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Abstract

In fish, photoreceptors including rods and cones are the membrane
receptors that receive the light and transmit the light—induced signals to
the brain regions to make an i1mage of the outside world. Rod
photorecetpors recognize the light and darkness, while cone photoreceptors
respond to different wavelengths of light depending on their subtypes. To
produce healthy and stable seed production, we need to obtain information
and understand vision that affects behavior of red spotted grouper. We
cloned their opsin genes here and examined their expression during the
juvenile development. Using TA cloning method, we successfully partial
cloned SWS2 (Short wavelength sensitive opsin), MWS (middle wavelength
sensitive opsin), LWL (long wavelength sensitive opsin) and rod opsin in
this fish species. Then, their tissue expression levels were determined by
RT—-PCR in various adult tissues including forebrain, midbrain, hindbrain,
retina, kidney, heart, intestine, muscle, gonad and gill. We found that all
opsin genes were strongly expressed in the retina. To examine their
expression during the eye development, we isolated tissue samples at
different developmental stages (lens and ear vesicle formation stage, 1, 2, 3,
5, 10, 21, 50 days after hatched) and determined their expression level by
real—time quantitative PCR. SWS2, a cone photoreceptor, began to be
expressed from lens and ear vesicle formation stage and its expression

gradually increased until 10 dah. In case of MWS, its expression was

1



detected 3 dah and reached the highest level at 21 dah. The expression of
LWS was first observed from 3 dah and their expression decreased
thereafter. Rhodopsin, a rod photoreceptor, was found to be expressed from
2 dah and its expression reached the highest level at 50 dah. The outer
nuclear layer (ONL), inner nuclear layer (INL) and ganglion cell layer
began to differentiate at 2 dah, while choroid first appeared at 4 dah so that
the eyes became black. These results indicate that the development of
retina mostly completes around 4 dah. It seems that the development of the
retina and the expression of the opsin genes are closely related to the
behavior such as hunting prey, considering that the timing of the completion
of the development of the retina, the timing of gene expression, and the

timing of completion of yolk absorption are similar.



(Richard et al., 1982, Rodriguez et al., 2001).

ol 7ol WEhe Ay oY AAAMESZoR FAEY. M A4S (pigment
epithelium; PE), #5827} EA8k= AlMAES (rods and cones layer; PR),
FrgA] AxE 8 Fito] & 27§35 (outer nuclear layer; ONL), F&
A AE2} bipolar cell, horizontal cello] Al¥iA AsHS sl A= A E
(outer plexiform layer; OPL), biopolar cell, horizontal cell, amacrine cell©]

9l= W3 =(inner nuclear layer; INL), biopolar cell, amacrine cell©]

ol

ganglion cell¥} AJYWA AgS 3l Q= WSS (inner plexiform layer; IPL)
T8 A B AA XS (ganglion cell layer; GCL) 2 F-E¥th A= =3

So]& A Z+Y HE biopolar cell, ganglion cellS A AAAS E&] A|go=

AGEth(Stenkamp, 2015).

LS Fof HollA o] W mE sk 1

=

ol
4

fAolty, hFE AFo)F FFEAE rod9 cone FFEA AXE AL
9lal, rode Wo Weols QAEt | coned subtypeo] Wil 24zt e FugS
43ttt Cone subtypedlA SWS2& &2 3 dlE, MWSE &3 34 &,
LWSE 71 sl 5 Q12 dth(Carleton, 2009). T3, o] FolA FFEa= Al

b BT obdzk Apole] Aol A, o Tt s FhBoeuf &



Le ,1999, Jon & Walther, 1993, Villamizar et al., 2011).

of 7o Wyl W] #dk A= F ol (Sandy & Blaxter, 1980) & H|E3s}o]

(Bozzano et al., 2007), &= (Park et al., 2012) %5 E-2 o]FoA

Ag e ArgH o7+ b (Epinephelus akaara) @ &o1% wig] Il 43
t}. vke]F (Epinephelus %)+ Al (E. bruneus), &Vt (E. akaara), "53]
(E. septemfasciatus)E B]F3F 155 159F0] thAefk T&3 A Ffof L3}
a2 tH(Harikrishnan et al., 2011). Hvkel= &4 ofF2 A9 dxA
of F& MAetH, ofBH T AR, ofF T= FotHe FAAIH(Kim et
al., 1994). &yl A AL&Fo] ikt Adae i olFolw (Lee et
al., 2016), A&7k w52 a7k ol w2 & AdEE el A&H5HQd F

A7k o] o4 3L St

wikel o] FEAACN A F-3F Ao o] JfAlZIel thE wHAE s o) E

Sha Sl A Al Hrtele % AT B ST YA FHAN
S FRFT gor 7] Rah Aolo AEE P Aojo FAA o gud

Azt & A FEAMNS AT A7 A Folnh

Y
o

bl Aol ol dA Aol el W3SEA tekd PF 4L mald
zo] Sz Mol WAHW ol YEEC] A o] A7t Ho|PEL o}
FREAA 542 07 Ak ateb o

&
AZTell - g A E 24 ol dde WAIZE SUFske] HolE AR wA

N
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Wol e FgAlel Ua A BE Aotk o AT L Hukel Aol
of Wgel JFe Fi Aol UF FRF A AHolo] WEL olsatr] 9
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3. Opsin 5332 &8 FAF
1) Opsin %A} partial cloning

Partial clonings A& WA o] W2 opsinf-AAE2] 23 9kAFS vlwst7] ¢
sto] 5T Opsin 8 A= National Center for Biotechnology
Information (NCBI) Alo]Ee] H ¥l HHE o]83}9] Short—wavelength
sensitive opsin (SWS2), Middle—wavelength sensitive opsin (MWS), Long—
wavelength sensitive opsin (LWS), Rod opsin QA& A &3s}o] TA cloning

WS o] 83l cloning ST

degenerate primer+= NCBIO|A Fo] &S H|ESE o] F9 opsin F-4# AHE
o] 4-3to] #|2ak9l 2™ (Table 1), PCRE F3to] A4S SFAA T-Blunt™
PCR Cloning Kit (SolGent)°ll 4¢ste] ligation 3ttt Opsin FAAY] H-&
A7 EdL FAHE T plasmid DNAE F2]5F9] Genotech (Korea)ol 415
o183tk Opsin fFAAES] Fi& 471492 NCBI€ Blastg &ate] &elst

Aok F249 3 FAAE MEGA7 Z2338 o] &3t ASEA 33t



Table 1. Primer sequence for opsin gene cloning

Gene Primer information
Primer 5 =3 sequence Amplification size (bp)
SWS2 SWS2 F CATGCACCATCCAGAACAAG 470
SWS2 R CACAGCAAAGCAGAATCCAA
MWS MWS F CCAACAGGACTGGGATTGTT 553
MWS R AAGCCTGGAGCCAGAGTGTA
LWS LWSF TGCAATTGCTGATCTTGGAG 535
LWS R CATGACAACGACCATTCTGG
Rod Rod F CTGCGGACCCCTCTAAACTA 440
Rod R CCCTCTGGTCACTGGTTGTT




2) Opsin fFAzke] 228 9 A B o 24= 918 Total

RNA % % cDNA T4

Hrbg] Adole] x7 HEESS F3F Aolgt 27 H US98 A&
600 09 RiboEx™LS (GeneAll, Korea)E F7}sto]l #3taL RiboExLS
100 ulF chloroform 20 wWE F7}ste] 4C, 12,000 g oA 1583 945
sto A= EYsidlth. AT el iso—propanole F7bete] AR ekl
RNAE HA AA A5HS W diethyl pyrocarbonate (DEPC)E % 7}3g+
75% o'tz FAEth FdE RNALE RNase—free 7ol &3ttt

g

v

Z%3% Total RNAE= Nano Vue (GE Healthcare, UK) & o] £35lo] 2=

3o, A260/A280 nm] H|E©o] 1.7~2.1¢1 WMZS ALE3F3

cDNAE RQ1 RNase—Free DNase Kit (Promega, USA)E ©]£3}9] DNase
212) 3k & PrimeScript™ 1° strand cDNA synthesis Kit (Takara, Japan)Z
AF-E-3Fo] 3HAdSSith. DNase A2t Total RNA®| RNase—free H.0E 3 7}st
o] 8 uo H3E w331 Random 6 mers 1 pl, dNTP mixture 1 @& Yo
65CoA 5&87F HEEAIAY. HH&E 10 mlol 5X PrimeScript Buffer 4w,

RNase Inhibitor 0.5 @, PrimeScript RTase 1 uf, RNase free dH;0 4.5 =

B>

Y Aol F 30TCeoA 103, 42Tl 60% HH-g3ta 95Co|A 583 &

27 sto] A

s+ ¥l cDNA+E National Center for Biotechnology Information (NCBI) ©l

olrt

¥ opsin FAAEY] @AVIMLDE Frarste] AZE primers ARESto] Hube
9] opsinFAAE partial F29 ¥ T Primers S 24 ¥ vl opsint-4d

Aol @71MDR Al opsin FAAE £ 8 FHE A% RT-PCR}
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Real—time quantitative PCR #4& ¢ AFE-3Fth (Tablel).
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Table 2. Primer sequence for RT—PCR to investigate opsin genes tissue

expression in adult of red spotted grouper

Gene Primer information
Primer 5 =3 sequence Amplification size (bp)

SWS2 SWS2 F CATGCACCATCCAGAACAAG 470
SWSZ2 R CACAGCAAAGCAGAATCCAA

MWS MWS F CCAACAGGACTGGGATTGTT 553
MWS R AAGCCTGGAGCCAGAGTGTA

LWS LWSF TGCAATTGCTGATCTTGGAG 535
LWS R CATGACAACGACCATTCTGG

Rod Rod F CTGCGGACCCCTCTAAACTA 440
Rod R GTGAGGAAGTGGCATGTGAA

A —actin B —actin F GAGCGTGGCTACTCCTTCAC 390

B —actin R AGGAAGGAAGGCTGGAAGAG

12



Table 3. Primer sequence for Real—time quantitative PCR to investigate

opsin genes expression in each growth stage of red spotted grouper

Gene Primer information
Primer 5 =3 sequence Amplification size (bp)

SWS2 SWS2 F CGGTCCCACCTCAACTACAT 250
SWSZ2 R GGTCAGGCTTGAAAGCAAAG

MWS MWS F TGGAGGTGAAGTCGCTCTCT 237
MWS R AAGCCTGGAGCCAGAGTGTA

LWS LWSF GTGTGGTGTTCTCCGCCTAT 276
LWS R CATGACAACGACCATTCTGG

Rod Rod F CCCTCTGGTCACTGGTTGTT 270
Rod R TCATGAAGTGGCAGCAGAAC

A —actin B —actin F GAGCGTGGCTACTCCTTCAC 390

B—actin R  AGGAAGGAAGGCTGGAAGAG

13



3) Opsin F-4#F] W g #4485 $3F Real—time quantitative PCR

Opsin 3] A48 @A 2d s vluwsty] fst] EFG7] (5773

@), F3 = 1

e

B3 ¥ 29, BRESs 97 He B8 ¥ 39, 38 ¥ 5
#

o] B3l T 109, 27 FAH B3 T 219,

™ Touch™ Real Time PCR (BioRad, Hercules, CA) ZH] & o] &3}o] 243}
th. St H cDNAE F3 0% EvaGreen 2X qPCR MasterMix (abm, Canada)
5 ul, forward primers 0.3 pl (10uM) and reverse primers 0.3 g (10uM),
RNase free H20 2.4 w5 &33to] total 10 @l volume % YH31 B —actin

7} denaturation (45s, 94C), annealing (45s, 58 C) 18]3 extension (1m,

72C) oM 40 cycle SF38o] Aol A& ko] B aks ol &kt

.

14
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Fig. 1. Photographs of each growth stage red spotted grouper. A, 1 DAH; B,
2 DAH; C, 3 DAH; D, 4 DAH; E, 5 DAH; F, 10 DAH; G, 21 DAH, H, 50

DAH( Post—metamorphosis). DAH=days after hatched.
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Fig. 2. Retinal pigmentation of early growth stage in red spotted grouper. A,
27HAH; B, 36HAH; C,D, 46HAH. HAH=hours after hatched.
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2. Bl AAo] Wure] pxe} ug

F3lajo]= H3l 3 24458 9 5% (outer nuclear layer; ONL), W3¥

< (inner nuclear layer; INL) 183 2178 M3 3 (ganglion cell layer; GCL)

=
=]

of ¥ Hglor, Ra F 4QAelE Weuto] FYHUrh o] FuFS v

S99 W RE 39 BRYEEL B3 F 4LARE 120874 fARon

7F o FAE dAEE AolE B (Fig. 3). B3, 7 AAEAE e =
o] Tl zpoi7b AT wet wWute] AA FAVE AHor Zrtek= A
S wom zZbzbol = A YA ow FUMEIYY. AAEAESTS B3I &
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Fig. 3. Retinal development of early growth stage in red spotted grouper by
HE stain. A, 2 DAH; B, 3 DAH; C, 4 DAH; D, 5 DAH; E, 10 DAH; F, 21 DAH;
G, 50 DAH; H, 12 months after hatching. The eye show the thick pigment
epithelium (PE), photoreceptors(PR), outer nuclear layer(ONL), outer
plexiform layer (OPL), inner nuclear layer(INL), inner plexiform layer (IPL),

ganglion cell layer (GCL) and lens(L). DAH=days after hatching.
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Table 4. Relative changes in thickness of retinal layers in each growth

stage of red spotted grouper

PE ONL OPL INL IPL GLE Total

2 dah 6.2£0.3 23.0*£1.3 16.7%1.1 48.3*1.2
(n=5)

3 dah 6.9£0.6 17.2£0.9 13.6%£1.7 40.8*1.5
(n=4)

4 dah 5.8%£0.6 4.710.4 11.0£0.8 12.2%£1.9 40.9*t1.7
(n=3)

5 dah 15.0£0.3 5.9%0.2 3.0£1.0 19.5%12.6 12.7%f1.7 22.9%0.5 85.1%£6.1
(n=2)

10 dah 15.3%£1.3 4.810.4 4.4%0.3 17.8%£6.3 25.4%5.3 18.3£2.3 93.9*14.2
(n=2)

21 dah 20.8£2.0 8.2%+0.1 3.4%+0.5 24.4%t1.1 26.0%4.6 21.0£2.6 113.0%£13.6
(n=2)

50 dah 26.1£14.3 25.4*5.6 6.810.1 48.6*1.1 55.3%0.2 14.2£2.6 209.8+9.5
(n=2)

12 M 38.4*£3.6 26.5*7.3 11.3%0.9 26.3£3.5 30.9%5.6 13.1£5.4 185.2%43.2
(n=2)

20



3. Opsin F-A#}F¢] partial cloning

Partial cloninge Aoj9] ¥ A =3 Hulg] opsinfFAAE cloning 3}
t}. Partial cloning® SWS2 opsine & 445 bp 4do]¢ & A7/ E3 165
7N o] olm Al do] FelEQ (Fig. 4), At (E. bruneus) &+ 99% % 7F4 =
2 AEAS B (Table 5, Fig. 5). MWS opsin< 561 bp Zdo]2] H& 7]
Ada 187709 ofnxAl do] S (Fig. 6), o5l &t Hol&
(Girella punctata) 8+ 96%= J57d°] 7} #dth(Table 6, Fig 7). LWS
opsin 6967018 Fit A7IALGE 232709 ofu|wAb A do] gl ¢l (Fig.
8), AHuke] (E. bruneus) ¢ 96% % 757l 7 =t (Table 7, Fig. 9). 17
1L Rod opsin 552719 F-3& 7|3 184718 opn|wil A do] &1 gl
o (Fig. 10), vpg] ol &= A Iuke] (E. coioides) ¢ 100%9] 73573 <

H AT (Table 8, Fig. 11).

21



ACUCAGUCCUUUUCU GGUUCCUCAGGACCA CCUGGGGGGCACGGG CACCUUCUACAUCAU GGCAGGAUUCAUGUU

1 T Q S F S G S S G P P G G H G H L L H H G R I H V
76 CUUUUUAUUCACAGU UGGCACUAGCAUUAA CGUCCUCACCAUUGC AUGCACCAUCCAGCA CAAGAAGCUCCGGUC
26 L F | H S W H * H * R P H H C M H H P A Q E A PV

CCACCUCAACUACAU CCUGGUGAACUUGGC UGUGGCAAACCUUCU UGUGUCCUGUGUGGG CUCCUUCACUGCCUG
P P Q L H P G E L G c G K P S c v L C G L L H C L
CUGCUCCUUUGCAAC CAGAUAUUUCAUCUU UGGACCUCUAGCAUG CAAGAUUGAGGGUUU UAUGGCGACACUUGG
L L L CN QI FH L W TS S M Q b * G F Y G DT W
CGGUAUGGUAAGCCU GUGGUCUCUUGCUGU GGUAGCGUUUGAAAG AUGGCUGGUCAUCUG CAAACCACUUGGAAA
R'Y G K P v v s C C G s v * K M A G H L Q 17T T wW K
CUUUGCUUUCAAGCC UGACCAUGCCAUAGC UUGCUGUGCAUUUAC CUGGGUGUUUGCACU GAUUGCCUCGCUACC
L C F Q A * P C H S L L C 1Y L G vV C T D C L A T
UCCACUGUUCGGAUG GAGCAGGUAUAUCCC AGAAGGCCUGCAGUG
s T VRME Q VY P R RP AV

Fig. 4. Nucleotide sequence of SWS2 opsin in red spotted grouper.

Table 5. The homologies of SWS2 opsin gene protein sequence of red

spotted grouper and other species

Species % source
Epinephelus bruneus 99 BAU70603.1
Ostorhinchus cyanosoma 90 AJD38900.1
Monocentris japonicus 90 AHJ08688.1
Myripristis jacobus 86 AJD38765.1
Limia vittata 85 AQZ42250.1
Hippoglossus hippoglossus 84 AAM17920.1
Verasper variegatus 83 BAW35584.1
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Fig. 5. Phylogenetic relationship of SWS2 opsin

grouper and other fishes.
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1 UGGAUUCACCAUCAC CUUCACAUCUGCUGU GAACGGCUACUUCAU CCUGGGAGCCACUGC CUGCGCUGUCGAGGG

1 W I H H H L H I CC E R L L H P G S H C L R CR G
76 AUUCAUGGCCACACU UGGAGGUGAAGUCGC UCUCUGGUCACUGGU CGUGCUGGCUAUUGA GAGAUACAUUGUUGU
26 I H GH T WR * S R S L VTG R A G Y * E I H C C
151 CUGCAAACCCAUGGG AAGCUUCAAAUUCAC UGGAACUCAUGCAGG AGCUGGAGUCCUUUU CACCUGGAUCAUGGC
51 L QT H G K LQ I H WNSCR S W S P F HL DHG
226 UCUGGCUUGUGCUGU UCCUCCUCUUGCUGG CUGGUCCAGGUACCU UCCUGAGGGCAUGCA GUGCUCCUGUGGACC
76 s G LCC SSSCWwW LVQVP S§S*GHA VL L WT
301 CGACUACUACACUCU GGCUCCAGGCUUCAA CAACGAAUCAUAUGU GAUCUACAUGUUUGU CGUUCACUUCUUCAU
101 R L L H S G S R L Q QR I I C D L HV C R S L L H
376 UCCCGUAUUCCUCAU UUUCUUCACUUAUGG AAGCCUUGUGCUGAC AGUCAAAGCUGCUGC AGCCCAGCAGCAGGA
126 S R I P H FLHLW KPCAD S QS CZC S P AAG

451 GUCAGAGUCUACCCA GAAGGCCGAGAGGGA AGUGACACGCAUGUG CAUCCUGAUGGUCUU CGGCUUCCUGGUAGC
9 V R VY P E G R E G S DTHV HPDGTUL R L P G S
526 UUGGGUGCCAUAUGC CUCUUUCGCUGCUUG GAUCUU
176 L G A I CL F R CL DL

Fig. 6. Nucleotide sequence of MWS opsin in red spotted grouper.

Table 6. The homologies of MWS opsin gene protein sequence of red

spotted grouper and other species.

Species % source
Girella punctata 96 BAD80828.1
Gasterosteus aculeatus 95 AGL76515.1
Dascyllus trimaculatus 91 AEO000724.1
Microstomus achne 91 BAW35577.1
Thunnus orientalis 91 BAG14283.1
Pagrus major 90 AFJ44216.1
Mylochromis lateristriga 88 AAY26071.1
Paralichthys olivaceus 87 BAW35580.1
Homo sapiens 43 NP_001041646.1
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Fig. 7. Phylogenetic relationship of MWS opsin between red spotted

grouper and other fishes.
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GGUCCCAAUUACCACAUUGCUCCUCGAUGGGUUUACAACGUUGCAACAGUUUGGAUGUUU AUAGUGGUUAUCUUAUCAGUCUUCACCAAC
G P NY HI A PRWVYNV ATV W MF Il v v I L SV F TN
GGUCUCGUCUUGGUGGCCACAGCAAAGUUCAAGAAACUGCGUCACCCUCCGAACUGGAUC UUGGUCAAUCUUGCAGUUGCUGAUCUUGGA
G LV LV ATAI KT FI KK KILRHPPNWI LV NL AV A DL G
GAGACAGUUUUUGCCAGCACCAUCAGUGUAUGCAACCAGGUUUUCGGUUACUUCAUUCUA GGACACCCAAUGUGUGUCUUUGAGGGCUAC
ETV FASTI SV CNQVF G Y F I L G H P M CV F E G Y
AUUGUCUCAGUUUGUGGCAUAACUGCUCUCUGGUCCCUGACUAUCAUCUCCUGGGAGAGA UGGGUAGUUGUGUGCAAACCUUUUGGAAAC
Il v s v . C GG I T AL WS LTI 1 S W E R W Vv v v C K P F G N
AUCAAGUUUGAUGCCAAAUGGGCUACAGCUGGAAUAUUGUUCUCUUGGAUCUGGGCAGCA GUGUGGUGUUCUCCGCCUAUCUUUGGAUGG
I K F DA KWATAGILFSWIWAA VWCSZPZPI F G W
AGCAGGUACUGGCCUCAUGGACUAAAGACUUCCUGUGGACCUGAUGUAUUCAGUGGAAGU GACUACCCUGGAGUCCAGUCCUACAUGAUU
S R YWPHGLIKTSCGU®PDVF S G S DY P GV QS Y M I
GUUCUUAUGAUUACAUGUUGUCUCAUUCCUCUGGCUAUCAUCAUCUUGUGCUACCUUGCA GUCUGGUUGGCUAUCCGUGCUGUUGCCAUG
v L M I T COCULlL 1P LA 11 I L CY L A vV W L A I R AV A M
CAGCAGAAGGAAUCAGAGUCAACCCAGAAAGCUGAGAAAGAAGUAUCCAGAAUGGUCGUU GUCAUG
QQ K ES E S TQK AE K EV S RMV YV VM

Fig. 8. Nucleotide sequence of LWS opsin in red spotted grouper.

Table 7. The homologies of LWS opsin gene protein sequence of red

spotted grouper and other species.

Species % source
Epinephelus bruneus 96 BAU70605.1
Lepidonotothen nudifrons 93 BAL15680.1
Pomacentrus amboinensis 91 AEO00734.1
Dascyllus trimaculatus 90 AEO000738.1
Maylandia phaeos 89 ADI72299.1
Pseudotropheus fainzilberi 89 ADI72291.1
Danio rerio 86 AADZ20549.1
Homo sapiens 84 NP_064445.2
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Fig. 9. Phylogenetic relationship of LWS opsin between red spotted grouper

and other fishes.
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K L R TP L N Y I L L NL AV A NLFWM vV F 6 G F T TTMY
ACCUCAAUGCAUGGCUACUUCGUCCUGGGG CGCCUUGGCUGCAAUUUGGAAGGAUUCUUU GCUACCCUCGGCGGUGAGAUAGCCCUCUGG
T S M H G Y F V L G R L G CN1LEGFF A TLGGEI AL W
UCACUGGUUGUUCUGGCUGUUGAAAGGUGG GUGGUCGUCUGCAAGCCCAUCAGCAACUUC CGCUUCGGGGAGAAUCACGCCAUUAUGGGU
s L VVL AV ER W vV v v C K P I S N F R F G E NHAI MG
UUGAGCCUCACCUGGCUGAUGGCCUUAGCU UGUUCUGUACCCCCUCUUGUCGGCUGGUCU CGUUACAUUCCUGAGGGCAUGCAGUGCUCA
L s L T WL MA L A c S VPP LV G W S R'Y |l P E G M Q C S
UGUGGAGUCGACUACUACACACGUGCAGAG GGCUUCAAUAACGAGUCCUUUGUUAUCUAC AUGUUCUGCUGCCACUUCAUGAUUCCACUG
c GV DY Y T R A E G FN NE S F V I Y M F C CH F M I P L
ACUGUCAUUUUCUUCUGCUACGGCCGUCUG CUCUGUGCUGUCAAGGAGGCUGCUGCUGCC CAGCAGGAGUCUGAGACCACCCAGAGGGCU
T V1 FF CY G R L L C AV KEA A A A Q Q E S E T T Q R A
GAGAGGGAAGUC
E R E V

Fig. 10. Nucleotide sequence of Rod opsin in red spotted grouper.

Table 8. The homologies of Rod opsin gene protein sequence of red spotted

grouper and other species.

Species % source

Epinephelus coioides 100 AlJ19695.1
Saloptia powelli 98 AGF35137.1
Mullus surmuletus 94 ABO86519.1
Lopholatilus chamaeleonticeps 94 ACI00525.1
Triodon macropterus 94 AGN55058.1
Arothron stellatus 93 AGM51090.1
Danio rerio 84 NP_571159.1
Bos taurus 81 NP_001014890.1
Homo sapiens 76 NP_000530.1
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Fig. 11. Phylogenetic relationship of Rod opsin between red spotted grouper

and other fishes.
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4. Opsin A =29 W3

cloningdt opsin F3#F2] 22HE Bd2 Fnulg] AojoA HEd Ay, FH,
T, i, HEkeA, F, gk v, A, A, F S5(EA 23, YA x, obt
n 225 gidor FAAY. FEEY opsin RS wolA AekAl W
stolth(Fig. 12). SWS2+ HstrAlE vlxd W BE F9 oA wdsoln
MWSE ¥l F¥, LWSt $3, Rode A A dd =k (Fig. 122 A).

SWS2&= Zxzx2 A LolM ofstAl Tdsiglon ywx 2z =

Oft

HA wre sl o, LWSE Al

—

sHA & H gt MWS, Rode dato Al 73

v 7ol A ofakA Ao gutel A AFetA 2 skivh(Fig. 129] B).
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Fig. 12. Tissue specific expression of opsin genes in adult red spotted
grouper. A; brain, B; peripheral tissues. M, 100 bp DNA ladder marker. All

photoreceptor genes were strongly expressed in the retina.



Table 9. Tissue expression in brain and peripheral tissue of red spotted

RB MB FB Pt Re Gi H Ki Sp Go G Mu T

SWS2 + + + + + + + + + + + + +
MWS + - + - ++ - + + + - - - -
LWS - - + - ++ - - + + - - - -
Rod + - - = 4+ - - - - - - - -
grouper

++ : high expression
+ ! low expression

— ! none expression
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5. A% dAo W opsin AR @3 okt

Opsin 42} Real—time quantitative PCRS 33t A3yl SWS2&= 13
T 1940 FAH7 AFetel H3E 5 1094 7hA o gho) AAFRow F
7}tttz o] % 7kt (Fig. 13). MWSE 5 3YAHFE TRl HI] A
2ste] Fg B 21Me] 7bg A wEEth(Fig. 14). LWSE #3 & 39
AFE wdo] H7] AlFste] 394 7H =th(Fig. 15). Rode #3F § 2
AAFE W o] B3 & 50dA4 ] 7HE =2 HHs B (Fig. 16). MWS

Z

= 73§ 21, LWSE %3 ¥ 34, Rodi #3F § 5042 F+8A7F 44

OhE A7l E37F ol Fol As AE el & 5 AT w1 E, 2 A
2§12k 7k HE S LWS opsinfdzte] @ ko] thE opsinfr i A+

al
=

l-‘.LI_lz

Fru "B E=an(Fig. 17).
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6.0

Relative mRNA expression

MLEVF Eml1ldah M2dah M3dah MW5dah W10dah mW2l1dah M 50dah

Fig. 13. SWS2 opsin mRNA expression in each growth stage of red spotted
grouper by real—time quantitative PCR. The results are represented as
means £ SEM and different letters are significant (p<0.05). LEVF, Lens

and ear vesicle formation stage of fertilized egg; DAH, days after hatching.
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Fig. 14. MWS opsin mRNA expression in each growth stage of red spotted
grouper by real—time quantitative PCR. The results are represented as
means £ SEM and different letters are significant (p<0.05). LEVF, Lens

and ear vesicle formation stage of fertilized egg; DAH, days after hatching.
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Relative mRNA expression
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Fig. 15. LWS opsin mRNA expression in each growth stage red spotted
grouper by real—time quantitative PCR. The results are represented as
means £ SEM and different letters are significant (p<0.05). LEVF, Lens

and ear vesicle formation stage of fertilized egg; DAH, days after hatching.
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Fig. 16. Rod opsin mRNA expression in each growth stage of red spotted

grouper by real—time quantitative PCR. The results are represented as

means £ SEM and different letters are significant (p<0.05). LEVF, Lens

and ear vesicle formation stage of fertilized egg; DAH, days after hatching.
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Fig. 17. Compared opsin genes expression in each growth stage of red
spotted grouper. The results are represented as means £ SEM and
different letters are significant (p<0.05). LEVF, Lens and ear vesicle

formation stage of fertilized egg; DAH, days after hatching.
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segmente] XFE Az A4S why s WAES WAsHAL, AR G A

2 F71ek ARl Dok (Evans Bl & Fernald RD, 1990).

o

=72 MALAY e ek e cone photoreceptorZF WA s}
il rod photoreceptor7b et rode] W A7 whefetrh. o 7o @k
rod photoreceptor®] #3} Al7]o] w2} indirect development, intermediate
development, direct development® %3ttt (Evans Bl & Fernald RD, 1990).
Indirect developmente ™22 @ ¢F ZGA o FolA vEw H-3hstaA
cone®] =3tEw WEJAI7] o] rod7t w3E Tt Intermediate developmenti= A
o]} o] FolAl X F3}A] 7)o coneo] w3tE 2 WE Hel rod7t E3E
th. direct development HolE 3 AR olFolA YE = 540l F&

Aol coned} rod7} E&E . HulE 9 real-time qPCR A#E RS

o

o,
3}Al 71l cone photoreceptor?} WEstal WHEJA] 7] o rod7} WEdli= indirect
developmentel a@st= ZAOo® ALt HE3$E cone opsin FAAES HE
W Al719F rod opsin® #HE WAAIVIE Hl WS W= rod opsin A

wde] H3t & 509 Al el = e RS gastark,

oyt AvsEs FTHst] E w, EE opsin AR F3 § 3UAC TE
= HEb o, of A= H-3F Ao WEETE dhR e A7]9 AR
A< 7FAke] (Hippoglossus hippoglossus) & 9] Weo] 3] o] Fof o
B e A7l 71, wWel A Sol A7I7E shsdl(Kvenseth et al.,
1996), ol= Hukel el frAbstth Fube] ol e o] w3k o]l AE Bk
S u H3 & 4~54 Aol AT He Astd A Ao g He T 4%
7138 37 o] FofA = A= it webs opil Aol A Hukel o] ¥

g e, gk e 79 al opsin AR EE FAFAlM Ere] Fo] E3)
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3= A719F opsin AR Hx wd A7) 2Ea GE3EF A7) AR A
o] Aol &F3 WA dP=HE= Aoz Atgdth oF9 coned rod? &3}
i Ao, A (Sandy JM & Blaxter JHS, 1980), Winter flounder, (Mader MM
& Cameron DA, 2004), €9 Oncorhynchus nerka(Flamarique IN &
Hawryshyn CW, 1996)- th¥3£2] o]FollA cone°l rodkth WA &35 =t
st M = AT FRkE ol A opsin A AFEC] HE FHuge Hol=

ANE 27 e, ol AR B 2ol mE 9F 4% 54 Bud AT

i)

7 Ee Aow AmEth
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