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Retinal Development and Opsin Gene Expression during the Juvenile
Development in Red Spotted Grouper (Epinephelus akaara)
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ABSTRACT : To produce healthy and stable seed production, we need to obtain information and understand vision that affects behavior of red spotted grouper. We examined their expression and retinal development during the juvenile development.
Short-wavelength sensitive opsin (SWS2), a cone photoreceptor, began to be expressed from lens and ear vesicle formation
stage and its expression increased until 10 days after hatching (dah). In case of middle-wavelength sensitive opsin (MWS), its
expression was detected at 3 dah and reached the highest level at 21 dah. The expression of long-wavelength sensitive opsin
(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.
Key words : Red spotted grouper, Retina, Opsin, Cone photoreceptor, Rod photoreceptor

consists of an epithelial layer and multiple neuronal layers.
In particular, it consists of the pigment epithelium (PE),
In feeding and management in fish farming, light, water

the rods and cones layer (PR) with photoreceptors, the

temperature, and food are important external environmen-

outer nuclear layer (ONL) containing the nuclei of photo-

tal variables. In particular, light is a major external envi-

receptors, the outer plexiform layer (OPL) where photore-

ronmental factor that influences all aspects of life of fish,

ceptors, bipolar cells, and horizontal cells took synaptic

including embryonic development and puberty (Villamizar

combination, the inner nuclear layer (INL) containing bi-

et al., 2011). The visual system in which information of

polar cells, horizontal cells, and amacrine cells, the inner

light is obtained through the retina is an important sense in

plexiform layer (IPL) where bipolar cells and amacrine

finding foods and directions as well as in recognizing

cells took synaptic combination to ganglion cells, and the

predators (Rodriguez & Gisbert, 2001). The retina of fish

ganglion cell layer (GCL). Visual information entering the
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photoreceptors pass through bipolar cells and ganglion

improve this, many studies have investigated ways to im-

cells, after which they pass through the optic nerve to

prove initial survival rates, including changes in illumina-

reach the optic lobe (Stenkamp, 2015).

tion of the farming tank, formation of oil films, and for-

Photoreceptors are membrane receptors that receive

mation of water currents through bubbles (Yamaoka et al.,

light, which gets transferred to the brain through the nerv-

2000; Sakakura et al., 2006; Yoseda et al., 2008). The ap-

ous system to form images in the brain. Photoreceptors of

plied lighting for larval rearing tanks should be based on

most Osteichthyes consist of rods and cones; rods recog-

the visual system of the target species being reared. Nu-

nize the bright and dark of light while different subtypes of

merous studies have investigated the visual system accord-

cones recognize different light wavelengths. Among these

ing to retinomotor responses, visual sensitivity, light inten-

different cone subtypes, short-wavelength sensitive opsin

sity requirements for feeding behaviour of grouper larvae

(SWS2) recognizes short wavelengths, middle-wavelength

(Ellis et al., 1997; Toledo et al., 2002; Mukai et al., 2012),

sensitive opsin (MWS) recognizes medium wavelengths,

but there have been no such investigations on red spotted

whereas long-wavelength sensitive opsin (LWS) recogniz-

grouper.

es long wavelengths (Carleton, 2009). Moreover, photore-

In order to obtain information on the visual system in

ceptors in fish play important roles in feeding, growth, and

red spotted grouper larvae, which influences their behav-

development of larvae, in addition to vision (Boeuf & Le

ior, and to understand the behaviors of the larvae, we in-

Bail, 1999; Villamizar et al., 2011). Research on retinal

vestigated the differentiation and development of the epi-

development are being conducted in various fish species,

thelial and neuronal layers of their retina and opsin gene

including herring (Sandy & Blaxter, 1980), deep sea lumi-

expression patterns in photoreceptors in different growth

nous fish (Bozzano et al., 2007), and dark banded rockfish

stages through gene cloning.

(Park et al., 2012).
Red spotted grouper (Epinephelus akaara), which belong to the order Perciformes and the family Serranidae.
Epinephelus genus comprise 15 genera and 159 species,

1. Experimental fish

including longtooth grouper (E. bruneus), red spotted grouper

Red spotted grouper larvae seed-produced at the Marine

(E. akaara), and sevenband grouper (E. septemfasciatus),

Science Institute of Jeju National University was used as

and they mostly live in eastern Atlantic Ocean and Medi-

the experimental fish. In order to induce ovulation and

terranean Sea. Red spotted grouper, which are sedentary

spermiation in red spotted grouper, mature female and

fish, mostly inhabit rocky zones of the coast; they are also

male groupers were selected, and human chorionic gonad-

nocturnal carnivores preying on crustaceans and fish (Kim

otropin (HCG) was injected through cannulation in doses

et al., 2001). Red spotted grouper is a fish species that re-

of 500 IU per kg body weight. To produce fertilized eggs,

quires monitoring due to rapidly decreasing coastal re-

eggs and semen were obtained through abdominal com-

sources. Moreover, since there is a very high market demand

pression 48 hours later after hormone injection and were

for them, they are very expensive, and continued invest-

fertilized artificially through wet processes.

ments are being made to promote farming (Sadovy, 2001).
The difficulty in rearing most grouper species including

2. Retinal development according to growth stages

red spotted grouper is a high mortality in the larval stage
around the time of mouth opening. Therefore, in order to
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1) Larvae management

Retinal Development and Opsin Gene Expression

For larvae farming, fertilized eggs floating in upper lay-

3. Opsin gene expression patterns

ers were collected and placed into a 12-ton farming tank.
Throughout farming, the water temperature was main-

1) Partial cloning of opsin genes

tained within 24±1℃, DO at 7.0–8.0, and pH at 7.0–8.0. In

Partial cloning was conducted to compare opsin gene

terms of the food provided to the larvae after hatching,

expression patterns at different growth stages. Using the

Branchionus rotundiformis was provided between 3 days

information reported on the National Center for Biotech-

after hatching (dah; when larvae opened their mouth) and

nology Information (NCBI) website, the factors of short-

35 dah, and Artemia nauplii was provided starting on 20

wavelength sensitive opsin (SWS2), middle-wavelength

dah. All experiments were conducted in compliance with

sensitive opsin (MWS), long-wavelength sensitive opsin

both the Animal Care and Use Committee guidelines of the

(LWS), and rod opsin genes were selected and cloned

Jeju National University.

through TA cloning. Degenerate primers were produced
using opsin gene information in related fish species, in-

2) Morphological development and behavioral characteristics of red spotted grouper larvae

cluding those belonging to Perciformes, obtained through
NCBI (Table 1). The genes were amplified through PCR

In order to investigate morphological development and

and inserted into a T-BluntTM PCR Cloning Kit (SolGent),

behavioral characteristics, more than three red spotted

then followed by ligation. Partial DNA sequences of opsin

grouper larvae were observed and filmed using a stereo-

genes were analyzed by Genotech (Korea) once we sepa-

scopic microscope (2000-C, ZEISS) at each time point.

rated plasmid DNA after transformation. Partial sequences

Investigations were conducted at the following points: lens

of opsin genes were confirmed through NCBI Blast.

and ear vesicle formation (fertilized egg), 1 day after hat-

Cloned genes were investigated in phylogenic analyses

ching (dah), 2 dah, 3 dah with completion of yolk absorp-

conducted on MEGA7.

tion, 5 dah, 10 dah, 21 dah after spine formation, and 50
dah after the completion of metamorphosis.

2) Total RNA extraction and cDNA synthesis
Tissue samples were obtained from red spotted grouper

3) Retinal development

to investigate opsin gene expression by tissues in compari-

In investigating retinal development and opsin gene

son to hatched larvae. The samples were mixed with 600

expression patterns in red spotted grouper larvae, sam-

μL of RiboExTMLS (GeneAll, Korea) to be crushed. The

pling was conducted at the same time points as the inves-

20 μL of chloroform was added to every 100 μL of Ribo-

tigation time of morphological development and behav-

ExTMLS, and the samples were then centrifuged for 15

ioral characteristics of red spotted grouper. For histologi-

minutes at 4℃ and 12,000 g to isolate the supernatant. Iso-

cal analysis, samples were fixed in Bouin's solution. The

propanol was added to the supernatant isolated from the

fixed tissues were dehydrated using ethanol by different

first centrifugation, and the supernatant was centrifuged

concentrations and embedded in paraffin. The paraffin

again to precipitate RNA. After the second centrifugation,

block was sliced at 5 μm, and the sliced tissue samples

the supernatant was discarded, and the samples were

were stained in hematoxylin and 0.5% eosin (HE) and

washed in 75% ethanol containing diethyl pyrocarbonate

observed using an optical microscope (BX53, Olympus)

(DEPC). The precipitated RNA was dissolved in RNase-

and an imaging software (Olympus cellSens™ Micro-

free distilled water. The concentration of extracted total

scope Imaging Software).

RNA was measured using Nano Vue (GE Healthcare, UK),
Dev. Reprod. Vol. 23, No. 2 June, 2019
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and the samples used showed the range between 1.7 and

94℃), annealing (45 s, 58℃), and extension (1 m, 72℃)

2.1 in ratio of A260/A280 nm. After the samples were

and relatively quantified using β-actin as a control; the

treated with DNase using a RQ1 RNase-Free DNase Kit

mean values were used in analysis.

(Promega, USA), cDNA was synthesized using Prime
ScriptTM 1st strand cDNA synthesis Kit (Takara, Japan).

4. Statistical analysis

RNase-free H2O was added to DNase-treated total RNA to

Gene expression pattern results were tested in one-way

make a final volume of 8 μL. Random 6 mers 1 μL and

analysis of variance (ANOVA), and the significance was

dNTP mixture 1 μL were then added, and the mixture was

tested in Duncan's multiple range test.

reacted for 5 minutes at 65℃. 5X PrimeScript Buffer 4 μL,
RNase Inhibitor 0.5 μL, PrimeScript RTase 1 μL, and
RNase free dH2O 4.5 μL were mixed into 10 μL of the
reacted mixture. After further reactions were induced for

1. Morphological development

10 minutes at 30℃ and for 60 minutes at 42℃, and cDNA

Morphological characteristics of hatched larvae were

was synthesized through 5 minutes of enzymatic activity at

investigated using a stereoscopic microscope according

95℃. The synthesized cDNA was used to partially clone

to growth stages. One day after hatching, the yolk com-

opsin genes in red spotted grouper using primers con-

prised most of the body, and a digestive tract connected

structed by referencing the sequences of opsin genes regis-

to the anus within the abdominal cavity was observed at 2

tered on NCBI. The primers were produced based on the

dah. At 3 dah yolk absorption was complete in larvae,

sequences of cloned opsin genes in red spotted grouper and

and the eyes started turning black. Moreover, before 4

were used for RT-PCR and real-time quantitative PCR

dah, the larvae could not swim and instead floated around

analyses to analyze the expression of opsin genes in each

the water flow created by bubbles. Around 4 dah, the

tissue (Table 1).

mouth had opened, and the internal diameter of the digestive tract increased. Further, with swimming abilities, the

3) Real-time quantitative PCR

larvae tended to descend from the surface of the water.

In order to compare expression patterns of opsin genes

Around 10 dah, red spotted grouper larvae had protrusion

by growth stages, sampling was conducted at lens and ear

of the second spine of the dorsal fin and spines of the

vesicle formation (fertilized egg), 1 dah (day after hatch-

pectoral fin and tended to group together. At 21 dah,

ing), 2 dah, 3 dah with completion of yolk absorption, 5

spines of dorsal and pectoral fins spread to the caudal fin,

dah, 10 dah, 21 dah with spine formation, and 50 dah with

and groups of larvae swam. At 50 dah, metamorphosis

the completion of metamorphosis. The extracted samples

was complete in larvae, and the larvae were now in simi-

were stored at –80℃ until analysis. BioRad CFX96™

lar appearance as adult red spotted grouper (Fig. 1). Re-

Touch™ Real Time PCR (BioRad, Hercules, CA) was used

garding pigmentation of the retina of red spotted grouper,

for quantitative analysis. Using the synthesized cDNA as

chromatophores were observed starting at 27 hours after

the template, EvaGreen 2X qPCR MasterMix (abm, Cana-

hatching at a water temperature of 21℃. Groupers with

da) 5 μL, forward primers 0.3 μL (10 uM) and reverse

black pigmentation starting from the edges of the eyes

primers 0.3 μL (10 uM), and RNase free H2O 2.4 μL were

were observed starting at 46 hours after hatching, and

mixed together to make a total volume of 10 μL. The mix-

those with complete pigmentation were also observed

ture was then amplified in 40 cycles of denaturation (45 s,

(Fig. 2).
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Table 1. Primer sets used in RT-PCR an real-time quantitative PCR
Primer sets

RT-PCR

Real-time qPCR

Genes

Sequence(5'-3')

SWS2-F

CATGCACCATCCAGAACAAG

SWS2-R

CACAGCAAAGCAGAATCCAA

MWS-F

CCAACAGGACTGGGATTGTT

MWS-R

AAGCCTGGAGCCAGAGTGTA

LWS-F

TGCAATTGCTGATCTTGGAG

LWS-R

CATGACAACGACCATTCTGG

Rod-F

CTGCGGACCCCTCTAAACTA

Rod-R

GTGAGGAAGTGGCATGTGAA

β-actin-F

GAGCGTGGCTACTCCTTCAC

β-actin-R

AGGAAGGAAGGCTGGAAGAG

SWS2-F

CGGTCCCACCTCAACTACAT

SWS2-R

GGTCAGGCTTGAAAGCAAAG

MWS-F

TGGAGGTGAAGTCGCTCTCT

MWS-R

AAGCCTGGAGCCAGAGTGTA

LWS-F

GTGTGGTGTTCTCCGCCTAT

LWS-R

CATGACAACGACCATTCTGG

Rod-F

CCCTCTGGTCACTGGTTGTT

Rod-R

TCATGAAGTGGCAGCAGAAC

β-actin-F

GAGCGTGGCTACTCCTTCAC

β-actin-R

AGGAAGGAAGGCTGGAAGAG

2. Retinal structure and development

ness of each layer also increased overall. The GCL thick-

Hatched larvae had ONL, INL, and GCL starting from 2

ness decreased starting from 50 dah (Table 2).

dah, and the choroid membrane formed starting from 4
dah. When retinal layers were compared, the degree of

3. Expression of opsin genes in tissues

differentiation in all layers were similar between the day 4

To investigate the expression of cloned opsin genes in

after hatching and 12 months after hatching. However, the

tissues, forebrain, midbrain, hindbrain, eyes, pituitary gland,

thickness of each layer varied by growth stages (Fig. 3).

tongue, liver, spleen, kidneys, heart, intestines, muscles

Moreover, regarding the thickness of retinal layers by

(including the lateral line), gonads, and gills were extract-

growth stage, the overall retinal thickness tended to in-

ed from adult red grouper for analysis (Table 3). Most op-

crease gradually with growth of the larvae, and the thick-

sin genes were strongly expressed in the eyes (Fig. 4).
Dev. Reprod. Vol. 23, No. 2 June, 2019

175

E-S Kim, C-H Lee, Y-D Lee

hindbrain. LWS was expressed in the hindbrain whereas
rod was expressed in the forebrain. SWS2 was weakly
expressed in gonads, which are peripheral tissues, and was
expressed at similar levels in other tissues. MWS and rod
were expressed strongly only in the retina. LWS was
weakly expressed in the kidneys and spleen and strongly
expressed in the retina.

4. Expresion patterns of opsin genes according
growth stages
When real-time quantitative PCR was conducted on opsin genes, SWS2 expression started from 1 dah. The expression increased until 10 dah and then decreased thereafter (Fig. 5). MWS expression started on 3 dah and was the
highest on 21 dah (Fig. 6). LWS expression started on 3
dah and was the highest (Fig. 7). Rod expression started on
2 dah and was the highest on 50 dah (Fig. 8). We conFig. 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 (Postmetamorphosis). dah, days after hatching.

firmed that photoreceptors differentiated at different time
points: on 21 dah for MWS, 3 dah for LWS, on 50 dah for
rod. Moreover, regarding the degree of expression of the
genes in each growth stage, the expression level of LWS
opsin was much greater than those of other opsin genes.

Eyes play important roles for fish to find foods and to
avoid predators (Cerri, 1983; Rodriguez & Gisbert, 2001).
Moreover, retinal differentiation in fish is closely related to
metamorphosis, and rod differentiation during metamorphosiscan can also improve their vision (Rahman et al.,
1979). The timing of retinal differentiation is speciesspecific. For Konosirus punctatus, a seawater fish species,
Fig. 2. Retinal pigmentation of early growth stage in
red spotted grouper. A, 27 hah; B, 36 hah; C and
D, 46 hah. hah, hours after hatching.

lenses form at 5 dah (day after hatching), and retinal formation is complete at 9 dah (Park et al., 2006). According
to a previous study, the eyes of Cynoglossus joyneri have
no retinal pigmentation and the presence of photoreceptors

SWS2 was expressed in all brain areas, including the pitui-

could not be confirmed at hatching. However, the eyes were

tary gland, and MWS was expressed in the forebrain and

pigmented after the first feeding, and pure-cone retina
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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; Unit, μm.
formed soon; rod-like transformation followed early in

into PE, PR, ONL, OPL, INL, IPL, and GCL. Moreover,

metamorphosis (Sandy et al., 1980).

starting from the day 4 after hatching, the retinal layers

Upon investigation of the eye structure of red spotted

were similar to those observed in 12-month-old red spotted

grouper was investigated in this study through stereoscopic

grouper although the thickness of the layers were different;

microscope images, yolk absorption was complete with

this suggests that differentiation of the eyes is almost com-

black pigmentation of the eyes at 3 dah. Moreover, spines

plete. According to previous studies, pigmentation and

formed at 21 dah, and metamorphosis was complete at 50

differentiation of the eyes of Atlantic flat fish larvae pre-

dah. Upon investigation of layer differentiation of the reti-

pare the fish to be able to hunt and digest preys (Kvenseth

na was investigated through HE staining of hatched larvae

et al., 1996).

sampled in each growth stage, ONL, INL, and GCL were

Three changes occur in the retina during metamorphosis

differentiated at 2 dah and 3 dah although there was no

of vertebrates. Photoreceptors change the visual pigments

pigmentation of the choroid membrane. The choroid mem-

in the outer segment to alter their wavelength sensitivity,

brane was pigmented at 4 dah, and retina was differentiated

and new retinal cells are added and rearranged (Evans &
Dev. Reprod. Vol. 23, No. 2 June, 2019
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Table 2. Relative changes in thickness of retinal layers in each growth stage of red spotted grouper
PE

ONL

OPL

INL

IPL

GCL

Total

2 dah (n=5)

6.2±0.3

23.0±1.3

16.7±1.1

48.3±1.2

3 dah (n=4)

6.9±0.6

17.2±0.9

13.6±1.7

40.8±1.5

11.0±0.8

12.2±1.9

40.9±1.7

4 dah (n=3)

5.8±0.6

4.7±0.4

5 dah (n=2)

15.0±0.3

5.9±0.2

3.0±1.0

19.5±2.6

12.7±1.7

22.9±0.5

85.1±6.1

10 dah (n=2)

15.3±1.3

4.8±0.4

4.4±0.3

17.8±6.3

25.4±5.3

18.3±2.3

93.9±4.2

21 dah (n=2)

20.8±2.0

8.2±0.1

3.4±0.5

24.4±1.1

26.0±4.6

21.0±2.6

113.0±13.6

50 dah (n=2)

26.1±14.3

25.4±5.6

6.8±0.1

48.6±1.1

55.3±0.2

14.2±2.6

209.8±9.5

12 M (n=2)

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

PE, pigment epithelium; ONL, outer nuclear layer; OPL, outer plexiform layer; INL, inner nuclear layer; IPL, inner plexiform layer; GCL, ganglion cell layer; dah, day after hatching; Unit, μm.

Table 3. Tissue expression in brain and peripheral tissue of red spotted grouper
FB

MB

HB

Pt

Re

Gi

H

Ki

Sp

G

In

Mu

T

SWS2

+

+

+

+

+

+

+

+

+

+

+

+

+

MWS

+

–

+

–

++

–

+

+

+

–

–

–

–

LWS

–

–

+

–

++

–

–

+

+

–

–

–

–

Rod

+

–

–

–

++

–

–

–

–

–

–

–

–

FB, forebrain; MB, midbrain; HB, hindbrain, Pt, pituitaty; Re, retina; Gi, gill; H, heart; Ki, kidney; Sp, spleen; G, gonad;
In, intestine; Mu, muscles (including the lateral line); T, tongue; SWS2, short-wavelength sensitive opsin; MWS, middlewavelength sensitive opsin; LWS, long-wavelength sensitive opsin; ++, high expression; +, low expression; –, none expression.

Fig. 4. Tissue specific expression of opsin genes in adult red spotted grouper. M, 100 bp DNA ladder marker; NC,
negative control; FB, forebrain; MB, midbrain; HB, hindbrain, Pt, pituitary; Re, retina; Gi, gill; H, heart; Ki, kidney;
Sp, spleen; G, gonad; In, intestine; Mu, muscles (including the lateral line); T, tongue; SWS2, short-wavelength
sensitive opsin; MWS, middle-wavelength sensitive opsin; LWS, long-wavelength sensitive opsin.
178
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Fig. 5. SWS2 opsin mRNA expression in each growth
stage of red spotted grouper by real-time quantitative PCR. The results are represented as means±

Fig. 7. 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 ferti-

SEM and different letters are significant (p<0.05).
LEVF, lens and ear vesicle formation stage of fer-

lized egg; dah, days after hatching; SWS2, short-

tilized egg; dah, days after hatching; LWS, long-

wavelength sensitive opsin.

wavelength sensitive opsin.

Fig. 6. MWS opsin mRNA expression in each growth
stage of red spotted grouper by real-time quantitative PCR. The results are represented as

Fig. 8. Rod opsin mRNA expression in each growth stage

means±SEM and different letters are significant
(p<0.05). LEVF, lens and ear vesicle formation

and different letters are significant (p<0.05). LEVF,
lens and ear vesicle formation stage of fertilized

stage of fertilized egg; dah, days after hatching;

egg; dah, days after hatching.

of red spotted grouper by real-time quantitative
PCR. The results are represented as means±SEM

MWS, middle-wavelength sensitive opsin.
retinal development is classified into indirect development,
Fernald, 1990). In retinal development in Osteichthyes,

intermediate development, and direct development (Evans

cone photoreceptors develop first, followed by rod photo-

& Fernald, 1990). Indirect development is present in most

receptors, and development timing of rods varies. Accord-

sea pelagic fish; cones differentiate at the time of hatching,

ing to the timing of rod photoreceptor differentiation, fish

and rods differentiate during metamorphosis. Intermediate
Dev. Reprod. Vol. 23, No. 2 June, 2019
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development is often seen in Salmonidae, and cones dif-

analyzed in future studies.

ferentiate at the time of hatching with rods differentiating
before metamorphosis. Direct development is a characteristic seen in the fresh water fish and the territorial sea fish,
and the cones and rods differentiate before hatching. Based

This research was supported by Golden Seed Project,

on real-time qPCR, red spotted grouper seems to belong to

Ministry of Agriculture, Food and Rural Affairs (MAFRA),

the indirect development group whose cone photoreceptors

Ministry of Oceans and Fisheries (MOF), Rural Develop-

develop at the time of hatching with the rods developing

ment Administration (RDA) and Korea Forest Service (KFS).

during metamorphosis. Moreover, when the first expressions of cone opsin genes and rod opsin were compared,
the expression of rod opsin gene was noticeable at around
the 50 dah.
In red spotted grouper larvae, all opsin genes were expressed at 3 dah, which corresponds to the completion of
yolk absorption in hatched larvae. Atlantic flat fish (Hippoglossus hippoglossus) have slow development of the
eyes, and the timing of eye development and that of organ
differentiation and feeding match (Kvenseth et al., 1996);

Bozzano A, Pankhurst PM, Sabates A (2007) Early development of eye and retina in lanternfish larvae. Vis Neurosci 24:423-436.
Boeuf G, Le Bail PY (1999) Does light have an influence
on fish growth? Aquaculture 177:129-152.
Carleton K (2009) Cichlid fish visual systems: Mechanisms of spectral tuning. Integr Zool 4: 74-86.

these characteristics are also seen in red spotted grouper.

Cerri RD (1983) The effect of light intensity on predator
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