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Production of All-Female Triploid in Olive Flounder Paralichthys olivaceus
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Pukyong National University

Abstract

The olive flounder Paralichthys olivaceus is one of the most economically
important marine fishes in Korea. Sterility protects somatic growth, survival,
and flesh quality from the negative effects of sexual maturation. Due to these
advantages, all-female triploid of P. olivaceus was induced by sex reversal
and chromosomal set manipulation techniques.

Cytogenetic analysis was conducted to obtain basic information for the
chromosome manipulation of olive flounder and starry flounder, Platichthys
stellatus. The nuclear surface area and volume of the etrythrocyte were
760+0.93 um’and12.80+1.75um’ in starry flounder and 8.56+0.82um® and
16.76+2.50um” in olive flounder, respectively. The haploid DNA content of
starry flounder was 0.66 pg/haploid cell, which corresponds to 93% of olive
flounder (0.71 pg/haploid cell). A karyotype analysis was also carried out with
the species through conventional staining and Ag-NOR banding techniques. It
was consisted of 48 acrocentric chromosomes and inter-sex or intra—
individual polymorphism was not detected inolive flounder and starry flounder.
The chromosome nucleolar organizer regions (NORs) of olive flounder and
starry flounder appeared on the short arm of the largest acrocentric

chromosome pairs and in the terminal position of the short arm of the



smallest acrocentric pairs, respectively.

This study investigated the characteristics of embryonic and abnormal
organ development of gynogenetic haploid in olive flounder by comparing the
development of eggs and tissues in haploid and diploid individuals. After the
mid-blastula transition, abnormal development was observed in haploid fish,
including delayed epiboly and malformation of the germ ring and embryonic
body. In haploid flounder, Kupffer's vesicles were irregularly shaped and of
variable size compared to diploids. The embryonic body of haploids was
shorter and broader than that of diploids and the tail length and size were
variable. Most haploid embryos failed to hatch and the few larvae that did so
survived for less than 6 hours. The histological analysis of haploid larvae
revealed deformed development in diverse organs, including the eyes, otic
vesicles, notochord, and neural tube. These results may relate to an
abnormality in the axial system of haploid larvae. This study confirmed that
the abnormalities of haploid olive flounder were similar to the reported
characteristics of haploid syndrome. The abnormalities are caused by delayed
epiboly and involution and deformity of Kupffer's vesicle during embryonic
development.

Gynogenetic diploid were induced in P. olivaceus through the application
of cold shocks to eggs inseminated with sperm that had been genetically
inactivated by ultraviolet rays. Embryos inseminated with sperm were
irradiated with 5,400 erg/mm?Zultraviolet rays, and showed a 100% incidence of
haploid syndrome. Fertilized eggs were treated with cold shock (2C) for 45
minutes to block the second polar body. In the cytogenetic studies, no
difference was found between the induced gynogenetic diploids and the
normal diploid controls.

To produce gynogenetic diploid males (XX), a feeding treatment containing

17a-methyltestosterone (1 pg/g) and a higher water temperature treatment (2



5C) than the one used for the control group were applied for 40 days from
the 37th day after hatching. The gonad of a 6-month-old gynogenetic diploid
male (XX) revealed fully matured spermatozoa in the testes. Moreover, in the
F1 progeny test, matings between normal females and gynogenetic diploid
males (XX) produced all-female offspring successfully.

All-female triploid in P. olivaceus was induced by cold-shocking eggs
fertilized with gynogenetic diploid male P. olivaceus (XX), 3 minutes
post—fertilization at 2°C for 45 minutes. Triploid was confirmed by erythrocyte
measurement (nuclear volume, 29.15+2.10 pm®), flow cytometry (2.14+0.03
pg/cell), chromosome count (3N=72), Ag-NOR banding, and silver staining.

The present study investigated the characteristics of induced all-female
triploidy in P. olivacesus. A comparative analysis of cell cycles, hematological
characteristics, embryogenesis, and histological characteristics in the gonads
were analyzed in diploid and induced-triploid P. olivaceus. No significant
differences were found among diploid, all female triploid and triploid in terms
of embryonic development and immune ability (scuticocidal activity and
bacteriocidal activity). Cell cycles were significantly different in the
percentage of each cell cycle fraction between diploid and induced triploid P.
olivaceus. The S-phase fraction of the diploid group (4.8£1.4%) was higher
than that of induced-triploid group (9.7+3.4 and 99+1.7%) and the
G2+M-fraction of the diploid group (31.2+2.8%) was lower than that of the
induced-triploid group (22.5%1.7% and 23.3+2.1%). The differences were
statistically significant in the Gl-phase fraction.

This study also aimed to compare the hematological features of diploid
(2N), all-female triploid (AF 3N), and triploid (3N) P. olivaceus for the
assessment of the ability of triploid olive flounder to withstand sub-optimal
culture conditions. Triploid olive flounder had lower numbers of red blood

cells (RBC: 4.60+0.39 cells/pL in 2n, 2.53+0.37 cells/pL in AF 3N and



2491044 cells/pL in 3n) but they were of a larger size (Mean corpuscular
volume [MCV]: 50.93+6.22 fL in 2n 79.70+1.7 fL in AF3N and 80.41+1.02 fL
in 3n). However, the decrease in RBC was not compensated by the increase
in MCV, and triploidy therefore decreased the haematocrit (Hct: 23.0+2.7% in
2n, 206%1.7% in AF3N and 195+25% in 3n). In contrast, total blood
haemoglobin concentration (Hb: 50.53+7.88 g/L in 2n, 5893+11.20 g/L in
AF3N and 58.72+9.86 g/L in 3n), mean corpuscular hemoglobin (MCH:
11.05+098 pg in 2n, 24.12+2.29 pg in AF3N and 24.22+3.44 pg in 3n), and
MCH concentration (MCHC: 0.22+0.01 pg/fL in 2n, 0.29+0.06 pg/fL in AF3N
and 0.30£0.04 pg/fL in 3n) were higher in the triploid group than in diploid
flounder. Triploidy—associated changes in haematological features, as
determined in the present study, are essential when evaluating the feasibility
of triploid olive flounder for intensive aquaculture systems in which
unfavorable situations may occur.

Early gonad development in diploid and triploid P. olivaceus were carried
out using a histological method. Histological analysis of the gonads showed
clear differences between the diploid and triploid groups. The ovaries of
diploid females had " primary growth oocytes (TL 10-20 cm) or early
secondary growth oocytes (TL 20-25 cm). However, all ovaries of the triploid
group appeared to be filled with considerable number of oogonia (TL 10-25
cm), and a few chromatin nucleolus oocytes (TL 20-25 cm). Even though
diploid and triploid testes at TL 10-15 cm attained a similar degree of
development consisting of spermatogonia, small gonad sizes in triploid males
from TL 15-25 cm were observed compared to the diploid counterparts.
Whereas normal spermatids and sperm were present in the testes of the
diploid olive flounder, spermatocytes and abnormal sperm were visible in the

testes of triploid males at this stage.
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d et AR dAE FATeEAN FEHATE Kim et al. (1993a) 2
Yamamoto (1999)e A4 H i1 2] ZAMGFS wfgro g2 dx Axke] ¢
Ha FAA B3RS 98 5400 ergs/mm’e] Ao A T &

AWoR Qg FAN H, 81T PasrdA WS FEshglth

2-2. W+=A] DNA &% £4
FEd ¥Ae] DNA 3 245 98te] flow cytometryES =33}

ATt WA F3% (haploid syndrome)® FEEHE 7FA 12 1= #o] 107

il

Tol wA7IZ MXE 343 & Nucleic extraction buffer (Partec,
Germany)$} staining buffer (Partec, Germany)S ©| &£3lo] TdAx &
g 2 g A4S Pt dME AERE
(Partec Co., Miinster, Germany)So. &2 A3t o™, HXA oJujA] zo &

YEeoR At

rlo

PA 1I flow cytometry

2-3. BkeAl gA o A 9l Fskxto] PEf vl
HA vk 2 ojujA] wlol: 18+1T 9 F2ollA  FEAIF A,
& F(AZ100; Nikon Co., Japan)¥ o]d H2®E  gx™
7l 2H(DS-Ril; Nikon Co., Tokyo, Japan)& o]&3fe] #z3p Hg S
shAh ZF A GAl= Kimmel et al. (1995)9] it A @AE 7|Fo=
ekl 4% A 90% ool Fd & dAd EEsds AVIE
= 7t

BARAE 28 A0 52 ) S5art



4% formaldehydeol A3 H, 49 ZAE2A AR
2 ggAE o & vl AAHE FIdsHATE FHIE FZEE 6 um

2 9<% AHHEe] hematoxylin¥  eosine®  FAMS 3} T
483 n 7 (Eclipse E400; Nikon Co., Japan) 3tellA #H7Astgda
oluf A &} wlulsto] Eol Al AAFE FstEw| Ao

J_:,L
74 2 (MoticampPro 205A; Motic Co., China)& &< 891t}

3. A 2M A =

3-1. F=ue A EgAsE T3 AT 29A 7=

)
k1
)
AU
4
PhU
|0
fr
4z
a
2,
D)
2l
N
QJ
N
2
o
i
lo,
oX,
4y
ol
il
dob
ro
=

=

mm TAZ 95 Ao hematoxylind eosin®. = 4
(Eclipse E400; Nikon Co., Japan) 3ol A A &%= o H
= gk w3 At Frvd] FReRRY AAE AFHE] 9
3}o] hCG (human chorionic gonadotropin; DAESUNG microbiological
labs. Co. Ltd., Korea) 600 IU/100g®} < ojx&t=A(carp pituitary;
Argent, USA) 10 mg/kg =2 FTAFS H, 12413t o] Fo] HF-Qfulwd
o2 AxE 3H3Y )

g
%
g
=
a o

3-1-2. A 2u A =



["O
o

Frve] BAE o] &3 AR 2vA AL =& &
el F-shato] 36VE WFoE FAE EA7IE o83 DNA HEFs &
213k Tk Nucleic extraction buffer (Partec, Germany)2} staining buffer
(Partec, Germany)E ©]83lo] GAdAN¥E 7 2 dAARAHS 33 7,
PartecPA-1I flowcytometer (Partec, Germany)® DNA %S =43}

T} o] w DNA 3% &4 tixza& g4 agA=uE A8 th

3-2. X AAe A} E Zo AAAEAAAY 29A FE
3-2-1. A3 2viA] fF=

WAl ARE o2 BEgdst A]717] 984 Kim et al. (1993a)

7 Yamamoto (1999)oll A1 Hi¥ AejM  ZAMFS wlg o=z 4500

erg/mm*e] ALAES AL 3 FH A {dX dp FAPow

stttk Al 254 BE AAE 98 Kim et al. (1994) ol &7

B

T4 3% F 2T 2= st 4523t A2 A st
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AR A A 2] A Elte] AERAEH B 8] 671LE JhA
S e = DNA &3 AT AS, G4 24 2 J4A9 NORs +

He 2a895, oF BAMwe uAe Fudeel AXfAts 24

L

gety= 53] A 10-1996-0039105% ¢} Kang (2016)9] A3 f%=
WHo] oA A3t 528 (17a-methyltestosterone) 7} Al® T3
2 Fe 2ARE ALESt] AT 28iA FARCE JHEIE FE35
At

4-2. YA A0 2Z ks A

AAgukA omA AAE Ae 120252 AAAS A E5
formaldehydeol 1A Th T4 A2 By wel g4z
A9, HeDe ol gatel Tuld H, 6 um FAR A% dwsol
hematoxylin¥} eosin® 2 A % 3F3td w74 (Eclipse E400; Nikon Co.,

Japan) stollA A% ofHE5 #Z3HA

O

=

i, §3b 5 3dARYH REHE FHEsew, Aol wel Artemiast
=3

= Ttk UIdE 41 25E DNAE Ry, wys
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7}. Scuticocidal activity

27l 299X HolA 2FE IS (Miamiensis avidus)
S FaH o FE3 3 penicillin (100 U/ml, Sigma), streptomycin
(100 pg/ml, Sigma) 2 10% fetal bovine serum (FBS, Gibco)°] #7}¥
Leibovitz medium (L-15, Sigma)olA w3t Epithelioma papulosum
cyprini (EPC) cells& 2 o]l& 3a}lo] 20T oA uf 3}t

4o AWAFAL 96-well flat-bottomed plateES ©]&3to] 3
SHAAL, AAEAA 204 =2 7 fAEREH £33 @3S Hank's
balanced salt solution (HBSS)E °] &3 1/2 - 1/128 2 W78 4313
otk o7lel 1 x 1079 ~FE 7S (Miamiensis avidus)s @A 848 o
Ay o volumel & Ye 3 1,3 8 A HA EHY ~FEHIE A
THS dAnA S ol &3t A 4 e AFEIE AT titer
= 2FEIEo] 100% lysis HAAY &2 232<do] AF gl AHE
HF titer® Asto] 1 3AujFe o
A}8-3FA T Scuticocidal activity 42 & 33] F3H o], 7 3|xdE B

A2 Z47E 27, 28 R 2970 Dol 3 E )l

= FF scuticocidal activity &

L}, Bacteriocidal activity

< A4S Hol: ygAdA 23 Edwardsiella tarda
BHI& o]l&3dte] 2870 A TG 264 =29 AB¥AILS &4
3tk 1.5% Nacle] #7Fg tryptic soy brothol A w3t E. tardas
OD600° A 1.0 = BtE 5 1009 2]Asto] A EAAL 260iA] =3 7
MAZRE 223 dHS Edwardsiella tarda BH1 #93 1115 4]

30CoNA 1417 1

Z aA 3AsEe] 10 w0 A LB agar plate©l

dropping 331, 27Col Al 24A17F v = 2k colonye] +& AAbsh

oo
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A A AR 3AIE AAke] fle FRE A EAA 2uA
ZIORZHY AAEA FHo BAE For Srsy] 98] HRbg A
A 2=+ T2 (HCG, human chorionic gonadotropin) % <o 3}
&t
Gt HCG (DAESUNG microbiological labs. Co. Ltd., Korea) %
1, 2 % 4 1U/g, CP (Argent, USA) FY+& 25, 50 % 100 mg/kg &

2 Fdedern. HCGS CP &4 92 ‘HCG 1 IU/g + CP 25
mg/kg’, ‘HCG 2 IU/g + CP 50 mg/kg’ ® ‘HCG 4 IU/g + CP 100
mg/kg’ FEEZ Fte] Fefe] F& Hlusla o]Ee gxwoR 3
22 v AT PBS 0.lcc FHTo] AHRHRUT 2t S22 sEEE

2 F 33 Fistd, z=&

F9 24 A7 T FusE A9 ¥ wasgrk

a

A (CP, carp pituitary extract)s o]&3%t 0¥ A Fx AFS

rlo

ALY WA SR 30 2447 HA o

5-2. AYA 3uA fr=
A 2ulA AR 71-0219 AR FE SRE gaeh duk |

A g 4% F A 2FA E AAES g9 54 38 F 20014 58

2 @3 A2 o]&eto] 3MAlE FESAT. red ALA

FE 3t FxAA 180 L/hour2 2 FHato] A&aldnh Heole H3 &
3EANH ZEHE Fastdon, Aol wt Artemiast WIAI RS
ok At
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5-4. kg

AAA 3ujAe] FHAL 18+1Te F2olA HAS FEAL, 3
Fdn 4 (AZ100; Nikon Co., Japan)¥ o]d] H-z=H oxd sl
(DS-Ril; Nikon Co., Tokyo, Japan)E o]&slo] o3 =
Kimmel et al. (1995) % Jung et al. (2015)¢] W& @A =S V|Foz &

A7 B¢ A7IE 0Al(time 002 st om, FAHT9

5-5. M*E F7]
2 A, 3 Al B A ekZl 3ulAl ZF 8|2 EH saEs A FAE
2 dag FRg 7, 0% N2 1A AT 2 & ol A

_—

=

Fl
i

PBSE 13] A3 & Muse™ Cell cycle reagent (EMD Millipore Corp.
Billerica, MA, USA)E #7bste hxzielr dAsta MuseM Cell
Analyzer (Merck-Millipore, Germany)Z& ©]-&3o] G17](5#17]), S7]
(DNA &4 GA) 2 G2+M7| (FAREE 719 Al F71&5 483l
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2ui A, 3uhAl B AR 38 A 2 8w 2RE ™S AYE FAE
2 gdS 3H3se] RBC (red blood cell count, A& %), Hct
(hematocrit, &+ €4 %), MCV (H+ Hd+ £4), Hb (hemoglobin,
dA2), MCH (3¢ A @ALx%) 2 MCHC (A AL 5%
= =43t RBCE & 1374 7] (hemocytometer) 2 Fst& |7 slof A
Algsl i, Ht= Ht M 3-8 ©]83F9 microhematocrit centrifuge®
AEE T RBC vl&S 3dsldch Hb ¥=% Y448 kit (Asan Pharm.
Co., Ltd)E o] &3to] A<k E &) =2 &4l (cyanmethemoglobin) ' &2©

2 AAg F 540nmelA FFE=E 5453, MCV, MCH 3 MCHC=

Hcet = MCV (fL) x RBC (cell/L)
MCH = Hb (g/L) / RBC (cell/L)
MCHC = MCH (pg) / MCV (fL)
5-7. ¥ A3A
5-7-1. Scuticocidal activity
W 2u A, 3w 2 A 3 A o] Scuticocidal activityE w21 5}
71918 4 AP 6-979 MAERSFH gR3 @3S Hank's
balanced salt solution (HBSS)E ol&3a 1/2-1/128 = @A 8] AlstaL, 1

x 10°9] 2~FE 7= (Miamiensis avidus)S YA EAs A1 Fako

volume®® ¥ ¥ 1, 3 AA Ao A2FEHIS dFHS AvidS
olg3ste] AT 4 A AFEHIS AT titere AFE|TISO

100% lysis HAAY & 4ol A5 gle dHE AT titer2 Ao}
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o] 1 FAuj4e] d4E HF scuticocidal activity & AF-&3F1 T}

5-7-2. Bacteriocidal activity

W 2u A, 3w Al 2 AGA 3uf A 2] bacteriocidal activityE &4 3}
7] e 2 A 6-9n 2 5E FR3 S E tarda BHI <43}

1118 440 30CeolA 1A1ZF ¥bg 5 &7 3]Aste] 10 b A LB agar
platee] dropping 3F$laL, 27Col A 24A17F vk & A&+ colonyd FE
Arkste] & TS5 AT

5-8. AA A A EA B

gAe AL wTe B BArE Helar] slaA 47

=%
o] hematoxylin®} eosin® & & M3ale] 338ks v 4 (Eclipse

E400; Nikon Co., Japan) 3follA A2 4 dS A3k
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dx A8 HE FEL 9594049 pm, 9L 532405 um$ L,
THAL 40024454 pm?, FIE 1439843126 pm’e = el gt}

A Aol FE= 9w gE=o Zh7t 3734021 um 2 2.89+0.21 um$ AL

Zdevge] A AdT Alx 45 812+£1.15 um, @52 5.60+0.63
nm, EWHL 3558+6.01 um’, §-3& 184.07£34.36 ym’o2 QAL
A o = @ &2 3884071 pym H 2534025 imP e, THH

2 By 760+093 pm® 2 12.80+1.75 ym’E @2 = 1 oH(Table 1).

vl Aekx] o] me A =efn] (1.4 pg/haploid celD)E WETO =2 3lo]
Hxe} ZFxrhele] DNA &S SA4% 23, dx+= 0.71 pg/haploid
cell, Z4=t}e]+= 0.66 pg/haploid cellZ Q1% I tH(Table 2).



Table 1. Comparison of cell and nuclear sizes of Paralichthys olivaceus

and Platichthys stellatus

Cell Nucleus

Paralichthys olivacetus

Major axis (um) 9.59+0.49 3.73+0.21

Minor axis (um) 5.3210.5 2.89%0.21

Surface area (um?) 40.02+4.54 8.56+0.82

Volume (um®) 143.98+31.26 16.76+£2.50
Platichthys stellatus

Major axis (um) 8.12+1.15 3.88+0.71

Minor axis (um) 5.60+0.63 2.53+0.25

Surface area (um?) 35.58+6.01 7.60+0.93

Volume (um®) 134.07+34.36 12.80£1.75
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Table 2. Genome size of Paralichthys olivaceus

stellatus determined by flow cytometry

and Platichthys

Specis Fish Channel value C/V Cfveque
No. of mean (pg/haploid cell)
Misgurnus mizolepis 220.29 25.44 14°
1 113.64 10.47
2 111.04 9.59
Paralichthys olivaceus o 105.51 16.42
4 116.7 77
Mean 111.72+4.74 0.71
1 101.71 10.44
2 102.25 11.21
Platichthys stellatus 3 100.32 13.88
4 111.12 9.31
Mean 103.85+4.91 0.66

“Park et al. (1999)
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Fig. 1. Metaphase of female (a) and male (b) Paralichthys olivaceus..

- 21
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Fig. 2. Metaphase and idiogram of female (a & c¢) and male (b & d)
Platichthys stellatus. Arrows indicate chromosomes with the largest

short arm.
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1-4. Nucleolus organizer region (NORs) +4]

HAE 24 Ao AeR QA F bg 3 2 @ Ao Auy
QA g FHRAE QA GAH HYRE o G4 Q)

Aoz FAHAAL, ¢h-3t 2 IHAZEE] Apol= YEhuA] St th(Fig. 3a,
3b). wbde] ArvE= o EF O 7PE 2 189 AR A

w4k Fe7E @A R Aoz A n(Fig. 3c, 3d), dA%

oAl YAE hrwoR ste] A A olujA ¥} o]

DNA 3t2Fe 1424002 pg/celle = 2w, wkFEAl=  0.71+0.01
pg/cello 2 A AH(Fig. 4). ol= oA A 2 A &l 50%°l

ol Al el LA A7l g HErF Tdd Aoz AFHAT 128 A2V
SH-E wkEA o @A ZEo] ofuf Ao B A} = A 30% 3| E7]
Dob= AlZo] olufAl= A F 124 FFoll ey wkEAl= 134170
Atk o] F oluiAl= A4 13A3F F HEE vjg(germ ring)©]
Rk A wjololl M= o uf Al wholE. vk 1A1ZE A 14413
Aar, ofwf vkgA] wjgke] FEj= ofufAol Mt A Ee]
of FAHAA A= Aoz #AFHJHFig. 5. wWEHA



Fig. 3. Silver-stained metaphases of female and male in Paralichthys
olivaceus (a, b) and Platichthys stellatus (c, d), respectively. Arrows

indicate silver-stained NORs signal.
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Fig. 4. Flow cytometric histograms for DNA content in diploid (2N)

and haploid (N) Paralichthys olivaceus.
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Table 3. Stage of embryonic development in diploid and haploid

Paralichthys olivaceus

Diploid Haploid
TES L naton Comewonding L G0 Comesponding
at 18£1C at 18£1C

Cleavage period

2 cells 15h - 15h -

4 cells 2.0 h - 2.0 h -

8 cells 26 h - 26 h -

16 cells 373 Iy 1 33 h -

32 cells 43 h . 43 h -

64 cells 53 h - 53 h -
Blastula period

128 cells 6.3 h - 6.3 h -

30% epiboly 12.0 h = 130 h -
Gastrula period

Germ ring 130 h = 140 h -

Embryonic 140 h Fig. 2a, ¢ 150 h Fig. 2b, d

shield

40-45% epiboly 16.0 h Fig. 3a, ¢ 170 h Fig. 3b, d

809 epiboly 20.0 h Fig. 4a 210 h Fig. 4b

909 epiboly 22.0 h Fig. 4c, e 240 h Fig. 4d, e
Segmentation period

iuezfrfae;; vesicle o560 - 2701 Fig. 5 270 - 280 h Fig. 5b

E‘S‘apgee;jnz(fsme 340 - 30h  Fig. 5¢ 30-360h  Fig 5d
Hatching period

Hatching 55.0 h Fig. 7a 55.0 h Fig. 7b
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Fig. 5. External morphology of embryonic shield stage and 40 - 45%
epiboly stage in diploid (a-d) and haploid (e—f) Paralichthys olivaceus.
a, b: face view (a) and animal view (b) of embryonic shield stage in
diploid at 14 hrs after fertilization. ¢, d: face view (c) and animal view
(d) of 40 - 45% epiboly stage in diploid at 16 hrs after fertilization. e,
f: face view (e) and animal view (f) of embryonic shield stage in
haploid at 15 hrs after fertilization. Embryonic shield, arrow. g, h: face
view (g) and animal view (h) of 40 — 45% epiboly stage in haploid at

17hrs after fertilization. Germ ring, arrow.
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Hx7)17F AP F= ojuf Al o] wjgke Ak dojA= RvE
G S=7F oAl mlste]l A ¥ A A E o] 90% ¥ E7|o] =L e}
A&l WA= 241l AQFHSAH(Table 4, Fig. 5).  #iA)
(embryonic body)e] #Ad- olujA] Hjole] 79 80% I E FA T
AR e dEbd ] AlEEe] 90% Y A e Al EEetd el
& wiAIZE FAEY, WA wiol= 90% A FHA Gl mdEfof
24 HAGAD dee] &2 wAZE WA ddHe Ader aEEHAY
(Fig. 6).

Kupffer's vesicleS HF5EA| wjolo 4] oluja| B} dA7F =& A
T 27-281 3ol AFEEA oY, AlEHAl= A7 A8 sdTte] ofu)
wolell e AL Az Fowt EAletE Aoz = YtHTable 3).
k5= A) wfolo]l A Kupffer's vesiclesS o]l A Hiole} A3 ¢x)¢l
e A (tail bud)oll A @AEel HAW, 2 Fejek =717F A wet
= Aoz A#AFHJAH(Fig. 7). #glE= Kupffer's

vesicles®] o8 d oz Faggowm ®AINA Z= ANAF}A HEi=

2
r]I.
N
__)‘4_11{
rir
X
Rl

LA

iV
ol

rr

Hnoz FAHAT(Fig. 8). 28} Kupffer's vesicleo] A~2® 3 v A7}
BEEIAA T AFTI WA AR Aol BEEHA Yo} Hze
_1_:,L

st HbgEA|9f o]uf Al B A 5HAIRES R 5 UEF Y tH(Table 3).

AL

2-3. WA |29 Ksirte] FE 24
oAl B WAl &S A7 800894 % H 6.9:3.0% %=
vEbth wkgeAl 530 zkeje] FEl= A wE Aozt EAsh
g2 merh A2 ddetx]  Xsdla, wAe] dolek wolvt
ol Aol wEe] Fa, WL Aow FEHAI(Figs. 8, 9). WA
=

At 1,000 & F mE] 32 FAF 1gHez B A= 962702



Fig. 6. Morphology of embryonic body in 80 - 90% epiboly stage of
diploid (a-c) and haploid (d-f) Paralichthys olivaceus. a. Ventral view
of 80% epiboly stage in diploid at 20 hrs after fertilization. b, c:
Ventral view (b) and left side view (c) of 90% epiboly stage in diploid
at 21 hrs after fertilization. d: ventral view of 80% epiboly stage in
haploid at 21 hrs after fertilization. e, f: Ventral view (e) and left side
view (f) of 90% epiboly stage in haploid at 24 hrs after fertilization.

Embryonic body, arrow.
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Fig. 7. Appearance and disappearance of Kupffer's vesicle in diploid
(a,c) and haploid (b,d) Paralichthys olivaceus. a: Appearance of
Kupffer's vesicle (arrow) in diploid at 25 hrs after fertilization. b:
Appearance of Kupffer’'s vesicle (arrow) in haploid at 26 hrs after
fertilization. ¢, d: Disappearance of Kupffer’s vesicle in diploid (c¢) and

haploid (d) at 34 - 36 hrs after fertilization. Kupffer’'s vesicle, arrow.
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Fig. 8. Extension of tail bud in diploid (a, ¢, e) and haploid (b, d, f)
Paralichthys olivaceus. a, b: The diploid (a) and haploid (b) embryo at
34 hrs after fertilization. ¢, d: The diploid (c) and haploid (d) embryo
at 42 hrs after fertilization. e, f: The diploid (e) and haploid (f) embryo

at at 54 hrs after fertilization.



b

Fig. 9. The shape and length of tail in Just-hatched larva of diploid
(a) and haploid (b, ¢) Paralichthys olivaceus. Scale bars indicate 0.25

mim

_32_



1
HJov WA X JRA(Fig. 9= 597 = FAHAT. o=

%_
mE)7k AE dgEHA 29 AAES FIE A Ral St o
B!

g2 SA4s #Fstaa F-31 ol g
3ol He 2ARAS sdstHll 1 A= Fig. 10 B Fig. 117
2ot A A (ens)9t A7 dHH(neural retina)e] AgAH o2 Wy Fol

BotAl @AaEe] e oAl Aot e, WA Aol FAA 9

N7 werel ERusu 3= ol Wl

o,

Al HAAAA FAHEHE
A ¥ (otic vesicles)e] 74,
o Aol M= el zhzE gk A A ek S (Fig. 10c), SFrFAlCl A &=

el Bl FHeE AR 12702 dAEs A9

217 #(neural tube) oluj Al F-spxjoje] AL Al o] H-F7to]

AR e el  neural rodFEHIEZ EY = o=
SHIE oY (Fig. 10e), HtFAlol A= 89 FJeExxF #HA ¢+ neural
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7 Zb A EE EqpERAoR ddEe Ado= A EAt(Fig.
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Fig. 10. Histological cross sections of head region in diploid and
haploid Paralichthys olivaceus at hatching stage. a, b: Eyes (ey) of a
diploid (a) and haploid (b) larva. Neural retina, arrows lens,
arrowheads. ¢, d: Otic vesicles of a diploid (c¢) and haploid (d) larva.
Otic vesicles, arrowheads. e: Neural rod (nr), notochord (n) and
intestine (i) of a diploid larva. f: Neural keel (nk), notochord (n) and

intestine (i) of a haploid larva. All scale bars indicate 50 pm.
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Fig. 11. Microphotography and histological section of diploild and
haploid Paralichthys olivaceus at hatching stage. a: Microphotography
of just-hatched larva in diploid. b: Microphotography of haploid
embryo at hatching stage. ¢, d: Longitudinal section of just-hatched

larva in diploid (c) and haploid (d). Anus (urogenital opening), arrow.
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Fig. 12. Transverse sections of male gonad in Platichthys stellatus.

Scale bars indicate 100 pm.
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Fig. 13. Flow cytometric histograms of DNA contents of Paralichthys
olivaceus (a) and gynogenetic diploid (b) and allotriploid (c) of female

Paralichthys olivaceus and male Platichthys stellatus.
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Fig. 14. Flow cytometric histograms of DNA contents of control (a),

gynogenetic diploid (b) and triploid (¢) of Paralichthys olivaceus.
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Table 4. Effect of ultraviolet irradiation dose on haploid incidence of

Paralichthys olivaceus

Dose of ultraviolet irradiation Haploid incidence
(erg/mm?) (%)
0 0
3,600 97
5,400 100
8,100 100
10,800 100
13,500 100
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Table 5. Erythrocyte measurement of gynogenetic diploid Paralichthys

olivaceus
Cell Nucleus
Paralichthys olivaceus
Major axis (um) 9.63+0.42 3.72+0.25
Minor axis (um) 5.38+0.33 2.94+0.12
Surface area (um?) 40.64+3.35 8.57+0.55
Volume (um®) 146.17+20.22 16.79+1.39
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Fig. 15. Photographs of erythrocytes of control (a) and gynogenetic

diploid (b) Paralichthys olivaceus. A scale bar indicates 25 pm.
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Fig. 16. Flow cytometric histograms for DNA contents of control (a)
and gynogenetic diploid (b) Paralichthys olivaceus. Metaphase (c¢) and
silver-stained metaphases (d) of gynogenetic diploid Paralichthys

olivaceus. Arrows indicate silver-stained NORs signal.
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Fig. 17. Transverse sections of sex-reversed gynogenetic diploid male

Paralichthys olivaceus. Scale bars indicate 100 pm.
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Table 6. Progeny test results of control and sex-reversed gynogenetic

diploid male Paralichthys olivaceus.

Exp. group No. of. fish No. of No. of incidence of
examined Female male female (%)
12 6 g 50
CxC” 11 6 5 54.5
i 4 7 333
15 15 0 100
CxSG 12 11 0 100
. 15 0 100

*Abbreviation: NxN, mating between control female and male, NxSG,
matings between control female and sex-reversed gynogenetic diploid

male.
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Table 7. Survival rates of five strains of 28-month-old gynogenetic

diploid male in Paralichthys olivaceus.

Number of fish survived

Age
(month)
Z1-1788 71-1697 71-0335 7Z1-0219 Z1-1779 Total
4 105 106 10 21 4 258
9 94 103 9 13 4 223
11 93 103 9 13 4 222
17 62 86 5 7 2 162
22 58 85 5 7 2 157
54 1) 5 7 2 143
28

(51.4)° (70.8)° (50.0)° (33.3) (50.0)"  (55.4)°

“Frequency (%)
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Table 8. Growth of five strains of 22-month-old gynogenetic diploid

male in Paralichthys olivaceus.

71-1788 71-1697 71-0335 71-0219 Z1-1779
4-month-old
TL (cm)”* 14.6£1.3 15.0+1.2 12.7+14 13.0+1.1 12.9+0.9
BW (g) 25.3+7.4 28.5%6.7 17.5+6.3 17.8+4.1 17.5+3.1
CF* 7.9+0.8 8.4+0.7 8.2+0.5 8.1+0.9 8.1£0.3
9-month-old

TL (cm) 33.0t1.5
BW (g) 348.1£58.8

32.8t1.5 29417 29.6£1.8 29.6£0.5
3779516  300.3£49.3  280.1+41.0  269.0+15.8

CF 9.6£0.8 10.7£0.8 11.7£0.7 10.8+1.1 10.4+0.2
11-month-old
TL (cm) 35.0£1.6 35.0£1.7 32.0£2.1 32.0£2.0 31.8+0.5

BW (g) 438.6+78.1
CF 10.2+£0.9

502.1£80.3  424.6£85.8  394.7+62.4 = 360.6+11.8
11.6+0.9 11.1+0.7 12.0+1.1 11.2+0.2

17-month-old
TL (cm) 41.7+2.2

BW (g)  745.8+145.7

41.9£2.6 40.8+1.3 39.7£1.6 38.4£0.4
860.5£175.0  816.7+60.4  699.1£75.9  627.5%11.5

CF 10.1+£0.8 11.5+1.0 12.1£04 11.2+0.5 11.1+0.5
22-month-old
TL (cm) 455425 46.1+£3.2 476+1.6 449+1.6 45.3£0.3

BW (g) 1028.0£197.4

CF 10.7+£0.8

1222.2+270.8 1458.4+92.8 1095.1+£123.5 1078.5+8.5
12.3+0.9 13.6+1.0 12.0+0.6 11.6+0.3

“Abbreviation: TL, total length; BW, body weight; CF, condition factor.
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Fig. 18. External morphology of five strains of gynogenetic diploid

male in Paralichthys olivaceus.
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4-3-3. A A%
7}. Scuticocidal activity
Scuticocidal activity #2412 % 33 3. 4 B4 77+ 27,
28 R 297 L Ao I Aye Fig. 199 2t 33 24 5
oA Z1-1697 7HAIZF oFF =& ASES vEwou, FoAd Aol=
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L}, Bacteriocidal activity
287N E = AAAEAY 280A FARY JMARE E tarda ¥ A TS
Agk Axf 57HA ESol A el ARl Aol ghlE A gk Atk (Fig. 20)(P<

0.05).

M

t}. Lymphocystis activity
17704 = A EAA A9 lymphocystis €43 7HAIZE vlalgk 2
W G vl &o] M e A= Z1-1697 (74.6%)= A=A, T
Hl&ol 7H4 &2 7He Z1-0219° (100%6)% uYErsith =gk 7FA U
o Z1-1788 o] AtH(Table 9).
13} & A W 2 A

-1697 4667, Z1-0219° 54.64,
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rlo

lymphocystis #¥ A=7F 714

o

ﬂl
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Z} 7}A¥E Lymphocystis 49 =&
Hl &3 7} H5), Z1-1788 8214, Z
‘Z1-1779 17573 % ‘Z1-0335 1758 22 yEFY lymphocystisel] tak A
gd o] 7Y =& JHAl= Z1-1697 ] Atk (Table 9).
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Fig. 19. Scuticocidal activity of sera collected from five strains of

gynogenetic diploid male in Paralichthys olivaceus.

_52_



100

80

60

40

iiiiuat

Z1-1788 211697 Z1-0335 Z1-0219 -

Bacterial number (x10°4)

Fig. 20. Bacteriocidal activity of sera collected from five strains of

gynogenetic diploid male in Paralichthys olivaceus.
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Table 9. Number of fish with lymphocystis disease (LD) in five

strains of gynogenetic diploid male Paralichthys olivaceus.

Infection rate (%) at stages of LD

i LD
Strain o
activity

0 1 2 3
Z1-1788 32.1 55.1 21.8 9.0 14.1
Z1-1697 46.6 74.6 12.7 4.2 385
71-0335 175 125 25.0 375 25.0
71-0219 54.6 63.6 18.2 18.2 0
Z1-1779 175 0 25.0 75.0 0

‘LD activity= Infection rate (%) at stage x stage
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4-3-4. A2 2 AETH

ATHP<0.05)(Table 10).

R 1 %

G dRe] vy AR oA R AXE AT F 394
e Z1-1788'% Z1-0219'c] 71 = A vEbskan, 1R s AERA
FE Z1-1788 627, ‘Z1-1697 8w, ‘Z1-0219° 42v], ‘Z1-0335" 29v] =
Z1-1779 567 = 27| BEEC] M =S ZHAl= Z1-1788 |l vH(Table
11). =3 1= A9 W S48 Ax, Z1-1788F Z1-1697 =
8934+051 mm % 8781039 mm=E #ZH YL, ‘Z1-0219, ‘Z1-0335
2 71-1779% 8.167+057 mm, 7.995+0.78 mm % 84314055 mmOo =

HZ= o] Z1-1788'e] =714 o] 7 wME AS R UEytH(Table 11).

5. # ok

RN = §

pa)
w

vl A =
5-1. 91¥ AA F=
AP A 28A] FAROoRRE FHo AxE uF R3] S8

HCGS CPE o] &3 23 A 5 AHS 33+ Ax}= Table 129
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Table 10. Number of spermatozoa per 1 m¢ of milt in five strains of

gynogenetic diploid male Paralichthys olivaceus.

. Number of sperms
Amount of milt

Strain per 1 m{ milt
(mf) 7
(x10" sperms/m{)
71-1788 0.48+0.15° 276.4+142.3
71-1697 0.46+0.12° 390.3+281.8%
71-0335 0.33+0.19° 773.1£571.6°
71-0219 0.35+0.37% 256.8+128.6°
Z1-1779 0.51+0.28° 365.6+270.2
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Table 11. Early survival and growth (total length at 1-month-old) of

5 experimental groups

Treated Floating Floating 1-month-old
egg rate I (%)" rate II
(ce) (%)™ No. of Total length
fish (mm)

71-1788 18 3.6 2.2 42 8.934+0.51
71-1697 18 14.4 14 8 8.781+0.39
71-0335 18 10 1.1 56 7.995+0.78
71-0219 18 11.1 2.2 62 8.167+0.57
Z1-1779 18 13.3 1.7 29 8.431+0.55

* 2-day after fertilization

* 3-day after fertilization
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Table 12. Effects of human chorionic gonadotropin (HCG) and carp
pituitary extract (CP) in gynogenetic diploid male Paralichthys

olivaceus

Days after injection

Injection group

Day 0 Day 1 Day 2 Day 3

Non 0.04+0.05 0.01+0.01 0.04+0.05 0.07+0.05
PBS (0.1cc) 0.04+0.05 0.04+0.05 0.02+0.02 0.09+0.10
HCG

1 IU/g 0.13+0.14 0.03+0.02 0.08+0.04 0.80+0.46

2 1U/g 0.01+0.01 0.09+0.10 0.08+0.04 0.80+0.36

4 TU/g 0.04+0.05 0.02+0.02 0.11+0.09 0.68+0.39
Cp

25 mg/kg 0.01 0.02+0.02 0.01+0.01 0.10+0.10

50 mg/kg 0.01+0.01 0.02+0.01 0.04+0.05 0.12+0.07

100 mg/kg 0.01+0.01 0.06+0.04 0.04+0.05 0.10+0.08
HCG + CP

1 TU/g+25 mg/kg 0.02+0.01 0.02+0.02 0.04+0.01 0.2

2 TU/g+50 mg/kg 0.05£0.04 0.01£0.02 0.03+0.02 0.53+0.10

4 TU/g+100 mg/kg 0.10£0.10 0.13+0.17 0.14+0.07 0.18+0.03
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2 IU/g Aglste]l 0dAel 0.01+0.01 ccoll A 394l 0.80£0.36 cc A o]
Fgusol g & Fox FUtEATh CP FYTL 23] FAAAE Ao
F skl 2 syt giflo, 33 F9) Fol S sk Aol 13l
ok ey e FrbsFe]l HCG FSitel nlsf siekem, CP +5] &
wof whe zpol® vERUA ekokth HCGSF CP §4A F]lwe 28] F9
A= g Wkl 2 Wsrt gllo, 33 F9 Fol $7t sk A
o ML, 7H ¥ sERT HCG 2 1U/gs CP 50 mg/kgs &

A FAE AT G B A F744S wATh o6l HCG el

CP %% % HCGS CP ¥4l FYw2utt WA H2 %o nrh 3}
A Aow FAH e, 1 F HCG 2 U7t 7H3 EAAAQ] FE2
Ao 2 FAF AT

5-2. AEAATH B

St 8 W 7 Ay R
T Az o A @ ByE 7hz 64574657 pm? 2 301.50+47.70

um’s} 12.61+0.62 um® % 30.06£3.89 um’ = &lsjo] HA| 2u A o] 4
T OAE B el w9 oI 152090 Ao® 8 tH(Table
13, Fig 21a-21b).

2uiAl A o] FaAtolE djETo® sfe] [ 3uiAle] DNA

ZS BAE A3 241+0.03 pg/cell2 1=l (Fig 21c), A= 72
M AR dAAZ FAAE AAHFig 21d). =3 A717F M 2 3
He] AR o A Ao A NOR band?} #2259l 0w (Fig 2le), AlE 3

370 2] silver staining positive spot®] ##E o] (Fig 21f). 3vj A7} FE 5
Aol = A
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Table 13. Erythrocyte measurement of diploid and all-female triploid in

Paralichthys olivaceus

Diploid All female Ratio
(2N) triploid (3N) (3N/2N)
Cell
Major axis (um) 9.59+0.49 11.78+0.59 1.23
Minor axis (um) 5.32+0.5 6.97+0.43 1.31
Surface area (um?) 40.02+4.54 64.57+6.57 1.61
Volume (um®) 143.98+31.26  301.50+47.70 2.09
Nucleus
Major axis (pm) 3.73+0.21 4.590.27 1.23
Minor axis (um) 2.89+0.21 3.53+0.21 1.22
Surface area (um?) 8.56+0.82 12.61+0.62 1.47
Volume (um®) 16.76+2.50 30.06+3.89 1.79
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Fig. 21. Cytogenetic analysis of all-female triploid of olive flounder
Paralichthys olivaceus. a, erythrocytes of diploid (nuclear volume,
16.76£250 um?®); b, erythrocytes of all-female triploid (nuclear volume,
30.06+3.89 um®); ¢, flow cytometry histogram in diploid (red, 1.42
pg/cell) and all-female triploid (black, 2.14+0.03 pg/cell); d, metaphase
spread of all-female triploid (3N=72); e, NOR-banded metaphase of
all-female triploid. Arrows indicate NOR-banded chromosomes; f, silver

stained nucleus of caudal fin. Bar indicates 10 pm.
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AgA A Ay A FH gl A AIZES Table 14 3
Fig 229} zZom ol&9] Wit 574 9 A7k g 2ujA1¢9 sds A
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AP
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5-4. ME F7]

2wl A, 3 Al 2 AGA AL Gy, S 2 GorM7 9] AE F71E B
gt A3= Table 153 Fig. 23¢} 2tk Gl17]9 425, 2814 62.1+3.3%,
38l A 65.4+3.6% 123l A 3ujAl 64.31.9% 0.2 glE o] w44
e A Aol7t gle Hor FAHAT 22t S7] 2 GerM7] 9]
A5 2WlA = 48+1.4% 2 31.2428% S =2 3 A(9.7£3.4% % 22.5+1.7%)
oF HAA 3uAN(9.9£1.7% H23.3+2.1%)Ett FoH o2 ol 2u A7} 3
A Hoh fARE o] gtk Ao ® AE I oHP<0.05).

5-5. dalslxn B

2ui A, 3uiAl B dkA 3uiAIe] dqEA 4 A3, RBC (red
blood cell, A& )¢ X+ 28}A] 4.60+0.39 cells/pL, 38| = 2.49+0.44
cells/pL. 2 Atz 3ulA]  253+0.37cells/pLE &2l Qal,  Het
(hematocrit, A&+ SX&5)= 2814, 3wjA 2 AL 38iA| 7}
23.0£2.7%, 195+25% % 20.6+1.7% = A %o} RBC Hct =5 2u)A
7bow=E Aer #HAv. a2y MCV (HdE Ad8 §4)2
50.93+6.22 fL. (2¥fA]) 80.41+1.0 fL (3¥fA]) ¥ 79.70+6.99 fL (LA SHH
Aew 4w AL ARG Z Ao gl Hb
(hemoglobin, @M 4), MCH (v A&+ 5—2’—“45: ) @ MCHC (H&d+
M4 F)= 3 AIZE 28 Aol HE) =2 Ao ® Sl AH(Table 16).
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Table 14. Embryonic development of diploid and all-female triploid

Paralichthys olivaceus at different water temperatures

Diploid All female triploid
10T 14T 18T 10T 14T 18T
Cleavage period
2cell 4 h 2h 15h 4 h 2h 15h
8cell 6 h Agin m 2.0 6 h 4h 25h
32cell 9 h 6 h 4 h M, 6 h 4 h
Blastula period
Mid-blastula ot e 15h 10 h 8 h
Gastrula period
Germ ring 3h 17h 13h 3h 17h 13 h

80-90% epiboly 52 h 2/ hf” 21h 52h 27h 21 h

Segmentation period

Kupffer's vesicle
69h 35h 26h 69h 35h 26h
apearance

Kupffer's vesicle
) 8h 53h 36h 98 h 5B3h 36h
disapearance

Hatching period

Hatching 121h 80 h 55 h 121h 80 h 55 h
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Fig. 22. External morphology of embryonic development in all-female
triploid Paralichthys olivaceus. a: 2 cell stage, 1.5 h. b: 4 cell stage, 2.0
h. ¢ 16 cell stage, 3.3 h; d. mid-blastrula stage, 8 h. e! germ ring
stage, 13 h. fi 80-90% epiboly stage, 21 h. g: Kupffer's vesicle
appearance, 26 h. h: Kupffer's vesicle disapearance stage, 36 h. i

pre-hatching, 54 h.
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Table 15. Relationship of cell cycle phase fraction of experimental

groups in Paralichthys olivaceus

Percentage of cell cycle phase fraction (%)

Gy S GotM
Diploid 62.1+3.3% 4.8+]1.4% 31.2+2.8°
Triploid 65.4+3.6° 9.7+3.4P 22.5+1.7°
All female 4 b b
o 64.3+1.9° 9.9+1.7 23.3x2.1
triploid

“Value are means+SD.
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a DNA CONTENT PROFILE

GOG1630
547

o § > W 305
g
1

012345678 91

GG 851
5 1040
G2 222

Count

012345678 910

GOGIELY
396
L e

Count

012345678 910
DNACONTENT INDEX

Fig. 23. DNA histogram of diploid (a), triploid (b) and all-female
triploid (c) in Paralichthys olivaceus. blue, GO/Gl; red, S; green;
G2+M.
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Table 16. Haematological indices in diploid, triploid and all-female

triploid of Paralichthys olivaceus

Q N8 R i
RBC (cells/pL)  4.60+0.39 2.49+0.44 2.53+0.37 0.55
Hct (%) 23.0x2.7 19. - 20.6+1.7 0.89
MCV (fL) 50.93+6.22  80.41+£1.02  79.70+6.99 1.61
Hb (g/L) 50.53+7.88  58.72+9.86  58.93+11.20 1.18
MCH (pg) 11.05+0.98  24.22+3.44  24.12+2.29 2.13
MCHC (pg/fL)  0.22+0.01 0.30£0.04 0.29+0.06 1.32
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5-6 49 434

[e]

o

7+
5-6-1. Scuticocidal activity
Scuticocidal activity #4112 & 23] 3= Ax 2 A3 += Fig. 243
Aot 23] Ak 3AIZEA Aol kA 3uAl e AFE|TLS AFHol 2

ARG fFoAom e Flow FAHAoY, T 9] B4 AFdAs
20 A ok AAA A o] 2FE TS AT o] fFejH o o]t gle A
o= e THP<0.05).
5-6-2. Bacteriocidal activity
2uf Aot DA 3uAe E tarda ¥ AiteS B3 Ay AYA
3 A7} 28 A o} E. tarda w Aitso] folA o e Jow FQly

ot 3ufA o= frel A AFolzb gl TH(P<0.05)(Fig. 25).

A 2]z 22 Sl B A

20 A ok 3uf Aol st dAaxA S EAT A= Fig. 269 2okt
2o A IR AS, A 10-20cm ABA oA Al 147 GEAE
(primary growth oocyte, Fig. 26a-26c)E°] #z% A, A3 22-24 cm
of AAZoME GFFFAl AAHIT e Al AT 7] FERAE
(early secondary growth oocyte, Fig. 26d)7} #Z= 7] A28t 18]
o 3ufAl dHle] A A 22-24 cm A LA giRE GQ9AE
(oogonium)®  TAEHo] U3 Zwkol  FAely] R A ¥ (chromatin
nucleolus oocytes)¥ro] 2% 91 th(Fig. 26e-26h).

A7 255 cme] ALA Al FAaRzAE A e dAAEE
I oG] GREAZEER A o] 2uiA] Az Bls 3u)A]
WAz o] dho] 78] o] Fojxx] gFe Ao m Y vk (Fig. 27)

2ol Al =7 e] A5, Fig. 2894 H o] A7 24 cm A2 &0l A v



100.0 (1hr)

oo
=
=

=Diploid
= Triploid

oAll female triploid

Serum svuticocidal avtivity
(Inverse of dilution)

(3hr)
§ 80.0
35
=3
%E =Diploid
(-]
£ 2 ETriploid
=
%2 OAll female triploid
EEC
£ 200
w

4st ond

Fig. 24. Scuticocidal activity of sera collected from diploid, triploid and

all-female triploid Paralichthys olivaceus.
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S N e
0.0 -
Diploid Triploid All female triploid

Fig. 25. Bacteriocidal activity of sera collected from diploid, triploid and

all-female triploid in Paralichthys olivaceus.
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Fig 26. Transverse sections of diploid (a-d) and triploid (e-h)
Paralichthys olivaceus ovary. Total length: a, e, 13-15 cm; b, f, 16-17
cm; ¢, g, 19-20 cm; d, h, 22-24 cm. All scale bars indicate 100 pm.



\.

Fig 27. Transverse sections of gonad of all-female triploid in
Paralichthys olivaceus. a, total length 9.5 cm; b, total length 17.5 cm; c,
total length 20 cm; d, total length 25.5 cm. Scale bars indicate 100 pm.
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Fig 28. Transverse sections of diploid (a) and triploid (b) Paralichthys

olivaceus testis. Total length 24cm. Scale bars indicate 100 pm.
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BN
Y

o] A A E(spermatid) 2} A AH(spermatozoa)’} VA EH o] H A o] uj$-
BebE Z1e Fld ATk ey FdA7]e 3uA FR A= o
o] ARAES} LA GAE7 FEE A

Al A W FAE AR A7E 20 A Ao A9} vmE Ay}
= Table 17 2 Fig. 299} 24ch A3 24cm 2vA F2 22 o] A9
Byl 451+1.05 pm’e®  FoEgov, 3wl Aze  REyE
18.78+6.57 pm*(A 4 30 cm), 8.22+2.00 um*(A#4 33 cm) 14.39+4.04 pm?
(A 34 cm)o 2 o] Aol wep 1 A7)7 dgioy B 264
B 274 W AARET 2 Aoz 3l F A tHP<0.05).
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Table 17. Comparisons of size of differences of spermatozoa in diploid

and triploid male Paralichthys olivaceus

Triploid
Exp. group Diploid

Minor axis of
spermatozoa 1.42+0.17%  2.79+046% 1.89+0.23° = 2.47+0.38°
(um)

Major axis of
spermatozoa  150%£0.152  3.13+£0.619 206+0.26°  2.74+0.39°

(um)

Volume of
spermatozoa 451£1.05* 1878+6.57¢  822+£2.00° 14.39+4.04°

(um®)

a, total length 30 cm; b, total length 33 cm; c, total length 34 cm
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Fig 29. Histological analysis of spermatozoa in diploid (a) and triploid
(b, ¢ and d) male Paralichthys olivaceus. a, TL 24 cm; b, TL 30 cm; c,
TL 33 cm; d, TL 34 cm. Scale bars indicate 30 pum.
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o7 fFd ST A7 T EMA ZA(chromosome-set
manipulation techniques)< WAte] 3EE oA, G} FH4 =g
st 2 Ao de oA T8 Sl A wA EE oMjAE A
7F e AAZGoER g B AT 2aA], Al R 8 v A
2l 719 o] tH(Benfey, 1989; Yamamoto, 1999; Felip et al., 2001).
AL 2uf A AL D71k EAE SHE ¢ de FHol A
53 19 A ZA 71F o] ¢A THH I XX female)d 74T
A AAEAE RS AEstd 4dE IHeRE Aas A A o
Zo $AS wHjA o EA d dAADRSE EHA ANE 7 U= o)A
o] o] B2 FAoFd AE&HATHKIm et al, 1993a). 13+ A3
A 2ufA X = AT e FEY BAAE =243 A F=E
ATHKIm et al. 1993a, Yamamoto 1999). 12} A7 oF =L % 5
o A&ate Fow o5 A o] & AHA Aglo] mEHR o5 I
ash7] 1% HAR ofFe] Aol astr o A7 HA Y A

Wy oA fFEol FuEde A4 o gsua dAsh Frrhe

X0,
rlr
o
=)
N
2
x
2

i

Fol wteh mRete] WAl A 1 FFS BNT S A Aol
o E4e RAGEd fe8aA A8

_[C_)'_
2003). 7 o F AET Alx g o] Av]= wfgAe
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T AxFAEgH 54 AFst=d F83HA o] &5 ™ (Benfey, 1989),
a Autd o2 DNA gFo ue} nlgste] 1
A7 7} F7tetE Ao® HawEa 9lol(Szarski, 1978), ol d F F9

N
rir
o
z
)
O

Ir
N
N
o3
rlu
—
Oz
lo,
R
.
4z
2
121
—_>‘4—",

filo
ot
oX,
ol
rlr
2
i)
__>‘~l_rq
lo,
J{m
o
4z
do

o1¥ A tHFig 3). NORs= <l(nucleolus)
ZA rRNA @4 #Bost= FdA7F EAlstes F9=2, Axy &3 74

Qo] EFarel w2 ALE¥ tH(Dobigny et al, 2002). o] Z =tz et
Ao A & 9 8y 542 FAsH NORs #97F o2 5 S
of-gate] AAALAA 2uA F= A AE F A= FHF NA TEE S
g mA @A BEMPHOE olgE F US ASE HudH

AT 2w A= UV o Aglel ofeix fd=dol &d4dste Fa

=¥ th(Hulata, 2001). A4 2814 = =719 critical
pointe HAAAS AT 7S FA & F Aoy, DNAV ¢+d3s] =g
A3 T= HA UV ZAEFo]th(Felip et al., 1999; Piferrer et al., 2004).
ol#] gt UVe HAw%: H AHYA b wha] wjolo] Fgol o) 2

g2 o glomm wtA JAo oujAel M2 thE 5ol 7Y oA
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Atk Gul 7ol wjEe w4 (blastoderm)o] WES FAHEA Ao
3] d(involution), F~% (convergence) 2 &% (extension)®] FE|A A EZ
£ % (morphogenetic cell movements) % 73 WA #AAHE= IA
(involution)o] doldo 24 HFAHHKimmel et al, 1995). ¥ A+ Az}
gEEA] wjoke] wijglo] tix<tol Hlste] wig- Xsta FRHA FAEH I

F P AR R oA = o] BEEATE Araki et al. (2001)= FA
g RbA wjobrt ol uj Al wijolr v | E o} B Ho] A HEAEH= AL wh
FAZE e A ERS TP oRA B SolHl Al EAFEo] Aot

ot
()
i)
o
=2
o2
odd
filo
N
2
it

O
fu
3
o
o)
==
2
=2

H] 3]
I 3 Bk dp vk o]l {dA Wk wjolE H| 5o
HE MEEo] EASHA WA oujAel ws] FHI Fek wl

¥ 9 osd BAe] AAHE 3oE AWHAT w9
Aol A wierd ME o] I B AA ] o) FAE o] 7

2
Sol AWPFE WAL AR FohAu AgEWA o B3

Ll

o

:x:‘
S
)
Y

(Kimmel et al., 1995). &} HX]o] REA] wjol= tjzato] H]ste] uj

Aol FEi7E war, @#ow, SHekH ¥ dHE HAsts Ao dEH
ATk SAFE] WhpA] wforell M 7] wiAl FEjrE &al, WA AL

(o

o] Al

2 Wk A wfokell A o] G A 7] wiAl FEf= v A Q] FERA A
s

s B AddFor Bagh v Sloj(Araki et al, 2001),

3L o]
X

(314, 3 2 A7) o o= Ay,
Kupffer's vesicle> 7 &o]F9] Hlolol A vt F 3}

s A WO, ARAEE o g3l AFUUIL 24 9T



S 3} (Essner et al, 2005). ©]o Okabe et al. (2008)2 A B 2}y]4 2
A7 5 Kupffer's vesicle WollA doju= FA9st4Ql A4S FAF

A€ 7, video microscopy %

Kupffer's vesicled R %3} =7]|7}
FaletA FEEAY ol H-F FIAA IFE vA= Kupffer's
vesicleo] HE5A| wfjofo Al o]y A o2
Ao A TEFe 7IHEe AEAQ T R d¥FE & AR
RS A

FA Y Hzxe Foe F£4 F SHAteR g2y TR,
kA el A5 AL uiRE FskebA ekl ksl ST e 6413
ol EF e Ao= AAHJY. w8, FAE, AEHIAH, HE
(turbot, Scophthalmus maximus) 12| 3l Atlantic halibut (Hippoglossus
hippoglossus)ol| A &= Hb=A] wjofe] vre Ralaat R3} ztolo] F2 =
A, e mpdd 9 =2 XJAbgo] Balg vl 9l o™ (Luo and Li, 2003;
Araki et al, 2001, Walker, 1999; Piferrer et al., 2004; Tvedt et al.,
2006), cl¥ g A4S Felip et al. (1999)= WEFAS] F A HF-FHo| up&



2]

)

—
fite)

2]

FANME 7t TEE A

=]

ol

o

3}

=]

T

71 Euj 7] 5-H

[ S I s

A

H

stA el A A5 T A REe]
=

=]
T

ki3

ju

-

st

A5

=

1% W% Ao A,
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=13
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}

0]
pul

7h A A =

o 53}

2003; Tanaka et al., 2004). ©]el

KeX
=
)

Me FAARS 7= vk

ki3

o AolA may vhe} 7ol

N

Ao A Kupffer's

oAy

Ll

o WA

= Aot

1

=

pzs

s

] 0% S She A

S
&

o%
[

_]
0] 3

7

A 2~ "l (axial system)¥}
N

1= =
U
o) -
L

]

vesicle©]

=)
H
A

%0

0

N
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|
oH
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=

| A
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]
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ol
HEF 0 2 4500 erg/mm?e] At

[e)
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A

S RENE

=

=

[e}
T

=
.l

=

al

A A 2ul A
R (Fig. 13), HA B

et al. (1993a)° A H



o2 A (Fig. 14), & APolA vk Aol A Aeld &

o] Ydd Aom WA, 776%°] 2 frEes H FA HAAE o

=3

H2 AAE =43t at7] S8 A Ae]Ad @S Tabata and Gorie
(1988)= 4,800 erg/mm2= K. 313+ H} Q13 Yamamoto (1999)= 4560
erg/mm’ 181 Kim el al. (1993a) 4200 erg/mm’E.13sH v glo],
2 AR BFAsE 93 AR A9A 2AFES 4200-4,800 erg/mm” ©
2 By, B AFd A 4500 erg/mm’Y A2 AHE FAEIA S E &
T16%7He] FE&8 ROt 22 TAXHE Z& B3 A A A
2k A w7 g2V wjiel el o] EEHE Jor ddy
Atk Wk Tabata (1991b)2 { A GAkel 7,200 erg/mm?*S ZAFSE v}

= Stk ool & dAFdAME 9A AAE o8 AT 200 A

&S o7l Yo dx BAE 0-13500 erg/mm’E ZAMS T wkgEA| &
T&S st 1 A3, 5400-13500 erg/mm’ ol Al @A wrgA 2

Aol EAQ #F2 meE ¥ HWe 58S /M wAZ HAsta Y E

AU H3 T == AAEC] 100% TREHO Hx Az EFA 3|

5400 erg/mm® ¢] #}o]A FALeko] A3 Ao Tl ALt
=

ARET 7ifer Agid AA Ao A &

o

A7 Hae diF e ) fEE AYTAA 20 A E vl 53
Al 10-1996-0039105% ¢+ Kang (2016)¢] A A3 f= wilo] wel <

2 AN sk 1 Ay, AAEAA A RS Z1-1788, Z1-1697,
Z1-0335, Z1-0219 9 Z1-1779 57 A7} FR =L ol 7HA 5 3
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e ARSI AE, 9F, ARAGH L A5 Sl distel 7

W 54S wad A3 AES 711697 AL AEee] 4 T Ao

2 BN PFE Z1-03357H7 4 AFEel B Ao
Atk AW AR Wk 714F, weleel © vholelsel ME A S

T3 E tardacl W3 WAL 7R frel el A
7b sl Aoz glHglon, "EALE A AS Z1-16977H 7 7HE
5]

©

Aol we Aoz fAFAh Y45 s 8 AE 2
Aagy WA e AR 5w, £ 5 R F4R 4E 5 9

At Ag7A @AY AL&ET S T3 oA MAE FEde
O BEAE vag o7t §le] 57HA F b s HAle] Al o %
o] gllovt A 3ulA NS 9 FH M AAH M Fas
2702 AAsEoE Aoy F1 Aldie] AEge] 714 =2 Z1-0219
ZHAZE A b 3 Al LS s A AR A Aow

AAQHA A 200 A A 0219 7HAl9] AAEel duk g9 b
S A2AYFoZN FAT] A 2 AFEE AR AS A
goz 3uAE F=3dtt 3mAlE 24 2n DNA &3 54 n DNA
s 7HAA |22 59 3uAe] DNA $Fo] gA n DNA ko]
oF 3ull¢l 2.41+0.03 pg/cell &2 #FHo] AJFAH oz A7t F=H 2

oo

Tiwary et al., 2004; He et al., 2013; Jung et al., 2016).
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Fried 3HiAl FARS 18+1T FoA S ##E3 43 15
Al Zo] W7 (cleavage period)7} AlZFE o] 8A|ZF Fof] F7] AEZu|7]
(mid-blastula period), 13A]17F Fof @dul7](gastrula period), 2617t %ol
Kupffer's vesicle®] @43, 55A17F $-of H3lst= Aoz dzy o] 3ufA 9
Vg 2 2uf Al el HA eI Algto] FARE Ao R SlW A (Table
20). o9 WA AM F2 A B AL FFgFS A= o a9l
% otu=E 7 ofF> AEA 5Ad wet 4ZF2s 7HAA
A T2 19 WolA F2o] Fotdas YASEE Bbx A ¥ h(Rana,
1990). ©lell 10C, 14T 2 18TolA 2
wetr], Zuj7), dHly] 2 Z87]0] ol2= EE A Gl A 26 A
R 3 AV L3 Srr TAstE Adow AFEHAT. 23 You et
al. (2001) gx 2ujA|e] Aol 37| JujAl T g HE ASR
A=Y, Lo P E s SEE BT FUAS Al7]o] F
stgtttar Bk v Qlth ol 3iAS HAES A=A A £ AT
Y #ete] 27] dEr|e 3ujA| 7 2o A B oh 2 o] =g
oM A2 AFE A AAHoR HFF A ATees A B
ZE A A A Zpololl oe Fdeh B AAE gE2A #A3 Ao
GE T 2y FAN Fol 3uAlE v RS of FolA fFRE A o
Ak o7 2uj Aol wlsto] Aol whEA g w o] H-3hA|Z
Aoz oln ®i¥ v} Jth(Thorgaard, 1986).

f
S
ey
)
rir

=X
ke

E7] A (cell cycel analysis)> MEES] Ax2F7] dA EXE

s

-

B
o
ol

= 242 DNA 4]l 871, FAREd @19l G2rM7] 3
HEd § FA7190 G1719] 37FA AEF7] A= et A"
(Nunez, 2001). M3 W] DNA+ S7|o EA|=7] wfio G2+M7]= 13
H AEE G171 AE DNA sHaFel 2817k ®ich DNA7ZE 7 wiel Al 3

do
>~
11147
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7] @A G2+M7] MRS H[ &2 2 oA doju= AlE EA
AAFol 9kS Bo]&#tHBromhead et al. 2000). 28fA], 3ujA] 2 @A 3
iAol ol AEE o R AXE F7] BA4S £33 A3, 20A7F 3
A %Sk 3MA R G2+M7] AIE v o] FojHow e HAow
gelxo] 2ujA7F 3mf A RTE Az HA gl Adgo] &gt Ao
H QA w7 (Silurus asotus)®] 7 G- A X 28] A 2} 3uj A o} 7}
AEF7] EA A 28 A 9] G2+M7] Bl &) A BT} =2 Fo
H vk ATHGIL, 2016). ol F&=® 3HlA ol F= AlxEe] A7]7

!
T A X FEe] AQFHE Alfte] S7MEHER AA| MESFE AA4aTe=R

Hr

-
1

H
kT

AAIE A Qo] JEgS Fx Y= HAoE FAdHEHY. Benfey (1999)
= 3 A At AR A AU AL AdUAE SHAI AR

olE dUA= AstE AL AF YA wEFR FTHEYUL Rug )
3L, Ictalurus punctatus, Heteropneustes fossilis X  Oreochromis
niloticus &< 3% Zvkol| olujA ¢} A} HAFES Holvrt A7)l
ouf AR wE AFS Belvti Bad v gJthH(Wolters et al., 1982b;
Bramick et al.;1995; Tiwary et al., 1997, Tiwary et al, 2004). L2}
Yamashita (1993)= SAFAIZEY A4S A7 Al7]ek Aagle] 3uiA <t

26 A7k Aol 7k glrka Wk uh g

=

m 0
2
2
2
Mo
1%
rlo
to
4
riet
o
2
g
oty
=2,
=
It
=
~
>,
N
oo
)
£
"~
—
fuj
i

|5 A 2 AH, 2EYs 9hg 9 S =
T 999 d%S 2UHAE 4 vH(Akrami et al. 2013). A 3 A

¥, 2% hematocrit, hemoglobin &%=, 23+

o] W37l Aot (Zarejabad et al., 2010).
AE B AAAE 7HA7] wdol Ad

2 1
AEel AZ7E FA4sa o 5% A Bk (Benfey, 1999). A i
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7 2% AEE H2E SWSE 98 ] gEe 4¥7Y 27 2
b AT A oAl W BaE olgdE SEd 9% I + An

Wk Ay AEFH(RBC) sEv 3uiAI7E 2 o] 0558 = A E - A E9]
F= Aoy Fd A8 §X(MCV)S 16WE A4 Al =7]+= 2

JufAl o] AP AETF AAAA AT AE 1Y BALFE 9T

# HEp Sz al(MCH)S 30 A7 20019 2138 = 3els)

Aoy doll g 2 3ujA| 7t 2ufAle] 118l = 1 X7} =LA

Iy Aoz FAHST}. Parsons (1993)+= 3ulA|7F AE

AE Y S FESENS 7HA = 32 A7 200 A FH o s
s

A3 FEe FA7] AF FEE 2271H4 7AW FHew B

A9 Ao HojZr),

oA |@A7F 2w R e AHF AE 5 AR F G
=2 7HA A QLo = BEFskal 3uiAle] hematocrit X & 28 A Bt} e
Aoz AUt olep o]l 3MAl A= MCVeE  T7Fshu
hematocrit =217} ZHAgFo 2 3ujA] A4d A
& (surface-to-volume ratio)©] #AsEZ A4 531 Z&S 9 o] &
7hs gk Ao & WA o] Folso] Ayt IS WA F Us Ao
2 KB 33 v} It (Graham et al.,, 1985).

3l A= 3AIES AMAE NAAEZ A1PFFEE (meiosis 1) A 7]
FEFNA Be o2 HAolAM AR FS ol FA XFOEM o]FA

(aneuploid) W22 Aste] dwrxgo=m Eolo] H}HZhang et al,
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2005). ¥+ A+ Ay =3 3

AAHAY v AZGA QD o] FFE o] EQQl Ao FHTt 1Y
U 3ulAl =AY A AR A) 27 B el ARt FAxE 9 Azt
FAE 3uAl @Zl AAxol wHlE we] wEd dHES Evh
Thorgaard (1983)+= A AolA] Wo] o] FojA & FAREES 3ujA|ge] o
S AA 7] ujito] 3uiAl A BT FA A AL dee] Fo] o

<

T v ®Bug 8 Uk Allen et al (1986)2 %o

U
o

2
e

(Ctenopharyngodon idellus)oll Xl ¥4 A oAt A=}7F ki A ool

AHAT, JEZNE B AL Fo| 4L F

f
]
-
X0,
ftlo
M
S

kT

gk Bp oy tRE ofFdA FEE 3uAs B Ao
Ha gk AE w7 Uctalurus punctatus), A% A0 (Salmo salar) %
v -2} 7| (Misgurnus anguillicaudatus)®] 7% 3¥jA] A&7 2 dhdm Q)
o Aedt AxE B=E A ki (Wolters et al, 1932b; Benfey and
Sutterlin, 1984; Suzuki et al., 1985), FA| Al o] 3ujA] LM = A=
A 3 (spermatocytes) 9t A&7F FHEHJAR v GG A FEH o] A=A}
#zE m} dtk(Carrasco et al,1998). ¥ A Ay w3k 3ufA] g 4
1842 2719 AA7E A= Ao® dzEHo] ofE 3ujA
of 7 Aot FAE Ao m AZpEY, 3ulA A JA o] GApe] ik

4%, DNA 9% 2 3ejsta 54 5 444894 A7/ 92 A

3

P
=2
2

o

oz A7tHn

stom F Aol Sy A 3upAl
7
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2 AFM= A AR 3uA A E FEsk7] e AR
4 SFTAFAHA ARSF7|HS &3k AYike ] (KingNupchi)

5717 AL ool AR wAS Freln, 4E2E 2D 8y

=
ok AAbE A 2ui A A 57HA = st THAIE A, oles
o m 3uAlE fFste] 3ulAlel AEFASA B4, AL A
n

v st XY AExFHstd BAS FA3 Ay, Ad AR
Aol Fwx 2 Hyle AL AxvdE 760+093 ym® 2 12.80+1.75 n
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