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Production of gynogenetic male in KingNupchi strain of olive flounder

(Paralichthys olivaceus)

Kyung Lim Kang

Department of Aquaculture
Graduate School of Global Fisheries

Pukyong National University

Abstract

Gynogenetic diploid male (XX male) in KingNupchi strain of olive
flounder, Paralichthys olivaceus was induced for producing all-female triploid
populations.

A cytogenetic analysis on KingNupchi used in this study showed that its
DNA contents were 0.71£0.03 pg/haploid cell, which is just the same that of
typical olive flounder. The nuclear surface area and volume on erythrocyte
were estimated at 6.83+0.44 pym® and 10.97+1.14 um°®, respectively. Also, the
chromosome number of the KingNupchi strain showed 2n=48. The
chromosome nucleolar organizer regions (NORs) were placed in the short arm
of the largest acrocentric chromosome pairs.

Gynogenetic diploids were induced by cold shock (2°C for 45 minutes
from 3 min after insemination) to fertilized egg with genetically inactivated
sperm (4,000-4,500 erg/mm’ of UV).

To produce gynogenetic diploid male (XX), feeding treatment containing
17a-methyltestosterone (1 pg/g) and high water temperature treatment (25C)
were applied for 40 days from the 37th day after hatching. In order to

examine sex ratios, histological analysis were conducted on 12 fish six
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months after hatching. Their gonads showed that fully matured spermatozoa

were observed in their testes.
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] =2]"] (1.4 pg/haploid cel)S thFo

2 b3t
2 A% A%, 9w gAst 5987 AE F DNA

0.71+0.03 pg/haploid cell® E}FSETHFig. 1, Table 1).

Fig. 1. Flow cytometric histograms

for DNA content in Paralichthys
olivaceus.



Table 1. DNA contents of Paralichthys olivaceus determined by flow

cytometry
Fish
No. Channel value of mean C-value
Con 220.29 1.4
1 113.64 0.72
2 111.04 0.71
3 10551 0.67
4 116.7 0.74
A/NV 111.72 0.71+0.03

* Misgurnus mizolepis (from Park et al., 1999)



1-2. 4859 Az 9 o A7)

Az AT AE FAL 903:024 pm, T4 443x0.08 ym S
ow FWA 9 By 7hzt 31394090 pm’ 2 9271360 pm’o R #F
] AH(Fig. 2, Table 3). & A9 3] FALS 3.62+0.14 um, H4E
240011 ymQA o™, W3 2 B3)= 683:044 pm” 2 1097+ 1.14 pm®
o2 A HFig. 2, Table 2).

-

Fig. 2. Photographs of erythrocytes of Paralichthys olivaceus



Table 2. Comparison of cell and nuclear sizes of Paralichthys olivaceus

Cell Nucleus

Major axis(pum) 9.03+0.24 3.62+0.14
Minor axis(um) 4.43+0.08 2.40£0.11
Surface area(ym®) 31.39£0.90 6.83+0.44
Volume(m®) 92.71+£3.60 10.97+1.14
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A4

% 9] mitotic index® "¢ =A YENEL(Fig. 3), A9

2n=4871 = Y etutth(Fig. 4).
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Fig. 3. Mitotic index of Paralichthys olivaceus
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1-4. Adx19 Ag-NORs +4

A2l Ag-NORs 4 A}, 24%e] Aeki oA (acrocentric
chromosome) = 7}% A 7|7F & 3 A9 AudF dAaA9 A =7+
22917} NOR positive® &=l ok @ sfA|7ke] xpo]E= tELEA
2 AtH(Fig. 5).

Fig. 5. Metaphase(a) and Silver-stained metaphases(b) of Paralichthys

olivaceus. Arrows indicate silver-stained NORs signal.

_13_



T 21s E0S A AL 2AE A A, A
44 Ao 195% ] AEsIA L, 4 5dAd 1701 71 F-3}sF A th(Fig. 6).
o5 Fshgk Aol F 108WE Yo R 83]dl HA DNA &S 4
Az, gz 2004 gx ek 59(0.71 pg/haploid cel) 3t Aoz el )
(Fig. 7).

Fig. 6. External morphology of embryonic development and just-hatched
larva of gynogenetic diploid Paralichthys olivaceus.
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50 2N -control o Gvno-2N

Fig. 7. Flow cytometric histograms for DNA content In gynogenetic

diploid Paralichthys olivaceus.
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2-2. 7] LAMA #4F g 2| AES B4

A 2w Al APl A SAT 2 R RAES 9%

o
N
~
N
I~

A3, kA Bo2uiA] 2] BAdee 247 23
(5,600 = FHFHALL, AT 28A Ao FAYRLS 26 cc

(3,640¢h) = #ZAF A Htable 3). 74 46-48A1F F AATAYA 2u) A 2
S BRI Ay, BT F 71792 FAHAa, o F ukEA
5o dez TAstE mAE 96, 29A dulzE A sk
A = 621 = & H lvk(Table 3, Fig. 8).

Table 3. Survival embryo and inductivity of gynogenetic diploid in

gynogenetic diploid Paralichthys olivaceus.

No. of Segmentation stage ..
i Inductivity
Exp. group floating egg (%)
in Cleavage stage Diploid Haploid ’
Haploid
3,220 69 321 82.3
control
Diploid
5,600 3,500 - -
control
Gynogenetic
o 3,640 621 96 86.6
diploid
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Fig. 8. Embryonic Development of gynogenetic diploid Paralichthys

olivaceus.
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2-3. AERHASA 4

A e A A 4D 5 1270 A0 thek AEFAEE EAS
33t A3 DNA st 0.71 pg/haploid cell®2 YWEeERY tET =] 9F
A3 Aoz FAHJHFig. 9). T3 A & 2n=4871= <
o, AET e A7 2@ dFe 3544043 pm 2 2.35+0.24 ym$l o,
¥WA 2 BaE 64+1.0 pm® 2 101£23 pm’o® #HHo] hxT
dxe 598 Aoz g5 h(Fig. 10).

rn 0 4 =
2IN -control Gyno-2N
&40 4 D 4
1 40
E &= 4 -E &0
a 5
- 0 - o
[=] [=]
a 0 8
z z
g 4 o 4
180 154 4
; T
1] ]
L ¥ L] T T 'l_i 1 1 T 1
180 0 300 f 1 =40 (o] 00 Foii) plid Eicil 300 =

Fig. 9. Flow cytometric histograms for DNA content in diploid control(a)

and gynogenetic diploid(b) Paralichthys olivaceus.

_‘]8_



Fig. 10. Photographs of metaphase(a) and erythrocytes(b) of gynogenetic
diploid Paralichthys olivaceus.
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3. AT 20 A A Ao AdE w=

31 A ze) 2AA P

Fig. 11. Gonads of sex-reserved gynogenetic diploid males at 6

months after hatching. All scale bars indicate 50 pm.
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o] &3k A AT 2ufA AT AHAS AEZFHSH
w4 A3}, Flow cytometryE ©]-83 DNA &#-2 0.71+0.03 pg/haploid
cell UeEttiL(Table 2), o]= eolv] ®ixol = dx°] DNA T
(0.71 pg/haploid cell; Animal genome size database, 2014)¥} F<3F 7
o7 FAAHJH. DNA e Fo wel ufebar, vlud i b3
WHECR AYsA BT 4 dve Zxol Sdo T afe SA4E
EA = ®Wol AREE AL dtH(Aldrdge et al, 1990; Byrappa, 2003).
w2 A= o fFEE AYA 39A gA9 DNA 240
o o2 Aol 7hed Ao® Uy
AESL A7]= Genome sizeol wel W37E UELY] wiEol o
YT Ax 3 # 27 SAHAHLE HigA 4 2 FFY AX /4
EA4E Belsti=t AFEE Al tK(Sezaki, 1970; Benfey, 1989). 7] <]
BaE 31394090 pm® 2 92.71+3.60 um’, 3]
um” % 1097+1.14 pm’2 @2k a2y
o= Kim et al. (1994)0] ®agh =uiak |2 2ujA|e] A2 9 o] =7]
A Ayro ofF A2 Ao w yeskou $A4 Fold2 8l
=R

NORs (nucleolar organizer regions): ribosomal RNAZE encoded}+=

)
d

rlr

o=

ribosomal genes Wil YE Ao R AFel B3 HAHoA A 9
9 Aejo] watA F A L AE 7F g3 WHolvl g AoR

3 ¥ v} A (Gall and Pardeu, 1969; Dobigny et al., 2002). NORsE

ke

o
o

3t7] 93k B4 S C banding, /n situ hybridization, Ag-NORs,

ot
r
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CPD(Combined PI-DAPI staining) W¥ %] At (Sumner, 1972; Evans
et al, 1974; Andras, 2000). -7 % Ag-NORsH-2 NORs9] Eo] whilz F.9
2 o)l59o FAEE YUrelE WY EC Z(Phillips and Thssen, 1985),
A9 Ag-NORs &4 A3, 7bd A717F 2 289 Adid g4 9]

A ZRQo A Felxa, MA 1 A7 A heteromorphism©]

Y
AL JAds 2 & F do] ¢ AHdd= F&etA ol &H= W

d Quillet, 1982; Bang et al, 1996). A=A} 3
EdA4sE fal ol2st B Blo|3t WA o] o] &%l 9l oW (Thorgaard,
1983), A& B&A4sE A3l Zos A AL Tkt zol7t =
1oz A JthKim et al, 1993). WX Ax=E E&43 7] 93

2491 #S Tabata®t Gorie (1983)% 4,800 erg/mm’Z H 113k n}

o]t} (Chourrout an

>M

)
o

3, Kim et al. (1993a)& #48%E B9 29 4200 erg/mm° S8 L3
Kim et al. (1993b)< 2,400-8,000 erg/mm’ sE= FEo AAE BdA 3}
A 7wk Qo B Aol M AR ARl 249 A 4,000-4,500 erg/mm”S:
ZAE A3 AEHOR AR WA SRl gelHel FyA e

A4e 248 A7led olgol bed Ao tehdth B A4

9,
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Tl A 4533 A A5S F33 23, A3S84 2uA 7
= g FHEY A 254 BHE AqAE A AAYE
Tabata (1991b)%= 0TCelA 453+ A2 g #F i, Kim et al. (1993a)
2CoNA 4587 Aelek vk om, Kim et al. (1993b) 0T, 2T, 4CelA
A5 A= Aglete] e AT 2uAIE =S Bk dTh

PR ot AAMAS AT 94 %7 WE 2F T

X7 424712 chromosomal inheritance”} 7 & o] Fol A& A<
g0 A o Uh(Hunter and Donaldson, 1983). o]l o] 5-¢] 7 -9

742 A ZAA(genentic sex determining; GSD) £]d] 2 AlSEUE 2
pH 53 & S48l 93 A A% (environmental sex determination;
ESD) 829l¢] FTast 942 <#A Slth(Rubin, 1985). Bang et al.
(1995)¥ Kim et al. (1996)> dx]9] 4442 GSDE 7|22 02 7HAHA|

Aol F2 AFEETHBang et al, 1996). olglg Ag|ga AHg 7|HE
ZTEEY FF, %, AYAF A R A7 5o adle] FasH
2+-g-3th(Pandian and Sheela, 1995). o] ¥ <150 A= 17a-methyltes
tosterone(17a-MT) 7} Al=(1 pg/g)E H3F F 374 HH 40497 A4+
Folstal o, o]9f sAlel tigdls 538 Al 10-1996-00391055. ] *H &
ZNx2E FA 7R FQ 25T el e Aeska, AdEAd 20 A

B Auats Fs oA ALY =AH BHE s A
A AZE0] 100% 2 &2 Ar}. Bang et al. (1996)& =4 X = 17a
-methyltestosterone(17a-MT) 100 ppb T == A A sle] dFH oz

l
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240+0.11 um, ¥W% 2 F3%= 6834044 pm® 2 10.97+1.14 pm’ .2 Q15 )
A AMAE Ak gA9 sdstA 2n=487E  FQlE 3L,
Ag-NORs ®#A ol A 2429 Aeti < M A (acrocentric chromosome) & 713
3717 & 49 AR A o] Ao F7HE-917F NOR positive® 215 1o
F-3E g JRAIRES] Zpol= yrERLEA] kT

A 2 A= 249 A (4,000-4,500 erg/mmz)% o] g3te] FxA

Eg8Astd AR AN 3o deFAY H, FATES 2TAdA HED AF

3

o

AlE 962 E o 866%9 AESS
2w A AE]e] DNA 33 2 Az
cell @ 2n=487]& #&AE Qo AP o] THA 2 R 64410 ym® 2
10.1+2.3 pm*©. & vpERSE L)

AeEA Agaag 2o A QNS S8 s F 37

1
A 7} A B (17a-methyltestosterone 1 pg/g) &5 3 142 A8 (25C)

Nl

o

D9 E 4097 45
L

SEE

FAAGI, oE] HAD ANE FARY] A8 P F 64E B 12ANE
PR ARl 2N RAS AF Ak JAE AYPOR w WA
SR Aolh HAAA Bk, J& 24 Yol B%H FAE0] FASE Aol
stk oz FEE A5 AYBYY 20A ZUAE olgatel AU
JA GEe WP AN ¢ A4S Ao Audn
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