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Study on the Visual Cells in the Retina of Macropodus ocellatus (Pisces, Osphronemidae) Freshwater
Fish from Korea by Jae Goo Kim and Jong Yong Park* (Faculty of Biological Science and Institute for Biodiversity
Research, College of Natural Sciences, Chonbuk National University, Jeonju 54896, Republic of Korea)

ABSTRACT

Using both light and scanning electron microscopies, it was investigated on the visual

cells as well as the eyes of Macropodus ocellatus (Pisces, Osphronemidae). This species had a
circular lens and yellowish cornea. The eyes had 3.5+ 0.2 mm which is 31.1 £3.0% in a percentage of
eye diameter relative to head length. The retina (158.2+10.6 um) was built of several layers, including
the visual cell layer which consists of three types of cells: single cons (27.8 1.6 pm) and equal double
cone (33.9+£3.7 ym), and large rods (57.3%+1.3 um). The visual cell layer then was classified into the
correct pattern. All visual cells were clearly distinguished from two parts (inner and outer segments).
The elongated rod cells were extend to the bottom of the retinal pigment epithelium. In scanning
electron microscopy, the outer segment links to inner segment by so-called calyceal piles. The M.
ocellatus single and double cones appearance form a flower-petal arrangement, which is a regular
mosaic pattern that contains quadrilateral units by four double cones surrounding a single cone.
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Fol& BE5olTol| &38k= BE8-° Macropodus ocellatus
S = a 27 B2 2
A EF5S T2 A AART AR 6~TE R
Thso] Ao
o]-g3t 1:]-(Klm 1997). H&
o IF WESole %"H‘g— H]%O]'OE] F=I 2o A48t
= Aoz &#HA th(Kim and Park, 2002).
gurA o g7 153 HEEEI] ottt Zbab(cornea)dt F
9t (sclera) 0.2 A== 29 (outer coat)d A (iris), EFA|
(ciliary body), B &2} (choroid) 2.2 A H 59 (middle coat)
)3 o] EAY8H= Y9 (inner coat) > &2 FHEE ™ (George
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and Robert, 2001; You and Park, 2008), W2 (retina)2 -
of 71 @k o] f1Fak oRae Solet We 7t
A= o AARZAY AFgZoz FAETH(Polyak, 1957;
Hagedorn et al., 1998). 1% ANZARE 4)3t= /\]7]'k]]_-‘T£E
2 AFA|3E (cone cell)@} 7HIAE (rod cell)7} A gtct. A
MEZe I 2gn F7ol wet vlua 715 oo *—HE ‘_r"
Mol A EL O 9 BN AES TRE 4 Ui
S ZA| skt (Peter and Joseph, 1996). wehA 3411} of
B4 olRolH AZAEY T4 WEst E57E AR Aols
et glom, AFANZY T/ 242 59 A4
wet A ¢ Sle 1o Y, & AE FESk= AxY F
F7F tFstA YERdTh(Polyak, 1957; Frank et al., 2001; Kim
and Park, 2016a). Y5 oJFoAM= F4lo] S At o] F
& o A St FES AAAEFO] BF N2 3
AE AU b5 A2 T2
At} (Audesirk et al., 2008). T3 Ao
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W2 Foll AASHE offt chopdt TS QAT 4 gt o
3t FeY YFATEL
2002; Kim and Park, 2017).
79 AT GRE £E0 ¢
4412 ekt itk £RAE T

Q1 (retractor lentis muscle)—— %6
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o Ajolg A58 oI5E & ol
1997).
WP AR 2ol 2 s AR Fe
E4 (Lyall, 1957; Collins and MacNichol, 1978; Monica,
2001; Thomas and Craig, 2010)¥} A|ZHA|Z39] Zxjo|= bj
Hof| T3t A (Lyall, 1956; Rossetto et al., 1992; Yuko et al.,
1997), v @A Y] Qb+ d 24 (Fernald, 1985) 5-©l thst
of WA Pue A7/ Ao} gk kAT AZA e
Heker Feok mlanAn el tat A ATE AR
A7golct.

~

Nicol, 1989; Kim,

wehA] 2 AT Fol% MERole] Yupra W AZAE
£ Y2 Belste] $oIB o|F F £EW Ao A4
2 2% 39 Sol43 MAANNE TP BAL AGAE
Sk HBUAE FHSIA Shu] ol Azl HFt @
79 N 2A422 ANSTA et

Mz H S

13
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HE50] (n=10,49.8+4.9 mm SL)= 20179 5¥o] Hzhs
T AR 425 (35°57'01" N; 126°41'30" E) LHjollA =1
(FE 4x4mm)E o831 A3

Aol AT A= AFAHE 2495t
o FTE HETt F&3 e+ 0.1M phosphate buffer
(pH 7492 ZA % 4°C 2.5% glutaraldehydeol| 4] 4A|7F A1
AstE 2™ 1% osmium tetroxide (OsO4) = 9057+ T 145}
et o] F 22 ethanol %= A5 28 D43 § 3:7 4]
£9] Epon 8122 EZu3}H 2™ blockeZ A|2}F5F4T}. Block
2 ultramicrotome (Leica, Reichert Ultracut S, Germany) 2.2
0.5~0.8 um Z+tH 22 semi-thin section 3}RTH. AHL 1%
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toluidine blueZ FA3}P o X HAHL Aparicio and
Marsden (1969)9] "&of wrgl H,0,5 A 2|3 & hematoxylin
T eosin@ 2 ©]F GAStich S T2 FHAv (Carl
Zeiss, AX10, Germany)-T'—]- Axio Vision (Carl Zeiss, Germany)
2 olg3jol RS,

2) FARHXIROIE 2

AHg HAE AFA WA +E AEstglen A&
3t QF+= 0.1M phosphate buffer (pH 7.4)2 24 H 2.5%
glutaraldehyde®] 4°CollA 4A17t A% FH 1% osmium
tetroxide (OsO4) 2 9057+ 1 A3} th Ethanol 5= A%

© 2 g3} 2H tert-butyl alcohol (TBA)S ©]&3}% &

AzsGh AZH 2AL subs] RapAFom £Ho] 2
24 stubs 0504 0|83t AHstgon e 232 F
AR A U] 7 (Hitachi, SN-3000, Japan)2.2 20 kVoA] &
2 Bt

1. 90| ol siel

B Egol] gL 35+02mme] 271G on £y o
HIEL 311+300]95h AP F1R AE o] fi4

go 78 AT Ygov 4TSGR 9
Zoke w0 2 BelE 9Tk (Fig. Ia,b).
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2. Y9l gt AIZMIZ
HEEOL o 2o AFdTg=o7 TAY 7®F ] 7}

W12 E 7FX| 2 QUQITH(Fig. 1c). M AAFT] S (retina pigment
epithelium) o}l A|ZFA|EZ 3 (visual cell layer)©] ZA5F42
o AZAEZE AU £Y o ZARAE 1)
A EAZE ST S AU AZAEZS off= AlZHA
9] 50| EA3}= HZHZE (outer nuclear layer)T X173 7+
&2 FAE B4 7|3 (outer plexiform layer)= AJZto2

432 (inner nuclear layer), 2+ 7]% (inner plexiform layer),

ARE NES eo2 Faks AL At AA Fate
EALE 1582+10.6 umPom™, A ZHA| L o] o] A5t
ZHZol EAlE 6.7+0.8 um$ E]-(Flg lo), Bl Y=z
27.811.5ume Zojger AFL 454102 um=Z FAEHR
53 olFEFAEZE 33. 9+37}Lm4 Zojglon AHL
£ o PR THE] YE 74402 umE G
MEzroh FAL A& SRIEUT A 2= do] 573+
13ume A4 2.7+0.1 umZ &I E At (Figs. 1d, 2).
W55 019 AZAZE FAAER S o] &sto] W3
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Fig. 1. External morphology and gross sections of the retina used by light microscope and scanning electron microscope of Macropodus ocella-
tus. (a) M. ocellatus (49.8 £4.9 mm), (b) Upper view of eyes, (c) Longitudinal sections of the retina, (d) Scanning electron micrograph of visual
cells. DC; double cone, GCL; ganglion cell layer, INL; inner nuclear layer, IS; inner segment, IPL; inner plexiform layer, ONL; outer nuclear,
OPL; outer plexiform layer, OS; outer segment, RPE; retina pigment epithelium, SC; single cone, VCL; visual cell layer. arrowheads; calyceal

processes.

FAzet T3 °l -%— Alszet ZHEA|EE &
b aseh ol Az
Berg, 9 e 2
TEE AT AIZEA
S99l gz FAE Sew HaS

(calyceal process)— H3x3a Q11T (Fig. 1d; arrowhead).
yolo] NZHESRS 54 Aol BRIt Tl
JEALE 2HO2 59 ol FUFALA LSl HEE
< e A EZ"OIE"- % &l (quadrilateral mosaic model)

Yehg o} (Fig. 2).
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HEF019 Wt AZAZE AR A3, b9 27)=
35+02mmE FQIE T FAY AR LS 31.1+3002
g 3o Zhake Lol gt thE 5ol o7&t o]
vl 2 S HASt AJAAT (Kim e al., 2014; Kim
and Park, 2016b) =22 9] Zhak-g B {3k 22 Bj550]9 A
A1t of gt A-§-o A= Atr Tt

= FEI Lol 7123
AT FUAPEE AL AACH 15822106 pm
of TAE A 5 YT Tl BrE HrolFe Bt
T} wjwst A3 AA| Coreoperca herziZt 2F 277.8 um, 574
golnrt FAR
thH(Kim et al., 2014; Kim and Park, 2015). Z X9} &Z£7]+= A
ANEZS TS AZAEE Zolo) tet g e
L Aoz ARG MERY AZATE BUARRA LY
59 o F AT, PPATE THH] Ak BT ARA
E50] AW WAL Yl Yt ol 7129 A7E
3} o] 51 B ol Ro] AZAEED 2L Ao L At
(Kim et al., 2014; Kim and Park, 2016b). Lyall (1957)2} Collins
and MacNichol (1978)= 217} ZZ ol AZAZZoA T
DAL, o] S YFAE, 45 UFA| E (triple cone cell), AHS
A=A 3E (quadruple cone cell) 5 47HA] FE| Q] YN EZE &
sttt o] HF A EL AdlsHe olFY A 1E 5
i} Aol lon AZAANZ FRo wet 2+zbo] Q14
a}}o] FLEE Th(Fernald, 1988; Meer van der, 1992). wh2}hA]
S T2 5 e T2 ARy T A5k AlZA
xo] 2RE thkAdTt Aol ot (Mare and Sperling,

H
7%

Iksookimia longicoprus= 2164 ym=Z W&



transverse

Longitudinal

Fig. 2. The Visual cell layer by semi-thin sections stained with H&E and diagram in the Macropodus ocellatus retina. Transverse and longitudi-
nal sections showing a mosaic model and visual cells. Diagram based on the left micrograph. CIS; cone cell inner segment, COS; cone cell outer
segment, DC; double cone, GC; ganglion cell, INL; inner nuclear layer, IPL; inner plexiform layer, ONL; outer nuclear, OPL; outer plexiform
layer, PG; pigment granules, R; rod cell, RIS; rod cell inner segment, ROS; rod cell outer segment, SC; single cone.

1976; Meer van der, 1992; Audesirk et al., 2008). 7]&2] A
oA Yol Bl olREL HlmA v o] Aalato] gl
SIMRE B et IS E4T - Uk olF o
FTEFAZ, FS dLLFAE Fol €A UtH(Kim and
Park, 2015; Kim and Park, 2016a). ©]o] &3] 21 $A4S A
53 oI olE Buae] Wol FaksiA Tey|
of 22 FUYI BIGS Boots BAUZA LY 59 of
FTHUFAZE st 202 g8A St (Kim et al., 2014;
Kim and Park, 2015). & 39 H]%% A 7|29 o]
2 oj2e) NZAE FHT A% 2 Bol2 ojz
o Wsh e A SEAL A@;% ey S4o] o
Aoz F Ut oA @& *’EMWE
98 aAHeR AT 4 9= B4
ure] A3 WA Ao= e A
wao] BT AT}, FEAE oY 131@1&7} #2
A HiEE s & HiE (row-type)d] HAto|lA FE, A A<}
T3 Poecilia reticulata®] L 58 o|FYFA| 2} Z2

i

GAAZNZE B {35l o] g oz pAHD
(Yvette, 1980; Kim et al., 2014; Kim and Park, 2015). Nag and
Bhattacharjee (2002)= Z-2 I+ (Family) W ol A €] A|ZHA| E uj
g Aol 259 HATA U oS B FAl Tt g
A Gerdehn shech weby mERels BRI ] e
ol Bol &att olfel EHL 4T SEUAN A5
A Zrahe M3 JIUE R o] L3l= Ao A"}

FAARE e Yool X Pehe TS ste] o2 B3
AEE FAT 5 ek Al RN thEe A EET

-
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i
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frote T WA Z7F dFEAZEY 24
sk ofsiAdojFofl #E A7t Ut (George and Robert,
2001; Hirt and wagner, 2005). H55-01¢] 7HIAEE 33t
u| g3 MA@ u|F o2 1% A3}, AFA|Z2F Atolof 1A
’\1137} 12A £xg How B o Mg aF FA o
= A U AT 5= = Ao R ArHd
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= 53 o|FUFA Y TIAEZE FRENCH YA ¢



B ABNFE TS ARAES AN B}
i ER RS P RUETE i 44 HEEEo}2
7 el glom NZAE Feof et nEE

cgote] Wrl gttty R 1% h(Donatti and Fanta,
2007). & ATA Bl TS YU 9 He] AES uh
27 Agels 722 FHA Yen AT SE Az
9| 220 upg} tpdet Ao E By vl It (Frank et al.,
2001; Sahly ef al., 2012).

BSRol A eulzl Mnd A3 wetile) Ztubg
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| AR A W ehtesl Asbiel W
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