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ABSTRACT

Sex differentiation and gonad development were investigated in a marine medaka

species, Oryzias dancena (Beloniformes; Teleostei). The average time to hatch was 11 days post-ferti-
lization (dpf) at 25°C. Primordial germ cell (PGC) was first observed at 5 dpf and migrated to presump-
tive gonadal area between the gut and pronephric duct at 9 dpf. Male and female gonads were
morphologically differentiated at 12 days post-hatching (dph). Early oocytes at perinucleolus stage as
well as the formation of spermatid and efferent duct were observed at 28 dph. At 6 weeks of age, the
ovary exhibited yolk granulation in many oocytes, while testis possessed a considerable number of
spermatogonia and spermatids. The first ovulation was observed in 9-week-old females, and at the
same age, males contained fully-matured spermatozoa. Data obtained in this study indicate that the
gonad differentiation of O. dancena is the typical type of differentiated gonochorism.
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SARE FRAE SART] ol ATAFE E
oA Qo] o)z Ao, AlEvAlote} PelA & e
Aofol A $41215 % Oryzias 42 A AlAel 20

Zo] RIEe] ¢)lom (Robert, 1998; Parenti and Soeroto,
2004), o]l wel =, 714 2B]al el A]l A=
oz WEoe] gt} (Naruse et al., 1993). o] F d& £
A}] Oryzias latipes:= 5+ 4Ale] 24 A F7] (genera-
tiontime)7} #ar, AFA 43 Fxor] A Aaje] zzt
o gelse, ) 2] (genome sizeh s, st e

AR Aot BE - ZAE] 9] ] HFEE W
A543 (developmental genetics), A €l] =4 &} (ecotoxicolo-
ay), A (genomics)ell AP =Hll FE= F&s <
F= 32 9Jo}(Naruse et al., 1993; Ishikawa, 2000; Wittbrodt
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et al., 2002). 181} Foel O. latipess 35 F7 oA
AEE, FE, 24 72T FEE S A Woix
=2 (Inoue and Takei, 2003; Kang et al., 2008) 3 %A el A)
e b Aol AA o]4F 4 it W Eell Oryzas
ZollA O. latipes?] A& T/ 4 e A S48 =
98 ad FoAe] HFFEa, o] O.javanicuse}t O.
dancenaz} s oF AelA f1siA H7Hg- o FEEEA T 7}
SA& QAT glo} (Kakuno et al., 2001; Inoue and Take,
2003; Kang et al., 2008).

B AL Ak8-% O. dancenax u}7|xEl Q1= ww}, v}
S AL P}, B s SR @A REsa 9lom (Ro-
bert, 1998), sl ¥ell A Astar gle] G ol W3k WA
o] 748k B34 o] Fo]t} (Inoue and Takei, 2003). £ o
dala= 22 AR A8 v 7Y S (Inoue and Takel, 2003;
Kang et al., 2008), A 44 7]%} (Takehana et al., 2007) 18]
I BF - AEIE A7 (Takehanaet al., 2005) Sof 3t
AFAT BuAAAE, 2 olslel Yt 9 A

~

http://www.fishkorea.or.kr



12 ool wed - wold - ZEs
EAel A3 AFEL Ae) nww u} gl 2.0 &

o]F+= A&%A (hermaphroditism)ol] ] x}-g-o] 4] (gono-

$ATe 254+1°Ce] 20L 32 Bilpxz &7 BIA
chorism)7}#] chekat Al (sex) G3e 7HA T glon, 58 T = e HEh 7 H-3HA]

Alon], 1agt Aol 27]0]AAALE (o] 3HAL=, 150 um)

= 2gA 3AzAHo ANFza® E = HplA =
= gul g1 g R . . . - - -
Z Eﬂ ? E;; u .]b} ° diff —,—0:] ouﬁt‘;]] _']_u};' 2} brine shrimp (A. nauplius )= w3 Fg3ke] AFS3}
-— o) O o, 1l X[3H =
G w20l 4 | ere”t'a_tlon) o Mmal o]x gon, oY £wel JRTL o] ALY AT FUF
& 28F 5 7] dEe) S5 ARFE) A¥s} A%

stlek e wiE]l 228 28k o343k 10% 715

qF o o gzl v A|AElS ALE 4 9 i

H
and Nagahama, 2002). ¥ 3-4-9] o] f& Akg-olAd oz 7) o

o3
A A F7)ed o] AAEW, /fA DAL = B3 v At
23} A A7 7 A A HEE AH AL = dAaR - 5
. . 3. 22 My ¥ &Y
H3}3l= v 23E x-&o|A (undifferentiated type of gono-
chorism)e} =4 v} Aiaz Bilel= 2315 21-3-0]A| 2] s 95k Ase 4 AFRE 24 F 9YA
(differentiated type of gonochorism)2 &%} a22v} o 742 19 ¥4 o= w3 1044 s 5-31n) 7 (Nikon, Japan)
Fo sk 23bs ko] FEisk o] v o3, sl A wMgE v o] 4, e A|71st ¥ Bouin's 4

ol 2447+ TR A7) 31, T0% ethanololl B.E3}c}. A4
oo EEe Ralg I3 33 F 6dAAE 1009}
) mgsielon, 38 ¥ odslel: 50ue), 3k F 129)
RS} 140 Aol &= 20v}e) s shedet Telw ¥3t F 28
sk 6FA L 15uhely TS, Ake AAse

o) 38} 7% 7t ol et Az g2 Jehde (Ya
mamoto, 1969; Devlin and Nagahama, 2002). Oryzas < 4
Al Ee] A4 O, latipes® $1A3te] A 712 QA4
A A £ (primordial germ cell: PGC) 52 A77} A< 213
o] ¢kor}(Satoh and Egami, 1972; Hamaguchi, 1992; Her-

pinetal, 2007), 22 Oryzas 4] &3 ZdZsdxel 23 F 9749 /e 12014 wdskdch w7
= ARA, 4RI 73 2T AAH S deter- A, 7 A 120ke)Re) A Xolg mabelz AWkl

ul o

mination gene) 5ol glo] A& w2 Alo]7} Qe Ao=m
B 353 9)o}(Satoh and Egami, 1972; Takehanaet al., 2007;

A} (total length)S- Wolue] A5 A~=2 0.01 mm7tA| &
Halon, 2o T BES SHUT 2L yhoz

Takehana et al., 2008). £3], O. dancena®] 7% 1 =94 TA A
ol= Eshar AR}, ARA A 3 A (embryo-
genensis) 5 7|ZH gl A - AYESH A7} 7] o] Fof 4. ZRSHM 2N
A A Z-3t Abe) o], 3 o
}_xlz_r_]'—z-l %M% olE B E] B & 14%177;( -7
uleb £ Q7% O.dancenas slFElA SlsiA 7} SARH EAE Al TARE] vsh F LA 2
At AT 2 - 2] AAES A4S Tk Aol
4 29 SAR R AEs] 98k A9 dFtew B 29 o = L
ot 74 W Z=eEiea, E3 F 21 o] T Ao e
Z7| AEste} Aalanbdel Agt A5 5 A A st Al 819 - . N _ o
9 W)} S o] F¢] me] R A7 E5 HES Ev)
' shsieh = 2] Fof|A] B3} 2 7kA] ] JHAEL 6ume]
AR, B3} A FHE L zle{E 8ume| FAZ debgl
M2 2 gk A4 AHS 29l on, Mayer's hematoxylin?} eosing
AHgEte] mRE GAE 8F %, e (Nikon, Japan)
1. AE0 o AR E sl A 733 (Kim et al., 1990). QA4 g #4429l
A&zl M o] 7 A EAAQ 224 BEEu] Ao
13 (N (RTINS PAPN
= Al AHe O dancena= ARSAE oINSl wag oxe sje)el (ARTCAM-300MI, Japan)=. o3 g
A5t FAed A (RFAAEFRE A1) = Al ofell % BAlsledot
U | AR .
A g=let zkdAk A AP 6/ L7t ARSsle] A
o]z oFA3F Zlolth AFESE 5ume] mAZE R o33
A4 D4R 345t 10%7] 55 Al xdle] AlgslHR e

r
W, 20L9 fEl4FoA 25+1°CE §A3IHA FF }

7)(16L:8D) % zAsle] Ak Gwalsich $HR 3
satel s FAE] $18te] A 12vte] (A7) 39.08+
2.97mm), =71 8nje] (HFAAF 41.99+ 1.58mm) S wul A
Zt.

1 AR=7|2bol| E oAl HE

O. dancena2] A& $L& 25+1°CollA R371x]
o 11de] Aa=gv) 23} 2% NA =27 4401024



Table 1. Tota length growth of Oryzias dancena with function of age

up to 63 days post hatching
Age(day) Total length (mm)*
0 4.40+0.24
1 4.43+0.15
2 4.48+0.16
3 455+0.23
4 461+0.22
5 4.69+0.12
6 4.72+0.38
9 5.22+0.28
12 6.23+0.41
14 7.23+0.73
21 8.67+0.87
28 12.95+0.99
42 18.41+1.81
63 22.58+2.73
* Mean+SD
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mm 9.2, 8.67+0.87mmel 21 o|&=z FA3| AAs}
of, 13} F 657 ol 1841+ 1.81mmel o] 22 11, At}
= Al718l 9FA o= 22.58+2.73mm=E. A&y} B3}
2130 zlofof| A Ald7hA] A2 Table 1o el -

SIPRAZEGOR) 283 AAPAIEE TA
309 271 3 ) # OUAYH 43 £ 9Ue

5 Aol WA F, 24 F 597 (33 6 ﬂ)
o QAN ET} TsA = el sk G Apele] -fsha
Sl Aol FARS T, 4 F 0UA) (33} 22 el 2
(gut)3} Sk4174-3 (pronephric duct) Aol o] 41471 4 3
9] (presumptive gonadal area)z. |53 o] ¥A=|gle.

Fig. 1. Representative photographs for HE-stained cross sections of undifferentiated gonads from the Oryzias dancena. (A) Primordia germ cells
(arrow), clearly distinguished from somatic cells, which the size of the cells and nucleusis large and the cytoplasm is dyed lightly, were migrated
to the presumptive gonadal area between the gut (Gu) and pronephric duct (PD) at 9 days after fertilization. (B) Showing active somatic cell divi-
sion and the number of cells increased and resulted in expansion of the size of gonads(Go) at 4 days after hatching. (C) The gonads were separated
from the gut with separate membrane (SM) at 6 days after hatching. (D) The gonads were expanded with more increase in number of cells at 9
days after hatching; however, there was no morphological difference between male and female gonads until this period. All the scale bar indicate

10um.



Fig. 2. Representative photographs for HE-stained cross sections of differentiated ovary from the Oryzias dancena. (A) The morphologica dif-
ferentiation of male and female gonads was first observed at 12 days after hatching and primary oocytes were identifiable at this stage. Scale bar
indicates 25 um. (B) The oocytes in the chromatin nucleolus (CNO) were observed at 21 days after hatching. Scale bar indicates 25 um. (C) Early
oocytes of perinucleolus stage (PNO) were observed and ovary was expanded at 28 days after hatching. Scale bar indicates 100 um. (D) The yolk
granulations (Y G) were observed around the cytoplasm at 6 weeks after hatching. Scale bar indicates 200 um.

AR 2= A=zt & Z7)7F 33 G4 949 54
g Mz T dE 23t Az} s T
+ 545 73 slsie(Fig. 1A).

B3} F 2dA) (S A7 448+0.16 mm)gl Afe &2
AAA ZAME AAE Bo] dof}r] AkgE Ao] H3
Holow, B3} 3 4U4) (7 A4 461+£0.22mm)gl A
Ao AME FGo] B3] doju} AAAe] 7= 4l
A=) glc} (Fig. 1B). 23} &= 69A| (7 A 4.72+0.38
mm)el A M e A E BEo] dojyton A4
27F A (ut)s} HelEe] Hxe] whof Zhxted lodet(Fig.
1C). 23} = 9 (FF AA: 5.22+0.28mm) H= =}o]
o] QA el M= bl o] A A N Z2S7) B S Fo1s)
of A0 =77} oS FeE e o] AlZ|7EA] AR
7 A2 2] FejAQl zfel= FHAFHA] st} (Fig. 1D).

3. Ao B35}

HL

B3 & 1294 (3F AR 6.23+0.41)4)] FHx=2 FE7}

£ 7 S5 U A0 AT R old g
3 F WA e 1A dRAZ7) 3R dazs]
oz FlHew (Fig 2A), 3} & 21dA) (F+ A7
8.67+0.87 mm)e]] 3 <el7] =AM = (oocyte in the chro-
matin nucleolus, CNO)E-o] v}el}r] A|zbsled o (Fig. 2B).
»n3l = 2849A(HF AA 12.95+0.99 mm) 7RA 2] oA
A Aol M= 27] PRA) Z(early oocyte in the peri-nucleo-
lus, PNO)7} a4 Wjel] 715 2}7] Al=}fsted AAae] =7]
% Az} 2959 (Fig. 2C). 654 (& A3 18.41+1.81
mm)e] AN YA 4o F7]7b B8 AlAalg o,
& A M= Az Fie 313 (yolk granule)o] 3
AEe Zlel AAHH(Fig. 2D). 731 F 9574 (H+ A
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Fig. 3. Representative photographs for HE-stained cross sections of differentiated testis from the Oryzias dancena. (A) Sertoli-like cell (SC) and
lobular structure were observed at 12 days after hatching and was not separated from the body wall and gut. (B) The gonad was separated from
the body wall and gut at 21 days after hatching. Note the presence of spermatogonia (SG) and efferent duct (ED). (C) Spermatids (SMT) were

observed at 28 days after hatching. (D) Many number of spermatogonium and spermatid were observed at 6 weeks after hatching. All the scale
bar indicate 25 um.

NN
N

Fig. 4. Representative photographs for fully matured ovary (A) and testis (B) in Oryzias dancena at 9 weeks after hatching. Note the presence of
mature eggs (MG) and the sign of the first ovulation in the ovary, while discharge of many spermatozoa(SZ) in the testis after spawning. Scale
bar, (A) 200um, (B) 25um.
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A 2258+2.73mm)e] A x] Loz ujEle] o]Fo]

How zAsA HF 734 Jeispe] o] o AR o] HAH
st Al A% Qo] wAURE Ze) B9
o} (Fig. 4A)

AL 2712 0 WA F A fRel A B
T 1294 ol FHpEde] FAHAE A Al 25 A
3 (sertoli-like cell) 2} A4~ (lobular) F-z27} A4 ol
A BEFT At ve ¥elE Pl Hw A ok
(Fig. 3A). 812k 338} & 21l g3} A7 o)A
28 ALY PeE FRT 5 dgden AL &%
(efferent duct, ED)o] 2=l A A £ (spermatogonia,
SG)7k B4 ¥ FAskleh(Fig 38). 13} & 282UA ]
7 AAEANE Ah 23 We) JYHEe) o] 2
W3] dojul= A3t A2 (spermatid)E-o] W2 A (Fig.
30). %3 ¥ 65 2] Aol QA& AA) P2 2o
o] HAFH, o o] HYN s} B 2AHE A} A
AzEo] WA (Fig. 3D). A=A 7)Ql #5} F 957
o] 7 AALME AN EE 7o HRHA g3 g

& 5ol A} RRAYent A A% AL A
7 3ol FH 31T (Fig. 4B),
.~

QAPAA EE o] APRHA YA 4] 1A £}
Az pIsA He v 29429 TEHE o)
A EA-& 7}A o} Takehanaet al. (2005)-2 Oryzias 4 13%
& oz ABERIY A At Fie) A%
(monophyletic species) 7&, &, ‘latipes 1§, ‘Javanlcus I
F' % ‘celebensis 1F' o2 gtk 2 = O. latipes
(latipes 15) & 54 = 39A o A= A %*l*ﬂ*ﬂ‘*ﬂi
7} SHaAFRa} A Abelell 9]2]5har, H3PA] 7)ol AYAA 2 L]
HJEB7L o eiAm, L A7lo] AN A Ae) zA s
T2 ARshs HEHA e Aoz B uEgH (Saoh
and Egami, 1972). o] & O. latipesZ djAto 2 AA|APAA 2

o Eo]A<ql vasa -2 mRNA & (probe) =} in situ hybr-
idization (ISH) 7]"§& °]&-3le] UARAHZES] °]F
(migration) oFAbo] A= u} glo}(Shinomyaet al., 2000). =
g vasa §-12kek AsAS 7R medaka®] olvas 542k
£ ol&3te] F7gui7]ellA germ linee] HzE Gl om
(Tanaka et al., 2001), Z|Zoll = o]Be} A ©AIQl =7
w71l A DA 22 4 == Al 2 (presumptive PGC)
o ojdt ® 17} ¥ ¢lr} (Kurokawaet al., 2006). 2 <1+

ZA3} 0. dancenas] YAYRIM 2= $4 F 594 (Stage 33,
Iwamatu, 2004)e] x}L-o =z IzF o] O. latipesic}t =7
W90} Fom ¥ A7E wikom FAMENY Y
°] &5 §3 O. dancena AA|YAA 2ol F3 B} A}
At d77F 28F o= wekgd.

O. javanicus= O. dancenas} 37 < AHEst WlAUS
3 e 54 AL AT AgudeFe 75 wm gk
T AT §ARE 2x(26°0)1H 2 24 el
e A A & A A=) (Kakuno et al., 2001), O.
javanicusell A IAAYAAM 2] 292 F-3F F 59A Abe]
o4 F25o] O. dancenan e} zich wah, A4 4] Fel
4 QRS B3l 3 14056 o] Fold A3} 129
Aol o] Fo]x]= O. dancenart}t %7 vielytt oheba] O.
dancena?] YA|AAA 2] Z&A)7]= O. latipesyol 2]
37, O. javanicus®th= wheky A 231 3 A] O. javanicusk.
o 9H o] FoiAE oz veht d¥st 9 gas e
A8 Hx7) o5 F 2o FH Aoz Ve

oA A¥she Aelalsh s 2 A 9
Fal Zow e 4 9k oE F ASelAY olFe
P83} n sl o PRI, e o) Fe] w¥3ty A
2o o]} Fx]7|%Eo] Oncorhynchus mykisse} Perca fla-
vescens 52 2313 ¢l 7oz W Eglo)(Takashimaet al.,
1980; Malison et al., 1986). O. latipes:= £-3}3] =x}-2-0] o]
W, AAla7} el N YAHE Orydas o) B2 o|%E
s Pel 9% (e2Z)elM FAFT waw wh Qw
(Satoh and Egami, 1972; Hamaguchi, 1992), O. javanicus=
4] ik §3stel shtel 4448 YT B
% »v} ¢lo}(Kakuno et al., 2001). & 9+ Z3} O. dancena
o] 7 ANLE O, latipesst Rre] 1%% AN HAs7]
AAkskgom, 33 F 12904 o - 7k A= ok Fele
YA A 23 H o2 A ge w}a} o) A4
3he 399 Agolalz B
ol AAshe Orydas & 35 5 #H4 A5l 2
% 22 0. javanicuszAx], 26°Col| A -3} & 90%]7%1101] Ak

stl Bl uv} glo}(Kakuno et al., 2001). O. dancena

749 25+ 1°CellA H3} F 60473l 9FA o AlEHE
AlzFsled O, javanicuse} wlawsted Algt =2 AA; 7)71o]
309 AE WE Roz e

Oryzias dancena®] z7| AJE-3he} A4 dd 243
Hew WAL A o 3o YA Pese w3} ¢

12917 e] vehgor, 2 ke 23t 5 9FA o 7l
Aoz vk oela 47 A ez o 9 44
3 AY, A S AR AR 5 sk EA S8
X e 9% 979 J2A=E ATE Ao 479

izrﬂi K
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7} ol Foigeh 28 F 28U ol
GEAE} Bae e, 28259 A sol
o) o BYAES) 1% AT 4 2 A
5 9o ol FolFom, o A17)9] el W3t
o] W HMAe] FAHE= Atz izt AE A2do] whr
Uzt £xe] FRHA $7 AL oA BE 4o
QA EFL A em AR AF ARATE WAz Fol
BAF oo A3t B 2L 27 AR HAe) A4
WS AAA @7 Hac) he wales wa8 Ag
EEE
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