPLSNRTGLARSPYEYPQYYLAEPWQFKLLAVYMFFLICLG
......... MNGTEGNNEY I PMSNRTGLVRSPYEYPQYYLAEPWQFKLLAVYMF FLMCFG

ngteg nfy p sn tg rsp qyy p

FPINFLTLYVTVQHKKLRTPLNYILLNLAVADLFMVFGGFTTTLYTSLHGYFVFGPTGCN
TP INGLTLLVTAQNKKLRQPLNY I LVNLAVAGL IMCAFGET ITITSALNGYF ILGATACA
FPINVLTLVVTAQHKKLRQPLNY ILVNLAFAGT IMVIFGFTVSFYCSLVGYMALGPLGCV
LPINVLTLLVTAQHKKLRQPLNYILVNLAFAGT IMAFFGFTVTFYCS INGYMALGPTGCA
FPINGLTLLVTAQHKKLRQPLNF ILVNLAVAGT IMVCFGFETVTFYTAINGYFVLGPTGCA
FPINGLTLVVTAQHKKLRQPLNF ILVNLAVAGT IMVCFGETVTFYTAINGYFVLGPTGCA
pin 1tl vt q kklr pln il

LEGFFATLGGE I ALWSLVVLA I ERYVVVCKPMSNERFGENHA IMGVAF TWVMALACAAPP
VEGFMATLGGEVALWSLVVLAVERY I VVCKPMGS FRETGTHAAAGVVFTWIMAF SCAGP P
MEGFFATLGGQVALWSLVVLAIERY I VVCKPMGS FKF SANHAMAG I AFTWFMACSCAVPP
IEGFFATLGGQVALWSLVVLAIERY I VVCKPMGS FKFS SNHAMAG I AFTWVMAS SCAVPP

IEGFMATLGGEVALWSLVVLAVERY I VVCKPMGS FKFSASHAFAGCAF TWVMAMACAAPP

TEGFMATLGGQI SLWSLVVLA1ERY I VVCKPMGS FKES SNHAFAG I GFTWIMAL SCAAPP

egf atlgg Iwslvvla ery vvckpm f f ha g

LVGWSRY IPEGMQCSCGIDYYTPHEETNNESFVIYMFVVHE I IPLIVIFFCYGQLVFTVK
LFGWSRYLPEGMQCSCGPDYYTLAPGFNNESYV I YMFVVHFF IPVFLIFFTYGSLVLTVK
LFGWSRYLPEGMQTSCGPDYYTLNPEYNNESYVMYMESCHECIPVTTIFETYGSLVCTVK
LFGWSRY I PEGMQTSCGPDYYTLNPEFNNESYVLYMESCHFECVPVTTIFFTYGSLVCTVK
LVGWPRY I PEGMQCSCGPDYYTLNPEYNNESYVLYMFICHF ILPVTIIFFTYGRLVCTVK
LVGWSRY I PEGMQCSCGPDYYTLNPDYNNESYVLYMFCCHF I FPVTTIFFTYGRLVCTVK

Il gw ry pegmq scg dyyt

EAAAQQQESATTQKAEKEVTRMV I IMVIAFL I CWLPYAGVAFYIFTHQGSDEGP I FMT I P
AAAAQQQESESTQKAEREVTRMCVLMVFGFLVAWVPYAT FAGWI FMNKGAYF SAMTAALP
AAAAQQQESESTQKAEREVTRMV I LMVLGFLFAWVPYAS FAAWI FFNRGAAF SAQAMAVP
AAAAQQQESESTQKAEREVTRMV I LMVLGFLVAWVPYASFAAWI FFNRGAAF SAQAMA T P
AAAAQQQESESTQKAEREVTRMV I LMVLGFL I AWTPYATVAAWI F FNKGAAF SAQFMAVP
AAAAQQQESESTQKAEREVTRMV I LMVLGFLVAWTPYASVAAWI FFNRGAAF SAQFMAVP

aaaqqqes tqkae evtrm mv {1

AFFAKTSAVYNPVIY IMMNKQFRNCMVTTLCCGKNPLGDDEAS . TTVSKTETSQVAPA
AFFAKSSALYNP I IYVL FNKQFRNCMLSTVGMGG . .MVDDESS . VSASKTEVSSVS . .
AFFSKTSAVFNPITYVLLNKQFRSCMLNTLFCGKSPLGDDESSSVSTSKTEVSSVSPA
AFFSKASALFNP I TYVLLNKQFRSCMLNTLFCGKSPLGDDESSSVSTSKTEVSSVSPA
AFFSKTSALYNPVIYVL LNKQFRNCMLTTLFCGKNPLGDDESSTVSTSKTEVSSVSPA
AFFSKSSSTFNPITYVLLNKQFRNCMLTTLFCGKNPLGDDESSTVSTSKTEVSSVSPA
aff k s np iy nkqfr cm t g dde s skte s v

7 rh2a KEREEEMC KB L FIILEX 5

Fig. 7 Multiple sequence alignment of key spectral tuning sites in rh2a
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Fig. 8 Histological characteristics of the retina in larval and juvenile L. crocea at different developmental stages
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(a) 1 dph, (b) 7 dph, (c) 15 dph, (d) 24 dph, (e) 35 dph. GCL. ganglion cell layer, INL. inner nuclear layer, ONL. outer nuclear layer, PRL. photoreceptor

layer, RPE. retinal pigment epithelium.
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Fig. 9 Expression analysis of opsin genes in L. crocea during early developmental stages and
under different light spectra

(a) upregulated opsin genes across developmental stages, (b) downregulated opsin genes across developmental stages, (c¢) heatmap of opsin gene expres-
sion profiles during early development in L. crocea. (d) (f) (h) mean qPCR validation results of representative opsin genes (opnliwl, rh2a, opnlsw2). (e)
(g) (i) mean relative expression levels of opnliwl, rh2a, opnlsw2 genes in 15 dph larvae under different light spectra. 1. 1 dph, 2. 7 dph, 3. 15 dph, 4. 24
dph, 5. 35 dph, 6. full, 7. red, 8. green, 9. blue. Different letters indicate significant differences among treatments for the same gene (P<0.05).
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Identification, evolution, and expression analysis of OPN in
large yellow croaker (Larimichthys crocea)

HUANG Shaocong ', LILizhen'?, XUHao', JIQun', WU Tongtong "’
WU Longhao '*,  SONG Wei "***
(1. East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China;

2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
3. National Engineering Research Center for Marine Aquaculture, Zhejiang Ocean University, Zhoushan 316022, China)

Abstract: Opsins are light-sensitive G protein-coupled receptors that mediate photoreception and phototransduction in fish and
play essential roles in visual development, light-dependent behavior, and adaptation to aquatic environments, and in teleosts the
expansion and diversification of the opsin gene family are considered key molecular mechanisms underlying spectral tuning to
complex underwater light conditions; however, comprehensive characterization of opsins in the economically important large
yellow croaker (Larimichthys crocea) remains limited. The present study aimed to systematically identify the opsin gene fam-
ily in L. crocea, elucidate its structural and evolutionary features, and clarify developmental and light spectrum-dependent
expression patterns. Genome-wide bioinformatics analyses were performed to identify opsin genes, followed by characteriza-
tion of physicochemical properties, conserved motifs, transmembrane domains, secondary structure composition, subcellular
localization, and phylogenetic relationships, while transcriptomic data and quantitative real-time PCR (qQRT-PCR) were used to
examine expression dynamics during early development (1-35 days post-hatching, dph) and transcriptional responses under dif-
ferent monochromatic light treatments. A total of 25 opsin genes were identified, encoding proteins of 334-540 amino acids
with predicted molecular weights of 37.1-62.3 ku and isoelectric points ranging from 5.95 to 9.57, all of which were predicted
to localize to the cell membrane and contained seven highly conserved motifs and the canonical seven-transmembrane (7tm_1)
domain characteristic of Class A G protein-coupled receptors. Secondary structure prediction revealed that a-helices (30.07%-
40.41%) and random coils (44.54%-55.93%) were the predominant structural elements. Phylogenetic analysis classified these
genes into visual opsins, including rho, opnliwl, opnlsw2, and rh2a, and non-visual opsins, including opn3, opnd, opn5, and
related subtypes. Transcriptome profiling showed that most opsin genes exhibited relatively low expression levels throughout
carly development, whereas r#o and opnllwl displayed pronounced upregulation at 15 dph, suggesting a critical window for
rapid visual system maturation. Furthermore, light spectrum experiments demonstrated that blue light exposure significantly
upregulated the expression of 742a and opnlsw2 compared with other light treatments (P < 0.05), indicating high sensitivity of
these opsins to short-wavelength light and their involvement in spectral regulation. Collectively, these results demonstrate that
the opsin gene family of L. crocea is structurally conserved yet exhibits distinct stage-specific and spectrum-dependent expres-
sion patterns, providing molecular evidence for visual development and spectral adaptation and offering practical implications
for optimizing light environments, feeding strategies, and larval rearing protocols in aquaculture production.

Key words: Larimichthys crocea; opsin gene family; spectral response; visual development
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