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Abstract

The present study was investigated the expression of melanin related factors on the
developmental stage and light intensity in red spotted grouper, Epinephelus akaara. The
expression of melanin related factors on the developmental stage of red spotted grouper was
conducted from 1 DAH (Day after hatching) to 50 DAH. At 5 DAH, the expression level of
melanin concentrating hormone (mch) mRNA, pro-opiomelanocortin (pomc) mRNA and
melanocortin 1 receptor (mclr) mRNA were significantly higher than the other stage. And
also at 10 DAH, the expression level of agouti signalling peptide (asip) mRNA was
significantly higher than the other stage. The light intensity experiment was examined by
expression of the melanin related genes and RGB cod value. Experiment performed from July
2017 to October 2017. Fish (n=200, body weight 0.5 + 0.1 g, total length 3.2 = 0.9 cm) was
reared under different light intensity (i.e., 0 lux, 200 lux, 1,000 lux and 2,000 lux) for 9
week under 12 hour light and 12 hour dark photoperiod and natural water temperature (20.1
~ 28.9 °C). After exposure of four different light intensity for 3, 6 and 9 weeks, the mch
mRNA, pomc mRNAs, mclr mRNA and asip mRNA, were analyzed in the brain with
pituitary and skin. At 6 weeks, the expression level of mch mRNA in the 2,000 lux
treatment group were significantly higher than the other light intensity exposed groups (P<
0.05). At 9 weeks, the expression level of pomc mRNA and mclr mRNA in the 1,000 lux
treatment group were significantly lower than the other light intensity exposed groups (P<
0.05). The expression level of asip mRNA showed no significant difference between treatment
groups. The highest expression level of asip mRNA was at the initial state, and after 3
weeks it decreased rapidly and stayed low until 9 weeks. The results of the RGB (Red,
Green, Blue) code values in 0 lux, 200 lux, 1000 lux and 2000 lux under different light
intensity treatment groups were the brightest at 1000 lux and the darkest at 0 lux. The pomc
mRNA and mclr mRNA might play an important melanin synthesis parameters role. In this
study, these genes were affected by the light intensity, and the expression level were varied
according to the light intensity. To understand the molecular mechanism of the coloration
better in red spotted grouper, further studies are needed to clarify the relationship between
melanophores development and its related genes (e.g., pomc mRNA, mclr mRNA and mch

mRNA).



92 (Melanin) 17HS E38E HFFEA BN 9FAS AAHA = F
a3 adl T stvolm, ko] WAL M Al Eo] 7HA L e wWebd 9
P et &l wel Aol A A HWebde {2k (Eumelanin), ¥ Q2
(Pheomelanin), = ™ 2}hd(Neuromelanin)2] Al7}4] JeH|Z2 FEHY. FHAZHgUL
F2 A H2A Mxs year dRe B S 71AH, #Hedad
S WAy kA A zE Yehle 2o Jgks vt gRddde HE
Ao dv= HeAe "depdo g SEH Y 2e WAy #do] e "kl

o] th(Good et al., 1992; Sasaki et al, 2006). Al <7< Hald F 9ol R
& T wdddy dedade] 4 WekimAlbo] E(Melanocyte)®] e}
=% (Melanosome)ol| Al AAkE T ey wodebde WA 7 o F Al
Wolzof F&A7F st Wef=FHol A Bl 224 (Tyrosine)¢] 43t 2 F
B AJL}ol A (Tyrosinase) 7} F7Fsto] HEA o2 W< Qboll A /3 F Th(Seiji et
al., 1963; Korner et al., 1982; Kobayashi et al., 1994). f-d&hd-2 @l Ao 7}
A] &= 7](Dendrites)E wel 359 7+ 3 Al 3 (Keratinocyte) 5 &= o] & 3Fo] A A
= WA HH AL A e m Ry Ry etz e] AxEy 5l gdo] oigh
o] 7] 2HS zb=T)(Sulaimon et al, 2003; Costin et al., 2007; Kondo et al., 2011;
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Cichorek et al., 2013).

A FsEolA Wade: Ao doriy o Wl 7eS AU ol AE =4
3 AdEH 2EY22HEH AXE HIs= 28-S 3th(Suzuki et al, 1999;
Adachi et al, 2005). %°](Olive flounder, Paralichthys olivaceus)?} i-°1(Octopus,
Octopus vulgaris)~= THEA | we} ANS BSA|7| = BREANE Foto] 222
of 3t Ho]se S zFom(Braasch et al, 2007: Maan et al, 2013; Cal et al.,
2017), 2=E g 2ol wel Aol W3lel7| = skth(Salm et al., 2005; Kittilsen et al.,
2009). =3 "Hepd S Folgf oA e FEFY HEY Fo4E F
TF(Nicolaus et al., 1964; Palumbo et al., 2000; Derby, 2014). o] FoA] Wehd-& 3
HFH3 O A8} tjmo] Aol Wepbd Mo HF o s % WY, 2EY



59 Agl7]lsel #oIstti(Cone, 2006; Amiya et al., 2008; Kittilsen et al.,
2009; Skeld et al., 2013). oJF2] AAMS FAst= A A ¥ (chromatophore)= L7
A% AAE w4

(erythropores), 3219] A4 ¥ (xanthophores), A} o] w2 4 ¥ (leucophores) ~12]

flo

ABo] S A2 (melanphores), A1A1e] A M4 E

2 K

2w A o] g A ¥ (iridophores) 7t =A<t A9 cyanophores7} 7 &

TH(Fujii, 2000). ol gt o}Fst Az Eo dAgH wel o F= A= A

Ag A ALTE olgshel Wolup WA gL IRBRARAN HEohe
A5 o2 AL-8-3FA Y (Bradner et al., 2001; Calvo et al., 2016), H 2 7]o] =<1

S YERY 7] X St (Mclennan, 1995; Beeching et al., 1998).

Melanocortins E}o] =5 2 9] pro-opiomelanocortin (POMC)> = 3}
Ao A 8] =™, alpha-melanocyte-stimulating hormone (a-MSH), adrenocorticotropic
hormone (ACTH) % B-endorphin (B-END)S H|%E3H ofg] Felo|=9o] 74|24
2}-8-3kt}. Melanocortin @ -8 %= melanocortin 1 receptor (MCIR)5FE MC2R,
MC3R, MC4R, MC5R 7}A] ©}Al F/F 2 FEE T MCIRS @Ehd dado] o]
st MC2RE ACTHO| &A= W75, MC3RS 21 &3 oyXx] 374d 74,
MC4RS vl vk &7 7] XS (priapism), @ A5 &3, 18]al MC5RS W
Ko ol g w2 A
T7F X &% th(Cerda-Reverter et al., 2011; Ju et al., 2018). a-MSHi= MCIR
= s o rA I dod A FoA FHepde S A=t IRE
oAl WHETH o] F/9 T4 agouti signaling peptide (ASIP)¥ a-MSH®| ZAg
= Adlete] MCIRS M A SAZ R A o Foll A ulf Zof depd AMA A
A strh(Cal et al., 2015). I F #Habd Axzo|Ax ZA 9] pheomelanin®] 34
Ab5ste] v E7F A HAL dojx]A wrEE A8S g oA EHH

A
1l

=d B AT 23 95, A4 FA0 B

2

rlr mlo o

ME
o

MCH (Melanin concentrating hormone) 7oA MAX o] Wl g3 3

Aol AN FAG WE Ao, oIl E H& W, WY W 5

g

ol A3S Sy strh(Harris et al., 1998; Richard et al., 2001; Takahashi et al.,
2004; Matsuda, 2009).
Al 22 of 7o AN thefst A4, Aeld BRE AgstH, of 7o A

< BA9H THRE ZAAS e 8o = A Z-&3H)(Paripatananont et al., 1999;



Kalinowski et al., 2005; Wang et al., 2006). v}2]3} o] F2 T2 A3 FHojdt

o g V|E %7t w13 #=vlE](Red spotted grouper, Epinephelus akaara)™=
S REo] Ao #Este] AMAES V[ERTF Fow o]mQld FEdgh
waow s, dA FvtelE X 200 Fo vt ol Fe EEA VIS &

FTHIUCN, 2003). =l &jA o g ute]a} ofFo] A7Iswrt a1 2o 35
S 9l3te] mlgld o] F oFAlo] i o typ FukslA W E Iz Q)
o] A= e Az wet g AW whgS Hol= FubE] A

©](3.2 + 02 cm, 034 + 0.1 g)= Aoz Fako] wWE v DA AS FAA
7171 913k 712AHBE d7] fste] FaAEsth o] flste] Hupg oA Hekd
HAAFHAAL] partial sequencingS Fa R oW, ZH7e] FaFz oA EHulgE
Abgsto]l Wapd B fAxE ] DA A g HstE g e
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1. ¥utg Add #E AR partial sequencing® Z 2 d 9

1) 239

N

Aebd AE 7 AFE] partial sequencing AU St o A G A0 A ALS
< FHugE e m FPHAY. Fukg = 3vkgE FARIR AEEte] 0.01%
©] 2-phenoxyethanol (JUNSEI, Japan) °lA] w3 % dxAE& 2 =3}o] partial
sequencing®l] AFE3FHTE HWebd FAH-FHAAFe] 224 DHES fste] Hukgl =

NAZARE, AN, R, AFEE, A%, Hasa) Fuzg

2) Total RNAFZ % cDNAFA

Total RNAT= A &3 ¥ eof HstA|, aF-2A A FEHJT. 7479 245
o] RiboEx™ (GeneAll, Korea) 600 1S % i1 homogenizer® %2 9+x3] 43}
N A #2349 tubeo] RiboEx™ 1.0 0% 0.2 pe] chloroforms Y& 3 A2
A 58 dES Ao, AR 7] A 4T, 12,000 x g o= 1587 Ei

3lo] total RNAS 53t 22 % total RNAE M 28 tubeo] =7 500 ulo
iso-propanols 21l 2o Al BES-S AlZl F 4TAA] 1023 12,000 x g2 total

ol

=

o\

Al

rlo

RNA pelletS HHAAZTE A E total RNA pellet2 A9 3 =] A+
7] ¥ diethyl pyrocarbonate (DEPC)7} A 2]¥ H,0& ©]-&3to] RF= ethanol®
Astd o™, DEPC H,05 ©]835}9] total RNA pelletS &3|A At 53 total
RNA+ Nano Vue (GE Healthcare, Ver.1.0.1, UK)E ©]-8&3}%] A260/A280nm<] H]
&o] 1.7~2.1 ¥ Wl g&& 2z total RNAYHS A d el A3

cDNA A2 ¥ ZF9 500 ule] total RNAS 3 S =2 RQl RNase-Free

DNase Kit (Promega, USA)Z A}83}o] DNase #2] ¥ PrimeScript™ 1% strand



cDNA synthesis Kit (Takara, Japan)E A}-8-3}o] 343} SIth DNase #]2]3F RNA+
RNase-free H,OS AF&3}o] 8.0 9 volumes 3% 3 Random 6mers 1.0 puf,
dNTP mixture 1.0 ul & 65ColA 585 W-gAIZth ©]F 5 x PrimeScript Buffer
4.0 10, RNase inhibitor 0.54¢ PrimeScript RTase 10 «0, RNase free dH,O 4.5 =
HA7rste] & 20 w9l volumeo & 30T Al 1042, 42TCelA 603 RF&AIZ F 9

5ColM 523t a2 24 § cDNA §4d& duskith
3) Partial sequencing

Fukgl o] Webd #HHF AR partial sequencingS 9]} degenerated primer
+ National Center for Biotechnology Information (NCBI)ol] H 1 ¥ TE o] FE 9]
Aty FEFAALES RS o] &5 tK(Table 1). Batd FHFAAEL Hu}
2] x4 c¢DNA®} degenerated primer®] RT-PCR & E3dlo] S3 %o, PCR
95ClAl 45%, 55ColA 45%, 72TlA 90x°] =S Z F 35 cycles T3t
At SEH PCR 2HEE2 1.0% agarose gel®] 7|95 S B3le] %A band
£ elstd o, Fd¥ fF7 A bandE cuttingdl®] Dyne Power Gel Extraction
Kit (Dyne Bio, Korea)E A}&3}o] Elutiond}o] PCRAES FE3At. &4
PCRAHES Genotech (Korea)oll &% % FEH7IMES 483121, NCBI9

BLASTE °]&3tof ofniqt & 2elsgi.



Table 1. Degenerated primer sets used in melanin related genes cDNA partial sequencing

Primer information

Gene

Primer Sequence (5°-37)

MCH F RTTACCCATGGSCAAGRCYG
MCH

MCH R CGTCCCACCATGCACCTC

POMC F AGTCAGTGCTGGGAACATCC
POMC

POMC R TGCTTCATCTTGTACCCGCC

MCIR F AAGAACCGCAACCTGCACTC
MCIR

MCIR R GGCTCCGGTACGCGTAGAT

ASIP F GCTTGGCTGCCTTTTACTCG
ASIP

ASIP R AAAGGGCAGTTCTCTGTGGC
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Partial sequencing®l FHule] @kl #APFHAELS NCBIY| 553 o
o Wl FAFHAAES] HH(Table 2~5)E ©]&3te] o1F7 F54
StAt. A5 A2 Clustal Omega (https:/www.ebi.ac.uk/Tools/msa/clustalo/)E
o]-§sto] FA = AT

Hokg] dad #AEFHARe} e o T AleT A4S UE oFEY
A A7 B (Table 2~5)2} MEGA version X= ©| &3l Al&4E 433 th(Sudhir

et al. 2018).



Table 2. Gene information of used for multiple alignment

Gene Species GeneBank Accession No.
Teleostei
Perciformes Epinephelus akaara -
Seriola quinqueradiata BAP46309
Notothenia coriiceps XP 010795756
Pleuronectiformes Scophthalmus maximus AWP14936
Verasper moseri BACS82350
Pseudopleuronectes americanus AEE36642
Gasterosteiformes Gasterosteus aculeatus ALDS51525
MCH Salmoniformes Oncorhynchus mykiss XP 021458034
Oncorhynchus keta AAA49420
Cyprinodontiformes Fundulus heteroclitus XP 012719615
Cichliformes Oreochromis aureus AAN77174
Oreochromis niloticus AANT7T7173
Carassuis auratus XP_ 026098309
Danio rerio NP_001155960
Schizothorax davidi AYA43842
Schizothorax prenanti AlJ28808




Table 3. Gene information of used for multiple alignment

Gene

POMC

Species

Teleostei

Perciformes

Synbranchiformes
Cichliformes

Cyprinodontiformes

Beloniformes

Tetraodontiformes
Salmoniformes

Cypriniformes

Siluriformes
Anguilliformes

Pleuronectiformes

Epinepheluus akaara
Epinepheluus coioide

Dicentrarchus labrax

Oreochromis mossambicus

Acanthopagrus latus

Sparidentex hasta

Mastacembelus armatus

Maylandia zebra

Nothobranchius rachovii

Fundulus heteroclitus
Oryzias latipes
Oryzias melastigma
Takifugu rubripes
Salvelinus alpinus
Danio rerio
Schizothorax prenanti
Carassius auratus
Ictalurus punctatus
Anguilla japonica

Solea solea

GeneBank Accession No.

AAO11696
AAU00742
AAD41261
AAF22342
AAF22343
XP_026157791
XP_012771156
SBS12358
XP_ 012713551
XP_004066504
XP 024144981
BAV10397
XP 023999323
AAM93491
AFT92021
XP 026141582
AAO25530
AAO17793

ABI26718




Table 4. Gene information of used for multiple alignment

Gene

MCIR

Species

Teleostei

Perciformes

Scorpaeniformes

Gasterosteiformes

Trachiniformes

Syngnathiformes

Epinepheluus akaara
Cromileptes altivelis
Mycteroperca marginata
Belonoperca chabanaudi
Grammistops ocellatus
Variola louti
Dicentrarchus labrax
Amblycirrhitus bimacula
Trigloporus lastoviz
Liparis montagui
Dendrochirus biocellatus
Ebosia bleekeri

Pterois antennata
Scorpaenodes corallinus
Scorpaenodes guamensis
Neomerinthe folgori
Gasterosteus aculeatus
Echiichthys vipera
Cheimarrichthys fosteri

Hippocampus hippocampus

GeneBank Accession No.

AGKO07513
AGKO07442
AGKO07508
AGKO07504
AGKO07512
AGKO07521
AGKO07477
AGKO07439
AGKO07449
AGKO07479
AGK07432
AGKO07469
AGKO07478
AGKO07463
AGKO07440
AGKO07445
AGKO07497
AGKO07501

AGKO07494

_’IO_



Table 5. Gene information of used for multiple alignment

Gene

ASIP

Species

Teleostei

Perciformes

Synbranchiformes
Anabantiformes
Tetraodontiformes
Cichliformes
Cyprinodontiformes

Pleuronectiformes

Osteoglossiformes

Cypriniformes

Gasterosteiformes

Salmoniformes

Epinepheluus akaara
Labrus bergylta
Mastacembelus armatus
Anabas testudineus
Takifugu rubripes
Oreochromis niloticus
Kryptolebias marmoratus
Paralichthys olivaceus
Scophthalmus maximus
Cynoglossus semilaevis
Solea senegalensis
Paramormyrops kingsleyae
Carassius auratus
Culter alburnus
Gsterosteus aculeatus

Salvelinus alpinus

GeneBank Accession No.

XP_020508842
XP_026163338
XP_026204859
NP_001092136
XP_003448419
XP_017284761
XP_019960768
CCD42017
XP_008319411
CCD42018
XP_023651059
XP_026121989
AXB88332
CCB84813

XP_ 023846519
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Aty BAAFHAREY] 224 FH L2 real-time quantitative PCR (qPCR)S -3

FTEo] A primer A&

slo] R E<At}l. Real-time qPCRE F3d7] Y3+ =
partial sequencing® Wt FAA[FHAAES] FEA7IAEES o] &3 tH(Table 6).
Real-time qPCR 0.2 0] ¢cDNA<$} Evagreen premix PCR kit (abm, Canada)E ©|
£3lo] 35kl Real-time qPCRS CFX96™ Real Time System (BIO-RAD,
USA)S ©]83}e] 95T A 107t initial denaturation AlZ1 & 95TColA 15%, 6
0CONA 137F HH&-3ko] 40 cycle 3 $ 60Tl A 1:27F vEgA AT, Wepd 3
A A

A5 A2 @S B-acting internal control® AF&3Fe] A A
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Table 6. Primer sets used in real-time qPCR

Primer information

Gene

Primer Sequence (5°-3”)

MCH F CTGTTGTCGTCAGCTCTCCG
MCH

MCH R GGGATGCAGATCTACCCACTG

POMC F GAACATCCGAGCTGTCAGGA
POMC

POMC R CATGGAGTAGGAGCGCTTGG

MCIR F GTTGGCCATCTTCAAGAACCG
MCIR

MCIR R TCACGTCGATGACGTTGTCC

ASIP F GGCCCACCTCCTGTTGTTATT
ASIP

ASIP R GACAGTTCTGAAGAGCCGACA

B-actin F GAGGGGTATCCTGACCCTGA
[B-actin

-actin R CTCCTCAGGGGCAACTCTC

_13_



2. Hutg dedAd we A3d #dFHARY F

o (

Aol Hukel o] A FAS o] &t e A7 § F3kE Ao
5 o] &3ttt FEAole 4 F H3 19 *(day after hatching, DAH)%-H 2,
3, 5, 10, 14, 20, 25, 30, 35, 40, 45, 50 DAH7}A 22 @A o] we} samplingd}o]
w4 A7bA - 80Tl A H st

2) A5 Ee

AdEole AFdsta s FHstA A ool A adol A AbgsEom, A

3~ 82 SFMAE 65 ~8 mgl, AFFFSE 24 + 05 T

Aol A Absstitt. Fatatole] Holg i §35F 3UREH 3097H4] 2EHE
Ko}

% 20¥FE 50U7kA LH P OHINVE SEP Art)E & H3tith %

EN

of

7lul g A AFE(LOVE LARVA, HAYASHIKANE SANGYO): 31 % 12¢U%-H

A4 FEAMA FESAT

3) Total RNAF% 9 cDNAHA

EEBEEEIE SRR
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5) FAA 2

SPSS version 21<

0] 8391 2™, One-Way analysis of variance
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Aol = AFUstn s FystAF oA ALSET 3 T 60U A FukEl A
o] (n=200, 3.2 + 0.2 cm, 0.34 + 0.1 )& o|&3lAc} FF 4o w2 wapd F

AFAAES HHE F5:24 A2 90 LyFolA 12L:12D9 F571xA3 =
/\

0

AFzxzdol A AtsHE AFo)E o] &ttt ¥ LED (light emitting diode,
125W; Sanver, Korea)E ©]83t9om, A= ZE=A(DX-200, Taiwan)E ©]-&
ato] FaFol whel 0 lux, 200 lux, 1000 lux, 2000 lux o2 FEFATE A
Zkzkol A awel wEt sonkeH A EAeH, T 977 AbsEH AT A
§7]7+5 <t Al=(Deahan co., MP3, Busan, South Korea)d w2 1Y 33| ¥H&Fo]
sttt Samplings 35 (FA SR T 33] o|Folxom, 747t R A 5uty
sampling ¥ I Th A ¥ o= 0.01%°] 2-phenoxyethanols ©]-§3te] w3 AT & A
FH Ass SAHSAL, HsteAlE x2S ¥He 9FE AESe] liquid
nitrogenl| Al w4 WZHAIZL F FA4 HA7bA] - 80T ol A B35kt

2
s

o>

2) Total RNAF= % cDNAHA

4) EAA

A 2004 o] R T
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(Red Green Blue Color Code)i=*1 Get Average Color of Image
94 mem FEsdn

olgste] YT WA Imageold A

(http://matkl.github.io/average-color/).
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m. 243

1. HHbg d3d dEdA €29 2 244E ¢4

1) &vbg] #Aebd #H 71 2F2] partial sequencing

Hulglel dz4S tha e MCH, POMC, MCIR, ASIP 7%#+e] partial
sequencing 4 A¥}, MCH A%} FEH7|A<ES F 309 bp, 103 amino acid
(aa) AME=E FAEAI(Fig. 1), POMC 32 F-EA7| 82 F 459 bp, 153
aa A E2 T AHFig. 2). MCIR A FEA 74 E2 F 705 bp 4ol
A7] L3} 235 aa o] QWO (Fig. 3), ASIP FAAE ZF 309 bpd HEY
713} 103 aa7b <15 A TH(Fig. 4).
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TTACCCATGGGCAAGACTGACGACGGCTCCTTGGAACAGGATACTTTGGCCTCGCTGCTG 60
L PMGKTDDGSLEQDTTLASTLL
AGTGATGAAACACCAGAAAACAGCCT TGGGGATGCAGATCTACCCACTGTGGGCAAAACC 120
S OETPENSLGDADLPTVGKT
AGAGGGCCGAGGGTAATCGTCATCGCCGATCCGAGCCTGTGGAGGGACCTGCGGGTGCTG 180
RGGPRV I VI ADPSLWRDLRVL
CACAATGGACTGTCCCTTCACAAACGGAGAGCTGACGACAACAGCATGGTCATCGAGCAC 240
HNGLSLHKRRADDNSMYVY | EH
AGAGACGCCGGCCAGGACCTGAGCATCCCCATCCTGAGGAGGGACACAATGAGGTGCATG 300
ROAGQDLSITPIT LRRDTMRBRTC GCM
GTGGGACGA 309
V G R

Fig. 1. The MCH partial nucleotide and deduced amino acid sequence of red spotted grouper.

309 base pairs long, encoding 103 amino acid.
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AGTCAGTGCTGGGAACATCCGAGCTGTCAGGAGGTCAAGTCTGAGGGCAGCATGATGGAA 60
S QCWEHPSCQEVKSEGSMME
TGCATCCAGCTCTGTCGCTCCGACCTCACCGCAGAGACACCTGTCATCCCAGGCGACAAC 120
¢l L c¢cRrRSDLTAETPV I P GDN
CACCTCCAACCTGTTCCTCCATCAGATCTCGATTCTCTGCCTCCCCTCCCTCTTTTATCT 180
HLQPVPPSDLDSLZPPLZPLTLS
TCCCCCTCCTCTCCTCAGGCCAAGCGCTCCTACTCCATGGAGCATTTCCGCTGGGGGAAG 240
S PSSPQAKRSYSMEHTFRWAGK
CCTGTTGGACGAAAGCGCCGCCCGGTCAAAGTCTACACCTCAAACGGCGTAGAAGAAGAG 300
PV GRKRRBRPVYKVYTSNSGVEETE
TCAGCCGAGCTTTTCCCCGGAGAGATGAGGAGGCGGGAGCTCACCAGCAAGCTGCTTGCA 360
S AELFPGEMRRRTELTSKTLTLA
GCAGAGGAAGAGGAGAAGGCGCAGGAGGTGGCAGAAGACGAGCAGGAGCAGCTCCCGGGT 420
AEEEEKAQEVYAEDEAQEA QLPSG
GACATCCACGAAAAGAAAGATGGCGGGTACAAGATGAAG 459
O I HE KKDGGY K MK

Fig. 2. The POMC partial nucleotide and deduced amino acid sequence of red spotted grouper.

459 base pairs long, encoding 153 amino acid.

_20_



TTGGCCATCTTCAAGAACCGCAACCTGCACTCGCCCATGTACTACTTCATCTGCTGCCTG 60
L AIT FKNRNLHSPMYYF I CCL
GCGGTGTCCGACATGCTGGTCAGCGTCAGCAACGTGGTGGAGACTATGTTCATGCTTCTC 120
AV SDMLYVSVSNVVETMFEMLL
AACGACCACGGCCTGATGGACATGCACCCTGGCATGCTGCGCCACCTGGACAACGTCATC 180
NDHGLMDMHPGMLRHLDNV I
GACGTGATGATCTGCAGCTCCGTGGTGTCCTCGCTGTCCTTTCTGTGCACCATCGCAGCG 240
bvmMI|I CSSVVSSLSFLTCTI AA
GACCGCTACATCACCATCTTTTACGCGCTGCGTTATCACAGCATCATGACCACGCAGCGC 300
DRY I T I FYALRYHS I MTTAQR
GCCGTCAACATCATCGTGGTGGTGTGGCTGGCCAGCATCACCTCCAGCATCCTGTTTATT 360
AV N IT I VVVWLASI TSS I L F I
GTGTACCACACCGACAACGCTGTCATCGTGTGCCTCGTGACCTTCTTCTGCACCACCCTG 420
vVYHTDNAV I VCLVTFFZCTTIL
GTGTTTAACGCCGTGCTGTACCTGCACATGTTCCTCCTGGCTCACCTGCACTCGCGGCGC 480
VFNAVLYLHMEFEFLLAHLUHSRR
ATTGTGGCTTTCCACAAAAGCAGGCGCCAATCCACGAGCATGAAGGGCGCGATGACCCTC 540
Il VA FHKSRRQSTSMKSGAMTL
ACCATCCTGCTCGGGGTCTTCATTGTATGCTGGGGCCCCTTCTTCCTCCACCTCATCCTC 600
riroLe6e6veEIl VCWGEPFFLHTLIL
ATCCTCACCTGCCCCACCAGTCCCTTCTGCAACTGTTTCTTCAGAAACTTTAACCTTTTC 660
/. T C¢PTSPFCNTCFFRNFNTLF
CTCATCCTCATCATCTGCAACTCGCTCATCGACCCGCTCATCTAC 705

Lt ¢NS L I DPL IY

Fig. 3. The MCIR partial nucleotide and deduced amino acid sequence of red spotted grouper.

705 base pairs long, encoding 235 amino acid.
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ATGATCCCTGATGAGAGACTCGCCACCAATAAGGTCCTTGTATCCAATGCTCTGTCTCAA 60
M1 PDERLATNIKVYLVSNALSNAQ
AGCCTCGACACAGGCCCACCTCCTGTTGTTATTGTAGAGTTGCCGAAATCGGCGAGGAAG 120
sLoTnmTGPPPVV I VELPKSARK
AACAAAAAGACAAAGAAACAAAAAAAGAACAAATTAAGTGTGAAGAAGCGTCCTCCTCCT 180
N K K TKZK= QK-KNKLSVKZKRPPP
CCTGCTAATTGCATTCCCTTGTGGGGAAGCTGTAAATCTCCAAACAATGTGTGCTGTGAC 240
PANCI PLWGSCKSPNNYVYGCCOCD
TTTTGTGCTTTCTGCCAGTGTCGGCTCTTCAGAACTGTCTGTTTCTGTCGAATGGGCAAC 300
FCAFCQCRLFRTVCFCRMGN
CCTCGATGC 309

P R C

Fig 4. The ASIP partial nucleotide and deduced amino acid sequence of red spotted grouper. 309

base pairs long, encoding 103 amino acid.

_22_



Bubeolq selE webd BEgAAe] ofnwmAqdY T o F7 A%S
= wA% Ax, Bulele] MCH ofm:wit Nde 4780 K (Carangidac)®] Mol

(Yellowtail, Seriola quinqueradiata)®t 7V =& 75.7%°] 5dS B, o

%

(Cyprinidae)e] #| B.2}3] < (Zebra fish, Danio rerio)®} 7} 2 39.5%2] &4

o

HAtHTable 7). POMC oAt A 9S ule] 3(Serranidae) o] 24 % -n}

AC)

(Orange-spotted grouper, Epinepheluus coioide)?} 7Fg =& 97.3%% F5dE& B
a1, W7ol Z(Anguillidae)2] 117go}(Japanese eel, Anguilla japonica)®} 7} w2
46.5%°] AEAS HAtKTable 8). Hulg] MCIR ofv|:=2t Hde wlglz
(Serranidae)®] U] 153 (Panther Grouper, Cromileptes altivelis)?} 7} =2 99.6%
o] s How, TI7FA aL7] ¥ (Gasterosteidae)e] T7}A] AL 7](Three-spined
stickleback, Gsterosteus aculeatus), ‘57| 2|3} (Trachinidae)®] lesser weever (Echiichthys
vipera)t 7HE W2 94.04%9] dEAS R A UH(Table 9). sHAIYH FnubE] MCIR
AR g e oFER =& S Hole ZoE ueyt ASIP
opn| =4 M E2 = 7] F(Labridae)e] %F= ) 7] (Ballan wrasse, Labrus bergylta)<}t

7 =2 81.6% 9o AEAS B

2

31, 4 o] Z(Cypriniformes)e] = -5°(Gold fish,
Carassius auratus)2} 7} SE2 54.5%9] 35S H A tH(Table 10).

T AE FARAE £ 23, Huke 9 MCH opv] =4l A g2 whojef
b sk frA@A Y AATHFig. 5). POMC obnl =ik Ao b tubg] o}
7 A fAaddAel AR (Fig. 6), MCIR ofv|=A4F A dE iy 153 ¢}

7 g

-

.

m
ot
do
re
r 2|
)
=

A A thFig. 7). ASIP o}v| At AL Fixafr|el 744
A e FABA A hFig. ).
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Table 7. Overall amino acid identities of MCH between Epinephelus akaara and other
fishes

Species MCH Homology(%)
Teleostei

Perciformes Seriola quinqueradiata 75.7
Gasterosteiformes Gasterosteus aculeatus 75.5
Perciformes Notothenia coriiceps 74.5
Cichliformes Oreochromis aureus 72.8
Cichliformes Oreochromis niloticus 70.9
Pleuronectiformes Verasper moseri 69.6
Pleuronectiformes Scophthalmus maximus 68.0
Cyprinodontiformes Fundulus heteroclitus 67.0
Pleuronectiformes Pseudopleuronectes americanus 57.1
Salmoniformes Oncorhynchus keta 52.1
Salmoniformes Oncorhynchus mykiss 52.1
Cichliformes Schizothorax davidi 47.1
Cichliformes Schizothorax prenanti 47.1
Cichliformes Carassuis auratus 47.1
Cichliformes Danio rerio 40.2
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Table 8. Overall amino acid identities of POMC between Epinephelus akaara and
other fishes

Species POMC Homology(%)
Teleostei
LSS Epinepheluus coioide 97.3
Perciformes .

Dicentrarchus labrax 79.6
Perciformes

Acanthopagrus latus 78.0
Perciformes Sparidentex hasta 76.7
Perciformes . .

Oreochromis mossambicus 75.4
Cichliformes Maylandia zebra 75.4
Synbranchiformes Mastacembelus armatus 74.8
Cyprinodontiformes Fundulus heteroclitus 73.8
Beloniformes Oryzias latipes 70.8
Beloniformes Oryzias melastigma 70.3
Cyprinodontiformes Nothobranchius rachovii 66.7
Cypriniformes Danio rerio 65.8
Pleuronectiformes Solea solea 64.3
Tetraodontiformes Tukifugu rubripes 62.2
Salmoniformes Salvelinus alpinus 59.9
Cypriniformes . .

Schizothorax prenanti 58.3
Cypriniformes Carassius auratus 56.1
Situriformes Ictalurus punctatus 35.0
Anguilliformes Anguilla japonica 46.5
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Table 9. Overall amino acid identities of MCIR between Epinephelus akaara and
other fishes

Species MCIR Homology(%)
Teleostei
Perciformes ; iveli

Cromileptes altivelis 99.6
Perciformes .

Mycteroperca marginata 99.2
Perciformes Belonoperca chabanaudi 97.9
Perciformes Variola louti 974
Perciformes ;

Grammistops ocellatus 97.0
Scorpaeniformes Dendrochirus biocellatus 97.0
Scorpaeniformes Ebosia bleekeri 97.0
Scorpaeniformes Scorpaenodes corallinus 97.0
Scorpaeniformes Scorpaenodes guamensis 97.0
Perciformes Amblycirrhitus bimacula 96.6
Scorpaeniformes Trigloporus lastoviza 96.6
Scorpaeniformes Pterois antennata 96.6
Scorpaeniformes Neomerinthe folgori 96.6
Trachiniformes Cheimarrichthys fosteri 96.6
Syngnathiformes Hippocampus hippocampus 96.6
Perciformes Dicentrarchus labrax 95.7
Scorpaeniformes Liparis montagui 95.3
Gasterosteiformes Gasterosteus aculeatus 94.0
Trachiniformes Echiichthys vipera 94.0
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Table 10. Overall amino acid identities of ASIP between Epinephelus akaara and other
fishes

Species ASIP Homology(%)
Teleostei

Perciformes Labrus bergylta 81.6
Pleuronectiformes Scophthalmus maximus 80.0
Cichliformes Oreochromis niloticus 80.6
Gasterosteiformes Gsterosteus aculeatus 80.6
Synbranchiformes Mastacembelus armatus 79.6
Pleuronectiformes Solea senegalensis 76.7
Anabantiformes Anabas testudineus 75.7
Cyprinodontiformes Kryptolebias marmoratus 74.8
Tetraodontiformes Takifugu rubripes 72.8
Pleuronectiformes Cynoglossus semilaevis 64.4
Salmoniformes Salvelinus alpinus 64.3
Osteoglossiformes Paramormyrops kingsleyae 63.4
Cypriniformes Culter alburnus 56.0
Cypriniformes Carassius auratus 54.5
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Epinepheluus akaara

Seriola quinqueradiata
Scophthalmus maximus
Verasper moseri
Notothenia coriiceps
Gasterosteus aculeatus

Pseudopleurinectes americanus

I Oncorhychus keta

L Oncorhychus mykiss

Fundulus heteroclitus
| [ QOreochromis niloticus

Oreochromis aureus

Danio rerio
"ESchfzothorax prenanti

| Schizothorax davidi

Carassis auratus

0.50

Fig. 5 Phylogenetic tree of red spotted grouper mch cDNA
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| Epinepheluus akaara
L Epinepheluus coioide

{ Dicentrarchus labrax
Mastacembelus armatus
r QOreochromis mossambicus

L nayiandia zebra
MNothobranchius rachovif

1 Fundulus heterociitus
E Oryzias latipes
Oryzias melastigma

_I: Acanthopagrus latus
Sparidentex hasta
Takifugu rubripes
Salvelinus aipinus
Danio rerio
Schizothorax prenanti
Carassius auratus
L letalurus punctatus

Anguilla japonica
Solea solea

0.0

Fig. 6. Phylogenetic tree of red spotted grouper pomc cDNA
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Epinepheluus akaara
Aﬁmﬁeptes altivelis
Mycteroperca marginata

_| Belonoperca chabanaudi

Grammistops ocellatus

Variola louti

—l— Trigloporus lastoviz
4{7 Cheimarrichthys fosteri

| Dicentrarchus labrax
Hippocampus hippocampus

Echiichtys vipera

Amblycirrhitus bimacula

Liparis montagui

Dendrochirus biocellatus

Gasteristeus aculeatus

Ebosia bleekeri
Pterois antennata
Scorpaenodes corallinus

Scorpaenodes guamensis
Neomerinthe folgori

—_—

0010

Fig. 7. Phylogenetic tree of red spotted grouper mclr cDNA
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1: Epinepheluus akaara
Labrus bergyita

——  Oreochromis niloticus

Kryptolebias marmoratus
Anabas testudineus
Gsterosteus aculeatus

Takifugu rubripes

—— Mastacembelus armatus

I Solea senegalensis
Scophthalmus maximus

Paramormyrops kingsfeyae

I: Carassius auratus

Culter alburnus

Cynoglossus semifaevis

Salvelinus alpinus

0.50

Fig. 8. Phylogenetic tree of red spotted grouper asip cDNA
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mch/B-actin

10 1

05

0.0

of Di Ce Me Op Te Pt

mch/B-actin

10 r

05 F

0.0

Re To Gi He Ki Sp St In L Go SkD SkM SkV FinP FinC Mu

Fig. 9. Tissue specific expression of mch mRNA in the red spotted grouper by
Real-time qPCR. Nerve tissue (A) and peripheral tissue (B). Of, olfactory lob; Te,
telecephalon; Op, optic tetum; Di, diencephalon; Ce, cerebellum; Me, medulla
oblongata; Pt, pituitary; Re, retina; To, tongue; Gi, gill; He, heart; Ki, kidney; Sp,
spleen; St, stomach; In, intestine; Li, liver; Go, gonad; SkD, skin dosal; SkM, skin
middle; SkV, skin ventral; FinP, pectoral fin; FinC, caudal fin; Mu, muscle.
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25
g 20}
S
?
% 15 F
&
o
QL 10 |
05
0.0 : : : : : :
of Di Ce Me Op Te Pt
B 30
25
20

pomc/B-actin
o

10

0.0

Re To Gi He Ki Sp St In Li Go SkD SkM SkV FniP FinC Mu

Fig. 10. Tissue specific expression of pomc mRNA in the red spotted grouper by
Real-time qPCR. Nerve tissue (A) and peripheral tissue (B). Of, olfactory lob; Te,
telecephalon; Op, optic tetum; Di, diencephalon; Ce, cerebellum; Me, medulla
oblongata; Pt, pituitary; Re, retina; To, tongue; Gi, gill; He, heart; Ki, kidney; Sp,
spleen; St, stomach; In, intestine; Li, liver; Go, gonad; SkD, skin dosal; SkM, skin
middle; SkV, skin ventral; FinP, pectoral fin; FinC, caudal fin; Mu, muscle.
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6.0

40 t

mc1r/B-actin
w
o

20

| i i i i
Jm 0 H N N N &
Of Di Ce Me Op Te Pt

B 60
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40

30

mc1r/B-actin

20

10

0.0

Re To Gi He Ki Sp St In Li Go SkD SkM SkV FniP FinC Mu

Fig. 11. Tissue specific expression of mclr mRNA in the red spotted grouper by
Real-time qPCR. Nerve tissue (A) and peripheral tissue (B). Of, olfactory lob; Te,
telecephalon; Op, optic tetum; Di, diencephalon; Ce, cerebellum; Me, medulla
oblongata; Pt, pituitary; Re, retina; To, tongue; Gi, gill; He, heart; Ki, kidney; Sp,
spleen; St, stomach; In, intestine; Li, liver; Go, gonad; SkD, skin dosal; SkM, skin

middle; SkV, skin ventral; FinP, pectoral fin; FinC, caudal fin; Mu, muscle.
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7.0
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30

asip/B-actin

20
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of Di Ce Me Op Te Pt
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L 1 P =~
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Re To Gi He Ki Sp St In Li  Go SkD SkM SkV FniP FinC Mu

Fig. 12. Tissue specific expression of asip mRNA in the red spotted grouper by
Real-time qPCR. Nerve tissue (A) and peripheral tissue (B). Of, olfactory lob; Te,
telecephalon; Op, optic tetum; Di, diencephalon;, Ce, cerebellum; Me, medulla
oblongata; Pt, pituitary; Re, retina; To, tongue; Gi, gill; He, heart; Ki, kidney; Sp,
spleen; St, stomach; In, intestine; Li, liver; Go, gonad; SkD, skin dosal; SkM, skin
middle; SkV, skin ventral; FinP, pectoral fin; FinC, caudal fin; Mu, muscle.
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2 gvte] B2uAC BE Ay BAFAAY 2

r (]

D EaeAd A e e

wuke] F38 2o AojoM = SAMaETF #EEA ko (Fig. 13A),
sho1dA bt vpg Sog dWopd wrl FAEHE RS G thFig. 13B).
294 ok wbE Fo] oA F-E
(Fig. 13C), 344 77} hd3] SALER Hon
Aol EMAE7E FAH 7] A &Sk th(Fig. 13D). 5YA HAFe] A4
(Fig. 13E), 1094 23 Szl BxHr wo] A th(Fig. 13F).
Bg

1447 7o SMANETF 3] Ho] X 3 (Fig. 13G), 204 A v

"
fr
5
N
k|

E7F Ao 2 A Ao (Fig. 13H), 2594 =2 7P oM SARE7E &
AFoI7b F78FAth(Fig. 131). 3597 koA HeAs
Hol= MA¥7E HHo= AU (Fig. 13)), 4044 TA=gn e 5o 7t

e
p‘L
£
i)
oF
i
2,
>
1o

S

gk A5 Wl SALE} WG A(Fg 13K), 45U FHLES] F

A= ul o} Ao # 5 hFig. 13L).
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Fig. 13. Development stage of pigmentation in the red spotted grouper. ODAH (A), 1DAH
(B), 2DAH (C), 3DAH (D), SDAH (E), 10DAH (F), 14DAH (G), 20DAH (H), 25DAH (I),
35DAH (J), 40DAH (K), 5S0DAH (L). DAH, day after hatching; allow, melanin.
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2) dedAo] wE deld #H U252 mRNA w©d

kg o] g Ao wE mch, pome, mclr, asip®] mRNA W& S FAFSE 23}

mch mRNA®] A2 F31 5 3AAjo] F7ket7] Al #ste] Fsp § 54 713

=7 FHEN A, o]F 5435 HAadste 4TS B UHFig. 14A). pomc mRNAS]

o] P F3l & sAdAZA A Lo, F3k F 25UAA] FAaEH
A, o]F o wE S 1w QItk(Fig. 15A). asip mRNAS &S 23l 5 10U 7t
A BRI, olF sk F 504/ EA A4S

ashE A4S B ATHFig. 15B).
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1 2 3 &5 7 10 14 20 25 30 35 40 45 50

Day After Hatching (DAH)

Fig. 14. Expression of development stage of melanin related factor in the red
spotted grouper by Real-time qPCR. mch (A), pomc (B) mRNA.
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Fig. 15. Expression of development stage of melanin related factor in the red spotted
grouper by Real-time qPCR. mclr (A), asip (B) mRNA.
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Fig. 16A). pomc mRNA®] &2 A3 6574 200 luxell A 7H&
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0.05) (Fig. 16B).

Fukg] "B Z2ZF oA mclr mRNAS} asip mRNAS] wH& S FALSE A3} melr
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Fig. 16. Expression changes of mch and pomc mRNA in the red spotted grouper brain and

pituitary under different light intensity conditions.
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Fig. 17. Expression changes of mclr and asip mRNA in the red spotted grouper skin

under different light intensity conditions.
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2) 9% RGB A4 A4

Aol mE FHukel 9459 RGB AMAGTE A A3, 0 ux ZFoA s
RGB Al57F 2k7F 86, 71, 5802 UEpwow, 7Hg o7 AAS w3tk 200
lux2] ZZ&FolA = RGB AlF7F 2+2F 88, 71, 5901931, 1000 luxoll A& ZHzh 137,
116, 995 YERHA ST, 1000 lux Lo Aol 7H w2 A& w it 2000
luxell A= 22 105, 92, 81°] 94 TH(Fig. 18).
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RGB(86,71,58)

RGB(137,116,99) RGB(105,92,81)

Fig. 18. RGB code value extracted form Red spotted grouper skin. 0 lux (A), 200 lux (B),
1000 lux (C), 2000 lux (D) condition.
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V. 1%
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i

o]
theket AgAAg 50 #ek A7 A E 3 9 th(Appelbaum et al., 2000; Petrell
et al, 2001). °] 1= wubelE Ol o Fpel dish AMREFHAAS] A
SAEEAE S A7) fstel R EHAT ol & fs HubgolA Hepd dE R

A= 2] partial sequencing= 3§+ A3} MCH, POMC, MCIR, ASIP A&

o] FA =384 (photobiology) <okl Al A A, A7, AXHAL, Aol &
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-

7}7y % 309, 459, 705, 309 bpo| F-EA7IA Dol FAEALH Flw Hule
ANBAFHAA AEE o] &3t Fsb Aojo] At wE {FHA BHS
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