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Production of hybrid between female starry flounder (Platichthys stellatus)
and male stone flounder (Kareius bicoloratus) and analysis of usefulness

in aquaculture industry

Il young Lee

Department of Fisheries Biology, The Graduate School,

Pukyong National University

Abstract

Intergeneric hybridization has greatly contributed to genetic and
productive improvements in aquaculture. This manipulation technique has
been widely used in wvarious species of fish to improve disease
resistance, growth rate and flesh quality, environmental tolerance and a
various traits to make fish more profitable to increase.

As starry flounder (Platichthys stellatus) is a cold-water breeder,
which has strong disease resistance and euryhaline characteristics. Its
production is rapidly increased recently. However, it takes more than two
vears for fish to fully grow-up to marketable size for high quality of
"Sashimi". On the other hand, stone flounder (Kareius bicoloratus) has
relatively good meat quality and flavor, but susceptible to high
temperature, stress and disease. Therefore, seedling production of stone
flounder is only made for releasing fry to improve stock resources in
wild, but not for aquaculture in commercial scale farm. The purpose of
this study is designed to examine the usability of hybrids between two
species and investigate aquacultural effectiveness.

The induced hybrid has floating type of eggs and first cleavage was

conducted in 1 hour after fertilization at 12 C. Small sized Kupffer’s



vesicle began to be observed in 46 hours and generated to full size in 51
hours after fertilization. They disappeared in 7 and a half hours, and then
the tails were formed. The eggs started to hatch-out in 85 hours after
fertilization. Five days after hatching, the larva absorbed most of the egg
yolk and transformed to normal swimming position from the head lower
position. Seven days after hatching-out, almost all entities started to eat
rotifer. Eighteen days after hatching-out, Artemia nauplius started to be
provided. 35 days after hatching-out, commercially available frozen
copepod (Aquanet) were provided along with Artemia nauplius. About 50
days after hatching-out, the mixed feed of what was provided. In day
112 after hatching-out, they were grown to 5.5 to 7.8 c¢cm in total length.

In order to determine an optimal anesthetizing concentration for
hybrid, the clove oil was used as the standard anesthetic and the time
for anesthesia and recovery were calculated. As the concentration of
clove oil increased, the anesthetizing time took about one to two minutes
at 20~80 ppm; however, the recovering time was not affected by oil
concentration.

The results of morphological analysis of induced hybrid showed that
the proportion of the body length to the total length were 85.99, 85.51
and 87.14% for starry flounder, hybrid and stone flounder, respectively,
which were not different from each other. The proportion of the body
height to the total length were 48.56, 49.39, 44.74% for starry flounder,
hybrid and stone flounder, respectively. The proportion of the caudal
peduncle length to the total length were 8.55, 8.27, and 9.25% for starry
flounder, hybrid, and stone flounder, respectively. The proportion of the
caudal peduncle height to the total length were 9.48, 9.59, and 10.54%
for starry flounder, hybrid and stone flounder, respectively: The

proportion of the head length to total length was 26.83, 25.32 and



22.47% for starry flounder, hybrid and stone flounder, respectively. There
was no morphologically significant difference between starry flounder and
hybrid. The proportion of the upper chin length to the head length were
31.54, 32.85 and 33.70% for starry flounder, hybrid and stone flounder,
respectively, which were not different from each other. The proportions
of the snout length to the head length were 21.26, 21.16 and 19.75% for
starry flounder, hybrid and stone flounder, respectively. The interorbital
width to the head length were 7.43, 9.31 and 7.19% for starry flounder,
hybrid and stone flounder, respectively. And the proportion the of eye
diameter to the head length were 18.71, 22.71 and 17.76% for starry
flounder, hybrid and stone flounder, respectively. There was no
significant differences in measurement trait among three fish groups.

The result of cytogenetic analysis of induced hybrid showed that the

2 and

surface area and volume of the cell in hybrid were 38.11%£4.30 pm
136.07+45.51 pm?, respectively. The surface area and the volume of the
nucleus in stone flounder, starry flounder and hybrid were 8.194+0.44 pm?
and 16.084+2.45 pm®. These values were identical to the values of two
parents used in this study. The content of DNA were also 0.66 pg/haploid
cell for all three groups. The result of the mid-term mitotic figure of
female and male hybrids showed that the number of chromosomes were
2n=48 and the karyotype was consisted of 24 sets of acrocentric
chromosomes. There were no differences in the number of chromosomes
and the karyotypes between female and male starry flounder, hybrid and
stone flounder. Moreover, the result of the nuclear organization regions
(NOR’s) through silver staining showed that the NOR's existed in one set
of the smallest no significant differences (p<0.05) in measurement trait

among three.

There were no significant differences in daily growth rate, feed



coefficient and condition factor in fry for starry flounder, hybrid and
stone flounder in the 60-day feeding trial. However, after stocking hybrid
and starry flounder in the same tank for & months, the hybrids showed
15.1% higher in growth rate and 12.0% in condition factor than starry
flounder.

The Scuticocidal activities were analyzed for three sessions for
4-month old starry flounder, hybrid and stone flounder. The result
showed that starry flounder showed the highest tolerance and the lowest
for stone flounder, respectively, whereas the induced hybrid showed the
tolerance that is higher than the average of the two parent breeds.

The starry flounder and the hybrid were fed to ad libitum daily. The
two experiment groups were observed up to 24 hours. The result showed
that there were no differences in cell cycles up to eight hours and after
12 hours, the cell cycle of the starry flounders became faster. The
experiment group were not fed and observed from two days to two
weeks. Up to 12 days after initial feeding, the cell cycle of starry
flounders excelled faster than the right—-eyed flounders. From day 14, the
cell cycle of hybrids excelled.

Salinity resistance test of starry flounders and hybrid was performed
by lowering salinity of water from 35 psu to 2.5 psu. The result showed
that one unit from each experiment group died which showed that both
hybrid and the starry flounder were highly resistance to low salinity
when salinity was gradually lowered. However, when the units were
starved for two weeks and processed with fresh water, mortality of
hybrid increased rapidly after three days and all units died after five
days. All units that died showed bleeding in fins and failing of phlegm.

The result of analyzing gDNA of PRL using tail fins of starry

flounders, stone flounder and hybrids showed that the hybrid having two
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PRL genes that are different from one of each gene in starry flounder
and stone flounder. The PRL expression was not present at 32 psu In
starry flounders; however, the hybrid showed relatively low expression at
32 psu, and high expression at 6 psu. Starry flounder genes only were
expressed in hybrids when exposed to low salinity.

The ovarian tissues were analyzed for starry flounders and hybrids.
Reduction division was observed in all groups. Therefore, the maturation
for 19-month old hybrid was examined anatomically, and normal
maturation was observed.

There was no difference in moisture, crude protein and ash content in
the whole body of starry flounder and hybrids, but crude lipid content in
hybrid was higher than in starry flounder. There was no difference in
free amino acid and fatty acid profiles, except for L-valine between
starry flounder and hybrid.

These results indicate that hybrid between starry flounder and stone
flounder is expected to contribute to the improved profits in fish culture

industry in Korea.
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At

O

2-4. 7 (tagging)

vy izt FFY] PH o] o9 24§ AFdaS BA

S Fo] o]F Ao AF&E G B WHE HA o}r)m]
)

=
st 91 A e AXZ FHE Ei, A EBolE 1 7 7%



Table 1. Seedling production method for hybrid between starry

flounder (Platichthys stellatus) and stone flounder (Kareius

bicoloratus)
Age (day) Developmental stage Feeding Temperature
0 hatched out 12 C
larvae ! 9
5 rotifer 14 C
(eleutheroembryo)
larvae rotifer+ .
18 . 1 i 16
(metamorphosis) artemia nauplius
fry . ! .
24 artemia nauplius 18
(0.8 - 1.5 cm)
f temi lius+
36 ry artemia nauplius 18 4
(1.2 - 2.0 cm) frozen copepoda
fry artificial feed 5
47 18
(2.0 - 3.0-cm) (0.2 = 0.3 mm)
seedling artificial feed .
68 18
(3.2 — 4.6 cm) (0.4 - 0.6 mm)
seedling artificial feed .
85 18
(4.5 - 5.5 cm) (0.9 - 1.1 mm)
seedling artificial feed .
112 18

(5.5 - 7.8 cm)

(1.4 - 1.6 mm)
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L HarE ggE = JfAE Al s

2-5. w3

w3 A= clove oil& AMEEFR AL, WA S Frd wE AP wt
A AL B E AE S48t 1 523E FASIAT vhE 294 7
ofFdnitt npHA T APTLS Asta 7 AFLS 6~109k o A
Pl 5 AREste] FALSEIH mEE Ol AR | olRe AF A 24MF T
b AAANATLE whF Al 22 201 TE FA8tH 1
CHWeber et al, 2009). w3 &3 34 7|5 % 3/& A|7]= Keene et
al. (1998) 3! Minter et al. (2014)¢] riiell we} oFgF 7R ste] A4 6k3

o w3 Aze mAYel B4 F BIRY, 249 2 AT Sl W@

Boolg 208E A9E ARAL 9 Ao Busa 9% An

FETh, Eh40 3 gEe gty S48 ua 2487 9%

o ALY AFIAS SAHSAY. A5l & digital vernier calipers
£ AF&3ke] 01 mm 7bA 283l AT AAAER 01 g7hA A A

th. A=y A== dA(total length, TL), A& (body length, BL), i’
(body height, BH), % (head length, HL), %% #(caudal peduncle
length, CPH), "] " il(caudal peducle height, CPH), %% (snout length,
SL), ¢t (eye diameter, ED) 2 <F<QF7H2 (interorbital width, TW)ol 1tk
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(Fig. 3). 2= A, A, 54, v¥d 2 v 2 Al ek 92

W, B, 94 R e 1

o, v’o =X il

i
Sy
rlo
i
o
=2,
=
rot
1=
M
I
il
-
_0|L
2
o,
4
i)

’

wEAd e

@
N}
iR
2
i)
-
lo,
2,

£
o
e
i
~
il
A\
o

Aolol Azt & 275 FA8] el d=vee FF 2 &7
o] =of L=wate] 100%
ethanolo| Al 5&7F 1143 th& 3% Giemsa G4 &Aoo 2083 G4
sttt AT ME dY FA(a) 2 FE(b)> BT A A
micrometer = S48+ al, ¥HA L (a)(b)-n/4 (Sezaki and Kobayashi,
1978), ¥3 = 4(a/2)-(b/2)*1/3 (Lemoine and Smith, 1980)¢] &2lel] ¢
sko] AlLkst A

h!

B
A
o,
A
1
o
=
2,
>,
m [
2
ftlo
=
=
2
S
ro
-
[
)

= d@ FFe DNA & +X4S 98te flow cytometryE 33}
Ao Ao e #FF 2 E7HAv e 89 AR staining  buffer
(Partec, Germany)& ©o]-&3to] @Mttt AXME A5E2 PA I flow
cytometry (Partec Co., Miinster, Germany)® A8l om, dx &4

EE dxwos ARESSATh

3-2-3. dMA 2 9y 74
v et FF 2 BN AAA £ owd 9 9y BAS 93|
A AHH(Kim et al,, 1993)5 o] -&3tth. A @] colchicines 10 n

g/g AFe] &For B} FAea 4A7F X T AFS HAE: AE
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Fig. 3. Scheme of measurements for Platichthys stellatus (a) and
hybrid between Platichthys stellatus and Kareius bicoloratus (b). TL,
total length; BL, body height: HL, head legnth, CPL, caudal peduncle
legth; CPH, caudal peduncle height; ML maxilla length; SL, snout

length: IW, inteorbital width; ED, eye diameter.
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ki3
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—
fite)

bl ot
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. glacial acetic acid

317 9 (ethanol

I

o o

, 3% Giemsa 94 &

Ho

t&l w7 (Eclipse E400; Nikon Co., Japan)elAl 7]

=
i

o

—
fite)

U
!
el
%0
X
=

TR

7} 2}

HAd

o

(Moticamp Pro 205A; Motic Co., China)2 &

il

3-3-1. AR &

tol, 100 L

bt} 30m}e) 4 3urs

23

BaEs SAsAH 602t 4

Ho= Atk

),

A Wejto] Az was AAA

& AHgstel A

o
=

AF2 =3 HA} A

)

- A}E & & (Feed efficiency, %): (G/F)x100

- % #(Weight gain, g): W2 -W1
- A8 A4 (Feed intake): F/G

3

- H]WF=(Condition factor, %): (W2/L")x100
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3-3-2. 4% % MwE
16nhel & %)

FEoke] oAl TFY AFde AT F G =S 2T
T

v
AL
o
ol
of\
o
N
11t
o
BY
ofl

SNA AL A=

3-3-3. 2=2FH7l5 WA

Ao AL8¥ ~FE| IS (Miamiensis avidus)< ~FE|7LSo] A€
WA 9] Ho A a2 FH3}e] streptomycin (100 pg/ml, Sigma, USA), penicil
lin (100 U/ml, Sigma), % 10% fetal bovine serum (FBS, Gibco, USA)
o] H7}¥ Leibovitz medium (L-15, Sigma, USA)d| A vl %3t Epithelio
ma papulosum cyprini (EPC) cellsS HolZ Fa3Fe] 20 ColA vt
skl

Hyo] AHAYAHL 96-well plateE ©| 8313, F=rvhy], AEL
2 E7kAm o 2 A E5-E 28 485 Hank’s balanced salt

=
solution (HBSS)E o] &3] 1/2~1/322 @A 3Asdct. @A A3k

Bgol 1107 2TEAFS £ Fo® HEF F 1,3 9 840 o
2 3o ~TEAE 45US AL g =ASAL 24 @

do] AFE IS AT titere &2FE[ ISl 100% lysis HAAY S
S20)o] A gl AHE HAF titer® At 2 IXujFY IRE

%% scuticocidal activity®= AF-8-3} 3t}
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181 cm, A5 80+10 g), E7FA(20vFa], A 1942 cm, o] A5 841
2 g) 2 FF20vkg], A& 1842 cm, 9] AF 8319 g)= 100 L ==
Fxd & F 32 psuolA 1Azl 2 psu¥ @ FE HFHA 32 psuy,

18 psu, 6 psu TRl A SviE]d, o} mE A =] 245 AE AT

AccuPrep® Genomic DNA Extraction Kit (Bioneer)E AF-g&3lo] gDNA
= FE3FA . 217+ e] gDNA+ AccuPrep PCR/Gel DNA Purification
Kit (Bioneer)Z AF&3}o] gel purifyS 3 sbe] 4] At}

E71Aa] @ fZF o] prolacting AR 2ZF Eolz HHIH S
w4 st7] flske] Z; ofFollM AFIT T, v, A, A, AE, AL,
ol7bn], ¥ AL FE AT Trizols AF&ste] 7 =& 02 HE total
RNAE #83 T cDNAE A sF AL, reverse-transcription (RT)-PCR
S T3 Reference genel Z A ALg3k glyceraldehyde-3-phosphat
e dehydrogenase (GAPDH)¢] PCR #7112 GAPDH-F (5'-CCAGAAC-
ATCATCCCAGCTT-3"), GAPDH-R (5'-GGCCTTCACAACCTTCTT-
GA-3")S AF83}9] pre-denaturationS 95 Coll 4] 3+, denaturation= 95
TolA 30%, annealing= 52 TColA 30%, extentions 72 ColA 30x=

% 30 cycle® 483 % final extent-ions 72 CollA 583+ 2 3FA T}
Prolactin® PCR %712 Deg-PRL F (5'-CCCTCCATGTGCCACACCT-
CC-3'), Deg-PRL R (5'-AGGACTTTCAGGAAGCTGTCAAT-3' )&
Abg3le] annealingg 55 CeollA 30%, U™ A= GAPDH® PCR %43}
FU3 zHow F3IY. FH PCR A= 1.5% agarose gelol A

719 % %, ethidium bromide® ¢ 23}e] gelsA )

O
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7zt ¥+ & PRL A= 2412 AFH & ¥ =4S SA dAdA
(-196 C)oll ¥4 #A74A ®33ste], TRizol HHO & total RNAE F3&3}
% tF. Maxima First Strand ¢cDNA Synthesis Kit RT-gPCR(Thermo)&
o] &34 ¢cDNAZ ¥4 F Prolactin FHAE dd o= RT-PCRES
3ttt PCR &7 pre-denaturatio 94 Col A 4%, denaturations
94Tl A 30%, annealing=S 60 TollA 30%, extensions 72 CTolA 1+
o2 30 cycle®2 PCRE 339 1L, primere PRLF (5-T-ATGACTC-
ACAGGAGAACCAGACTC-3) ¢ PRLR (5~ TCAGCACGTCTCAGG-
CTGTGTGTTCGTAGC - 3)E AF&stth semi-qPCRE 9l A7+
S A5 1 % agarose gelS AFE-3F3ATH

AP A9 HEtA] FFolA 2@ | PRLY gDNA “3e PRL
FAAE Blal B4 g8 Sl folxl A=y, E7kAN g
&2 gDNA, cDNAE ° & 3] d7IMd £4& stk PCR 3o =
+ 2ule] DNA, 5X HiQ-PCR 4ul ¢ PRL Deg-F(5-CCCTCCATGTGC-
CACACCTCC-3), Deg-R(5-AGGACTT-TCAGGAAGCTGTC-AAT-3)
primerE Z+7F 1 pl¥ E3sto] #HE &2 20 pl7t AR PCR
Hhg-2 95 TollA 323t =71 W4 F, 95 CellA 30%, 55 TellA 30z,
72 TollA 19 WS 353 HE3IA L, 72 CTolA] 523F HF Als)
A, TZFH FAAE 1% Agarose gelol 7] 9 %319 3, Ethidium
bromide (0.5 pg/mL)el @A 3}e] 3elstit} o]o] DNA Gel Extraction
S&V Kit (Bionics, Korea)E Ab-&3to] A AL, TOPcloner™ TA core
kit (Enzynomics, Korea)& ©|&3 FAAE AU Ligation pTOP
TA V2 (10 ng/ul) 0.75 ul, 6X TOP cloner™ buffer (1.2 M NaCl, 0.06
M MgCly) 2 pl¢F 9.25 ple] PCR AHE= Aol A 1AZF vHEA Zoh
S A7l AHE2 100ul E.coli DH5a9] Transformation 3t Th 45 <o 3
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0%, 42 ColA 13, TAl ool 33 73, LBulA 600ul A 7F %

37C 200rpmo. = 1A 7F wjeksldth. 2 & LB+Ampicilin 22 A 8f Aol =
Zate] 37 CTeol 16A1F wieFs vl Transformant™= TAl 5 ml LBl &
7 37 C 200 rpme. & 16A]7F vj st Plasmid DNA Miniprep S&V
Kite] protocoltf = A A3l Digestion= EcoRI &2 37 C 2417+ A3}

F 49 HA4E #9051 Genotechl A A71ALS selakact.

“?
Y
>
o

Al N A4
1= 7o

HFo] AdFolA FA9= 1278 (A% 12~15 cm)E AE3E &
AAEE =39 4% formaldehydel gttt dnb=<l

RAE] meh 94 9 A ol gdtel Tl H, 6 ym FAZ

Japan) stollA A o HE #E3 A
AR AAAE AFe7] Yot 1909 ® 40~45 cm 2719 F

Fol B ARE F, A5E P2 da 24 BRI

AVS F9 1174 €

o

o] Z=uhE](5ute, 26845 g)oF FF(5vte], H
28446 g)S TS dWete] 7 d oAE EHg F, AOAC(Association
of Official Analytical Chemists, 2000) WHeol| wg} F=E& Artd Az
H(135°C, 2417, =2dM -2 Kjeldahl &4 A 4

Aoz BASAY. =AW A8 E 54 X F soxtec system

Nt

1046 (Tacator AB, Sweden)& AF-&73}o] Soxhlet FEHOZE At

2 ofn ik B4 ARE 5 g¥ A&t ethanol 30 mlS
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31 homogenizer® A3} T 4 °CollA 24413 A3t o] w

SAS 158 dAEE(9500 g) & F A ds H

1 AEE A 70% ethanol 30 mlE #H7bstel &gsta d4lwes &

ds Rt Eelsto] 40 °ColA #Atss it 58 NEs SR

diethyl etherE #7}3to] wl~2ddd o] &7]a 1AZF 3 diethyl ether®

= e FH, 289 etherFs AU AlEs A4 55 T F
p

lithium citrate buffer & 7}8le] 25 mlZ 3|A3FALE g4 H Al =9

A A e ol

_'c'[);
fitter2 o}, Qo7 Goe BANEZ AGILh flohulweit 24

L

X
< ot A AHERA 7 E ARSI e dF HEV]E ol&dt= OPAM
o2 olnxAS =A3s9 T Columne  Shim-pack AMINO-Li (6.0
x100mm), buffer flow rate= 0.6 mL/min, POA reagent flow ratet
03mLE dAste] A8t on FFHE7]9 excitationZ g 350 nm

9} emission F#L 450 nm= A& Th

A o] e A MR A8 Folch et al. (1957)9] ol 93] 45
At FERIXEN MBS 217 £33 S A g5 AHEsr F AAS
F%3to] 14% BF 3-methanol (Sigma, USA) fdo=z XWAkS

methylation AZ Tt} ©] ¥ capillary column (SPTM-2560, 100 mx0.25
mm 1. d., film thickness 0.20 ym, USA)¢] 2¥ gas chromatography
(HP-6890 PLUS, Hewlett-Packard, USA)Z AWAkS X&)
Carrier gasv= 5= AFE3t¥ o™, Oven &%+ 140~240 C o,
LEZ7F 5+ 4 C/min 9t injector &%+ 250 T, detector (FID)

SEE 200 T2 AASa, 25 AAe= 377 AR E3E(PUFA
37 Component FAME Mix USA)& AR&3st3itt
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4. TAAE

Ae Avtel =AZk(meantSD)ES SPSS-EA Z & 13 (version 23)

S o] £3}9] One-way ANOVA<} Ducan’s multiple test (Duncan, 1955)
2 Fo485 HdAsAh deoly #e fFoFE 5% olul(P<0.05)= 7}
Hatgkel gk o4 Zpol & ZALSFA T
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goZ W3y ke FARYEi A g § 1Ak Al 1dgko] o
FolA wiwke] T F-97F Ao ® Yol 24E7]7F HA L (Fig. 4
b), W&ol A= o] 247k 208 F 4ME7)(Fig. 4 o), 383 F 8427
(Fig. 3 d), 4417+ 10& 7N (Fig. 4 e)7F At ALA ] o]
dojut =4 5 124130l wigkgoe] FAE= TV E28717F H A H(Fig.
3 0. A=A F 1541t @&o] & FE) 7 HaL wjnkgio] gFobA| 7]

A2l aL(Fig. 4 g), 194 kel v 3ko] A4 = 1o ™ (Fig. 4 h), 2147t
w7 F A F A TH(Fig. 4 1). vl go] AES wgoz A& T
A=A & 30412kl 60% | E7F P E AL(Fig. 4 k), 44A]7F 30+l
90% ¥ E7F FA ¥ AcH(Fig. 4 1). Kupffer's vesicleS 74 3 464 7+5-
B 22 27 E #FH7] AlZkeke] S1ARel Ao 7|2 EAskar, 794

o
—_
(@]
é

7F 309 42" 3e 2 M (Fig. 4 m~o), Kupffer's vesiclee] 243 & 71
27t FAE 7] AlFeRar B A gke] A gk & Fghstr] Al #ekd
t}(Fig. 4 p, Q).

2. FAAN



Fig. 4. External morphology of the egg development stages of the
hybrid fish, and yolk-sac larvae of the hybrid, a: Blastodisc formed. b:
2 cell stage, 1 h. ¢ 4 cell stage, 2 h 20 min. d: 8 cell stage, 3 h. e! 16
cell stage, 4 h 10 min. f: midblastrula stage, 12 h. g: 30% epliboly
stage, 15 h. h: germ ring stage, 19 h. i embryonic shield stage, 21 h.
j: 40-45% epiboly stage, 25 h. k: 60% epiboly stage, 30 h. 1: 90-95%
epiboly stage, 44 h 30 min.
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Fig. 4. continued
m: Kupffer’'s vesicle appearance, 46 h. n: Kupffer's vesicle stage, 51 h.
o: Kupffer’s vesicle disappearance, 79 h 30 min. p: pre-hatching, 85 h.

q: hatched larva of hybrids . All scale bars indicate 200 pym.
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ol FHL WAE A with w3 F 5do] AushE Aot v
& A9 F5eA sw, ol delw, velE otz @ AN Hy

o AN Witk ol Ay FA Aot ME xE £ AES
Holw ol 4Bl RENE FHE AAsgch olw muw T

e, WEE npAa A Adw 5o 3 MAER BAET] A A

Th 90% ol/del ZHAIZE MEE $Rshs Al7]= 249 % 5o, Apoj=
3]

S AFste] Mg E (Love lavar 2%, 3%, 348 4 15, 1s3)&

oxd
il
off
)
52
)

o

1 Al 710l %9

Aol A% 20~30 cn o olE2xon A

1o olgatel MY ¥ Az ARIANUT. oF FEe Aot 68

A A3 Aloli= 3.2~46 cm, 85U = 45~55 cm, 112€9= 55~7.8 cm

3. v

Mol A A4 A s 8k7] 913 clove oils #E vt

Az Agate] vpHel 2e¥E
oil 20~80 ppmoll A FEe] n}3]

A

A2 315 AIES SA S A3 clove

Al 7F& 140.5+13.30%(20 ppm), 88+21.59

%40 ppm) 2 55+8.31%(80 ppm)E T2 E ] clove oil ¥E7} 7=



% kR Alzbe]l wEHE Ao yEhdth ey S EARS 1405~
476% = ¥% F7b mE f8 Aot Q= Ao e

(P>0.05). Z4=t+8] = clove oil 80 ppmoll A 104.5£9.71%° w37} Al %}
HAa, &5 A7FS 220.8+27.69%0]R o, =57FAH] o] 9= clove oil
20 ppm@] FEolA mHEH A QATHE 1204£10.78% 2 B EEJ oW, 3 E
of & 183.6+22.74%7} A8 ¥ A tH(Table 2).

oAl zt F9E S48kl Aol g WEH S yEkl 23k Tabl
e 33 2ok Aol tigk Aol vl= A=vEzt 85.99% HE 85.51%

aelal 7R 87.14% 2 Al w3t Zbolzh glith el it Al
1o v FETEvt 4856 % 1Eil fFES 49.39% = GER A =7}

vl 474% 9ok Agl HE v we gEde, §F aga
SohAv s 855%, 8.72%, 9.25%% thERTh mwae w4 AW
Zk7F 9.48%, 9.59%, 10.54% . gl e F3e ve= Z=vhE 268
3%, #& 25.32% 1¥]al 7R 2247% = YERY AEvhe] e gFE 7t
= g g ASR A o] EAA F94 (0050 YEEA sro}

geldow FAFe % 5 AU (Fig. 5.

E7hA4EE 1975% 9 Tl e FAnAe] wE Froe, 4% 1
g al E7FA = 7.43%, 9.31%, 7.19%= YERSTE Pl g Hl = Al
Aot Zh7) 18.71%, 22.27%, 17.16% = el ZFrchg] e 45 7hH
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Fig. 5. Photograph of hybrid flounder (Platichthys stellatus ¢ * Kare—

ius bicoloratuschthys 3). Scale bar= 10 cm
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Table 2. Induction and recovery times (meantSD) in 3 experimental

fishes anaesthetized with various concentrations of clove oil

Exp. group Dose (ppm) Induced time Recovery time
20 140.5+£13.30? 1475+15.72?
Hybrid 40 88+21.59 156.8+16.74?
80 55+8.31% 140.5+£30.99°
Starry b .
80 104.5£9.71 220.8+27.69
flounder
Stone b
20 120.4+10.78? 183.6+£22.74°
flounder
* P<0.05
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Table 3. Body proportions (mean = SD) of starry flounder, stone
flounder and its hybrid. The data was analyzied by the percent with
total length

Species Starry flounder Hybrid Stone flounder
% to TL
BL 85.99+3.72% 85.51+2.94° &87.14+2.05%
BH 48.56+2.44% 49.39+2.08" 44.74+1 58"
CL 8.55+0.69" 8.72+0.77% 9.25+0.76°
CH 9.48+0.58" 9.59+1.05" 10.54+0.46°
HL 26.83+1.05% 25:32+2.63° 22.47+1.03°
* [<0.05
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Table 4. Body proportions (mean * SD) of starry flounder, stone
flounder and its hybrid. The data was analyzied by the percent with

head length.

Species Starry flounder Hybrid Stone flounder
% to HL
UL 31.54+2.34* 32.85+5.46* 33.70£2.07°
SL i 2612.67 22.16+4.21° 19.75+2.25
IW 7.43+0.79° 9.31+2.23 7.18+0.98"
ED 18.71+1.69" 21.27+4.35% 17.16£1.03"
* P<0.05
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el i ASFEE FAA FAGP>0.05)0] HEREA] kol FE A

o9 EAS AR THFig. 6). 8~10 cm 9] o FolA Al A @
B W oeR offo &4s FA Fa BAol rtealen, A A%

g5 s 20 ¢ N9 ofF ZF 129 S e ste] 270D 3 B2
SErp oAl 1nkevke] gEEo] B2 A
52 95.8% A, FFAAE & o uiEl= HALsHA] ol AEES LS

pm’e 2 FAHAT. AT de] FWA 9 FyE 830:061 um®
1642+1.80 pm’e. 2 #Z¥ A tH(Table 5. Fig. 7). &5 A9 AT

W2e 38114410 pm’, F9&= 136.07+4551 pm’o. 2 Q¥
o] ¥ % Fy= 8194044 pm® 2 16.08+2.45 ym’=E #ZH )
A o] A4S ™ WA 38124510 pm?, -3 13551+42.1

or FAEga AP e WA 9 BRI 8155052 um’ ¥
A

dxe dFAEE Q2T oR sto] Zrtty, ZF9 Sk ¢



Fig. 6. External morphology of tagged fish. a, b: hybrids. ¢, d: starry

flounder.
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Table 5. Erythrocyte measurement (mean +

SD) of 3 experimental

groups
Starry J Stone
flounder gl flounder
Cell
Surface area (um®)  38.81+4.10° 38.11+4.30° 38.12+5.10°
Volume (um®) 138.74+30.01*  136.07+45.51* 135.51+42.14
Nucleus
Surface area (um?) 8.30+0.61° 8.19+0.44* 8.15+0.52*
Volume (um®) 16.42+1.8% 16.08+2.45" 16.01+£3.12%

* P<0.05
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Fig. 7. Photographs" of f.ezrythrocytes cell of 3 expe;rlmental groups. a:

1. 'H.'\- -'H. [y

starry flounder, b: hybnd ﬂougnder c- sto‘ne ﬂounder
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DNA &&& 43 23, d=vdel =7kAv 25 066 pg/haploid

cellZ o, BA8 &= 3u] 2% 94 0.66 pg/haploid celle] i th

Ae wAR As, G &

phU
td
-
2

2z
Y
S
rlr

A
2n=480]1 31 M &H L acrocentric chromosome 2420 & A1 E o]
3 MA@ AYPgke] 2ol g, JiA I H O ME

AA Gy AANE AR ekt (Table 7, Fig. 9). E3F silver staining

%0,
2 2

S %3 nuclear organizer region (NOR's)S #2413 23 714 ze 1%
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Table. 6. DNA contents measurement of 3 experimental groups

DNA channel of main peak

DNA content (pg/cell)

Genotype &
fish ID Mean Median oV Based on the Base.d on the
mean value median value
Starry

13035.49 12939 7.95 0.65 0.65

flounder 1
2 13073.22 12996 7.97 0.65 0.65
3 13043.33 12982 761 0.65 0.65
4 13422.11 13309 9.56 0.67 0.67
5 13332.26 13272 6.66 0.67 0.67
Mean 13181.28 13099.60 7.95 0.66 0.66
SD 162.95 157.43 0.94 0.01 0.01
Hybrid 1 12902.18 12765 10.68 0.65 0.64
2 13188.89 13064 9.1 0.66 0.66
3 13116.03 12999 15.81 0.66 0.65
Mean 13069.03 12942.67 11.86 0.66 0.66
SD 149.02 157.26 3.50 0.01 0.01

Stone

12582.09 12514 77 0.63 0.63

flounder 1
2 13533.98 13460 8.22 0.68 0.68
3 13463.24 13377 8.82 0.67 0.67
Mean 13193.10 13117.00 8.24 0.66 0.66
SD 530.33 523.86 0.56 0.02 0.02
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Fig. 8. Flow cytometric histograms for DNA content of starry flounder
(a), hybrid (b) and stone flounder (c).
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Table 7. Chromosome counts of hybrid fish between female starry

flounder and male stone flounder

Frequency of chromosome count

Fish No. sex 6 A7 A8 49 50
1 ) 1 8 37 1
2 4 3 16
3 ¥ 4 28
4 ¥ 2 21
5 A\ 1 2 11 1
6 ¥ 1 6 40 3 1
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(a) and male ,| hybrid (b)

Fig. 10. Sleer— stained

between st flounder
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Table 8. Early growth comparisons of weight gain and condition

factor of starry flounder, stone flounder and its hybrid (mean + SD)

Starry Stone )
Hybrid
flounder flounder
Initial mean
body weight 14.6+0.6 15.8+0.7 13.5+0.4
(g/fish)
Final mean
body weight 32.6£2.0 41.4+4.2 37.1£24
(g/fish)
Weight gain
(g/fish) 18.0+2.2 25.6£4.3 23.6+2.4
Specific growth o) goa 0.28+0.04" 0.26+0.03%
rate (%)
Efe)d efficiency = g 749 4P 782573 80.2+6.6%°
(6]
Feed intake 1.1£0.0 1.2£0.1 1.1£0.1
Condition
factor 1.5%0.0 1.4£0.1 1.5£0.1

Weight gain: final body weight-initial body weight

Specific growth rate: [(final body weight)-(initial body weight)]*x10

0/days reared

Feed efficiency: wet weight gain/feed intake)x100

Feed intake:: feed intake/wet weight gain
Condition factor: (body wt./total length®)=x100
Values (meanzSE of three replications) in each row with a different

superscript are significantly different (P<0.05).
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Table 9. Comparision of body weight and condition factor between

starry flounder and hybrid flounder (mean * SD)

Starry flounder (g) Hybrid (g) Hybrid / Sf
Growth (W) 193.0+47 .4 222.2+£44.7 15.1% up
C. f. 1.99+0.22 2.23+0.31 12.0% up
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Fig. 11. Scuticocidal activity of sera collected from starry flounder (a),

hybrid (b) and stone flounder (c).
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Table 10. Comparison of DNA synthesis ability by flow cytometric cell

cycle analysis of two experimental groups after feeding

G, S
Time (h) Gy + M Gy, +M
Starry flounder / Hybrid Starry flounder / Hybrid
0 0.98+0.18 0.80+0.13
4 1.01+0.18 0.83%0.10
3 1.0+0.04 0.78+0.04
12 1.46+0.91 1.23+0.41
24 1.49+0.16 1.14+0.11

“Values are mean+SD of replicate groups.
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Table 11. Comparison of DNA synthesis ability by flow cytometric cell
cycle analysis of two experimental groups after starvation

. G,
Time Q—+1M GZ%M
(Day) Starry flounder / Hybrid Starry flounder / Hybrid
2 1.28+0.02 1.19+0.02
5 1.09+0.21 1.24+0.07
7 1.12+0.24 1.13+0.16
12 1.17+0.11 1.06+0.11
14 0.56+0.02 0.73+0.08

“Values are mean+SD
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Table 12. Number of dead fish in 2 experimental groups cultured at

various concentrations of salt water

Salinity (%)

Exp. group 35 30 % 15 5 25
Starry flounder 0 0 1 0 0 0
Hybrid 0 0 0 0 1 0
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Table 13. Number of dead fish in 2 experimental groups cultured at

fresh water after starvation for 2 weeks

Day
Exp. group 0 1 5 3 4 5
Starry flounder 0 0 0 0 1 0
Hybrid 0 1 1 9 3 5
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Fig. 12. External morphology of death hybrid fish treated with

freshwater after starvation for 2 weeks.
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starry f. Hybrid stone f.

Fig. 13. Electrophoretic patterns of prolactin genomic DNA of starry

flounder, stone flounder and its hybrid.
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i
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sa—mwn BE—dwn a—@r B—mwn a—mun

B—wN

ATGACTCACAGGAGAACCAGACTCTTCATCATGGCTGCCGTGGTGTCCTATGTGATGACA
ATGACTCACAGGAGAACCAGACTCTTCATCATGGCTGCCGTGGTGTCCTATGTGATGACA
ATGACTCACAGGAGAACCAGACTCTTCATCATGGCTGCCGTGGTGTCCTATGTGATGACA
ATGACTCACAGGAGAACCAGACTCTTCATCATGGCTGCCGTGGTGTCCTATGTGATGACA
ATGACTCACAGGAGAACCAGACTCTTCATCATGGCTGCCGTGGTGTCCTATGTGATGACA

TCATGCGRCGCCGTCCCCATCAACGACCTGTTGGACCGAGCGTCACAGCGCTCAGACAAA
TCATGCGGCGCCGTCCCCATCAACGACCTGT TGGACCGAGCGTCACAGCGCTCAGACAAR
TCATGCGGCGCCGTCCCCATCAACGACCTGTTGGACCGAGCGTCACAGCGCTCAGACAAA
TCATGCGGCGCCGTCCCCATCAACGACCTGTTGGACCGAGCGTCACAGCGCTCAGACAAA
TCATGCGGCGCCGTCCCCATCAACGACCTGTTGGACCGAGCGTCACAGCGCTCAGACAAA

D T

CTGCACTCGCTCAGCACCACACTCAGCCAGGAGCTGGACTCTCACTTCCCTCCGATTGGT
CTGCACTCGCTCAGCACCACACTCAGCCAGGAGCTGGACTCTCACTTCCCTCCGATTGGT
CTGCACTCGCTCAGCACCACACTCAGCCAGGAGCTGGACTCTCACTTCCCTCCGATTGGT
CTGCACTCGCTCAGCACCACACTCAGCCAGGAGCTGGACTCTCACTTCCCTCCGATTGGT
CTGCACTCGCTCAGCACCACACTCAGCCAGGAGCTGGACTCTCACTTCCCTCCGATTGGT

B T et

rrrraan

CGGCTGATGTTGCCCCGCCCCTCGATGTGCCACACCTCCGETCTGCAGACGCCCACTGAC
CGGCTGATGTTGCCCCGCCCCTCGATGTGCCACACCTCCGCTCTGCAGACGCCCACTGAC
CGGCTGATGTTGCCCCGCCCCTCBATGTGCCACACCTCCGCTCTGCAGACGCCCACTGAC
CGGCTGATGTTGCCCCGCCCCTCGATRTGCCACACCT CCGCT CTGCAGACGCCCACTGAC
CGGCTGATGTTGCCCCGCCCCTCGATGTGCCACACCTCCGCT CTGCAGACGCCCACTGAC

B

AAGACACAAGCTCTTCAAGTATCAGAGTCCGACCTGCTGTETCTRGETEGCTCTCTGCTC
AAGACACAAGCTCTTCAAGTATCAGAGTCCGACCTGCTGTCTCTGGETEGCTCTCTGLTC
(
i
Ci

AAGACACAAGCTCTTCAAGTATCAGAGTCCGACCTGCTGTCTCTGGECLGCTCTCTGETC
AAGACACAAGCTCTTCAAGTATCAGAGTCCGACCTGCTGTCTCTGGGCEGCTCTCTGCTC
AAGACACAAGCTCTTCAAGTATCAGAGTCCGACCTGCTGTCTCTGGECLGCTCTCTGLTC

B

CAGGCCTGGGACGACCCCCTGTCCGTCCTGTCCTCCTCGGCCTTCICTCTGCCTCACCCG
CAGGCCTGGGACGACCCCCTGTCCGTCCTGTCCTCCTCGGCCTTCTETCTGCCT CACCCG
CAGGCCTGGGACGACCCCCTGTCCGTCCTGTCCTCCTCGGCCTTCTCTCIGCCTCACCCE
CAGGCCTGGGACGACCCCCTGTCCGTCCTGTCCTCCTCGGCCTTCTCTCTGCCTCACCCG
CAGGCCTGGGACGACCCCCTGTCCGTCCTGTCCTCCTCGGCCTTCTCTCTGCCTCACCCG

T T T T T T T T T T

2 GCTCAGAGCAGCATCTTCAACAAGGTGCGCGAGCTGCAGGAGCACTCCAAGAACCTGTAG
3 GCTCAGAGCAGCATCTTCAACAAGGTGCGCGAGCTGCAGGAGCACTCCAAGAACCTGTEG
5 GCTCAGAGCAGCATCTTCAACAAGGTGCGCGAGCTGCAGGAGCACTCCAAGAACCTGTGE
| GCTCAGAGCAGCATCTTCAACAAGGTGCGCGAGCTGCAGGAGCACTCCAAGAACCTGTGE
4 GCTCAGAGCAGCATCTTCAACAAGGTGCGCGAGCTGCAGGAGCACTCCAAGAACCTGTGG

T L L LT TP

2 GACGGCCTGGACGTCCTCTCTGGGAAGA TGGGTGCAGCGGATCAGACCCTCTCCTTCCTE
3 GACGGCCTGGACGTCCTCTCTGBGAAGA TGGGTGCAGCBGATCAGACCCTCTCCTTCCTE
5 GACGGCCTGGACGTCCTCTCTGGGAAGATGGGTGCAGCGGATCAGACCCTCTCCTTCCTG
1| GACGGCCTGGACGTCCTCTCTGGGAAGATGGGTGCAGCGGATCAGACCCTCTCCTTCCTE
4 GACGGCCTGGACGTCCTCTCTGGGAAGATGGGTGCAGCGGATCAGACCCTCTCCTTCCTG

PR PR Shreeiribiesbabiibiatas

2 CCCTACAGAGGCAACGACCTCGECCAGGACAGRATCTCCAACCTGATCGACTTCCACTTC
3 CCCTACAGAGGCAACGACCTCGECCAGGACAGGATCTCCAACCTGATCGACTTCCACTTC
5 CCCTACAGAGGCAACGACCTCGGCCAGGACAGGATCTCCAACCTGATCGACTTCCACTTC
| CCCTACAGAGGCAACGACCTCGGCCAGGACAGGATCTCCAACCTGATCGACTTCCACTTC
4 CCCTACAGAGGCAACGACCTCGGCCAGGACAGGATCTCCAACCTGATCGACTTCCACTTC

B

2 CIGITGICCTGCTTCCGACGGGACT CGCACAAGATCGACAGCT TCCTGAAGGT CCTGCGE
3 CTGTTGTCCTGCTTCCGACGGGACTCGCACAAGATCGACAGCTTCCTGAAGGTCCTGCGC
5 CTGTTGTCCTGCTTCCGACGGGACTCGCACAAGATCGACAGCTTCCTGAAGGTCCTGCGC
I CTGITGTCCTGCTTCCGACGGGACTCGCACAAGATCGACAGCTTCCTGAAGGTCCTGCGC
4 CTGTTGTCCTGCTTCCGACGGGACTCGCACAAGATCGACAGCTTCCTGAAGGTCCTGCGE

B R T T ST

2 TGCCGAGCTACGAACACACAGCCTGAGACGTGCTGA
3 TGCCGGECTACGAACACACAGCCTGAGACGTGCTGA
5 TGCCGGECTACGAACACACAGCCTGAGACGTGCTGA
1 TGCCGGGCTACGAACACACAGCCT GAGACRT GCTGA
4 TGCCGRGCTACGAACACACAGCCTGAGACGTGCTGA

D T T P P

Fig. 14. Multiple alignment of coding sequences of PRL gene in starry
flounder (1), stone flounder (2 & 3), and hybrid (4 & 5). Prolactin
sequences were aligned by using Clustal W. Identical nucleotide

sequence among PRL genes was indicated by red box.
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Coding sequences of the gene encoding prolactin of hybrid

between starry flounder and stone flounder. Coding regions in the

exons are shown and the corresponding amino acid sequences are

indicated as bold characters. Sequence that differ from other species

are indicated in a square box.
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ATG ACT CRC AGG AGA ACC AGA CTC TTC ATC ATG

TCA TGC GGC GCC GTC CCC ATC AAC GAC CTG TTG

s c G A P N D L L
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Fig. 16. Coding sequences of the gene encoding prolactin
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corresponding amino acid sequences are indicated as bold characters.

Sequence that differ from other species are indicated in a square box.
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Hybrid Stone flounder
PRL

M & 1 K H Gn Gi B M S I K H Gn Gi B

Fig. 17. Tissue-specific expression of prolactin gene in the hybrid

and stone flounder analyzed by reverse transcription (RT)-PCR. RT-
PCR was carried out with cDNA prepared by using total RNA isolated
from muscle (M), spleen (S), intestine (I), kidney (K), heart (H), gonad
(Gn), gill (Gi), brain (B) as indicated.
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FIXR1 170bp RPLFXR3 156bp

(A) . Starry Stone (B) B& e el Hybrid

flounder flounder
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flounder flounder

Hybrid Starry Stone Hybrid

flounder flounder

=
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Fig. 18. Analysis of relative expression level of prolactin in starry

flounder, stone flounder and its hybrid. (A) PCR primers used are F1
x R1 170bp, F3 x RPLR 97bp and RPLF x R2 282bp. (B) PCR prime
rs used are RPLF x R3 156bp, RPLF x R4 156bp and RPLF x R5 102
bp.

_58_



& 9%

7-6. A

4719]

A

A9 AA 8~10cm B2 &AM A 1 A

A9l

ZF

o

il

e 91T

£

7

-
X

TEA R A 1 EA

o] A% 8~1

p=S
N

Aol loi A, Fig. 1994 =

)

Ocm 9 A

2o gl Ao epittt

=
[€)

o] Ao} A

o] g

A3} Fig. 203 2t} Fig. 20014 BE

ki3

il

o

X

oz shek HAL) oo o]59] ¢

]

K

R

3} A7

o

=

o

Uz

X
=

A

A7} B2 e,

-
1

o]

1178

il

7} %igig]%(P>005), ZA A HALdE ZEoe] 7} 3.60+ 0205b’ 20

3170

=
o

1A THP<0.05).

H ol

KeX
=

5.56+0.130%¢] %k

A9k L-valine® 2<% ZEog7 2Rt} =

o}
by

Aolg meln| 2

= &

L
==

5}

i=]
4

HSw= 25719

kel

H 3 31(P<0.05)(Table 15), A

=

KN
T

Fol7b gl tH(Table 16).

_59_



Fig. 19. Transverse sections of gonads of starry flounder (a: female, c:

male) and hybrid fish (b: female, d: male).
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Fig. 20. External morphology of gonad with 19-month-old hybrid fish

(a; female, b; male).



Table 14. Whole-body proximate composition(%) analysis of starry

flounder and hybrid fish (mean+SD)

Starry flounder Hybrid
Moisture (§(8 0385 74.33 +.0.825"
Crude protein 19.10 + 0.165° 1854 + 0.735%
Crude lipid 3.60 + 0.205" 5.56 = 0.130°
Crude ash 1.8 =2 0:025° 1.22 £+ 0.060°
“Values with different superscripts in the same row are significantly

different.
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Table 15. Total fatty acid composition of starry flounder and hybrid

fish (% of total fatty acids)

Starry flounder

Hybrid

Lauric acid C12:0
Myristic acid C14:0
Pentadecanoic acid C15:0
Palmitic acid C16:0
decanoic acid C17:0
Stearic acid C18:0
Arachidic acid C20:0
Behenic acid C22:0
> Saturates
Myristoleic acid C14:1
Palmitoleic acid C16:1
cis—10-Heptadecenoic acid C17:1
Oleic acid C18:1n9¢
cis—11-Eicosenoic acid C20:1
Erucic acid C22:1n9
Nervonic acid C24:1
> Monoenes
Linoleic acid C18:2n6c
Linolenic acid C18:3n3
y—Linolenic acid C18:3n6
cis—11,14-Eicosadienoic acid C20:2

Methyl cis—5,8,11,14-Eicosatetraenoic

acid C20:4n6

cis—5,8,11,14,17-Eicosapentaenoic acid

C20:5n3

cis—4,7,10,13,16,19-Docosahexaenoic acid

C22:6n3

>.n-3 highly unsaturated fatty acids

(HUFA)

0.115 + 0.0050*
11.205 + 0.0050*
0.550 + 0.0100°
42.625 £ 0.0650°
0.265 + 0.0250°
3.650 + 0.0000°
0.165 + 0.0050
0.000 = 0.0000
58.675 + 0.0250%
0.100 = 0.0100°
7.725 + 0.0250°
0.140 = 0.0000*
16.080 + 0.0700*
1.615 £ 0.0050*
0.170 = 0.0100°
0.150 + 0.0200°
25.880 = 0.0600?
3.810 = 0.0100°
0.450 + 0.0000*
0.000 = 0.0000°
0.130 + 0.0000°
0.170 + 0.0000*
6.005 + 0.0150°
4.880 + 0.7000°

11.055 + 0.0850*

0.055 + 0.0550°
11.295 + 0.1850"
0.565 + 0.0050°
43.080 + 1.7000°
0.275 + 0.0050°
3.58 + 0.2350°
0.180 + 0.0200°
0.020 + 0.0200°
59.110 + 1.5550°
0.055 + 0.0550°
7.835 + 0.1750°
0.065 + 0.0650°
16.230 + 0.4000"
1.630 + 0.0900*
0.095 + 0.0950°
0.095 + 0.0950°
25.950 + 0.2300°
3.790 + 0.1800°
0.255 + 0.2550°
0.030 + 0.0300°
0.080 + 0.0800°
0.095 + 0.0950°
5.965 + 0.3850°
4725 + 0.7050°

10.785 + 1.1850°

Values (meanstSE of the triplicate replications) in the same column

with the same superscript are not significantly different (P>0.05)
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Table 16. Free amino acid composition of starry flounder and hybrid

fish (mg/100 g)
Starry flounder Hybrid

Alanine 17.0 = 1.50° 31.0 = 0.00*
B-alanine 37.0 = 1.507 24.0 £ 1.50°
Aminoadipic acid 1.0 = 0.50° 1.0 = 0.50°
DL-B-Aminoisobutyric acid 1.0 = 1.00* 4.0 = 2.00?
Aminobutyric acid 0.0 = 0.00* 0.0 £ 0.00*
y—-Aminobutyric acid 3.0 £ 0.00* 2.0 = 0.00"
Asparagine 2.0 = 050% 0.0 £ 0.00?
Aspartic acid 2.0 £ 0.507 2.0 = 0.00"
Carnosine 20 B 2008 3.0 = 3.00"
Citulline 0.0 £ 0.00* 1.0 = 0.00°
Cystine 0.0 = 0.00* 1.0 = 0.50°
Glutamic acid 6.0 £0.50" 6.0 = 1.00"
Glycine 42.0 = 1.00* 36.0 = 1.50°
Histidine 16.0 = 0.50° 15.0 £ 2.00*
3-Methyl-L-Histidine 2.0 £ 1.50% 0.0 = 0.00"
1-Methyl-L-Histidine 0.0 £ 0.00* 1.0 = 0.50°
Isoleucine 1.0 £ 0.50% 4.0 = 0.00*
Leucine 0.0 = 0.00* 50 = 0.50"
Methionine 1.0 £ 0.50° 2.0 = 0.00"
Orinithine 2.0 £ 1.00* 2.0 = 0.00"
Phenylalanine 1.0 = 1.00* 50 = 0.50"
Phosphoserine 2.0 £ 0.00? 2.0 £ 0.00?
Phosphoethanolamine 10.0 = 2.00° 15.0 £ 0.50*
Proline 11.0 = 1.50° 9.0 = 0.00"

Serine 12.0 = 0.50° 12.0 £ 0.50*
Taurine 106.0 + 3.50° 130.0 = 0.50*
Threonine 14.0 £ 1.50% 14.0 £ 0.50a
Tyrosine 3.0 = 1.00* 3.0 £ 0.00
Tryptophan 1.0 = 1.00% 2.0 = 2.00°
Urea 2.0. £ 0.50° 0.0 = 0.00"

Valine 1.0 + 0.50° 7.0 +0.50"

Values (meanstSE of the triplicate replications) in the same column

with the same superscript are not significantly different (P>0.05)
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