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Cytogenetic and reproductive characteristics of
interspecific hybrids between marine medaka Oryzias dancena

and javanese medaka O. javanicus

Ha Yeun Song

Department of Fisheries Biology, Graduate School of

Pukyong National University

Abstract

Marine medaka Oryzias dancena and javanese medaka O. javanicus are
distributed in estuarine waters-of East to Southeast Asia.

In the present study, induction of hybrid and reciprocal hybrid between
O. dancena and O. javanicus (ODJ and OJD) were performed for
biological and cytogenetic analysis and to induce sex reversal. Back cross
hybrid between female O. dancena and male ODJ were produced for
examine its effect on early embryogenesis.

The egg development and morphological changes of larvae, juveniles
and adults of O. dancena, O. javanicus and their hybrids showed no

difference in the parents group and hybrids. However, there were time



differences from the development stage. Fertilized eggs were incubated at
25 £ 1°C and embryonic development process was observed by light
microscopy based on diagnostic features of the developing embryos. The
time to blastodisc stage was almost identical in all experiment groups. The
development time to the formation of tubular heart stage was 2 days 1
hour 30 minutes which were similar between O. dancena and ODJ. The
time difference began to be observed from the development stage which is
the heart beating stage, in O. dancena and ODJ. The time to reach this
stage was 2 days (d) 4 hours (hr) and 2 d 5 hr 30 min for O. dancena
and ODIJ respectively. In O. javanicus and OJD, it took 22 hr 30 min
from late gastrula stage which was similar in both species. However, the
development' of OJD becomes slower from the next stage to the beginning
of early neurula stage. It took 1 d 6/hr 30 min for O. javanicus whereas,
1 d 7 hr for OJD. The time of the development stage was the fastest in
O. dancena and ODIJ, O. javanicus and OJD followed  next. The O.
dancena was hatched 11-d after fertilization, ODJ .at 13" d, O. javanicus at
14 d and OJD at 15 d.

Osteological development of O. dancena was investigated using cartilage
and bone staining. Newly hatched larvae attained a mean of 4.4 + 0.2 mm
in total length (TL) and, at this stage, the Ilateral ethmoid, frontal,
asupraoccipital and exoccipital already showed ossification. At this moment,
ossification of the maxilla, premailla, pterotic was on process. In pariental
and pterotic, the ossification took place 4 days after hatching at 4.6 = 0.2

mm TL. Calcification in the lateral ethmoid, frontal, supraoccipital,



exoccipital and vertebrae began 9 weeks after hatching (mean = 22.6 + 2.7
mm in TL). Calcification in maxilla, premaxiila and pterotic began 9 weeks
after hatching at 32.1 + 2.4 mm TL. Simultaneously, calcification of caudal
fin, dorsal fin and anal fin were observed. The calcified pectoral fin was
first observed at 9 week after hatching and reached complete calcification
at 12 week. Aggregate bone ossification and calcification of O. dancena
was completed at week 12 after hatching.

Sex differentiation and gonad development were investigated in a marine
medaka species, O. dancena. Primordial germ cell (PGC) was first observed
at 5 dpf and migrated to presumptive gonadal area between the gut and
pronephric duct at 9 dpf. The morphological differentiation between male
and female gonads was identifiable 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 the yolk granulation in many oocytes while testis possessed a
considerable number_of spermatogonium and _spermatid.- The first ovulation
was observed in 9-week-old-females,~and at the same age, males contained
fully-matured spermatoza. Data obtained from this study indicates that the
gonad differentiation of O. dancena is the typical type of differentiated
gonochorism.

Cytogenetic analysis was performed to obtain basic information for
genetic identification of O. dancena, O. javanicus and their hybrids. The
karyotype of all experimental groups showed 2n=48 chromosomes consisting

of 24 pairs of acrocentrics and fundamental number (NF) was 48 and the



first pair carried secondary constrictions near the centromeric regions.
Erythrocyte area and volume of O. dancena were 9.8 + 0.5 pm’ and 18.2
+ 1.0 pum’ respectively, 83 + 0.5 pm’ and 158 + 1.5 pm’ in O.
javanicus, and 183 + 0.5 pum’ and 157 + 13 pum’ in ODJ. The
erythrocyte area and volume of ODJ were similar to those of O. javanicus.
In the flow cytometric analysis, cellular DNA content was 1.8 + 0.1 pg/cell
in O. dancena. Frequency distribution of erythrocyte nucleolar organizer
regions (NORs) of O. dancena and O. javanicus showed 1 per cell (O.
dancena: 20.5%, O. javanicus: 12.2%) or 2 per cell (O. dancena: 78.0%,
O. javanicus: 88.8%) respectively.

The rate of abnormality .in ODJ and OJD was 10.6% and 90.5%. OJD
showed high degree of abnormality such as growth retardation, and edema.
The proportion of males was 90.0% and 31.3% for ODJ and OJD,
respectively. | Although the morphological characteristics of hybrids were
similar to those of O. javanicus, there were no differences ' in the number
of ray nodes andvertebrae-between hybrids.and. parental species. As a
result of observing early ~egg development of the back cross between
female O. dancena and ODJ hybrids, all the embryos were dead at late
gastrula stage.

Bisphenol A (BPA) is mainly used in the production of epoxy resins
and polycarbonate plastics, which is a known endocrine disruptor and
acutely toxic to aquatic organisms. In this study, estrogenic effect of BPA
was investigated on ODJ. ODJ were exposed to various concentrations (eg.

2.5 mg/L, 50 mg/L and 10.0 mg/L) for 56 days. The growth rate,

_|\/_



abnormality and the ratio of female and male were observed in test group
and control group. As a result, the growth was 14.7 £ 2.0 mm in TL in
2.5 mg/L, 13.7 £ 2.5 mm in 5.0 mg/L, 12.8 + 2.5 mm in 10.0 mg/L in
test group while it was 18.0 = 1.2 mm in TL in control group which was
not treated with bisphenol A. The result showed that the growth decreased
as the concentration of BPA increased. The abnormality rate was 13.6% in
control group, 65.4% in 2.5 mg/L, 81.3% in 5.0 mg/L and 98.1% in 10.0
mg/L  which showed increase in abnormality as an increase of BPA
concentration. As a result of analyzing ratio of sex-in the test group and
control group, 6.0% was examined to be interspecific in controls, 76.9% in
2.5 mg/L and 100.0% in 5.0 mg/L and 10.0 mg/L. These results suggest
that BPA has estrogenic effect on = hybrids of O. dancena and O.

javanicus.
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3} 712 a8l A AA A (sex determination gene) Tl U] MZ B

zFol 7} 9l Ao 2 HE A Qti(Satoh and Egami, 1972; Takehana et al.,



i
o

2007b; Takehana et al., 2008). 53], it} FALE ] 4$ &3}, A fr
A 2 Al (embryogenensis) 5 712A Q0 A2 AESE AFTF ALY o]
FOIA A Kgk Adejolth wEkA vtk FAbE o] 7] AEset AAAuy

of B £AE Bl BB % AR B A4RE AASFDA 49

9] &% (genetic stock identification) 1 A& <]

G423 83 ZHo A =71 FATA

2
it
=2
s
e 2
:\o
Jﬁ’i'
Y
o\

E gsl=d Ao vl T 23} (Gold and Amemiya, 1987; Szarski, 1976),
AA TS 22 2 7 Yol AMEEHA oA AR HIEF AX

9 osle] 3] B HE A fHsE 246 Qo) A £49 e

= wsAle] wE g A% A s Eaasts B4 wEsn &

3 o= AgH Qlor, ojfe] AT R 9 ArlE YnHoz

::1

DNA 3tefol| Hl#sle] T 277t S7elEg AME fF713H2 ZHolA u)
$ FT8Al Hal Slth(Szarski, 1976). Esk HIAF A FES 7|+ genome
size?} LA SH #AA 7} 31 (Cavalier-Smith, 1985; Szarski, 1976) 3} 78t
2 AT A Fad gulE ztevty M vl ATK(Gregory, 2001). F H
A Z  nucleolar organizer regions (NORs)2] <7, Az, GAE e 52 &
Q1 &}
Ql(nucleolus)S FAst= GAA EA HAZA RNA FAd #A3t=
ribosome F+AAE & FAst= I o]9 AT dojues FHE olE
banding 3t FXF X3 AAHE HE=dl FLAIEIL UATHHowell and
Black, 1979). 53] o]fF oA %= 185+28S RNA F A}l thdt gene clusterd] ¢
x| e} 7 BHEAO7] wiie] E/ARI AR e JW, AlF, JhA,

&
A E ZF GAA o8 €2 (chromosomal polymorphism)S 77 332 A NORsS-

rr

W ol Qo™ silver stain banding ¥WHo] o] AL&H T NORse=

Ao &83l31 JQtH(Maria et al., 2002). DNA & & (genome size)d] =79



HE Fol Wt 73 DNA S Zal o X3t Jxd ot gk
Hog F/Isttgta RuE up QO (Byrappa, 2003), 53] olFol U
DNA $t&Fo] 7}A}v| pleuronectes platessus 0.39 pgoll Al H 5 Protopterus
aethiopicus®] 132.83 pg (Animal genome size database, 2009)S. 2 F7to] wjf
$ A% A2 YET o] 1 AAVAS FHsiy Bo osHT

Aot FAA = B AP Foll met a3 32 FHE AL 3l

oBL
rlo

AZ §A%E BAS 9 F 2Ho) S FEF AR ol §HTL I

THGold, 1979). @A7FA] BHiid ofF AXA Y 80%c 2n=40~56712] &
A FE AL o, I FoA 35~40%% 2n=4871°] FMA FE 71X
A TH(Animal genome size database, 2009). ©}F <] WAl A F(n)=
Myxine garmani®] 77W(Gold, 1979)l X vdcipenser brevirostrum®] 1867} (Kim
et al, 2004) 7FAl Hi =3 Qo) o] Fo] QA £ 9 P2 s HT F
o] #3tHHA FHAA F7F E0]E5°] 2n=48°] 7|E W or FHH
31, Roberstsonian rearrangement, pericentric inversion 5% 7]%s F3] FAY
Ao EFo] FEHATHL H s ATHOhno et al, 1968). £ A7E
uheh AL} Auh £4bg) D o)E 7o) HE RGE Ee) olE9 £
&, 338 9 /BB 2ASF B A IR AT Ge) 27) B4
NORs %4, DNA #F 9 94 5 2 7 24 58 Fabo A% 7
B2 2Ag Aol vk £Ae Av £ B FE FARAl

de Ang gy S
H| 23 & A (Bisphenol A; 4,4-isopropylidenediphenol)= H =S A| 2], $43
FA, FYTIEYCE T E2tEE Ax d8E 2o|H, 3AFF Al
9 FFo] Axdx AMEEHe WERA 1ds dove Edolth Edh
o] Ed& Txd W9 :ZEASG HE&E AAdME HEd uF o
n

(Brotons, 1995), X|# X5 AME-E I Q1A o] FFe HE A HARA T

o

[:‘



% (atopic dermatitis)S - (Estlander et al., 1999)3l= HoZ deix o).
Tt A A Y tkg ddAE BEE o] FAS A A A
FEFo] wig- Ak HlzFE AVE BA HAUNE Fe HAE 32%,

B350 43%, FFZHol 24% a8 F7] ol 3.5%= Hu" B ot

rr

(TemaNord, 1996). gt A7t} FA7 Foj& dIFo= g AT A
2o A3ste ddZ dEA JoH(Milligan et al., 1998), Bl E A
7} A2EZA aHE Ye ASE ®Budo]l Ati(Lindholst et al., 2000).
wepa BlAdE A QIRERbo] ofd FAMEdE HERA wd=d 2 A
AFAS WESIAL 3o} 2000925 H HFEFEHS} FHFTES YR
FARE g B2 dFEC] o] Fo A7 AFstAT. HIAHE AY
ko] th3k A7 = FA/N Eof(Van den Belt et al., 2003), zebrafish (Kishida
et al, 2001), A1 <AoJ(Arukwe et al., 2000), brown ' trout (Lahnstiner et
al., 2005), turbot (Labadie and Budzinski, 2006), guppies (Haubruge et al.,
2000) ¥ O. latipes (Zha and Wang, 2006; Tabata et al., 2004; Kang et al.,
2002; Pastva et al., 2001; Metealfe et al., 2001; Yokota et al., 2000) & %2
FolA BuEde. ols dATolA viidHE AZE SR AR, A4
ofsl g AA7IHe 7Y §= FEIHAL BuHY. 53] =

2l 0. latipes?] AAXE BIEHE Ad =F A 4hgk 2 £ 59, A}
FE, s AdY BFES &g HE T B2 A7 Hol AN v
A S ez HlidE AV iF AEol mAe dFe EotERT] ¥
g A= EaE vk Qlok a4k o Joll A mlzdE AS ol tiste] A
T T2 FAM=7(Alo et al., 2005), Xipholphorus helleri (Kwak et al.,

-

¢

2001), tHA ¥ SAoj(Arukwe et al, 2000) 5©°] ATt AT o]E Fo thdt
AFE Hl2dE A9 A 7|3to] 39 - 253 AxZE #Fa, FE I3 @
9 2 (vitellogenin)®] =4 mRNA T3 SO dist 237 RaudH A o]g]



o 1R HAH L AN S VA GF] I ATE PEG A
otk #At & olRe 4 AT A o

‘:F_
estroneS ATFH e FHS dFoZ A3 (Yamamoto, 1953) Al 9]

B AFAA Be A7k ololA gk AAT TEEe A Wyow

= 0. latipesE WFo=

= oA 52 AH FAS=E AMY ¥H(implantation method), A& T2
=& Hrtsled AHElsle AT T (feeding method)d} AFSFol] 2H &
ZES &3t s8] A ste A (immersion method) o] oW,
AT FAHI FHAHo| 71 HHEFHOFT ALLF 3 9 TH(Pandian and
Sheela, 1995). 18y A8 24+ Fhol| s 229 YL ABE ofF
b tiAE 8o zlo]E Qlet] oY 7HA] A S22 ol o tgd A
Weo]l @3 5ar Ach(Hunter et al, 1982). o] ] AT A Hlit} A8 S

A+ S 2 methyltestosterone= 0.001, 0.005, 0.025 pg/mle] F% 2 A =] 2] 8t
3 FAZ}= o] FoJH S, estradiol-178= 0.01, 0.04, 0.2 ug/mle] Fx

23t 23 ¢Asts FEHA FUT B =2 559 0.2 pg/mlel
e BE AMA7E $3k617] #eol| HAbe Tl X 1519 E(Takehana et al.,
2007a). WEFA BiTE FAZIE O. latipesSt 2] estradiol X 2]l oJsA] &
Zgl7E o] FoyA]7] o FoE FABEH . AT = vith FAME S
G Ant Ak o] FAS wHiEt] =3 ODI &F JRAel HlZd=
AE APst sfFolAe HizFHE Adl o3 HALEH 7VFES ZASHL

FAo AT JAF He=A] GolH A}l AT



2 Age] Aed ug $AEE ARUlAolZRE 22k (wild-type) )
= 1o B8 FHol AACEASFIAERY A135)
ol saaom, ARAA LT ALt AolZ ALEEATE Al

A=

[o =4

1 Al A8k A1) ApofE 670 dZE ALSSEe] ARE-s)
o FFE S ume A BEHE ARF 5T dESHE
°]& 10% 71+E A=sk ARt oM 20 Lo frefaolM 25 £ 1°C
2 AR FF71(16L:8D)E =4Sk il 124 &shlon, Ab
S5 279 HAALE (]SS, 150 um, 350 pm, 500 pm)9} brine shrimp
(Artemi. nauplivs) S-S TFeAt FALS Fr7] 9Jate] vk $A}
Ze 42l 129 E(BERA: 390 + 3.0 mm)9k 2 8rtE(B TG 42.0 +

wESFRoH, A FAE= 4 1271(F
T4 303 £ 09 mm)ek 2 8RN (FH A 299 £ 1.4 mm)E nlH|A

ofy
>
>,
AU
fr
rol
Hl
:?L_',
o2
-
(o,
’73
J)
=
S
2
X
o
paU
=\.‘=
24
fo
S
i
w
=
i_‘l
il
M
o
T,

oo
ofr

S8

1.6 mm)E WH|A]A kS

2. W
1) vith $Abel o] BhAl A B8k A
(1) ity 2 g ole] du) g

AR AF wk FAe] GA AANA FHES Felstel A



FATHE 25 £ 1°CY 20 L & R3p5x ¢ho X3

(0]
=
rich
N
i
P
9z
¢ ol
k)
o
=)
2
N
b

330 um, Z7]: 12 x 5 x 5 cm)oE HFH S
2 Pt FHEL BAv] A (Nikon, Japan)¥} 353 =] 7 (Olympus,
Japan)o. 2 #FSAEAM FAHE QA2 90% o]ito] FLI dAd =2
S WE VIR 4 dAE TARZH AFE VIEEReH dn Al F
2tE YA " 7w 2 ARTRAY, Japan)E #<3t #2313

1.2, Akx]0f 9] Al #F 9 AA XA

F3hgk Aole ol Alg 2 FAT x7-3llA 27| HAALR
(1BALE, 150, 350, 500 pm)E Y DAPRZ FxEHoT FFIIom,
brine shrimp 4= ¥d T FstH AbgstAn. 24 2 @AY S A
TS 2] flste] W8 A% ~ F3k F 6dAILA, 3 & 9, 14,
21, 28U A 2] Axof9} 6F, 959 12FH JAA 12vtE] A S F29E A
Hale] dgol w3 F, AA(total length)S HojUo] A2z 0.01
mm7hA S8 A, A5 AA & (Sartorius, USA)E 0.01 g T<]71A]
A5k, AR B = AIE LS st Hx FEAVE Lot 7] $s

of oA 20vkE] oF 2 12vEEE B AbSelH AFRE AR5 BEEH

2) 9%
S Golr7] fste 6FA e} 9FTR ] FAH FAHS 42 ety
AE3sle] Z7|nPBAALE(O]BALE, 500 pm)$}t brine shrimp A4S & 3F
o]

rr

)

%A ClFRHE 4F A0 H8 F 19AY} He 8FANA 2%

3} RAE ZRsech



AAole 2A wLWY BAL 95 FHAF AolNE HaF
AR Aol7tA W 20ukel A, 9L, 140, 21959} 28UA Aol
sleld, 6%, 9% aPL 12FAAE erheld 10% 2R PFHAT

k and Kim (1984)%] #Hel wet =4 4SS Fhauct dx dad
A2 dA3) AAS7] st 0.5% KOH &9 3% H,0, &%L 2:19

AR Fo] &F Td -G8t F2 acetic acidE &3] A A7) £
atel 100% — 95% —>-90% — 80% —* 70% ethanol #8S FAAOF |
AR SERen, B2 SRR S 5o +ASAY eoes B
S GA87] A%t 5% KOH €9 5 mloll 0.1% alizarin red s 8§98 15
we wolmal 1647 B AdeAnh QA e TYse 4717
38t 25% — 50% glyceroldll 3hF &<t BH7F & F, ©HAl 75% glyceroll]
%7 olE B AT AAT 71HEOR, 100% lycerols] B 1
#HaEA FREn Aoz AASHA tAE 7iv gz Z959)

Y

i

_10_



Ask7] Aol A 250} vk FAbe A
A FATE Bt 25 + 1°CY) 20 L F2 F35x2 &4 FIAF
om, Rget Aol 27 PAALR(CISALE, 150 um)$} brine shrimpE
AHSEHGTh oW eEok HEEE o A 2 TY

]_
sHAl st e vE & A AHRg 100 71FE AHEs

42. 22 QPR A7) =4
22 Es A% A S #8 AFEH 8 F9dAA 19 HF e

2 i3] 10704 3 33 v Z(Nikon, Japan) st A w43 vlES o] &, Wz}
S A AE F Bouin’s FN 24217 U HA|F| AL, 70% ethanoldl] HE3FNA
oh ApAole] FES F3g S5 H F3 $ 6dA/A= 1007 A L
Aol =us0mte], F3k 5 12¢ A 147 0= 20t
st & 28RS}t eF A 15wk A SR

A=)
o
AAe At RIF oFAL AME Lk S AT 2o PO

219 ¥ AolEE v} FE o|F ] mPRES AAY BF PEW
2 Eosarh #4 AN 2ot HAAAY ANEL 6 ume) FA,

B3l ASHEH AojEL 8§ ume FAZ JHE A4 FAS HEJS

_11_



AT AL L 99 278 FHs A3 vk $Aele] ¢4 4

=
=)
ﬂ}i“
.?‘_',
o
g
T
T
[
e
ki
i
fru
o)
i)
uy 12

=
ghol=e] B56 Fehd UHe ta @S Wolmd F =ussch

ol
fo] o} mtE F, 100% cthanol® 31743k ¥ sorenson buffer (ph 6.8)= 3]4]

m {

3l 5% Giemsa @4 &9 (Fluka, Switzerland)ol] 1083+ G2kt 2 744
T 10070 ol AEFE SAHSANLH, AEF AE E AY FAA @
AL FHv A3 oA micrometerE AF8-SLe] 400u] 9] w2 FSH AT
EHAL A7 (a)(b) /4 (Sezaki and Kobayashi, 1978), 3] 4(a/2) (b/2)>
7/3 (Lemoine and Smith, 1980)2] F2el] <Jstsd Altsttt

5.2. 8+ 9] nucleolar organizer regions (NORs)

NORseS &43}7] 18t nir}y FAbe] o] 24 AFoA ok 242 5mp
g5 "l 7] B oA HIEFE Sgpol=e =g & F7] FollA
AZAAY. 100% ethanolol] 1053 114 3+ 5 2% gelatin -8 <Y (gelatin
solution in 1% formic acid) 300 pl2} 50% silver nitrate -8 2(AgNOs) 150 ul
& & E£Fsto, 49 Stol=d Hojzmelu AMITHEE AT 57C

2 Fon Leol= AxI|AA 7027 BA WL FASAT. WEo]

Pl

_12_



da® F FRFE 2A2WA A4 F FAAvPOE NORs 58 B3

(10008H) 3} AT

53 DNA &3 B4

DNA s #£43t7] 938t Flow cytometryS 3 3tATE vith SAL
o] Z} AT TtEA=Em o e X=nE §F Fx4 Ze} vpol=
ZHANA F4 7R AT F 70% ethanolo] ASAT. F EE
Aol & &, 30 pum filter2 filteringst] M EZTH 15 ml tubeE %%t 1 ml
E mWufio] 1.5 ml wbeZ %7 F 10 plt BoJX=# hemocytometerE ©]-&
s ME £5 ZFsk] 1~2 x 10° cellsymlZ N EFE AFSATh. 947

s

Ach
o
ol
£

< HWE| 3 nucleie extraction buffer (Partec, Germany)E 200 pl

HAolE F FxoA 2083 WeAIA S A ASHAT. Staining
buffer (Partec, Germany)E 1 ml 3 7}sle] GASE & 408 7F 2 A Wk
SA 7T DNA &&2 F4st7] AsiA FfElol AEES 744 &4 23
o 71419 71 257] 918t4 DNA control UVE meangts 10002 o
Fol Fom, peake 1000 7H=5] kL, CV%- g 10 °Jst7t HE==

st & FHlE)] FUY samplesS SH S

N

A & AE g AP EAHES st AFARHE AHEEAH. vio
FAEIE T2 =2 20vkE] Fol 0.025% FX9] colchicine & @] 9
Al &t oF 4A1ZF FF WA ST 4413 F 20vtE]E FFob &

ol mHA7IAL A AE AES F, A=olA A A(0.075M KClyol
1027 A3ttt AZY e AZF24 Axzes "NAZ7E A7A &=

= A5 AE Fol A M(ethanol : glacial acetic acid = 3 : 1)0.Z 33| 2

_13_



2) Aup FARE] ol o gk WAy &)
(1) kg 5l A ole) e wE

e Bl vk £ g

_/':
T 2 Hagrx ke Rigew HileH, Se ojde e} v
2

A Z stk e AF A nig FALE 9 vl kAR et
23 siidrder wEedA 2t GAE AR A S V158
o @n el ¥39 g Avzte F9sta BFs A

1.2, X019 AL -8l FE Y DI A
31t Aloj= ol AME AT TS 27 elA 27 HAALE
(°13ALE, 150, 350, 500 um)S g GAE=Z 2]
brine shrimp A4S W3 FFAth Ao A3 dAE Jg 2 7
e A7) St B3t A5 ~ B3 & 6d AR Apole} 73
d, 149, 219, 284 A AAo] 2] 67 97 JHA 120k A 4
o] AN A EE 13574 A grtE]lE FAE st A (total length)S
Holyo] AR 22 0.01 mm7tA 43, ARFeH = ANEFS 3t
ATk,



(2) AZAFHAsHE 24

21. A8F AF

AT ME 2 o A7 487 Hsf Ank FAE Y kg 4
7z ente] & AR AT uitk SAME S spRRAIE WA =717
Zlo} syringes T3 A AFH7E ofH7] Wil rHEHE AR Fet
W@ ¥, o= =it =2 & 100% ethanolZ I F 5%
Giemsa @2} 8ol 1023t Gttt AT Ax F 3o FAHI} &7
Fatd v 43l A micrometerE AF8-3Fe] 400H] 9] wl-& = SAHHSH,

R 2ot vtk A S e B4 ol gskel AXtatch

(e}

filo

2.2. A& 7-9]) nucleolar organizer regions (NORs)

7] Wl oA Auk FALE] s A seielE " AETE &
grol=o =g & F7] FolA AXAIAT 100% ethanoldl] 10%3F 117
., 2% gelatin &< (gelatin solution in 1% formic acid) 300 pl<} 50% silver
nitrate &N (AgNO3)< 150 pl& & E§sle, 57C2 g5 &efol= A
Z71 A 7023 A RES-S ST Wl g5 E SEtol== 3%

SHITE ZAZHA MAH F B3 SH10008H) 4] NORs 5 #3z+

A = 2 A BAS 317 Yot uigh SA12le FUS W
FystAch Ak FAE A 200kl E FEAYE Fol 0.025% FE=9
colchicine 4ol Yol oo]E 7F3}A 3td oF 42417 F<2F AU, 2l

= AEste] AdR &, A20lM AZ9(0.075M KChell A&7 &, 3%

i)
(o
HU

=

o (ethanol : glacial acetic acid = 3 : )22 33]o] ZdA 1584 1433}

_15_



2
oX,
i
i
i)
e
I
=5
e
flo
(9,
N
Q
@]
2
o
oo
2
K3
O
M
)
2
1=
ol
4%
o
2
- 2
g..:
i_tg

P94 oz Ay, AY=S F4sgr

3 whok SAbESE A SAbE 71O RE, 4N AE R GuelA fE
A2} wajel 27 A= Auk 2 2 dgu]S JeElhE /)5 Table 1

o, O v H
7 2},

()8

1.1. vt} EA1Elel Au Ak 7o) A&

AEFODNE FES]_Shstel vheh Salel G 12vlel (R
37.1 + 1.4 mm)ek 2hik FALE] F2 gvbRl(FH A 398 + 1.1 mm)E 25
£ 1009) 20/ L @e REFzA Asagen, B4t v 124 a1,

Z 710 HAALE (0] SHALE, 500 pm)<} brine shrimpS W3 FF3ATh

)

1.2. 74k 8l (reciprocal hybrid cross) =

A FEQ OIDS f=38k7] 95t Apnk FAbe] oA 120b(HEa A
A 377 £ 1.2 mm)¢} vio; A 3 SubE(HT A A 36.8 £ 2.5 mm)E
ODJ¢} FLd3F WHOo® AlFste] wHlE =38ttt

1.3. L ulf Al (back cross) =

AuaA FE=F 95t nviek S 942 OD) T FHTHoE &
7l A& 71H AAE wejAlA oDDI AAE FEA v $AlE
HA 60vtE] 2t ODJ 20 W& 3 @ 12 FEFE (
ODJ¢} OJD$} FY3 o g AMS3lH wHlES F =3k ch

36 x 22 x 26 cm)°l A

_16_



Table 1. Genotype abbreviations

Species

Breeding

OD

0oJ

OoDJ

OJD

ODDJ

Oryzias dancena @ x O. dancena &

Oryzias javanicus
Oryzias dancena
Oryzias javanicus

Oryzias dancena

Q

£
?
?

X O. javanicus &
X O. javanicus &
x O. dancena &

x. ODJ &

_17_



() A FA}
ODJ¢} OIDE fr=st7] s AP AHaHg A5 nvit FAM S}
Ak FAR Y] A A AN FHTS st MAE FHTES 25 +
1°C9] 20 L & F3lex Qo AX|gh F34(d+5: 330 x 330 pm, Z7]:
12 x5 x5 eoml2 KFHoH, 35e oHee} wRriAE Y3
FAG] #Fe uit FAbE o At FALE ¢ FLEHA ST
ODDJ= AFghsh 259 nity FALe] 42 A AA FHSS 25t
25 +1 °C9] 20 L &

_YE

grxr $10 F
AL 1338 Ao zAEigon, B AR S YA sz
ARE A AT

e

@) AT A=, 9894 =R 989 24

4.1. AT AZF

ATl & Av|ek A2 AVE S48 95t oDl A evtel =
2ol AdWste], vl FAabelel Ak FAbEl el FAR WS ARE Sk
Seol=e] =2 F 5% Giemsa G4 S It HdT Ax B
Aol A AL F3tan A 4008) 9] wlL 3ol A micrometerS AE-3}

o Zgstgon, ERAR P u SAee e FAL ol §a

_18_



42. GAA & 2 Y A

FAA 4 gAY FAES sH7] 98k 207t ¢ 0Dt OJD JHAIE
TR Ao, vtk A F FY5H 0.025% FE 9 colchicine 8
of Yol oF 4A17F ek WASIAT NS HEAEE F, AL AF
H(0.075M KChell A 2]slar 317 N (ethanol : glacial acetic acid = 3 : 1)°.2
35 HA 1584 nAeAT AdE Edtol= FELS 5% Giemsa 8§
o 15&7F AR eH, dAA F= B Pt
309970 B 7t QA F7] EEAS e Ay, 3=
£ 233kt

(5) %Lz‘g] Aé;é} 3l

Ag= dohiy] 918k oDIS| F 3k AFRE 6d4A AMAHE L 30
et ¥, 73t & 9, 149, 21, 28 AAE 150t 4, Fek $ 659 9
T MAE 1208 FERSE AddEste] #olUe] AyFHAE o] 835ty

0.01 mm7}A] H7¢S =4 ot ALt

o
AN

WHE Fal ALE FATA B3 JRAEL oo B 3 A
Z710 HAALE (0] BFALE, 150 pum, 350 pum, 500 pym)E =3 FTF3
brine shrimp A& W3 FFate] 3 & 1257713 A& 3 &
125F7F @ \itek FAR] (Bd A7 369 £ 1.9 mm)ok Awk FAbE] (HA
A% 387 £ 1.6 mm)y= o 247 suhE]d ARRSloH, JEaEolA
OD] (BT AF: 374 + 24 mmE= 45 T2 glo] 10vg¥® A& H
OJD (F1 AF: 389 + 1.2 mm)E 7]|@o] old 7MA 4v]E A&t

-



A Aol S Gake] & 71 (Lidocain/NaHCO3) 300 ppmol] wFHAIZ] 3 9]
=

FZ color APl g Hof ARl WE S H=o M2 5 IS

ZA7E B EES 10% FAE=TY 29100 ml formalin, 6.5 g
Na,HPO,12H,0, 4.5 g KH,PO, 900 ml distilled water)oll 117, R #3}HA
Wolllol Aelw g gt 001 mmA HEAZSE 2 ASYA
242 S

AZ8A 2AS St diT fA A £AEE odes o
(1992)9] wreel o)A Fig. 13 2] A (standard length, SL), F7&(head

AN

length, HL), "% 3l(caudal peduncle depth, CPD), V]* % (caudal peduncle
length, CPL), =% ¢] Z9](snout length, SNL), A iL(body depth, BD), 7} A]
jn] 9} vjR]=gju] 7+ Azl (distance of pectoral fin - ventral fin, P-V), HJ ]
=u) e} SA=u|7F AZl(distance of ventral fin - anal fin, V-A), 7
(eye diameter, ED), TA|:=2]"| 7]F Zo|(length of-origin of dorsal fin base,
OB), SA =& 7|F-Zo|dength of origin of anal fin base, AFB) % H] %]
=2 v 7]% Zo|(length of origin of ventral fin base, OV)E 43Xt}
HL, BD, CPD, CPL, P-V, V-A, DB, OD, OV ¥ OA+ SLol| tj3s}e] W&
2 Jela, SNLZ EDE HLO| thsle] wiEg 2 el A=23 =
AN with FAtE e} Aup FAE O] {og AolE Hole B FHES U
o2 S T2 glc] ODIS OIDE witt SAMe] B AuE FAF &} ttest=
oS A8t YEjstd ARPS ARSI

A-BAL 2437 95te] SA=n), QX =ejv], 1



vtk SAR, Ak $AR, ODISE OIDE ol HFmwks 23 & &
vl stollM HFIZ4E AU
(7) “dHl(sex ratio)

7.1. FEjstE 4

Te® FFH 2o GRlE BHTH 4o Ast7] 918 -3

T NEA AAE FHAAZ 30 v 3rEo 2 R A FA=Y

LI EEREERERNT T
o2 AN ENEgIs] FESHoR G5t He

A
AAT #% FE2 Bouin's &40l AL F HAJ| paraffin dHHo R
8 um FAZ AHsIYch F2S Harris's hematoxylin®} eosin® 2 3} S
™, 333} 1| 7 (Nikon, Japan) 3t An1S #2aprt.

4) H]23|= A (Bisphenol Aol &J3F FF o] A3
() HlzHs A &9 Ax P XA s F7t
B2 H = A (Junsei, Japan)= 20 g/Le] FE==Z 100% ethanolol] 833}
stock solutions A|Z3}e] 4°Co] H#AsHH ALE3HHt 288 F8H S
E7] 95t AF3sE 10% 715 BlAHE A9 stock solutionS 8-3]A]
& &3] BI7IANZ & ALESEAT REFEXANEE(LDso)E A $138)
o oH Fx A4FS stk F3hg A5 OD) Aol & HIZFHE A F
0 mg/L, 5.0 mg/L, 10.0 mg/L, 15.0 mg/Le} 20.0 mg/Loll A 24A17F, 484 7t}

=

Ny
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TAZA vhek Selstel AAbRS 2WBoE 2AbSET

3} 259 ol RE A AHHog HzdFHE Aol 9% oDIY 4
A3s Fxaldnh vlzdE A9 sEv dH ¥ = A%E EUY=
£ 0 mg/L, 2.5 mg/L, 5.0 mg/L, 10.0 mg/LE 3} 5647+ =23}

o, xTo® H2HE AE 4AA ¥ HE FE9 I 49
100% ethanol& 718t vhE A& &9 Azt AMgsiith. 49
71 T F2 25 £1°CE FABIRALH, 15 Lofrd FXAM 7 49
g 500t Y 3RbE O 2 £ty 19 13 AbSTE Srdtior, 7
3t & 594 ZAAl= Z7IP HAAECCISALR, 150 um)E 1Y 53] 2 A
THoIRALT, I o|FEE brine shrimp FAI A WA FHsd A}

Ho
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m. 2 3

1oulTh $A1g0] e TAAESH AT
IRECILE RE RO RIEE

do duE BAF 29wtk ALY ge 789 FH AR
om, WA wg B ALl mE Aol Fe W AZHE Table 29
ek e,

(1) A (Fertilization)

54 F A Bt S FASe dihe TAREEL, B

flo

22 FAo|Y. ket AL o] YL FH Z(chorion)Z d™(embryonic
membrane) AFo]7} o} Bt A StollA FEsty] oelgu, oF 108 ¥
o= Alel7} Holx s FEEJAT. ESH A F(cortical alveoli)?}
T-(oil droplets)7} & HA|e] #HA Qow, FF A7|e}F e d T4

A S 4Z ANl ket TheFshAl WE S TH(Fig. 2, stage 0).

(2) ¥ vt & J(Blastodisc)

T F 3080 Ay XSYH AXE7}F 2 EF(vegetal pole)oll A FEZ
(animal pole) Z°0 & S HYIL, FTE2 ©lo BHH=E AHEF £o02 9
ottt =4 & 400 AU™ F== Fol uijdlo] FAE7] A|ZFeho

ol &3] wjnko] A = ATH(Fig. 2,

-

(Fig. 2, stage la), &4 & 1A|3}

stage 1b).

(3) &7 (Cleavage)
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3.1. 2 M3 7](2 cell stage)

IAIZE 304, 3 WHA] F(cleavage)©] ©]F oA wjnke] T
H

2~z
T4

F97F Ao 2 olFwRE 2MEV7F HAS W (Fig. 2, stage 2), T WA
wH&o] AzE 7] A & (blastomere)d] Fo|7} o|HTh ©] HHFH A= A
| #&= AT

o
>

%]

32. 4 M3E7](4 cell stage)

FA T 2Nz 5 owA dEo] $Ad] o] Fo)A 2 AE 9 FFE]
Al o] 5 &= o] 479] =2 v AThFig. 2, stage 3).

3.3. 8 A E7|(8 cell stage)

FH F 3AZ 4 XY G Eo] T A WA BT gty 3
A olsEE o) 87l = U A (Fig. 2, stage 4).
4. 16 AIZ7](16 cell stage)
FA T 3A1ZF 308, e o] dEe] =3 43 wEko g o]F
oA 16A2717F H A &9 A717F Zobs th(Fig. 3, stage 5).

3.5. 32 AIE7](32 cell stage)

S T 4N 308,16 AE7Y 7HE Agdedd 12719 dte U
Hol 2479 32 HAYn, AU A FTE 2502 FAH 89
T2 Yol 5 32719 &2 UHUATK(Fig. 3, stage 6).

].

ol

W

_‘

(4) 734 7](Morulation)

4.1. 7] 744 7](early morula stage)

%

R F SAZ 0%, FFEC] 3 - 4802 F FHE 0T Eamm,
Wl gAele] GTEQI - 240 BHE FHE oWk BT £E 4
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Table 2. Embryonic and morphological development of Oryzias dancena

Developmental stage Time (after fertilization)
Blastodisc formation 01 hr

Two cells stage 01 hr 30 min
Four cells stage 02 hr

Eight cells stage 03 hr

Sixteen cells stage 03 hr 30 min
Thirty-two cells stage 04 hr 30 min
Morula stage 05 hr 30 min
Blastula stage 07 hr 45 min
Early gastrula stage 13 hr 15 min
Mid gastrula stage 16 hr 45 min
Late gastrula stage 21 hr 30 min
Early neurula stage 1 day 06 hr

Late neurula stage 1 day 07 hr

2 somite stage 1 day 08 hr

4 somite stage 1 day 10 hr 30 min
6 somite stage 1 day. 13 hr

9 somite stage 1 day 22 hr
Formation of tubular heart. stage 2 days 01 hr 30 min
Start of heart beating stage 2 days 04 hr

Onset of blood circulation stage 2 days 13 hr 30 min
Onset of retinal pigmentation stage 4 days

Gill blood vessel formation stage 4 days 20 hr
Formation of visceral blood vessels stage 6 days 12 hr

Heart and spleen development stage 8 days

Just hatched larvae 11 days

Juvenile stage 21 days

First ovulation stage 63 days
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42. 7] 744 7](late morula stage)

T8 F 6AIZE 455, 7Y ATI7E 7] FATINA Bo § AopA|a
s bRl Be] +G5 - 407k ZrhERO, BFE] 4 - 5He
2 HAAHh(Fig. 3, stage 8).

(5) )l 7](Blastulation)
5.1. 7] 34l 7]|(early blastula stage)
+4 % TN asE, BT 277k F21 AR He) Folalg ol s

Eetal, wiRk<(blastoderm)©] EORAIAL FA Y] BEEATHFig. 3,

5.2. 7] 3¥ul}7|(late blastula stage)

T T ONZE wiwrge] Al&siA 'a FAEA FAEG Gui ) o
27] A +3 % 1A%kl wiRke) 712k (marginal cell)7t A &5 £o
2 SetA 71 AW Zd = ATHEg. 3, stage 10).

(6) 3¥ll 71(Gastrulation)

6.1. 7] Ful7] o] %l 7 (pre-early gastrula stage)

T4 F 1A 30%, viEksde] v8 Zo 2 SPAEH™ T ghobdlth
(Fig. 4, stage 11).

6.2. 7] ‘3Hl] 7](early gastrula stage)

T4 5 13AIZF 15E, HigEgo] ofEor AL FAEo] Tk o
o] ] X (epiboly) F’dS A3t ATHFig. 4, stage 12).

dHl 7] o] @A (pre-mid gastrula stage)

TA = 1471, 95 @] Iy HHA winkdo] FY of 135 |
Aok P el < (dorsal lip)©] YEFSES ™ B <5=(embryonic shield)®] =77} &
7} S th(Fig. 4, stage 13).
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2
o)
x
ol {4

6.4. 7] 38l 7](mid gastrula stage): 4 T 1643+ 455, uj
o] 12& YA TH(Fig. 4, stage 14).

6.5. 7] @ul] 7|(late gastrula stage)
T 21A17F 30, wiRke] o] 3/4 &
g Aoz AW, o] GAZA Hiwte] A& d&EE A Wi
9} A| (embryonic body)”} WEFSITH(Fig. 4, stage 15).

3913, dol ) B

HV‘

a
O_u

(7) 7133 d 37 (Organogenesis)

7.1. 7] %174 ul(early neurula stage)

TH F 1Y 62t eF2 Hiwkgo] AES &% dr]a d&dS A9 ¢
Sk wiAzZE BesiAl e A Al e #elvk F4 AT Kuffer's
vesicle©| W A| o] #e]Zo Al 2= I TH(Fig. 4, stage 16).

7.2. 7] %174 Hl(late neurula stage)

24 F 1D 7A%, WAY P FR B %Te] 3 (rudimentary

i
)
N
sl
£
1
o

4
I

eye vesicle)©] "W}ERLAL, Kuffer's vesicle®] =717}
o= o}& 3 HEo| L (blastopore)S Tt Q= Ao #AFAY
(Fig. 5, stage 17).

7.3. 2 A& 7](2 somite stage)

T 3 1Y 8AI7E U¥ZE A H(optic lobe)oll A E(groove)©] EFGEIL,

G778 A3 23 th(Fig. 5, stage 18).

7.4. 4 A A 7](4 somite stage)

TFA T 1¢ 10717 308, X (optic vesicle)?] U 7|(placode) &S ™
oA #FAsFOoW, A, F¥, F(the fore-, the mid- and the
hind-brain)7} 78 ¥ 1 th(Fig. 5, stage 19).

7.5. 6 AA7](6 somite stage)

g
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T4 F 19 13A%F, bETF T E o] Shaf(optic cup)Zt #EEH AT A
2 (otic vesicle)$} #Z(lens)7t A E7] A&t HY A RiEo] &
THEEJOH, A Z(body cavity)o] T (yolk sphere)e] 3EHo| UERSTH
(Fig. 5, stage 20).

7.6. 9 AA7](9 somite stage)

A 5T 19 2243 Ao Fx FEAAA FAAEYoH,
(melanophore)S©] F& o] Uehr] AL, 2 U
gl =7} YEbS oh(Fig. 5, stage 21).

7.7. A&7 ¥4 SAl(formation of tubular heart stage)

2

ot
Hel

M
o 1
2
rok

T4 5 29 ARE 303, 7 o] vk g el i (blood vessel)o] T
Aol FAHUJL, +E Stdls 2 FI3o =7 FHHAT. Kuffer's
vesicle®] =717} 25 =959 oH, A (blood island)S 23} tHFig.
5, stage 22).

7.8. AZduk

=

o

A2} A (start of heart beating stage)
4N 7L, w7k A Ee] w7 G ALY 128 =9

AL, A oFE RatolA wekstAl AAubEel #FEJY. Kuffer’s
vesicle©] 2] ALe}X Th(Fig. 6, stage 23).

7.9. A3 A2 DA (onset of blood circulation stage)

T 5 29 13A17F 308, AFEE o8] d $=3HBlood circulation)
o] AlFENa, dAe A Yo} A (anterior cardinal vein)Z} HJ
59 (dorsal aorta) o= E Tt HiA 7L YT A 58F E#Ma,
Kuffer’s vesicle®] $+713] AMeb th(Fig. 6, stage 24).

7.10. FEFA 4 3 A (onset of retinal pigmentation stage)
T F 497, mE] o] 4HsHA Gl s "ol wjA st

A

o] 3/47hA] A, Wb Ax(retinal pigment)7} A ow, 5



(dorsal wall)o| &= o} oj(guanophore)”} HA AE Ao] BWEHJUT. 7}
FA = "] (pectoral fin)9} H|F-o =A== H|(fin-fold)7} FAHHIL, It
(liver)¥} o}7hw|(gil)7F #ZAEJAoH, 7= grobAa Fare & thFig. 6,
stage 25).

7.11. o}7hm] &b =8 S (gill blood vessel formation stage)

T4 3 49 2047k, oprtmle]l o] =7] AFERAL, Hd(air
bladder)”} #ZEATH w2 WepdMAx o o3 A d@A vl ¢S I
ojxlen, mee 7hAl delo] Folpe 7] AASEATHFig. 6, stage
26).

Hm

7.12. %718 ¥ 7](formation of visceral blood vessels stage)

4 % 62 12407), meA=erizh A5 o] el s TreiA
7 ARAE A St dage] Rapon dww FolsdUnh 4%
o] &HgloH, & wEE =40 Hid(gllbladder)s HU3AT. DA
T WS 247A E$et7] AlFeERlaL, VA=l d o] =3
=] ol= Aol FJNHIJT. F7(oral cavity)o] F7FA &
Hom, e s fA Wl ol FHEA Y. FolmEolst FR
ol N me] & BI7HA I ESFATHFig. 6, stage 27).

A

it

7.13. 417217 9 7] (heart and spleen development stage)

8%, me] £o] AxE AUA FE7HA FFAHAT. F(guy)
BRAow mIgRA=gu] 7| FE(rays)9t T H A Fo] #F
93tk 9 = A AR, A el eAsnE B

| &2 A Th(Fig. 6, stage 28).

o]
ol
X
o
)
%)
g
>
tott
)
Mo
offt

o

o

2) ARl B ool Fe v By
(1) AF-x] o] 7](Larval and juvenile stage)
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A YA wiAZE G2 Qe A wig- et A A FH9 v
F FEe G futete] ofSAIZIo 2, wjA o] me] Fio] WA
2+ E£31 FIHAY. H3 Aoje Aol HF 44 £ 02 mm (n = 12)A

Arzguet nA=euE AHEste FsIAT ZtEA = w9 ng
Azejul o] 7|z #eEEda, mYgA=grlds 7 - 89 7|x7 #F
= I tH(Fig. 6, stage 29). 3} & 3dA ] F3A}S A o FF3HoH o
W) AAS Hd 46 £ 02 mm (n = 12)ATHFig. 7, stage 30).

23 & 219A 0= AAo] Hit 87 £ 09 mm (n= 12)2 ANASI, &
Z3 wjEe] SR Yu 2 RE SA=gn et wjx=euzt 42 fE]Eo
2 Aeguyh wed AT REs Astals BT AT TS o] A
71el meA=gud 1871, sA=2rd 6 - 770, 7FFA=2Hl 9 - 10
A, AA=grle 23 - 24702 gojet FASHA A=zl 7jx7t LD

UH(Fig. 7, stage 31).

(2) el

A
ot
o
O
N
3,
N
i)

W Bt M40 226+ 2.7 mm (n = 12)F A& I
z.‘,:

[ob SIA=ml o] S T3 S

uc)
s
s
—{ru
2
XN
]
ol
N
[r
v
o

A T
filo
i
X
4
ME
i)
+
¥0,
2
£
ol
=l
2L
o
s
W
w
H_
o
W
3
3
=

I
S
N
i

al

z o] wltosw PeA wadt AT 2o FAY AS sz ol

ZEAA AL, 7 - 14RA 7|29 dolrt AA AAEol fA Hlsty
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Fig. 2. Egg developmental stages of Oryzias dancena. Stage 0, Just fertilized
egg; Stage 1, Formation of blastodisc; la, 40 min after fertilization (af); 1b, 1
hr af, Stage 2, 2 cell stage - 1 hr 30 min af; Stage 3, 4 cell stage - 2 hr af;
Stage 4, 8 cell stage - 3 hr af, bd, blastodisc; bm, blastomeres; -ca,

corticalalveolus; ch, chorion; od, oil droplet; na, non-attaching filament.
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Fig. 3. Egg developmental stages of Oryzias dancena. Stage 5, 16 cell stage -
3 hr 30 min after fertilization (af); Stage 6, 32 cell stage - 4 hr 30 min af;
Stage 7, Early morula stage - 5 hr 30 min af; Stage 8, Late morula stage - 6
hr 45 min af; Stage 9, Early blastula stage - 7 hr 45 min af; Stage 10, Late

blastula stage - 9 hr af. mc, marginal cell.
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Stage 16

Fig. 4. Egg developmental stages of Oryzias dancena. Stage 11, Pre-early
gastrula stage - 11 hr 30 min after fertilization (af); Stage 12, Early gastrula
stage - 13 hr 15 min af; Stage 13, Pre-mid gastrula stage - 14 hr af; Stage
14, Mid gastrula stage - 16 hr 45 min af; Stage 15, Late gastrula stage - 21
hr 30 min af; Stage 16, Early neurula stage - 1 day (d) 6 hr af; dl, dorsal lip

of blastopore; em, embryonic body; kv, Kuffer’s vesicle.
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Fig. 5. Egg developmental stages of Oryzias dancena. Stage 17, Late neurula
stage - 1 day (d) 7 hr after fertilization (af); Stage 18, 2 somite stage - 1 d
8 hr af; Stage 19, 4 somite stage - 1 d 10 hr 30 min af; Stage 20, 6 somite
stage - 1 d 13 hr af; Stage 21, 9 somite stage - 1 d 22 hr af; Stage 22,
Formation of tubular heart stage - 2 d 1 hr 30 min af; bc, body cavity; bi,
blood island; bl, blastopore; ea, ear vesicle; ev, eye vesicle; fb, fore-brain; hb,
hind-brain; kv, Kuffer’s vesicle; mb, mid-brain; mp, melanophore; od, oil

droplet; sm, somite; 1, lens.
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Fig. 6. Egg developmental stages of Oryzias dancena. Stage 23, Start of heart
beating stage - 2 days (d) 4 hr after fertilization (af); Stage 24, Onset of
blood circulation stage - 2 d 13 hr 30 min af, Stage 25, Onset of retinal
pigmentation stage - 4 daf; Stage 26, Gill blood vessel formation stage - 4 d
20 hr af; Stage 27, Formation of visceral blood vessels stage - 6 d 12 hr af;
Stage 28, Heart and spleen development stage - 8 daf; cd, Cuvierianduct; gb,
gall bladder; gp, guanophore; gt, gut tube; 1, lens; lv, liver; pf, pectoral fin;

pi, pineal gland; op, olfactory pit; mf, membranous fin (fin fold).
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Stage 29

Stage 31

Fig. 7. Morphological development of the larvae and juvenile of Oryzias

dancena. Stage 29, Just hatched out larva - 11 days (d) after fertilization (af);

Stage 31 - 3 d post-hatching (ph); Stage 31, Juvenile stage - 21 dph; ab, air

bladder; g, gill; gp, guanophore; lv, liver; mf, membranous fin (fin fold); od,

oil droplet; op, olfactory pit; pf, pectoral fin; sp, spleen.
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Stage 32b

Oryzias dancena &
Stage 32

Fig. 8. Morphological development of adult fish of Oryzias dancena. Stage 32,

First ovulation stage - 12 weeks post-hatching; 32a, Female, 32b, Male.
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AA AA BE FASA =759t 12594 165 Alold] AR H]
go] A uehgd, o] A/ Axst FASRA 27

off
o
£
o\N
—|~
E

FA AL A7 uitr $AtEle] AL F3F T (axial skeleton)T
F-& 2 & 2 (appendicular skelton) o2 FESIH N, TFF4HL> FF(skull)}
2 F(vertebag) B SEZH(b)E  FEIAT. FEAZHA =  FH(pectoral
girdle)9} o] 59 A=¥wH], I3 S A u|(anal fin), & A =2]"](dorsal
fin,) ¥ &) X|=¥{1](caudal fin)S X AT}

FHo Z4L T/ (cranium)?} W& F(vesceral skeletal)Z o] Fo] &
o T AIFse F3 T 67AREEH AFEH 23R o]FojHoH,
AR A7 AT z2pxo] @) 7|EEHo e A P} B3 3

T9o] Aol FAHFY SHAMEF(lateral ethmoid), 5= (frontal), FFF

o
i1
QE
3R
v

(supraoccipital) ¥ 2] FFF(exoccipital)o] =3}Ho] Y AS #
Hol HdAeL #HAst Hif(maxilla)e} R HdetE(premaxilla)e] =3}
HRAaL, offYol M= 2 Z(dentary)o] =3}H ATHFig 9A). 74 = (pariental)
I ol (pterotic)> A& Lt F3L & 4AA Ao A I3 AT
(Fig. 9B). 3} & 219858 <ol M5z A Hgo] Hol ¢
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TE Hosta Bx= A3 9 ¥ = (orbitosphenoid)o] #EElr] A2}t
stol, 28l =3HEATHFig 9C). F3 F FANE AFFI
(supraoccipital)©] 7AE3 7] A& (Fig 9D), -3} 9FAAAE 7

7b g AHE AAT =S, G

ZF8FAaL, HF(vertbral column)$} Ago] EF AIshE s dESAT

(Fig 9E). #-3} & 12574 /MAdA s o] FH=3 Waso] F=3t
o

(2) 7FEA =81

A= Y7l (distal radial)> 1YA AojAAMREH F W HFo=Z
A g Aglen, F3 6574 JfAAA R fF3E FEie] =3
o2 Ho|dl At (scapula)Zt 23 (coracoid)®] N= o, WA=
(proximal radial)¥} |E7]=o] =35 Zo] F3lo] 2HEJTh(Fig. 10A).
3t 9FA Al A= WA= A"7IES] €9 dRES WU BE
3=3tE 912 ™ (Fig. 10B), 78 12F Aol 25 ZA=3tH3on, V&A=
Hqr)e] 7z BFEF A =371 o] F o X ThFig.-100).

(3) A =7 v]

AN E, PANE 2 22 FAHC] Qe SA=GEE $5 HF
Aol AESE gele ooy ¥3t AF Axejve Fee mE
25old AthFig 114). %3 5 9dARE A9/Eo] 8% LoMR

B I3ty 7] AZstH oW (Fig. 11B), 28¥A12] A E HA =3
g7)Zo] % F3EATHFig 110). F3F 952 Al E olF HAE3
7b o] FO]A A ko, 28U e} Hluste] WALY| =S| FUb FUFSHA] oF

ko, 71xo EXEol F3HJtHEFig. 11D). 73+ F 12F A= WAL

L
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Table 3. Growth in total length (A) and body weight increase (B) of Oryzias

dancena

Age Total length (mm)* Body weight (g)*
0d 44 +£ 02 -

1d 44 £+ 0.1 -

2d 45 £+ 0.2 -

3d 46 £ 0.2 -

4d 46 £ 0.2 -

5d 47 +0.1 -

6 d 47 £ 04 -

9.d 52 £ 03 -

12 d 6.2 £ 04 -

14 d 72 £ 0.7 -
3w 8.7 £ 0.9 -

4 w 129 £ 1.0 -

6 W 184 £ 1.8 -
9w 22:6 £ 2.7 0.1 £ 0:03
12 w 342 £ 17 0.4 +£0.05
16 w 385 + 1.9 0.6 £ 0.06
20 w 398 £ 1.5 0.7 £ 0.06
24 w 404 £ 1.0 0.8 £ 0.06
28 w 412 £ 2.8 0.8 £ 0.16
32w 415 £ 2.7 09 £+ 0.14
36 w 425 £ 1.5 09 £+ 0.11
40 w 427 £ 1.2 0.9 £ 0.09
44 w 44,0 = 1.0 1.0 £ 0.12
48 w 443 + 1.5 1.0 £ 0.16

* Mean = SD

d, day; w, week



-

Fig. 9. Development of skul of Oryzias dancena. (A) Just hatched larva. (B)
4-day old larva. (C) 28-day old larva. (D) 6-week old adult. (E) 9-week old
adult. (F) 12-week old adult. lateral ethmoid, LE; frontal, FR; supraoccipital,
SOC; exoccipital, EOC; maxilla, MX; premaxilla, PMX; dentary, DE; pariental,
PA; pterotic, PTR; orbitosphenoid, ORS; vertbral column, VC. Arrow heads

indicate the calcification of cartilage.
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Fig. 10. Development of pectoral fin of Oryzias dancena. (A) 6-week old
juvenile. (B) 9-week old adult. (C) 12-week old adult. distal radial, DR;
scapula, SCP; coracoid, CO; proximal radial, PR. Arrow head indicates the

calcification of cartilage.
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Fig. 11. Development of anal fin of Oryzias dancena. (A) Just hatched larva.
(B) 9-day old larva. (C) 28-day old juvenile. (D) 9-week old adult. (E)

12-week old adult. distal radial, DR; proximal radial, PR. Arrow head indicates

the calcification of cartilage.
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Fig. 12. Development of dorsal fin and caudal fin of Oryzias dancena. (A)
5-day old larva. (B) 14-day old larva. (C) 9-week old adult. (D) 12-week old
adult. distal radial, DR; proximal radial, PR; hypura, HP; epural, EP;

phrhypural, PHP. Arrow heads indicate the calcification of cartilage.
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a3 GA AdE FUHS Axdd 52 95 st AAEet gAs
TEEE S 7FAIL AATHFig. 13A).
23 T 29A(HT A 45 £ 02 mm)e Ao]E MAAZAAE AE
do] o] Al#st Aol #EEAoM, 3} T 4dR(HT A 4.
£ 02 mm)d MAANME AAME Edo] s oy ABAire] AVE
A= AH(Fig. 13B). ¥3 & 6dAFET AA: 47 £ 0.4 mm)Q] 7)Ao A
= &g AAE wde] dojgen AT A(guyd EElEo] EE
ol ZFaped 2}‘}}11}(Fig. 13C). ¥3} & oda(HT A 52 £ 0.3 mm) 5
= Apolo] A4 = Ao) 8 At A Al ZE7t oS She A
a9 A7t g&-suEey o AZIZAA GAF £ A L0 e
I Zpol= AFHA FUTH(Fig: 13D).

_

[o)

3 T RIAAET A 6.2 = 049 HE2 13 GEAMET BEF
rzA o2 F1HJOW(Fig. 14A), 3 T 21UAH# A7 8.7 +
0.9 mm)°l] G2el7] HEA| X (oocyte in the chromatin nucleolus, CNO)E ©]
Yebtr] Al2e S ch(Fig. 14B). -3t % 284 A(H - A7 13.0 £ 1.0 mm)
MA L] A AA Lo M= 7] R A E(early oocyte in the peri-nucleolus,
PNO)7} a4 Wjoll 715 2p7] AlFete] AA 4o A7]: A SHE A
(Fig. 14C). 6FA(HT A4 184 £ 1.8 mm)e] AANME AL =7
7 dg% AAsdon, da xFdNe Axd Fud da#e(yolk
granule)°] A== Aol BAEJtKFig. 14D). ¥-3F & 9oFA(HT A
22,6 £ 2.7 mm)®] JRACNA AHFOo = ujgho] o]FolHom

A Gy oe] b Ao A= Aedy b AT Agdo] whAy

7t Aol TEEH A TH(Fig. 16A).
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Fig 13. Photographs for 'HE-stained cross sections of undifferentiated gonads
from the Oryzias dancena. (A) Primordial germ cells (PGC,  arrow), were
clearly distinguished from. somatic cells. The sizes of PGC and their nucleus
were larger than simatic cell “and their cytoplasm were -dyed lightly, and the
PGC were migrated to the presumptive gonadal-area between the gut (Gu) and
pronepopic duct (PD) at 9 days after fertilization. (B) Showing the expansion
of the size of gonads (Go) with rapidly increasing number of cells by active
somatic cell division at 4 days after hattoing. (C) The gonads were separated
from the gut and enclosed with separate membcele (SM) at 6 days after
hattoing. (D) The gonads were expanded further with more number of cells at
9 days after hattoing. However, there was no morphological difference between

male and female gonads up to this stage. All the scale bars indicate 10um.
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Fig 14. Representative photographs @ for HE-stained cross sections of
differentiated ovary. from- the -Oryzias dancena. -(A) Male -and female gonads
were observed first at 12 ‘days after hatching and primary oocytes were
identifiable at this stage. (B) The oocytes in the chromatin nucleolus (CNO)
were observed at 3 weeks after hatching. (C) Early oocytes of perinucleolus
stage (PNO) were observed and ovary was expanded at 4 weeks after
hatching. (D) The yolk granulations (YG) were observed around the cytoplasm

at 6 weeks after hatching.
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Fig 15. Representative-. photographs = for HE-stained cross sections of
differentiated testis from ‘the Oryzias dancena.-(A) Sertoli-like cells (SC) and
lobular structustrueres were observed at 12 days—after hatching and testis was
not separated from walls of the body cavity and gut. (B) The gonad was
separated from the walls of body wall and gut at 3 weeks after hatching.
spermatogonia (SG) and efferent duct (ED). (C) Spermatids (SMT) were
observed at 4 weeks after hatching. (D) Many spermatogonia and spermatids

were observed at 6 weeks after hatching. All the scale bars indicate 25 um.
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Fig 16. Photographs of fully matured ovary (A) and testis (B) in Oryzias
dancena at 9 weeks after hatching. With the presence of mature eggs (MGQG),
the sign of the first ovulated eggs tOE) are seen in the ovary. Many

spermatozoa (SZ) in the testis were discharged.-after 'spawning. Scale bars, (A)

200 pm, (B) 25 um.
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T A AE F=LS 443 + 042 ym, G=LS 280 £ 0.13 pmP LM,
Z 7} 975 + 045 pm> 2 1820 + 0.95 um’ A TH(Table 4, Fig.

(2) 48 +9] nucleolar organizer regions (NORs) 4]
AdT NORs 24 23wt} $A = AZ o 178 2709 NORs7}

el 7 WEE AE A7 2005%, 27071 78.0%= U EFS THFig.

(3) DNA ¥ &4
uatgkz] o), wE] A= v](2.8 pgnucleus)S WHEZTFOZ ALE3le] wjich
A2 9] genome-sizeg 4413 A¥, ME T DNA FHS 1.76 £ 0.09
pg/cells® UE}FSETH(Table. 5).
4) A & 2 A9y 4
A FE AR 23 uigk $A Y £4 " VAl EF 2n = 488
Uetgth 3382 ai-F YA (acrocentric) A 7F 24802 YEl O,
fundamental number (FN)© 48°|th. xR LA| T sk HoA 22 &=
(secondary constriction)?] YEFTE b3t FAA| 5] zlol= YERYA] 2

AL, =7t heteromorphicdt G A= #ET = G ATHFig. 18).
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Table 4. Erythrocyte measurement of Oryzias dancena

Item Cell Nucleus
Major axis (um) 8.82 + 0.45 443 + 042
Minor axis (um) 7.60 + 0.37 2.80 £ 0.13

_,-'-"'____ ___\_‘_-\--_

.

Surface area (um’)~  52.57 + 1.22 975 + 045

Volume (u 26621 £ 1095 \S'zg + 0.95

Fig. 17. Photographs of erythrocytes (A) and silver-stained erythrocytes (B) of

Oryzias dancena. All scale bars indicate 20 pm.
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Table 5. Genome size of Oryzias dancena determined by flow cytometry

Species DNA content“(pg/cell)
Misgurnus mizolepis* 2.80
Oryzias dancena 1.76 + 0.09

* Misgurnus. mizolepis (from Park et al., 1999)
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Fig. 18. Metaphase and-idiogram of Oryzias dancena.

Scale bar indicates ‘10 pm.
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8, Fig. 19A).

(2) A8 79 nucleolar organizer regions (NORs) &4
Apup $AFE]S] NORs ©4 A3 AlE 3 19k 27§ NORs7} YL,
a2 HEE AE F 17} 122%, 27071 88.8%= LFEFGETHFig. 19B).

() AA = 2 AF B

AMAFE EF 2n = 482 YEEFow, 1249 AR
(subtelocentric) 9} 23%-2] AR EUAE 7FAT USITh FNLS 480]%eH,
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Table 6. Embryonic and morphological development of Oryzias javanicus

Developmental stage Time (after fertilization)
Blastodisc formation 01 hr

Two cells stage 01 hr 45 min
Four cells stage 02 hr 30 min
Eight cells stage 03 hr 15 min
Sixteen cells stage 03 hr 45 min
Thirty-two cells stage 05 hr

Morula stage 06 hr 15 min
Blastula stage 08 hr 45 min
Early gastrula stage 14 hr 30 min
Mid gastrula stage 17 hr

Late gastrula stage 22 hr 30 min
Early neurula stage 1 day 06 hr 30 min
Late neurula stage 1 day 08 hr

2 somite stage 1 day 09 hr

4 somite stage 1 day 11 hr 30 min
6 somite stage 1 day 15 hr

9 somite stage 2 days

Formation of tubular heart stage 2-days 02 hr

Start of heart beating stage 2 days 06 hr

Onset of blood circulation stage 2 days 23 hr

Onset of retinal pigmentation stage 4 days 08 hr

Gill blood vessel formation stage 5 days

Formation of visceral blood vessels stage 8 days

Heart and spleen development stage 8 days

Just hatched larvae 14 days

First ovulation stage 93 days
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Table 7. Growth in total length of Oryzias javanicus

Age Total length (mm)*
0d 50 £ 0.2
1d 52+ 0.2
2d 52 £ 0.2
3d 55 +03
4 d 56 £0.3
5d 6.7 £ 0.2
6 d 75 + 0.3
9d 8.7 £ 0.4
14 d 10.0 + 0.5
3w 10.7 = 0.3
4w 12.5 £ 07
6w 17.0-+ 0.9
9w 21.5 £ 0.7
13 w 292 £ 1.1
* Mean = SD

d, day; w, week
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Table 8. Erythrocyte measurement of Oryzias javanicus

Item Cell Nucleus
Major axis (um) 7.71 £ 0.40 3.73 £ 042
Minor axis (um) 6.59 £ 0.55 2.83 +£ 0.18

Surface area (um2)— 4173 & LIl = . 833 + 045
.

F b
Volume (u?;é) 189.34 + 11.29 13‘:8Q + 1.45

Fig. 19. Photographs of erythrocytes (A) and silver-stained erythrocytes (B) of

Oryzias javanicus. All scale bars indicate 20 pm.
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Fig. 20. Metaphase and idiogram of Oryzias javanicus.

Scale “bar indicates 10 pm.

_63_



3. Bit} FAE ¢ Auk FAMY 7Y FE, AT ZFF L JmujA
=
1) vioh kel oh Aup $AbE b FF F AN JF

(1) A 74

ODJ¢} OJDE] A AZhS AN A3 Table 90 YebHAt &
A g w2 FeF wgs AT A btk $Akeeh Ak $AkE 9}
o Fejet A TA Y Aole o, T AlZbe] ZFolzh ATt ODIJ
¢} OJD9] Heolm Ahgd wit} FAbzlel At At ko] A A7k
Hlagh 23 £ T A ko] FAHE STe ZRAT, I olF
Ty GARE o7k e ] AlFstTE R gy s zpx|ole]
o] #ste] #ES A A AFo) e Fe A Wste] o] o]
T FET BT Aol s, B gl A Ak Zpe]7b AT &
A F NZHA Hble] BAEHE S5 BAITE O o)F WA dA R
zkol 7k et Al A V13 @4 GAZMR 9 A7 vtk F
Atglet ODIZF A T 29 AR 30RSE WA &5t fAEIE oW,
o] % ©AIRl A% EFEZIFH vtk FAE7E 29-4A1ZE,0DI7E 2 5A1%E
307 A8 Eo] ODIZ} witb FAME] He =¥ Abk $AHE ¢ OIbe
Z27] SIS 8 F 14A7F 30802 A STTh fAREA O,
1 o] TARE 0IDY ¥ &E7F =8 FAEd Al dA7A A
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Table 9. Characteristics of egg development in interspecific hybrids between

Oryzias dancena and O. javanicus (ODJ & OJD)

Time (after fertilization)

Developmental stage

ODJ OJD
Fertilized eggs 00 hr 00 hr
Blastodisc stage 01 hr 01 hr
Two cells stage 01 hr 30 min 01 hr 45 min
Four cells stage 02 hr 02 hr 30 min
Eight cells stage 03-hr 03 hr 15 min
Sixteen cells stage 03 hr 30 min 03 hr 45 min
Thirty-two cells” stage 04 hr 30 min 05 hr
Morula stage 05 hr 30 min 06 hr 15 min
Blastula stage 07-hr 45 min 08 hr 45 min
Early gastrula stage 13 hr 15 min 14 hr 30 min
Mid gastrula stage 16 hr 45 min 17 hr
Late gastrula stage 21 hr 30 min 22 'hr 30 min
Early neurula stage 1 d 06 hr 1 d 07 hr
Late neurula stage 1'd 07 hr 1 d,08 hr 30 min
2 somite stage 1 d 08 hr 1-d 09 hr 30 min
4 somite stage 1 d 10°hr 30 min- 1 d 13 hr
6 somite stage 1d 13 hr 1 d 15 hr 30 min
9 somite stage 1d22 hr 2 d 02 hr
Formation of tubular heart 2dO0l hr 30 min 2 d 03 hr
Start of heart beating 2 d 05 hr 30 min 2 d 07 hr
Onset of blood circulation 2 d 23 hr 3 dO00 hr
Onset of retinal pigmentation 4 d 06 hr 4 d 10 hr
Gill blood vessel formation 4 d 23 hr 6 d 00 hr
Formation of visceral blood vessel 7 d 06 hr 8 d 06 hr
Heart and spleen development 10 d 12 d
Just hatched larvea 13d 15d
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Table

10. Percent fertilization, hatching and

abnoramlity

in  Oryzias

dancena (OD), O. javanicus (OJ) and interspecific hybrids between O.

dancena and O. javanicus (ODJ & OJD)

Exp-group No. of eggs Fertilization Hatching Abnormality
used (females) rate (%) (%) rate (%)
265 (7) 97.7 94.7 0.8
309 (7) 97.4 93.5 0.0
308 (8) 96.8 96.1 1.4
O(])DD(%(%)X 242 (7) 97.1 88.0 1.9
288 (9) 98.3 94 4 1.1
254 (7) 96.5 94.9 0.0
271 (8) 97.8 91.9 0.0
Total 1934 (53) 973 + 0.6° 934 +27° 0.7 +08
81 (8) 93.8 75.3 1.6
83 (10) 87.5 80.7 0.0
123 (11) 943 78.9 2.1
O(J)J(f})x 78 (8) 94.9 82.1 1.8
73 (87) 93.1 83.9 0.0
83 (10) 90.4 81.9 0.0
38 (5) 92.1 78.9 0.0
Total 573 (62) 923 + 24" 803 +28” 08+ 1.0°
71 (3) 91.6 76.1 11.1
48 (2) 89.6 81.3 8.8
98 (3) 92.9 82.7 11.1
< (ég 70~ (3) 85.7 78.6 14.6
42.(3) 8811 81.0 9.4
95 (4) 91.6 82.1 7.7
64 (4) 85.9 79.7 11.8
Total 488 (22) 89.4 +2.7° 802 + 23" 106 + 23"
71 (6) 775 8.5 83.3
35 (4) 82.9 5.7 100.0
76 (8) 80.3 6.6 100.0
OgD(%)X 85 (8) 82.4 7.1 66.7
68 (10) 83.8 7.4 100.0
66 (9) 81.0 9.1 83.3
76 (10) 80.3 7.9 100.0
Total 477 (55) 81.8 £2.6° 74+ 11° 905 + 13.1°

1

(P <0.05), based on ANOVA test. Values are mean = SD.
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OoDJY AT AE FE=LS 781 + 020 pm, = 6.81 + 0.60 um$Y
3, ¥WA 2 2y 27 4013 + 346 um’ e 177.07 + 22.88 ym’E LHE}
woh A o) A= 374 + 017 um, $EL 284+ 0.19 pmPoH,
AL 830+ 0.50 um’, EIE 15660+ 1.25 pm’ 2 EFSETHTable 11).

ke

42. QA 5 =Ash 9G24
ODJ9} OJD2] modal GMA| == Z4ZF 2n=480]%1 11, NP 24%%9] =}
gnEgA 2 74se] AR NFE 8019tk FRREARE @ Aol A
]_
4

Z

o] BAEow, ot AMA T Zpol= YEREA] gkar, ¢
b heteromorphicdt FA A= AT 4 §lSlar 7AA 2+ AAA 08 &

= HEE A EATH(Fig. 22, Table 12).
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Fig. 21. Comparisons growth in total length of Oryzias dancena (OD), O.
Jjavanicus (OJ) and .%e@) iu_dl'i ﬂcu hybrid (ODJ).
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Table 11. Erythrocyte measurement of hybrids (ODJ) of Oryzias dancena and

O. javanicus

Item Cell Nucleus
Major axis (um) 7.81 + 0.20 3.74 £ 0.17
Minor axis  (um) 6.81 £ 0.60 2.84 + 0.19
Surface area (umz) 40.13 £ 3.46 8.30 +.0.50
Volume (pm’) 177.07 + 22.88 1566 + 1.25
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Fig. 22. Metaphase and idiogram of hybrid between Oryzias dancena and O.
Jjavanicus. (A) ODIJ: O. dancena (?) x O. javanicus (). (B) OJD: O.

Jjavanicus (?) x O. dancena (3'). All scale bar indicates 10 pm.
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Table 12. Chromosome counts of reciprocal hybrids between Oryzias dancena

and O. javanicus, along with their parental species

N ¢ No. of Frequency of chromosome number
Species” O,' © metaphase
Fish
counted 46 47 48 49 50
OD 14 100 13 14 67 5 1
0J 18 100 9 18 72 4 0
ODJ 16 100 15 18 57 6 4
OJD 18 100 12 17 63 6 2

* Genotype abbreviation
OD : O. dancena (?) x O. dancena (3)
OJ : O. javanicus (2) x O. javanicus (3')
ODIJ: O. dancena (%) x O. javanicus (3')
OJID: O. javanicus (%) x O. dancena (3')

_72_



(5) e A}
5.1. 918

9% 24 A% v $AE Ao G FAL W, me) A=

S} SAzeE] 2ol SN B, £ B $8 F 977 A
JH ke o7k B0 exth A=Y A% 439 A=y 7]
z o] whdow getd waste A3 2y e B9 Az Eol

ZepA A @A, 7 - 149A 712 o]yt Al AFFE] Al H gt
23 3 SA=YeE gA4sien, FAY A =Hus dxet dx A
2~ 7

ol¢] FY EFol E7kEA A HEbHH. sA=H Tl JAME FF

o] Zlel wWis) Wil A Auh A= Aol mith $ARE]of WISz}
A L FAE WA oy, e d3e] HE & BT mexgn s
SIA =] Zel A Wstew, F7le] fZlug o AA WA EIY.

vtk FAbE ot 7 2 Aol mgA=eE £ Rl kgAY oyt
Uetus oz b EFAAA UEEH. SR =)o o] FHo] &
ol Hlste] Az Atolrt GFtFA Ak UEsiou, vitk FAabE]el H
st dx Zolok Zdepxl =7t E S th(Fig. 23).
=< ODJ9F 0IDY] YL Fig! 249 et OoDJe] A9 Hwk
Al 9] BES GFoFE ARET vtk $Abe] Bok &bk FabE]e] b
5 b= Zlo g2 yeigen, siA=gu et SA=HA] Ax Alol
bt Ao HlEte] SR AME itk $ALE 9 fANEHAl B E
A YeRG . SRR mEj A =gjv] EREo| =g wrt AstA yEhY
Aup FAE G vl FAS AT 718 A A HF wa F

N
N
oo
S
%)
e
r d

ol JEpten, W eyt A YEuA gm AT 234
Ael7h glgith. oD A% AAe AT A $Ale) Pwe] 54
FAVSIA T Al $A129 fA18 FEle A siEen, 1A
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“gjn] & 2R =gl wlyl opJET £ o WA eyt 3w

249 /1380 FFFA oDIel Ml AR wgow, W 3

FEE 2AHE et vt Sk, A SAE Y FEE JFELE
o AFEAS =43 AFE Table 137 2ot SA=gn] 7|25, 7HEA
=8u 7zxg, SAA=YE] Vx5S mA=gu] V2FE dAeR
ANOVA testE 3+ 23 E& APTolA Aol7b A A skt HF=
FE A A3t SAEIE Hd 28.8 £ 1.0 27-30)8 oW, Aup FA}
Z= i 285 £ 1.1 (27-30)ATtE FFEL] ODI= 28.1 + 0.9 (27-30)°] %
i1, OJDE 293 + 0.6 (28-30)0.2 UEHon, nE HFFgA ztol& o}

ol Hole &L wjx=en] 713 ZDol/AHOV/SL)Z A =& r] 7]
Aol/AZOASLE AFFS 3t Al RS FH A wiA =] 7] 7A]
o} RAA=ew 7137A 9 o7t e nis) 1 FelE R A spAR
ol9] & FEFAAM = Aol7t YEMGA Fkar, vk FALE = 7t F
B35 ztol7t gldth. with SAtg]oF Anp FAke] 7 FEE 2ol Ko
T 34 ASEA SAITELS MA=gr] 713 Zol/AZOV/SL), HA=
Hwu] 71" Zol/AF(OA/SL), A aL/AZHBD/SL), v 31/A]Z(CPD/SL), 73/
FHED/MHL) B F5o] Zol/F7(SNL/HL)°] A tt.

OV/SLRl A% A4S 713 FFoldA mA=eln 7|3 A7tA9] H&

Z vt £ Hi 420 + 2.1%S BP o, vk A8 7 HF 383
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+ 1.9%E5 Yetfo] uvith FAE7E wjA=eue] 5% S F
Ak FAME] BHoh 71 o2 JERTh OA/SLE WS 7|Este F5 0]
oA FA=Hu7H S7A Y vlEZ nigh FAEIE 56.9 £ 2.5%, Awl
SAH7F 532 + 24%=2 A OV/SLH o] SX=8u] 7R ¢REe] 4
ol 7} mit} &AlEl7} Apul $Alg] B 71 Aoz eyt BD/SLES 5%
=] ¢ 199 T 558 W AEE Yehlle Ao =ZA uith $A}
Z7) 343 £ 1.4%RA 3L, AvF $AE] 7 282 + 1.1% 2 YERY vigh A7)
Aup SAbE el wis) ¥ SHES <& 5 AT CPD/SLE VW e 53 A
&5 Uedle o= vttt $AEZE 116 £ 005%™, Auk SAE =
10.7 £ 0.8%=, vtk FALE]7E Zpuk SAk ol Hls) B S SHEH e A
S2 Yeyt EDHLE F3< 7157389 dolo H&E wirh FA}
o} Al FARE 27 38.6 £ 2.8%9F 45.5 £ 2.4%= YERY, Aul FAL
glo] ¢t7Ao] Aozl ulgk Al Hls] 71 Ao = UERgrh SNL/HLE
TS VIR 3 FF0] Aol HIEE Hith FALME= 303 + 4.3%, A
v FAEE 260 + 1.0%= Hith FARES] FFo] Zolzl Aul FAbe
Hls] 71 Ao ' vebyke

ODJE uith FAtE ek A FAHE 1 2ols Hole 7z e A5
FAE o=z Hoe 94 AFBS 3 23 ODI= OV/SLE OA/SLe
A Aub FARE9F P o> 0.05 FESE BT BD/SLE P >0.05 TSR
vtk $AEE o @9k, CPD/SLS P <0052 n®ith $Abg]el gk
ED/HLE P >0.05 FF 22 Aul FAE S%e™, SNL/HLS P >0.05 <

o2 FIAE YEF ATK Table 15).

OJDE uith FAEeF Anp FAME b 2o]lE Hole ZF e A

FAE EoE o Fojok Fod ABE 3 ZF OV/ISLAA At &

oV
AbEl9} P >0.05 3O F Sk, OA/SLAIA] P <0.05 F3=olA] A} &4}
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219} EUdth BD/SLE P >0.05 F=2o=2 vl FAg et @k, 1 ¢
CPD/SL, ED/HL @ SNL/HLS P >0.05 FFoz Z7XE Jegdoh
(Table 16).

(6) 734l

6.1. YISt &4

A= E FAbste] A FH 9 ZAMeE A= Table 17
of etttk vtk Al A H FAHY BlEo] 533 + 7.6% W 46.7
+ 7.6%= UEon, bl SAlEle] AS 483 £.7.6% W 517 + 7.6%%
FFEF A Ul 19 vgz etk o test 27 vioh A9}
Aup FARY 7ol Sk Bl Fol A8l Aol 7t UEhEA] 3kt =9
Eo Aue dAF $F e HZF ODIE 26.7 £ 58%%F 733 + 58%=E
el ARG 79 828 Ad A9 vl&o] =4 yEldth. 0D

%

o,

H]

rr

ANAE AT FA ] HlEo] 36.7 + 5.8%F 633 + 5.8%= LFER}, ODJo
v = A HIste] FHL] Bl Eo] BkANE vty Ak et Aul &
AbElel masi e FZe Blgo] EA Uelkth % test 2% ODIE ul
o FAbE] o Ak FAR] S Al gk FA dHE T foHo R EA
Uetsth OIDE itk FAE], AuE $AE] 2 ODIg%E b AHlel Zpolrt
fle o= Uesth

=

2A3H 24 Astel uteh S, Au $AH 2 159 gEFR
A FRgRos G £AL BT F AYLE LAt 4NE 24
AIHE Table 189] LFERRITE. Hhek SAtels Abuk Fabele

a
groz FRE 459 ARt 2AFH O AR An} AN HG
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= ANy, AL HAE A A 15
HAAL e, 2vteles o= yE
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HFEAo Y, A= Wi 25 =3 (oligospermia)l A2
2 UeEsth 0IDY A5 FHEA dFE 77 guig ] xAbgk A
A A BEEHA FRow, b8 AV A FEE AC A

NA Yelgth T3, FFe AXAE 7R A= F olevtE] T 5svhE
(31.3%)H oW, UM A 107+2](62.4%)0 4 A A A= BFHA &t

£

2) vttt FALE] e} Ak FALR) 7he] Harn) A
) RS, 7] GEA H Hals
AuejA FEF sk vtk $ARE (P ODI (&)e] wHlE T8
=8 g3 s4e FEas A7}= Table 199 JER) ATt
Z7] A Gy R E FEF W E AT AFE Fig 25
o ettt =48 220 § fF77F HEF-EL R o]F8y] AlAst
I, 4 F 5AZF F oAV AvkFig 27A). RS FAdo] 14
27] 74A B el JPH= Sxok JEi7E HzE oy, O olF wAd
ARE zol7b el Y] AFSIA T 2HE Y)Y 2Edte Ak £ F
TAIZEEE 9AIZE 4R GrFsHAl vEttew, AlX e w3 M2 A7|7F
O 2A YEsthFig 27B). 2AI1E71FE 7] BGHl7I7F He 4§ 404
742 958 £ 2.6%° TGOl TAEF FHAE oW, ME FHe &
23 P el A thFig 27C, 27D). 3 F 40417 o]|F o] F 7] dul
712 JPHRom 3d/7EA T o]} o] IYPE A ¢y AR FA
Ht}7} (Fig. 27E, 27F), & FA o] HALsgdt).

%3

Ao
o
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L V. ;‘-‘ff:’l P 7 .
Fig. 23. External morphology ‘of Or dancena and O. javanicus used in
e -

javanicus 8. TL: 35.88 mm.
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Fig. 24. External morphology of hybrid of between O. dancena and O.
javanicus. A - D: O. dancena (?) and O. javanicus (J3') hybird (ODJ). (A)
ODJ female (B) ODJ male (C, D) Abnormal ODJ. E - F: O. javanicus (%)
and O. dancena (&) hybird (OJD). (E) OJD female. (F) OJD male. (G - J)
Abnormal OJD.
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Table 13. Numbers of dorsal, pectoral, anal and caudal fin rays and vertebra

of Oryzias dancena (OD), O. javanicus (OJ) and their hybrids (ODJ and OJD)

Exp. No. of No:of No. of No. of No. of No. of
grou fish dorsal fin pectoral fin anal fin caudal fin )

. vertebra
p examined rays rays rays rays
OD 10 (67) 6-7 10 22-24 17-19 28-30
o) 10 (5) 7-8 9-10 23-24 19-20 27-30
oDJ 10 (3) 7-8 9-10 23-25 18-19 28-30
OJD 4 (17 6-7 10-11 24-25 18-19 27-30

*. Number of female examined
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Table 14. Comparisons of body proportion between Oryzias dancena (OD) and

O. javanicus (0J). Ranges in parenthesis (n=10)

Species OV/SL OA/SL SNL/HL ~ CPD/SL  CPL/SL  CPD/CPL  AFB/SL
(%) (%) (%) (%) (%) (%) (%)
434+12°  58.5£1.6° 31.644.7  11.6£0.7  10.5:13  107.1249  32.0+2.1
D () (41.1-44.4) (56.4-61.0) (25.3-34.6) (10.5-12.4) (8.9-12.4) (99.7-112.2) (30.3-35.6)
40.1+1.4°  544+09° 283432 114403  11.0£1.1  107.2+7.9  32.0+3.1
(38.2-41.7) (53.4-554) (25.1-32.7) (11.0-11.6) (9.3-11.7) (100.7-117.6) (28.5-35.8)
01 (@) 39.7+1.0  55.040.7  25.7+0.5  10.4+09  104+0.8  100.5+14.5 31.3£0.4
(38.6-40.6) (54.5-56.2) (25.2-263)  (9.3-11.7)— (9.5-11.3)  (88.7-122.8) (30.7-31.7)
37.0£1.6 514421  26.6+1.3  11.040.6  10.8+03. 102.546.8  35.0£1.6
O (&) (35.4-39.6) (48.7-53.7) (25.1-27.9) (10.4-11.7) (10.4-11.2) (96.3-111.1) (32.9-37.1)
Species  VA/SL HL/SL BD/SL PV/SL DB/SL OD/SL ED/HL
(%) (%) (%) (%) (%) (%) (%)
b (©) 17.0£0.9  21.9+0.6/ 34615 175%821 - 7.5+0.7 823+1.8  38.6+2.0
(16.0-18.3)  (20.9-22.6) (33.2-37.3) (14.8-21.0) (6.7-8.4) (79.6-84.1) (35.5-41.0)
15.441.8  212+0.5  339+1.4 [16.6+13  7.5+0.3 81.2+18  38.5+42
(13.1-17.0) (20.9-21.9)" (32.1-35.3) (15.3-18.2) (7.2-7.9) = (78.6-82.6) (34.7-44.7)
151410 21.6+0.6 27811 169+1.0  7.4+0.9 82.2%1.5  46.242.9
o1 (® (13.5-16.0) (20.8-22:3) - (26.5-29.1) (15.3-17.7)  (62-8'6)  (80.3-83.5) (42.3-49.6)
14.81.0 214409~ 285+1.0 152+ 7.940.8 80.3£0.7  45.0+1.9
o1 (@) (13.6-15.8) (20.2-22.3)~-(27:2-29.7). (14.0-158) (73-9.3)  (79.7-81.4) (42.3-46.8)

': Means with different superscripts within a column are significantly different
(P <0.05), based on ANOVA test. Values are mean = SD.

SL: standard length, HL: head length, BD: body depth, P-V: distance of
pectoral fin-ventral fin, V-A: distance of ventral fin-anal fin, ED: eye diameter,
DB: length of dorsal fin base, OD: length of origin of dorsal fin, OV: length
of origin of ventral fin, CPD: caudal peduncle depth, CPL: caudal peduncle
length, SNL: snout length, OA: length of origin of anal fin, AFB: length of

origin of anal fin base
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Table 15. Comparison of body proportion ratios of hybrid (ODJ) with their

parental species, Oryzias dancena (OD) and O. javanicus (OJ)

Body Mean value ‘t’ value
proportion ratios  gp 0J ODJ - OD & ODJ  OJ & ODJ

OV/SL 42.1 383 39.2 7.7% 0.9
OA/SL 569 8T 2u We 18.4%% 0.5
BD/SL %) F ) B 1.1 123. 1%+
CPD/SL 11.5 10.7 12.3 8.2% 24 3%+
ED/HL 386 455 | 446 16.1%* 0.3
SNL/HL 0P =26.1 28.8 0.8 2.3

* significant (P <0.05), ** highly significant (P <0.01)

ODJ: Oryzias dancena (?) x O. javanicus (3")
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Table 16. Comparison of body proportion ratios of hybrid (OJD) with their

parent species, Oryzias dancena (OD) and O. javanicus (OJ)

Body Mean value ‘t’” value
proportion ratios @D 0J OJD OD & OJD 0OJ & OID
OV/SL 42.1 38.3 36.9 19.1%* 1.7
OA/SL 56.9 532 50.4 24.2%%* 4.9%
BD/SL 343 282 29.2 22.0%* 1.0
CPD/SL 11.5 10.7 11.2 1.7* 1.2
ED/HL 3816 455 44.8 1.3 0.1
SNL/HL 30.3 26.1 28.1 0.8 0.6

* significant (P <0.05), ** highly significant (P <0.01)

OJID: Oryzias javanicus (%) x O. dancena (3)
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Table 17. Sex ratios of Oryzias dancena (OD), O. javanicus (0OJ) and their

hybrids (ODJ and OJD) by outside sexual characteristic analysis

Group N:I.lai))fzjjh Female (%) Male (%) X12 Qag:aillli;["*
20 55.0 45.0
oD 20 45.0 55.0
20 60.0 40.0
Total 60 533 £ 7.6 46.7 £ 7.6 ns
20 55.0 45.0
oJ 20 40.0 60.0
20 50.0 50.0
Total 60 483 + 7.6 51.7 £ 7.6 ns
20 30.0 70.0
ObJ 20 20.0 80.0
20 30.0 70.0
Total 60 26.7 £ 5.8 733+ 5.8 z
8 40.0 60.0
OJD 8 30.0 70.0
8 40.0 60.0
Total 30 36.7 £ 5.8 633 £ 5.8 z

* ns: not significant, z: P <0.005

Values are mean = SD.
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Table 18. Sex ratios of Oryzias dancena (OD), O. javanicus (0OJ) and their
hybrids (ODJ and OJD) by histological analysis of gonads

No. of fish
Group Analyzed Female (%) Male (%) Intersex (%)
(morphological sex)
oD =2 50.0 50.0 0.0
(2:15, 3:15) ] b '
30
0] (9:15, &:15) 50.0 50.0 0.0
30 90.0 6.7
ODJ Q15, 3uls) 33
OJD* 16
0.0 31.3 6.3
(9:8,:3:8)

* Ten (62.4%) out of 16-not-identified gonad by histological analysis.
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Table 19. Fertilization rates, late gastrula rates and hatching rates of ODDIJ

produced from crossed with Oryzias dancena and O. dancena x O. javanicus

(ODYJ)

Days after No. of Fertilization Late gastrula Hatching
Spawning spawning eggs rate (%) rates (%) rates (%)
1 86 BB 4.7 0
2 131 41.2 6.9 0
3 284 21.5 53 0
4 241 24.5 2.4 0
5 186 62.4 75 0
6 148 29.1 34 0
7 143 44.8 10.5 0
8 342 41.8 4.1 0
9 314 357 1.9 0
10 294 BN 2.7 0
11 323 40.9 0.6 0
12 253 28.1 3.6 0
13 261 24.1 3.8 0
Total 3,006 36.2 £ 18.0 43 £ 2.6 0
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Fig 25. Egg development of Oryzias dancena and ODJ (O.' dancena x O.
Jjavanicus), ODxOD]J. (water temperature: 25 = 1C). (A) Blastodisc at 5 hours
after fertilization, (B) 2 cells-stage at 7-9 ~hoursafter fertilization, (C, D)
Abnormally developing eggs between 7 hours and 40 hours after fertilization,
(E) Late gastrula stage at 40 hours after fertilization, (F) Late gastrula stage at

3 days after fertilization.
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4. FF ¢ vl AHE A (Bisphenol A)d] && HAF f=
1) Hl2HE A oH] 3= 23
H 235 A9 A F5F Potry] 9 o8 43 2% o we
HAFEE Table 207 2tk x4 Bl2HE A 5% 5 mg/l A atollA
= AR AR AAZE gl o, 10 mg/Le] - A E] 72413 o
36.0%7F HAFSFH o™, 15 mg/L A EEe 70.0%7F HAFSFIH 20 mg/L2)
T2 A Aeolle ZE AAZE 2483 who] HARste], vl 2HE A9
WX AFS £ (LDso)E 10 mg/LeF 15 mg/L Abo]¢l Ao & vrebyttt,

2) BFES 71¥E 54
73} 2% 2ol R HlaHE A E3

Fig. 263 Zth dxwo] 4% 3§kE HAFie IS BF 3% 47
18.0 + 1.2 mmZ YERH. HIZHE A A= 2.5 mglE A
A9 150 £2.0 mmZ, 50 mg/Le] A$ 13.7 £ 2.5 mm=Z YEG O™ 10.0
mg/L ATl E 12.8 + 25 mmE VEIL} 2T H2HEs A AT
A A zpol7k BFAEHATE Eh AT AR HIAFE A9 &
=552 AFo] =7 Ao® UEH OB ANOVAES o] &3 S7 387
B2 Ao A hEx+, 2.5 mg/Lsﬂr 5.0 mg/Lve ZH2F gk Zol7b e
O}, 5.0 mg/Le 10.0 mg/LAl A= Fo & ztol7b UdEhA] skt 718 E
ZARE A3 gz E 13.6%% UElgon, vlads A AT
49 25 mgLZ AHEg AFNAME 65.4%= dizTol HlE vl =A U
Elgon, olBtt w7t E& 5.0 mgLet 10.0 mgLolA e 247 81.3%%}
98.1%= AT ‘TE7F FoHEFE J|¥EC] E=A UEETHFig. 27).
ANOVA 34 Ag4d% dxad H2ds A HYT 1F BT fogh
zfo]7F Yo

N
Hir

filo
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Table 20. Mortality rate of hybrids of Oryzias dancena and O. javanicus after

72 hours exposure to various concentrations of bisphenol A

Mortality (%)

BPA Conc. No. of larvae

24 hr 48 hr 72 hr
0 mg/L 15 0.0 0.0 0.0
25 0.0 0.0 0.0
Total 40 0.0 0.0 0.0
5 mg/L . o 0.0 0.0 0.0
30 0.0 0.0 0.0
Total 45 0.0 0.0 0.0
10 mg/L 8 0.0 24.0 36.0
25 4.0 20.0 36.0
Total 33 2.0 22.0 36.0
15 mg/L 15 40.0 50.0 72.0
25 32:0 48.0 68.0
Total 40 36.0 50.0 70.0
20 mg/L 8 100.0 - -
30 100.0 - -
Total 38 100.0 - -
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Fig 26. Growth in total “length*(TL)- of Oryzias dancena and O. javanicus
hybrids (ODJ) treated with different concentrations of bisphenol A (BPA) for

56 days.
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Fig. 27. Rates of abnormalities of Oryzias dancena and O. javanicus hybrids

(ODJ) treated with different concentration of bisphenol A (BPA) for 56 days.
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Table 21. Gonadal characteristics of hybrids of Oryzias dancena and O.

Jjavanicus treated with different concentrations of bisphenol A for 56 days

Bisphenol A Examined number Males attributes
concn. (mg/L) — of male medaka "Normal testis Testis-ova
Control 50 47 3
2.5 x 12 40
5.0 i, 0 52
10.0 2 0 52
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Fig. 28. Histological characteristics of gonads of Oryzias dancena and O.
javanicus hybrids (ODJ) “treated. with different ‘concentration of bisphenol A
(BAP) for 56 days. (A, B) Development of gonads of ODJ exposed to BPA 0
mg/L. (Control group). A, Normal testis; B, intersex testis group. (C, D)
Development of gonads of ODJ exposed to BPA 5 mg/L. C, Normal testis; D,
Occurrence of oocytes inside the testicular tissues. Hematoxylin and eosin. All

scale bars indicate 30 um.
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Fig. 29. Histological characteristics of gonads of Oryzias dancena and O.
javanicus hybrids (ODJ)treated with different .concentration of bisphenol A
(BAP) for 56 days. (A, B)-Development of testis-ova in gonads of ODJ
exposed to BPA 10 mg/L. (C, D) Development of testis-ova in gonads of
ODJ exposed to BPA 15 mg/L. Hematoxylin and eosin. All scale bars indicate

50 um.
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x=To A AREE ODI 507te] & 87 A0l 47 mrE oy, 3 wkErt
ZHd(intersex) S YERJ O, HIAHE AZ A3t & AFTFANA A
o] YElSTHFig. 28A, 28B). HlAHE A FE7F 25 mg/Ldl IEoA 52
olgle] AAALE AR A 76.92%9 40 viErb PHeE yehgon,
23.1%¢%1 129F2]7} Ao ZE YERg oy, A (spermatozoa)w FHEE X oF
A THFig. 28C, 28D). Hl&¥HE A F%7} 5.0 mg/Let 10.0 mg/Lel ZEA
= 52 v T FAL 3 R YA sten, BE A4 THA
o] UERth(Fig. 29).
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B A7 vk $akel, Ak $Ate, o5 F % 2 ZFOD) B A
R FE0ID)S S EARE A3 B AT v FEoE ¢
< Fog JAA-AZGoIATh oY AFlA Bid 2 Oryzias 49
O. latipes®t TE5AFE] 123 Aup $A12le] b A S0 FYs)
A YeEbg o (Iwamatsu, 2004; 2F3} #, 1998; Iwamatsu and Hirata, 1984).

FATY fFol Slof vtk FAlRI= oA A F7U st E FT
E He A7 #2725 L PCAA 4 F LAREAR] F7] Zujriol &
ZE AT O. latipes®] 7% st & F7=E HE AlZIZE F4 F 38 A
7va1el 9 A 7)o B2 QO W (Iwamatsu, 2004), H/F £AFE (26 L 1°0)
AMe 12 MAZI(FAR F 3121 Aol e T FH, 1998). Apuk &
At 2 26CAAM 8 F NAIEASQL A7) Bujr]dl f77t stz
F oj(Iwamatsu and Hirata, 1984), 4% EF 75 7R3 9om, o8 7j
o] fF7Ec] A Y AT F77F He AVe AE 2, bkt
SAHOlA 7HE mE ATl UE Y 550 S 7R S o] [oll
o] Z EAow de A Yot (Mito, 1963) THFHE o] 7tAm| &2 o] Frt -+
E A QA Fe vk =08 Pleuronichthys cornutus= 1719 F1+=
7FR a1 B 315 1 th(Takita and Fujita, 1964). WEFA Oryzias SAAXE

2 AT A e Fol YA TE Fo U A7/ oy Ao

Fahe Qlo] witk FAM QRSO T4 F 1Y At o
latitpes (25C)= 74 ¥ 94rto] H3}38} 3 il (Iwamatsu, 2004), 5 ALY
o] AF F& 260 b 1CstlA 4 F 74A FIeAvt H,
1998). whebA vtk FANE = F-3F Al717F O. latipesETE 29, W& $AHE
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ot 49 =A vEbs T vig SAabE] el 2ol sfigrell A Xste Anp FA
g o] 73} Al7l= olde A7 Aot LI 2= 26 L 1'CollA F
% 109 Hxd] o]Fo|R vt Hil(Iwamatsu and Hirata, 1984)2} 144 49
o] Fo] Attt Kl Z(Kakuno et al., 2001), A7+ A37} N2 AFolstA e
Ytk ol FATS 50%= A3 AT F(saline)oll A HiFSE A
(Iwamatsu and Hirata, 1984)3} 3=l A ] Y (Kakuno et al., 2001)3+ 2}o]=
Bt B AFoME 25CY 10% 717l A Kakuno et al. (2001)3% 5
shAl 144 Aol 3t wepA vigk AR Y AS SRS dEEdE
2 Blaste], WA AlZISE R 77 e 2Es 978 et S

A2 AT & AFoAM =7 FF<d ODJeE OID= 242 133

o

Mt

y
AN 9048%% =7 YEh dA 29 T N =
Ao Z ALsHH, ol o|ff W o A Ex G b HPT
Eol vlg =9 Aoz AZEHT
3t A% Aoje wiok FAMY A9 WAl 44 + 02 mmZE, O
latipes®] F-3tA}oje] Aol 45 mm (Iwamatsu, 2004), A0} A2 9] F-3}
Apolol A Aol oF 4.5 mm (Kakuno et al, 2001)¢1 A} ®lwsle] 2 =}
o7} Atk sHARE, B AFoA bl FAre e F3F Apolo] AvE 5.0
+ 03 mmZ o] AFFH AT A ztol7t AN, vitk FAEEG 2 A
°o 2 eyt obpJe 13} zole] 7= 43 + 04 mm=z v EAbE] 9f
AR TE tiS $AME = Rkl o] A&l 37 1 02 mmE UERG 2
e & &3E Y9 4 FE F MF FZe Aoz UehgthuEry H,

rr
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&) Fol Aol nitk FAE = AAo] 46 £ 02 mmSl F3} 3Y

R
il
32
N
d

oS SAR S A 4ol 2aEHNoH

23 Aoje] Ve AT BFES AVE o =d Aoz Yy

>

(Iwamatsu, 2004; Bt} 3|, 1998).

Z Ax=gu e 7z2= vtk $Ake e A9 Aol 87 £ 09 mmrt H
= 53 5 21494 AAdA 23] FAHEHAS O. latipesl A Iwamatsu
(2004)E stage 439AIQ-AA 10.5 ~ 155 mm A ANA Z+ R =zjn] 9
71Z27F FAET Bastie, w3t H (1998)8) A= 3 - 28
A 7 143 ~ 21.2 mm 1S ARl 2 A= e] vz SRS
FAETa Buste], dF A7 24 YEEth SsHANE wioh S
o} viasiAE 5 A do|7tk vl F Al7]d X 07| =gt o
5 SAHE = bk SAabeleh 22 A7) FsE = 219 Ao 2 A=e] 7
Z7} A BAH A2 olddrtn stk A, 1998), ©]
Al71ol AL 13.0 ~15.8 mm W2 Ao Ao} 0. latipes b= =
ARk vtk FAbE RoE AT wEbA vinh FAEE Kol 2 o] EHE
77V 0. latipes Rt 79 o WEA JeEbGa, tiE SAleleks xol}
AT sEAIRE Aol doloA uitk FANEZE Y 7 F BT o A2
Al71ell x|of7]|Z o ste A & F AU

Hz A A7l Qo] vtk FAbElE R3t & oF 93 2 QHEAT
O. latipes$t & FAtE = F3t § oF 371€o] At Fo Hx Abgho] B
AEAoHE FH, 1998), AHE SAF = 9F 1002 Fol AbeS A AT
31 3 tH(Kakuno et al.,2001). & A3 A 2u} FAR = 93U Aol 4beHS
atof o] d AT fFALSHAl UEb o, vl FAE Y] A = A 7

—_
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Zrol Ak FAlg] Bt ¢F 309 A% wWE Aow vehytit

vtk FAbE Y] RS F3 A5 EH KFAA AR A, A&
of 254 AFsta Ao 2 Uetom, Ak A 23 & 9FR
B A& o] FojAe Aom ey dow AdH ud 2AE
o] Fojxjof & Ho|t} 3l 7]E] AFIA ZE &el &b uith FA
o] et A= Aup S o] 9ldl= ¢lo](Iwamatsu and Hirata, 1984),
e FEo o A At FAEERE o old tiE Hlu A
T7F R ojof & Ja o] vk A7

WA T 2px ol o] 'bd o] &jel mith FAbE[ o} A o] W WE =
2 g g tiste] ol ] 98 AFE TS o7 =4 T
g2 Fol wet oS A S g E =48 AT =35 A7V
of Zpo]7} Atk - AFA vtk FALE S

Bl ztFolx Jdlen, AEdEe Al F3 F 6F A T FF

].

=
ol

P e

2

"
FERE AlFsl R2FA tiRE ] 40| FE3HA. FE Tl 7t
237 WA AHHE X ASH AAGE, FHEE SOl Ao, o
= o] AA% zF5S AF HAsdder Busa Ith(McElamn and
Balon, 1979). Hlt} £Alg] ol me A=#Huls ZtSA=d ]9t FAFEE A7)

of Aol gz EHUT TtEA =X 72 Aol AU UA 45 o
A 713 o] F(Potthoff, 1980)%] 73-%-¢F Futo]l FAME] Rivulus ocellatus
marmoratus (©] &, 1991)¢} FAFSIA S o= F7Ixe] Aol 7 =4
ANZHo] 71g A $EHE SEF o] F(Potthoff et al., 1988)9} XS
o] Atk TA =g FAX=gu] S BE3 AXNYFS FTol o
gt a7k glo] VE B "@r|Ee] A9 ZINA R F5X T (Myung
and Kim, 1984), @2 #}(Park and Kim, 1987) L18]3 5EH(Potthoff et al.,
1988)9} #o] R&x] oA FHEoZ A= FF] Atk T OE &
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-2 THA 7] (Potthoff, 1980)2} HElo] FAFE|(0] &, 1991)9} o] =3}
WAl B7F A TG AXSS dFH FFoz =3 o] Yehd
oh. vith A E AR A $-9F fFAREY, SA=E A9 SR =gr] 2%

&AM FEez yeson, 7z 4= WA FdIsd 7=

AR o|FoHT L Ornyzias 94 A o] BEH Z74 o] #3H
A7k gl Yoz e FEBY v A7t olFoldol & Ao A
e

vty SARE o] 7] AL HEH ZAESIE dolrR7] gt AFE T
Y3tAch AABAAN L= BAY ]
¥2 2334 Hy g2 XAAXe FEEs= dyF EAHLS IR

2
Takehana et al. (2005)2 Oryzias & 13%= Wdo =2 ASTERITH £4&

™,
02(:2
A,
g
i
o2
1x
o
lo
u
{0,
=
kel
o
o
(o,
=

AAlsle] 3709l ©A 5 (monophyletic species) L&, =, ‘latipes 1§,
‘javanicus 15> H ‘celebensis 15’ C.2 U5 1 T O. latipes (latipes
IF)e T8 F 3gAd A GoNAN AABAAEIL AR G Ao
of A&k, F3hA| 7)o XML FESH7) o] FolAH, L Al 7] A
2 AW 2AA Fx4e Aisie AFEHA UG A= BuHG
(Satoh and Egami, 1972). °|F 0. latipessS G oZ WA Y2 AL Fol
A9l vasa F+ZA mRNA ¥ 3 (probe)™} in situ hybridization (ISH) 7]HS 9]
L35t A M EES] o] F(migration) ¥Fo] EAH vl ) Th(Shinomya
et al., 2000).5=3F, vasaf- A2} &3S 7FA+= medaka®] olvas 3 AS
o] &3} 7] 7|9l A germ line©] ¥ZE O™ (Tanaka et al., 2001),
2ol olBth b GAQ U7 AAAXAERE FHHE AE
(presumptive PGC)ol] thgt B 7} vkt ¥ th(Kurokawa et al., 2006). ¥ A
T 23 vigk FAR Y dAAAAEIE 8 F 5YA(Stage 33, Iwamatu,

2004)° Aoz #EAEO 0. latipes BT =4 Sd3AT. doz B A
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ngos FAYENE BA HES 5wt Sk A4
T B Bk AAF A7V BLT Qo= Bawoh
Al $ARIE vk $A1I9 @ H2 ARG AU A 54

A4S Yt GEdo)FE F5 B t(Inoue and Takei, 2003; Kang

>

et al.,, 2008). & AP FAFSE 2E(26°C)0l A A EH B4 ulHo] 93]
A A wraS A A3 (Kakuno et al., 2001), AHE} A o)A QA
AAAEZ FHL F3 F 594 AojolA #FFE] uit}h FAERG =
AEse F3 & 149A 0l o] Fojx AE
s7F 12d A o] Fo A= vtk FAEEY A UER tH(Kakuno et al,
2001). wEpx viek FAR Sl YA A ME S Z8 AlV= 0. latipesE.T}
3, Aul At RoE wsiow AgiRshk AA] zpuh SAMEET
FoAAE Ao veht dEst 2 A4LE o X3
21 o2 JERH.

7o AEste A-&ojA et drEA B AU oEsE wo=
Uz F dth olE § AselAd of= B vEsor LR
o, B2 oJFo] m&sy g oA ey F-AMEA Oncorhynchus mykiss <}
Perca flavescens 5o #3189l AS 2 Wi1% Sl tH(Takashima et al., 1980;

oL
o
ke
ok
o2
1>
o
1o,
ol
=
1o
i

A

= =
T 5

Ay

<7} o]

it

Malison et al., 1986). O. latipes= w+3}8 Ap-g-o]Ao]n, 247} FZo A
FAREE Onzias 59 TE oAFTEHAE 2 IH(QLEFR)NA F4Et
B 3y¥ w} )3 (Hamaguchi, 1992; Satoh and Egami, 1972), A¥} FAlE]&=
B el wdash §%ed shte A4sE d4adn mnE H Y
(Kakuno et al, 2001). ¥ A5 Ay vtk FAEY A5 AHEhs 0.
latipessh 0] LEEAN BAHY) AAFAom, $5 F AA 57
Az o2 gue A4HEs 2450z AUyl e B oo 44
& B B33 Aoz AdEn

1_4

¢
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=

A5 7R A8E

)

o Xstetd fAdA A wet 2A FHe-H

THArai, 1988; Purdom, 1976). = A3 o | with AR e AnE F
Ate]l ZF(0D)), ARE $AE e wiog $AR] ZFS(0ID) FAHEL 44
89.4%9t 81.8%% Flojwo g ARG itk FAME (97.3%) H AHE FAHE
(92.3%)¢] F8E&F fFAlstY F Fo] 3oz FABA- 3l
AR HT Oryzias o4 FF A oJXFEH o] Ao . o.
latipes?} O. celebensis®] FEE FE3t9S W, O. latipes= 97.2%, O.

Jﬁ’i‘

2

>

rr

Aow

celebensis= 91.2%, O. latipes2} O. celebensis &% 79.2%, O. celebensis2}
O. latipes &L 94%=Z eI, O. latipes®t O. celebensis 7+5©] 2
of Hls] wtA REyE wk lt(Iwamatsu et al., 1984). O. melastigma®} Av}
A 9be] g Aol F-ECl Ormelastigma®t AvE FAM] FE, A
vl FAM 9} 0. melastigma 5N 2H2E 90.0%2F 93.0%%2 YEFEOH, 2
o2l 0. melastigma?} 97.0%, Av} EAFE 7} 94% = H 31 % th(Iwamatsu
et al., 1986). Wetx FFZEF o Fhol| =L o] FAE Aoz el
wom, & A7 Aot FARSE Z23TE YEFEY. 0. latipes9t A¥E AL
29 FJE AFANAM 0. datipes$t A FAE] JFEE FHE2S 90.0%, Avk
FAHE S} 0. latipes FEL 90.0%= YEIF Zo] 73} FAS T L B alE Y
CH(Hori and Iwamatsu, 1996). O. latipes®} O. melastigma®] F& Aol A
O. latipes®}t O. melstigma TE2 FHELS 89.0%Z, O. melastigmna®} O.
latipes FE&2 90.0%= YEhY HojFd FAFSFATH(Hori and Iwamatsu,
1996). O. celebensis2} A} FAFE]e] FFolX = O. celebaensis®t A} %
A JFHEE 61.2%, A8 A9 O. celebensis FEL 752%=Z o]
Hlsle] ©re =48-S e o](Iwamatsu et al, 1994) & o072 {FATA
7F AL AoZ AR ET SHATE O. celebensis$t O. melastigma®] /&=

& g EFH} FAS FAES YEHHAT O. luzonensis2Fe] Aol A 0.
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latipes$t O. Iluzonensis®] FFET2 100%2] F4&S Yehfo] AgHo=z
FAAAZE =2 A2 YE Wt (Iwamatsu et al., 1994).

vtk $AbEl el Amp S48 2 FEFEY FIeS A% A% bl
SAH7E 93.4%2 7 =A vEste™, Ak FA7E 80.3% 2 EAME U
T} ODI= 80.2%E Atul FAMEISL frofg zbolzh glled, oIDe 7B
Foh&o] 74%2 o3 ODJol ®lsted @A 2A Ut o]d Y
AT O. melastigmast Avk EAbe) o] FE o] F5hgo] 7.0%, Ak HAL
21¢t O. melastigma®] FFL 49.0%=Z YEFG T (Iwamatus et al., 1986). ¥
A A 0IDY 75 74%= °]Fo AT Zolye HiE&S ey
o, ODJo] H3}&0] 802%E oo A+ AHete tE2A =A YEH
ot ol & ARdA oA AT g F FAEA FA AA AFEHA
now, AEAGsFa v FetA kil 10% 7oA weFd ztol2 Alg
o} Oryzias %9 T2 FENAE 0. latipes$t #4ut S o] #2E7 3
O. latipes9t ¥Iok A2 ZHe] FFEo0] BF F-3}51A Estta Hils
A TH(Iwamatus'.et al.,, 1994). Ol= O. latipes®} F Z(Av} A}, vlch $A}
2))o] Xgstd oz zpuk FAbE] 9} vtk Sabe] ko) BART o W Ao
2 Atgdch

vtk $AbEl el Anp $a1e F 25 FEFY N¥ES 2AR 2
vtk SAE A A S 42 0.7%S 0.8%E YERY wi$ B Ve
wom, o3 2ol& HolA skt skAIRE ODI= 71&E°] 10.6%= 3
ol RutE EA ZAME O, OIDE 90.5%7F BT 718 o2 Jehd 7}

e V¥ES RO FETAAY HAFVE S F oo HFIA
A4 Fo = A4 A2 g2 WAYS o Yehuys ez
A2 AT O. latipes®] HFT 718 WY {FH7F AEEn dEEo] o
ojdtta ®ud vl QO™ (Takeuchi, 1960), ©] W& HFIHS E A3 oA
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Jed #% Wgn o Fest A dAstn doh gEEES JF0
NBow s Aol WolF nrh @w, HFo} AQ o) BHIH B

of o3&l Wk 7] o] WAl E = Aolgtal M 313} th(Takeuchi, 1960).

AR AL FHH BHN AT AX B do 37| EAE 1
274 W] folaled W& B AE 2 FE AT FH%H 54

< 93l=d F83HA AFSEA A th(Benfey, 1989). FHE(Q) x HAE(S)
7ro] FE(Park et al, 2004), Jot &0 1He] FHF (H, 1998) 59 AT
AX FF MAY HABF AE F 3o 77 S FAE e =
Aoz HuH vt ok AFNA vt $AHE](Q) x & FAE] ()
%2 oDJo A% AT AE 2 F 7= ANOVAE HA (P <0.05)
A3 vt FAg ks £ 38 Aok slE Aow yEew, Aup &
AbEl st 77ke Aor B, ol ARRE 2 A AR FAS
Aoz YelEth

NORs (nucleolar organizer regions)< ribisomal RNAZE  encoded}=

N

ribosomal geneS ©il %) S UKGall and pardeu, 1969), rDNA 3&Fe] x}o|u}
ribosomal gene®] G} AAIgle] ME w3 A F AT HE ue}
At AT ks Wb g Y AEAXNE GAA Y 4 HVE e

of webx F gk, A ZE, AlE ol Theke FF wel el e AL

o

2 R E S tH(Dobigny et al, 2002; Derenzini, 2000; Mellink et al., 1994).
AP A 322 NORsollA 2uA] interphase stagelA] NORs”7} T4 1~27)
Uelhdtar B uE 3 QO™ (Phillips and ihssen, 1985; Gold, 1984), ¥
ANX= with FAR S Aup FAbE SR flel 12709 FHEA
NORs/cello] £ W= #2= Aot

Flow cytometryel]l ©]3F DNA & 5S4 2 =9 1143 DNA T

& Azl ol AZFA FHBA B sbssihe FHel sl

- 104 -



(Aldrdge et al., 1990). ¥W}t} EAL2] 2] genome sizeE flow-cytometryS ©]-&
st =A% A} 1.76 £ 0.09 pgleells® YEFGTE o] FH o] Aol A
cytophotometry ®'HS AR5t uith FAlE] 9] DNA &3] 1.8 pg/mnucleus
2 BydE v dof(Uwa et al, 1983) ¥ AFAxe} FA3 23yt et
ok AuE FAM] = ] A 9] cytophotometry WH S 0|83} 1.7 pg/nucleuszt
I R I Fo{(Uwa and Iwata, 1981), Blt} $AlE]2} DNA o] A FAF
SFATE Onyzias 49 & F9 DNA FFS A o]dY AFolA O.
latipes$} O. celebensis= EF 1.7 pg/nucleus® R 1% oJ(Uwa and Iwata,
1981), #tth FAE kA FALE]S] DNA @ EFH fFARERAS 0.
luzonensis®] 7%= 1.9 pgmucleus® X 1% o}(Formacion. and Uwa, 1984),
DNA &&Fo] Oryzias 452 & T vlsle =5 © A Yehy sky

L2 FABAL AL AL AlsEH
AEAA BEE AF AZRATY B T 944 & R AP #

A e Aol JEdE FTH(Chevassus, 1983). T NA ] AAA]

al
T B AP Fo WA 2SR o] Fo XM yellowtail floundero}
winter flounder 7+e] &= (Park et al, 2003), ‘g x|} H71EA v 7he] 9
&gk AF(H, 1995w A et v RE] ZF FEol A AF(Kim et al,
1995) sollA Had up vk & AFdAM <= nioh SAbE o Abp S

2 FEIEoA oZ=7F A o) zlol, heteromorphicf‘& SR RS =]

Oryzias %S E7317] 93t Uwa et al. (1986)S A4 B2 WS
o] &3ted 3 FTRY FMA AFCZ Ysir vt Atk Onzias & T 12F9

GUA AP BAs] AT GAA ) AVREFAN GHAR o] FofH

vty SAE], ZwE FARRL, O, hubbsi®] ‘monoarmed 15 FH AANA| 9F
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2 H AAAZ o]FoAR 0. latipes, O. curvinotus, O. luzonensis, O.
mekongensis®] ‘biarmed 1F’'SE UFATH 13 1 - 43Y & FTH 4
AAY AR AAAE JHR= 0. celebensis, O. marmoratus, O.
matanensis, O. nigrimas?) ‘fused @A I5° 22 YT Naruse (1996)
= mtDNAE ©]&3 AFTERFE & 27 ol Al 155 AAste dT+4
HE HustH T 3 Takehana et al. (2005)2 Oryzias &5 % 135S W
o2 3l AFTEFH XS A 3719 @A F(monophyletic
species) 145 ¢! latipes 145, javanicus 15 % celebensis 1502 UF3lo
o, ol Al 2§ JAL - FAAe & #4S T3k o] Fo]Z monoarmed
A2A Q1 javanicus 153}, biarmed FA A Q1 latipes 1 123l fused &
WA E 7FA = celebensis 153 22 A2 H T

Javanicus | Lol &k nith SAbele] @A A EAS F A nt
o FAM Y A 24789 AGRFAA @A Z o]FojA dom 1739
FLA A A 22 P& H-9l(secondary constriction)”} UERL}F o] o] H
et 22 A%E e ATh Ate SAR SF 22 vith AR A F
Atelel A3 A 1 B AHE @A} 238 A G REAA GAAR
o]Fojx Qo m, NF= 485 LB} vin} FAkE] o 1% A}t om, o]
Al o] o AFAdet ZoTh JFA WA B3RS wf, o]dY o
Tl A latieps L5 O. latipes, javanicus 152 AP} FAFE] 2 celebensis
I35 0. celebensiss 7oz AMNA AYS B3 A3} 0. latipesSt
O. celebensis= YA (satellite) AFEF FAAESE 7Aooy}, Aup ALY
= AGF-FAA A 23 H2 FHE VA Je A2 HiuH
o} TS O. celebensist 2n=362.2 GAA| F= Hor} FAMA| =77}
AX ols FMA 7} Robertsonian 2o 2 3 FAH4HEH Ao=Z AZ4HTG

sl Ak FAlEleE F o o 189 e 988 441 dgn B



k]
n
32
o
o,
il
2
=il
o
5‘.:
Hm

o] 2n—489] ATHZ A QA (NF=48)S 7}
A Zol AF 7BFor LA flof, Ant FAIE 0. latipes$t O.
celebensis Bt A& 77k APE 7FAL Aok B Ach(Uwa et

B AP vt Ak Al Ank FAbE e AR AAA oY

S 7FA 3 )9 latipes 15} celebensis 145 EU javanicus 1F-O &3t

5ol Ay NBYL AL s} =& 2o AvA

al., 1981).

A A (sex chromosome)ol] 1] Uwa et al. (1983)2] 1o} B 23 9
ATl vid A= gt @A o] F Aol wEEHA ot
fluorescence in situ hybridization (FISH)F S ©]-&3F- 7oA vl $AE 9]
T2 AAAIRN YEAAE FRAsty] 3te] fosmid FEE ZZ H(prove)Z
ol-gste] g Ao ATHFFUAA FAAL Ftol TRAEE AL gt
2 GAA Aol HE U AT SHAIRE, o] AFolA HA] AAXA Y
ZF BH3E Aol= Holx = FO=F UESTH(Tekehana et al.,
2007a). O. lan'pessﬂr itk SAlgle XXXYS 2e HZ2AF 71FRE 7R A

, O. latipes®] 427 7 AL(sex determination gene)Z 53] Z DMY (the

w
EA

12

DM-domain gene “on the-Y chromosome) -+ A= Ml FALZ oA AJZAA
FAARE 3w x| ol(Tekehana et al, 2007a) SF o & Hlth A e]e A2

3 RS WelE Qo] FETY AR WAUZ AFE ¥ty

2 8% ek S
st At S Ak FA1E 9
ODNe ®AS WA MHIAgT AnALe Foge meld, A
wen) 714 Zol/Agst A= /g ol Tela BTN
g4ol wol Ueon, FEo|golFgME 2 2 F7
49 F72 VA At SAEl 9 vtk Sakele FEOID)S E

gg
I
=
rot
i
i)
=3
iy
ofy
>
v
o 9

rir
e
p)
Lo
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Ak BlwA] mj =] 71H dol/HA, SR 71 dol/dA g
3

A AL/RAFE FYAES Holu, O 9 FHAMe BT EA 7A ¥4
o] F7He YeldAth ODI9F OIDE ©]&8dt AlFdd 9o me]A=gin
BiEe] =@aEs Ha la, A=Y R85 He Mog Wies
E4o] 5 Ant FAE ot vtk FAME ok A 72 Thsekth
o)AMY AFoA FEIA FHoF ALH gF F o= FZo] FEo
A0 Ao 95 Gk A= gk AP FEAL A= blue

catfish®} channel catfish FFolA YEF}™H(Brooks, 1997; Dunham et al.,
1982), catla, catla catla®} tohu, Labeo rohita®] & A}t Hl Al A7/
SAE W AeALAN ARG 1% FEAA WS EE e B
ot} 1 9 FAM e T FdS e AtH(Bhowmic et al., 1981).

gl zArE S8 vl sAke, A SAkel eln HETEe v
Feees 2 25 kg SAele ANk $ADE 95 A 2
533% : 46.1%9F 483% ¢ 517%=2 A9 1:18] w &= Ugon o: A
Hrg zANgez paIdTel AASAG. AW, Do) AuE 3
Aeros AR AR A AN 267%2 SR Mkl e R
H] 1514 £4 Aes AR 29 ¥
S22 Ansh thEdl GRS WS 3% WS WA Uehn 74
7FAE MATE 6.7%, FHO] 90.0%E F2 9 vlgo] w$ EA Ve
ok ol M AFAAM O. curvinotus$t O. latipes®] FES =3 23 FH

FgHRo7 FAL /A MA = ZATFHOZ BA A 21%7F LA Ao

o
o
v
o,
=
32
o
=
oz
1>
F
il
BN
N

of

filo

2 HAFEAOH 0. latipes?t O. curvinotus® FFoAMe= FETHOZ 5
Z1A AA Y 100%7} 4H el Ao 7 85 A th(Shinomiya et al., 2006). ©]&=
o) £ 29 4AY HAAZ LA DMY 947 Aolz 18R 949
X @adsh $7e) Y @A} g2 +29 Xy QUAE TASEA

il
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71€o] & DMY #FAATE JE JRAA @ FEoE WHHAY T
AH A= &= AoZ HE ] thH(Shinomiya et al., 2006). ¥ A4 A}
| vt A S An FAR Y A AZEA 717l XXIXY S ZZ/ZW
2 X & t}=1(Takehana et al., 2007a; Takehana et al., 2008), 324 3%
A7 ob# vt A 9lA ¥k £ Aol A ODIel A e BlE 90%E 9
Zlo wlste] AAsHA A UdEde AR Hol, §19 JF:
o] FEEHE o]XY AF AH{s= HAWHA FASE FE5
Zhe] WHE o] A4 HHAHE Ao E ALEdTh 0IDY ARlE FEst
2 BEF A F79 B9 633%F vl =4 gElgton, 22 8F
Al AL 0.0%= As JEFGA] ko n, kg0l 63%, THO] 31.3%=E
e, YA 62.4%00 A = A A7k A E A Gkth AHIET ofy
2} R3e% 744%= thEEEe] 0ID JQAZE HAEE AR Hol, ole
Zhak Sk EA Y ZweE Bink FAbE]l A Y XY @A AN Fe 4
AA7F Z23E wol 428 FHA WEk ofy g AMA EEA v GAH L

sty Wil o= AAHEY. o)A AT ZAFRA O. hubbsi
o} vl FAMZE MR OE ZZ/ZWeF XX/XY A2% 7&AS 7HAA e
o, ZW XY AE4AZE A= T8 719 JHA olE 7 FY AEAA
7V S 7HAIA Eeval B 189 t(Takehana et al., 2007b). E3F O,
hubbsi€t 24t A7 F4E Z2Z/ZzwW A AR 713E JFAAR, A G

A7y dERe THAA Kok, ol F FY AZ2A A vE A=

F

.:_4

Al

12
S

=
347

rlr

Jo
0 =

Hm o
1%

d

-

Alg @ty BaE ¥l QltH(Takehana et al., 2008). Watx oz o]F F

o 479 FAAE FE AT B ok 0D AN FAA 2D
BE AT QA o] Folxok Grku Yzhech

oDelN FelHow $A BAL AT AR Azl He o

BA7h BAH o), vtk 442 G 0D £ welste] ODDI AAE
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Aiketaizt stk &, 27 R 2 REES A A7 F 139
T EE AV d3d =F FARIET. F8E&S HT 362 +
18.0%9 o1, 37 Jul7174x1 9] HEELS 43 + 2.6%0] EFFReH, 1
o] ol o] WIAo] YA ¢y £ F 3Gnte] BF HASIA T
FAo] o]FojA= AL Z Hol ODJ 7 MAZE A2 FHol AS &
T ARy, FAHE] vg Yol OD] AAie FAEH EHAe} 2
o] A7} vl AL HARFZFOFZ Btk ODDJ /MA S

ZAMS A3 AX EEE 7|8 Hoz X

grol ole HAAIVF HANFHOE EEstd Azle ALz AZAHTL
ODDJ 7RAI7} 718 4 = AAA 2 vtk $A 93 =
A ek oD FAAAA & U X
A 2 XX Z2 XZE o] AAA £S5 7HA= MHE & &

TFolA BE HALSIA L SO 2 Onzias & 5 A4 710 LA 3

E AASIH WHAA, oE 78] FAEH Has, 4EE o9 9
2 PREA T AAUZS BIE AT GAA AL Este] o] Rl
oF @ Rox LM olE FE 424 FA4E WYY TANE

33 BHAE 1 Ae W @ Eag Aoz And
A A PPe AHEH ] ZAF AT uhdk Sabelsh Auk Sk

o] FEQ oDIo] A5 el Aol 90.0%7F FHReE YE, olF )

Ao Az ge B 4R Fgo] WToR AHSHE vk FAlelsh 2
o gAE sk A 02 ez ysgth webd ARg FEES 4%
shel ARl AL IAF FAo] ofd A= AP, AR L i
A wrg A1Ae dadem Y A e Hoss 49 mue
Aga) Sl ODIE tew WadE AR A daERA &

Tl o7t AGS FEstara s ol ATl 0. latipesoll 7
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g F9F 10 ng/Le] V& FEF E2E A3 A3 ZE AV gHlew
B3¥ #} loj(Nimrod and Benson, 1998), &473l a¥E zt= 33 &2
(estrogenic chemicals)©] ]-¢ $& FEME ZfA|o] JTFES v]E 4= 9lof
a2 9ol sl B2 AF7F olFoHT HlzHE A FAHA GAY
A A AF Al 2~ (reproductive systems)ol] H S Friu @O Ao H
I Ao Hl2HE Ad =FAZ T3 Poecilia reticulata (Haubruge et al.,
2000), fathead minnows Pimephales promelas (Sohoni et al., 2001)2} brown
trout Salmo trutta f fario (Lahnsteiner et al., 2005)°l| 4] B 4H 0 A=A} &
4 =, AR B, FAe Y FEET HAST A Hud bk 9l
o =3, H2dE AVF SAH FA AL S Ao sle
™ (Sohoni et al., 2001), A of-vlj gho] HlLH=m AS F&E7L5 735
o] Fo] XA &FAL}, 1.75 pg/Let 2.4 pg/lY F=AE AAHTT By
I ThH(Lahnsteiner et al., 2005). O. latipes®] TolA vHl2IEs A %
SAAS W, F3&o] thxato] Blst

H|2H & Ao A /MAS =

H

12,500 pg/Loll 14 & TS
o #A3A Fasaer, 219 &2

, 9] e Eyitellogenin) @ o] Eobdom, olm HlZ#H =

—

¢

e
>,
bn)

filo
N

Fajel MAE GBS 2AG BT RF F 2443 B Aol w2sE A
o) 96A17+e] WHEXA} FE7) 13,900 pg/LS O ™ (Ishibashi et al, 2005), O.

latipes 3°12] 739~ 13,000 pg/L=Z(Yokota et al, 2000), H|~FHE Al A4
1 O. latipes®] #Foi9} gojol A AA zol7t fle Ao YEyth T3
FAS] R3S FAEF A3} Yokota et al, (20000 HIAFHE A F%
2.28, 13.0, 71.2, 3559} 1820 pg/LolAd A3 J&FE XA 2E Aoz Yy
Eto}, 1 o]F Y AFo|A HIAHE A BE 12,500 pg/LolME 14¥%F

- 111 -



b A Al ol Hlgt] AAE] vt F3E&S et B aiE o
(Ishibashi et al., 2005), 8 & FFS P Bl&EHE AY HA 5=

12,500 pg/LQl Aoz B3t Th ODJY] HIAFE A AL H3l 1%
o] zpojoll A 48A17FA 2] 10 ug/Le] FxolA Yelgor, HladHE 3
T7F kel wet V1@ Eol FUheta AAgEC] HAAst AT SRR
Az A 549 HA =0 g AFe olFoH UA Fof oz 74
T 73} A% zolE gz HizwE Ad o FHAbE, AT As9t
7N18E 59 54 AdFE FdsoF T AoE AlsETh H2HE A9 ¢
23t dFo] U Ayre Be oFENA A7k HAY FAME]
Oncorhynchus mykissl A<= 129 &<t 500 pg/Le BHlEH= Ad =X
S A G d o o] @A EHAl Fzhghrhal B alE %1 0.H (Lindholst et

o

al., 2000), Sohoni et al., (2001)< fathead minnows Pimephales promelas®]
A ANA 6407} 1280 pg/lLe] HIZAT S AS 4397F 160 pg/ld) 52 71
A7 A A o] FAHCIIL 3} TE Tabata et al., (2003) A<
& 57 SAEE 1000 pgbel Mz Acl 577 ARSAS A, I

@ Fert dA8 Sk Hask it B3 3,120 pg/Le] W)
= A FAE 23S WA g gl Al U SUHE AT

H 3t HtH(Kang et al., 2002). & AT AE ODIY 3} A9 A&
fgoz v2aHE Ad 56497 =EFAIFES A, 25 mg/Le] FERH 1A
o] Yetr] Al&ste, 5.0 mg/Ls‘ﬂr 10.0 mg/Le] F=AAHE BZE /HA7}
dAs B RAE 2HTFH PR AT FH ofF{ol d=EZA
frAHE A (estrogenic compounds)S =FA|H S Al G A AEd F&
2 Qs Zro] Mol WA= A7 B Gray et al. (1999)
O. latipes 579l octylphenols Z7] At A 3tAS A, EF3Pvt
Z2k(swollen abdomen)o] UEIUH, A<57] Ao B%F HAFSFtay B

flo
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sttt ol9k FARGE S2de]l 3 Ao O. latipess N=EZA FAMEA
=2A A4S Al YEbgth(Kang et al, 2002; Seki et al., 2002). °]& O.
latipes®] FZ°] @13 @ AS REHIEE o] QA Lgol= ET3},
ol& HEatA ZHIFOZH Fho] Wl A7 o]dute} HE Y FA
o] doju} HAl| o2& Ao Z HAEYPY. E AP A= 0ODJY UF
w9 AMAZY FAH BALEE JHAL dSd®E EFskaL, HAbske A Sl
$Ae BFEEA FArh wEpA HlZHE A9 FRHEHE
ODJ¢Y W3 whlidel vty JeE FAFSaL, A o] 0. latipesol A 9} w3t
=2 lo] HEA gom AFsior & Favt Jdvtn
A7ttt gog HZ2HE AE vtk FAk Ol A st oblel g
SRS AlS A Hiw AFslof & FHo 2 AR
B dFodM= vt $A ek At SARE o]l A ESA 54 9 A

EFAH EAS AL, 259 {ZEFR] ODI9F OJD 18]t o arwy

)

>~
>
£
°
I
ir
o

O

£ st &35k ODDJ AE tido =2 A=std 54 2 AE F338H4
A2 st Rojxd Wlal z:ARSIH B2 Aol ARgEL e O

latipes®] &3S F-wdHAE vitkell A4sta = viet $AbE o] W

48 27 Ausel gaade Dem WEs Aty 24 78S
S Ea o Fo 4N 4Y, BUSA AAW ARAY AT 5 AL

A A WAE AT AT NEARE AFHA HH T,

At FAF ) Auk Fabele) Aedd 9 AERASH d7E T F

T FAVAE BAFEEROH, o8 T FIFLE FES] M=
HF AL Asde FAE & e Zds et s
AA= E2H BEo] 7HAAL e A/ Ao obd M2 A=A wt

7Vetaat stgom, 1o wel OD) MAIES vl AHE Ad XHFste AR
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E, 7Y EY AHE Fr AEE ZAIEY, H2dHE A9 54T JdiE

27 &a795 HUdth. doz g A i8S Hrrerl 9 4

d RdE 2 Aol A48 =dE AAg vttt $AHE ¢ oD ¥ oY

2} Oryzias 49 2 TEY 15 FHe JFE F=39 o8 715X
J

of ThFE AEHAR AHAM A WS ¢
=

v}

filo

L=,

- 114 -



=% a9

B Ao M= vt $AM Oryzias dancena$t A} SAFE O. javanicus

Ex] O H =]
o AAABSA SHS BAST, o5 F7ke] FE, AW FAF 2 )

AE FEste] vl BASor, AET) YATS F

ol
w2 FEE wistd] glo] Mojrd FFa BF Aol glled, ¥ &
Al A AlZE 2Zpol7h ARG 4 F 1A dinke] F4H= SEe 2
kAR, T o] % LATGAFY o7t yEhgr] Aldeith A7 718 3
4 AR AZEe vk FALE 9 ODIZF . & 29 0XRE 3020 ®

TA STt FAS Ao W T o SR A HHEVIRE vy AL
7b 29 4A1ZF, ODI7F 2 5AIZE 30% A28 o] ODI7} vtk Ale] Bt
= Ak Ak FAEl g OIDE &7] BEIZIZAAE 8 F 1443 30%
S8 WA S=7F fARIC Y, O 9lf @7 FH 0D BA £x71 &
A FAdE3 AR GAZA A FAE 7 29 22417F 289 HE
OIDE 30 285N, T4 S nith FAE7F 718 witon, b+
° 2 0ODJ, Ak FAke] 23 0JDY EoldTk F3l Al A G4
BASES} Fdstlon, viet FAEE £ & 11D A, AnE A7}
144, ODI7} 134 Al F3stglon, 0ID7F 7H =" 4 F 154
Aol F5}st At

High SAbE] ApR]ole) 27 OE S FI ASRH RFATA =
AReERATE F5F HF o] Aol tNEe FrHEF HW(maxilla), WAt
(premaxilla) B | Z(dentary)o] Z3}= o AT F3} F 28 Ao FobH
& = (orbitosphenoid)®] =3}E N, B3l & 125 7|4
T WAEol FEsEY AdtEd A E = X Tl d=E=

fl
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rr
e
of ot
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N
X,
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rr
O]I
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N,
il
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il
ot
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32
1
+
(o
¥
N
il
flo

Atk AAAAAE7E A B2E A7e $8 F 59A0lx, 4 F

%0
2
=
&
e
flo

vtk FAME], Anb A 8 fEE JFEY FAE, F3kE, HAE 2
NEES A 2 vtd $AY Hd FHES 973 £ 0.6%°] U,
AEF A1 ElE 92.3 + 24%=Z e ODJY Hi S-S 894 + 2.7%
A, 0IDC] B FHLL 81.8 + 2.6%= YEh} nith FAle o} b &
AbEle] A g BlE oA ggkth REge vtk SAMEY A Hit
93.4 + 2.7%R oW, Aul FAEE 803 + 2.8%A T ODJo HF H3H&
80.2 £ 23%%=E utth FAE o 2wk Ak B v yelgth 0D 3
T B3 74 + 1.1%=2 JeERY vith $a1E]9 Aak $41E] 2 OD) B
o AAS] we RES Bk V¥ ES vt A S An FAE

flo
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Z4zF 0.7 £ 0.8%%F 0.8 £ 1.0%=E YA dewey, oD #FFS 10.6 +
23%, vtk SAHISE Apuk $Ak Y 7188 8o B4 debgh 0D
NEE 9048 + 1311%2 whek FAbelsh Ak FAbel 2wk Sae o)
Apak EAME] FFT(OD)) Hoh @43 2 V¥ ES HERUG.

e 24 A% 23 AF Aolo ol wirh FAIE 44 £ 02
mm% I, At $AMEE 50 £ 02 mm, ODJE 43 = 0.4 mmZ, ODJE H}
o At S fARSHE O, Ak SAkISkE Atolrt Atk Rk F 6
e Al AJT BFAA A Fol7h vhehtA AT, Fak F 9
Aol uhth A7} Aup EAkl s ODIS} wlasked 714 Aol wWE A
S 2 YEFGTHP <0.05).

497 dol HwH P ol wirhgakeel A 2420975 + 045 p
m’ 2 1820 £ 095 pm 5L, Aul FAREE 833 + 045 um’F 1580 =
145 um’2 JERsth o]E9] REQ oDIe] ATl o FHEHe 830
+ 0.50 pm’, I 1566 = 125 pm’2 YERY, Bit $Abe] 2o Zbp $
Aelsh fAHE ASE Uitk ek SARE S Ak Salele] AT
NORs &4 A3 AHE B UNEE FA]: 20.5%; AE SAR]: 12.2%), 2
At S 78.0%,- 2k SAME]: 88.8%) T

et e we A e 28 prel)E HETO AHgstal uith F4b
2] 9] genome sizeE A F A, DNA &S 1.76 + 0.09 pg/cell= EFRL
=

vttt Sk, Apup FAbg o o] 59 FFL e X AFE B
Z Yelg o™, fundamental number (FN)E 480|Uth ATH-FUA F
Aol Al 22} 4=Z(secondary constriction)®] YEFSTE -7 AAHA]
ol= YA ki, 9h-4=7F heteromorphicdt @A = #&AS

.

X

rok

1o
)
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FH Alrshy 92 S 23 v SAkE, A $AE 9 ols 9 &

A== 7z, SIA=H0] 7|25, A XA

o\

M
1o
ol
N
ir
A1)
=)
N
BN
&
N

e 7R 9 HEZSFE YO EZ ANOVA testE 3F 21 R E 247

5
FH A=Y SAZE T ovie SAE S A AR 7 SR AR

=en] 71" Zeol/AZOV/SL), HA=er 713 2

[rt
Hz
%)
rr
o
N
flo
=
N

o]/A|7(OA/SL), A|i1/#)7H(BD/SL), V¥ /A %(CPD/SL), <t7d/F73(ED/HL)
2 FFo] ZAol/FA(SNL/HL)o|ith. ODIE wvith &Abeleh zpuh HAkg] 7t
ZHolE Hole & Y A4EHA FEE Ao E Ho9 Fo94 HAS
& Z3} ODJ= OV/SL9k OA/SLell A Apuh FALE 9 P >0.05 +FC 2 &k
o). BD/SLS P >0.05 $£50 2-ult} $Ake] 9F fAF8lal, CPD/SLS P <0.05
2 vtk $AFEe; Btk ED/HLS P >0.05 02 2huk A 9F A}
8}il, SNL/HLS P >0.05 =22 FAE Yetdi st OIDE uith FA}
2o} Apuk FAR 3P Ao]E Hole 74 FH AFed FAE dder &
Aojek oA AR S H @ OVISLAIA Apuk FALEISL P >0.05 +F
2 99kal, OA/SLAlA. P <0.05 £Fo14, BD/SLS P >0.05 FFo2 =}

o

v} £A121¢} weka, =L 9] CPD/SL, ED/HL- 2 SNL/HLE P >0.05 %2
RS YR AT
nioh At ok Aak FAkE] o] FE(ODN)F AW FF0ID)Y Puls =

Aoz F4% 2% oDJe 4

f

T 90%7F AleIien, ko] 3.3%,

6.7%% YRt F2 AL HAes wle 25 BEH, A

FZ5(oligospermia)?l A2 YERGT 0IDS] A% 31.3%7F 7oA
o, dAS ML, 0] 63%, U AL AXiLes dES 5 gl

vtk FAME] (9)9F ODI (M) AHtudlE S f=dE FFY FHES

36.2 £ 18.0%=Z vl EUTh 4 F A Ao 1A EZ7]7F HIlow, &7
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Bl 7le £ F 404 o) YERSEO ™ 958 + 2.6%2] A Eo] FHARS
AL, T4 F 3dA N ZE JHAZE HAFS AT

23} 2% o] ODJo HlAHE AZS 25 mgL, 5.0 mg/Le 10.0 mg/L2
TEE 5643 AY3 A3 dixae] FF B AAo] 180 £ 1.2 mmE
Uelya, Hl2adE A YA E 25 mglE A8 A 150 + 2.0
mm, 5.0 mg/L M-S 137 £ 2.5 mm, 10.0 mg/L & TlA 8
2.5 mmE Yeh} 27y vladE A AT AR xpolzt #EES
o} T3 AP AR Hl2EE A TRV 5S5F AFo] =¥
o2 Yyttt 7P ES A 2 2T 13.6%A 1, HlAEHE A
gol A$ 2.5 mgle 654%% R Ble] wl$ =4 JEelgoen, o
Bt; 55271 £ 50 mg/Let 10.0 mg/Lel e 22 81.3%<F 98.1%= ] €
TE7F EolAFE V¥ EC] =4 YEHRTH

AAE S EA37] S8t 2F8E R4S & A3 gzl ALS
H oDJ s50ue) T A A0l 47 vl oy, 3 whEl7F 7 (intersex) S
Jetilod, vl 2sE A FE7F 2.5 mg/Lsl L&A 76.9%¢ 40 vl 7}
R E YEbRe ™ 23.1%S 1277t Aoz ekt H s A
EE 5.0 mg/Le 10.0 mg/LA ZFdAME 52 vhE] T AL ¢ riEle O
Eluz] gtom, BE JfAeA THAFo] YElSTh

2

24
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