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SUMMARY

I . Development research of bluefin tuna culture used offshore net cage

II. Purpose and Necessity

O Tuna is recognized as one of high value-added fish whose farming is considered
to drive the aquaculture industry as new growth engine for the whole economy.

O The Korean government listed the project, "Establishment of the Korean-type
Offshore Culture" on the 100 national projects of the new administration and
tuna is one of major species for the offshore culture.

O To satisty the need both for the fisheries resources management and economic
benefits, it is urgently needed to develop tuna aquaculture technologies to
produce the profitable fishery product and highly functional materials from the
species.

II. Contents and scope of the study

1. Development of bluefin tuna culture technique used offshore net cage
O The security and culture of bluefin tuna broodstocks
1) The security of broodstocks in natural: 300~400 fishies
2) Culture (3 places) : offshore net cage, land tanks, aquarium tank
O Capturing Juveniles for Tuna Aquaculture
1) The trial of capturing juveniles by trolling : June~November, Jeju and Geomoon-do coast
2) Effects of the Fish Aggregating Device : 10 set
3) Developments of juvenile transfer technique (sea and land)
O Characteristics of physiology and ecology
1) Growth investigations by the not contact system
2) The basic study on quality control
3) Insert a data logger for the studies of behavior characteristic

O Marine environmental monitoring around tuna culture area

2 Development research of bluefin tuna culture used high density polyethylene cage (HDPE)
O Trial fish purchase and culture of bluefin tuna
- Trial fish purchase and culture
- Analysis of growth and collection of fertilization eggs
O Analysis of body component and disease
O Marine environmental monitoring around tuna culture area

- Analysis of water quality and sediment



- Analysis of red tide around tuna culture area
O Investigation of fishing and stock biomass of tuna in southern sea

O Installation of submersible net cage

3. Development of bluefin tuna aquaculture system

O The model test of bluefin tuna cage and the suggestion of design model

4. Study on land-based culture of bluefin tuna
O Natural seedling capture and development of land transportation

O To study rearing techniques of Pacific Bluefin Tuna at indoor tank

5. Genetic Resource Mass-expression and Application
O Search the genetic resource
1) ¢cDNA library construction : the genetic resource library of the target fish
O Identification and cloning of the target genes
1) RACE-PCR : identify the full length target gene using the template as the cDNA library
2) identification and cloning the bioreator genes (GH, IGF, GnRH)
O Characterization of the genetic resource
1) Analysis of the full length gene
2) Analysis of the phylogenetic profiling
3) Analysis of the multiple alignment
4) Analysis of the properties of the deduced amino acids and construction of 3-D structure
O Mass production of the genetic resource from the target fish
1) Construct the mass-production system of the reproduction regulation material

2) Construct the mass-production system of the bioreactors

IV. Results of research
1. Development of bluefin tuna culture technique used offshore net cage
O The security and culture of bluefin tuna broodstocks
1) The security of broodstocks in natural : 241 fish
- Born in '09 year : 113 fish (8 kg), Born in ‘08 year: 127 fish (30 kg)
2) Culture (3 places) : offshore net cage, land tanks, aquarium tank
- Offshore net cage : Culture in SeaStation 3,000 m® 1 unit and 5,400 m® 1 unit
- Land tank : roof covering and construction of water treatment system
- Aquarium : Culture of 75 longtail tuna
O Capturing Juveniles for Tuna Aquaculture
1) The trial of capturing juveniles by trolling : June~November, Jeju and Geomoon-do coast
- Caught a total of 607 longtail tuna, 81% of survival rate (provide 75 fish to Aquarium)

2010 2|‘=’|'| ’-lgl:l"-go'i %“—‘Pl%?.?'m%‘ Tuna offshore aquaculture technology and research I 9



- Dissemination of tuna catch technique for fisherman : Hold a round-table talk for 2 times
2) Effects of the Fish Aggregating Device : 10 set
- Catched a some of Frigate mackerel, Striped bonito
3) Developments of juvenile transfer technique (sea and land)
- Transportation of big size on sea
* 236 Blue fin tuna (25 kg), used circle type net cage (¥ 22m)
* transfer distance of 53 km(Hwasoon = Pyoseon), 27 hours
- Land transportation
* 75 longtail tuna (150~250 g), used circle type tank (& 2m)
* route of transportation : Jeju Weemi = Busan Aquarium, 13 hours
O Characteristics of physiology and ecology
1) Growth investigations by the not contact system
- Growth investigations by the dual-frequency identification sonar and stereo camera : 2% error
- Characteristics of swimming behavior : tuna swim in the bottom depth at
night time while swim in the shallow depth at day time
2) The basic study on quality control
- accumulated the fat as fast as adults while slowly accumulated the mercury
as the weight increased
3) Insert a data logger for the studies of behavior characteristic
- Insert a data logger into the abdominal cavity of longtail tuna
O Marine environmental monitoring around tuna culture area
- Lowest water temperature was observed as 14C in Febuary and highest as
245T in September
- COD : 1.20~2.12 mg/L, TP : 0.002~0.022 mg/L, TN : 0.071~0.201 mg/L

2 Development research of bluefin tuna culture used high density polyethylene cage (HDPE)
The result of growth analysis showed that the average body weight of the bluefin
tuna produced 2007 was 49 kg, and that of the trial fishes produced in 2008 was
20~21 kg. Trial fish purchased 200 individuals for the adults use seed production and
have cultured in Geomun island. The size of fish showed that 38~48 cm in total
length, 0.8~1.8 kg in body weight (average weight 39.4 cm). The results of growth
fish 120 cm in fork length showd a half times more than before a year.
An analysis showed that the mercury content in the body of the aquacultured
bluefin tuna was safe level below the standard value set by KFDA.
A trial culture site has been secured on the coast of Yokji island, Tongyeong-si and
Geomun island Yeosu-si in order to develop aquaculture technologies for bluefin tuna,
as a joint research between industry and research institute.

Minimum water temperature was observed as 10.4C in Febuary and maximum as
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263C in August with thermocline. From Febuary to December in 2010, the pH
ranged from 7.6 to 8.3. The dissolved oxygen concentrations in Febuary of study area
was appoximately 5 mg/L and the concentrations of the other months were near or
above 7 mg/L. The COD concentrations of study area were below Img/L from
Febuary to December, 2010. The TP(total ortho-phosphate) concentrations of the study
area from Febuary to December in 2010 were below 0.03 mg/L. The TN (total
nitrogen) concentrations of the study area from Febuary to December in 2010 were
below 0.3 mg/L.

We analyzed the fluctuation of the phytoplankton including harmful dinoflagellates
occurring in Yokgido for 6 years. Total cell density showed a significant monthly variation
and the flora was predominated with diatoms. Gymnodinium sp. occurred 19 times, the
greatest number of occurrence in all kinds of dinoflagellates during summer. In particular, the
total number of occurrence of C. polykrikoides was 8, and harmful dinoflagellates such as
Karenia  brevis/Fibrcapsa  japonica  occurred. =~ The relationship  between  Chl-a
concentration/total cell number and sunset/sunrise was significant and reasonable sinking
depth in floating cage was found to be at least 3m from the water surface, whicht was

associated with massive fish kills caused by C. polykrikoides.

3. Development of bluefin tuna aquaculture system

In this study two type of cages were designed and tested in model experiment, which
were the tension-leg type and the central buoyancy control type. After test the final
design of cage was derived through the comparing the results of two models. As a
results there was no difference in the function of submerging and surfacing, however the
tension-leg type was more stable than the central buoyancy control type in the same

condition

4. Study on land-based culture of bluefin tuna

O Natural seedling capture and development of land transportation

Fishing tests on Pacific Bluefin Tuna carried out in the neighboring waters around
Jeju from January to October, 2010 have revealed incidental catches of Pacific Bluefin
Tuna’s seed, total weight 200g~700g, in Longtail Tuna since September 12. The
rectangular tank (1.4mx1.4mx0.8m)-water temperature 25.1°C, oxygen concentration
14.7ppm containing 3, 6, 13, and 28 specimens was transported by land and the
survival rate was 100%. The circular-shaped tank (1.6m widex0.8m depth)-water
temperature 22.3°C, oxygen concentration 12.5ppm containing 14, 22, 26, 28 specimens
was transported by land and the survival rate was 100%. Tests performed on the
plastic  rectangular  tank  (1.4mx1.4mx0.8m, effective volume 15m’) and

self-manufactured FRP circular-shaped tank (1.6m widex 0.8 depth, effective volume

2010 2I‘E:'I'I ".;!‘EI%*O{ %“—‘Pl%‘?_?m%‘ Tuna offshore aquaculture technology and research I 11



1.5m") respectively showed a 0% death rate and found no difference in survival rate
according to the shape of the culture facilities.

O To study rearing techniques of Pacific Bluefin Tuna at indoor tank

3 young fish that body weight 150g and three other young fish that body weight an
average of 500g each inhabited the land-based culture facilities (13m in wide x 7m
depth, effective volume 860m’) that 1-year-old Pacific Bluefin Tuna, ranging from 8~10
kg, were being bred in and the first 3 young fish were eaten by Pacific Bluefin Tuna.
However, the latter ones swam around in a different location and did not display any
aggressive movement. On October, 2009, the young of the Pacific Bluefin Tuna-
389cm in total length, 1.3 kg in body weight inhabited the land-based culture
facilities (13m in widex 7m depth, effective volume 860m’) that were fluorescent
bulb-lit for 24 hours and provided pompano 6 times a week for a year grew by 85.3
cm in total length and 10.7 kg in body weight and feed coefficient were recorded by
12.2

The wild fry, captivated and transported in the land-based culture facilities saw
93.4% cumulative mortalities within 15 days, but the fry, domesticated in an enclosing
net for 17 days showed mortalities of 30.3% in 15 days.

Monitoring results of the status and causes of diseases found no endoparasitic
diseases during rearing. Microscopic inspection on bacteria and disease indicated 2

kinds of gram negative bacteria isolation from the sample of Pacific Bluefin Tuna.

5. Genetic Resource Mass-expression and Application
O Construction cDNA library for search the genetic resources for the target fishes
1) Construct the brain and liver cDNA library from blue fin tuna
2) Construct the brain and liver cDNA library from mackerel
O Identify the target genes and cloning
1) Identify and cloning growth hormone gene, insulin-like growth factor genes,
and gonadotropin releasing hormone gene from blue fin tuna
2) Identify and cloning growth hormone gene, and gonadotropin releasing
hormone gene from mackerel
O Molecular characterization of the genetic resource from the target fish
1) Identification of the full length gene
2) Phylogenetic profiling of the target gene
3) Analysis of the multiple alignment
4) Molecular characterization and 3-D structure construction of the target protein
O Mass production of the genetic resource from the target fish
1) Construct the mass-production system of the reproduction regulation material

- Recombination the GnRH and GH genes of blue fin tuna
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- Recombination the GnRH and GH genes of mackerel
2) Construct the mass-production system of the bioreactors
- Transduce the mackerel's GnRH gene to the earthworm, and inducting mass
production of mackerel’'s GnRH

- in vitro bioactivity TEST

V. Applications of the Study Results
1. Development of bluefin tuna culture technique used offshore net cage
O Bluefin tuna broodstocks used the seedling production in 2014 year
O The juvenile capturing technology will be nurtured as new income source for the fishers
O Fish measurement by Stereo camrera apply the development of bluefin tuna culture technique
O Insert a data logger into the bluefin tuna for the studies of behavior characteristic (2011)
2 Development research of bluefin tuna culture used high density polyethylene cage (HDPE)
O The bluefin tuna is one of the high value-added large fishes, therefore We have to

procure aquaculture competitive through technique development and fundamental

research of aquaculture.
O Transfer technique of artificial seed production and adult culture methods for

industrial aquaculture of bluefin tuna.

3. Development of bluefin tuna aquaculture system
O The technique for the tuna cage system developed will be transferred to a private
company for the growth of bluefin tuna aquaculture industry.

4. Study on land-based culture of bluefin tuna
O To elevation of fisherman’s income by grasp the distribution schematic and
migratory route a shoal of Pacific Bluefin Tuna’s fry in the costal of jeju island
O To application of Pacific Bluefin Tuna’s fry of transportation methods

O To using of the status gonad development and the investigation of early sex

determination process

O Offer of rudimentary rearing data at indoor tank in Pacific Bluefin Tuna

5. Genetic Resource Mass-expression and Application
O Oral feed the mackerel’s recombinant GnRH to aquacultural mackerels (expected
time : 2011. 2~3)
O Oral feeding the recombinant GH to tuna fries (expected time : 2011. 4~5)
O After oral feeding to target fishes, monitering the growth rate, biological activity

and the safe-stability of biosynthetic materials
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4) m, BZ%o7 100(7<o 5), 20034 6)molA AlZE
A= sk e

DO BXE $#3WE HY, ¥%A 794~895 mg/L (853036 mg/L), EZolA
748~8.03 (7.72+024), AZolA 7.19~867 (7.61+054)01th EZA 7M1 L %S
HRl ¥t F33 AFS FARRE 32 Holal ok AHEE Fholl AolE Hola YA

F5H pH EXt= E5o0A 7.98~8.24(8.11+0.10), FZFolA 7.83~8.20(8.02+0.14), A=
oNME 7.87~816(7.99+0.11)°1At}. EFolA EIL AFoAH Fe& AFAHA AHFS Ho

~

F3 gtk AAEE ANBA, AR FHEY DEAIM BT PolW5F pHE
Bashs AL Holw lnk olA@ pHE Faol AT AU HME FF WU
AE7t Basit

23 oo

g
B
izz s
=F o EE
= a =
Hzz nzs
ExE Frz
1 2 3 4 3 ] 1 2 3 4 5 g

38 63. 7t52 YAMF FHO £#4H DO = U pH =E.
}) 7124 (COD, Chla)

COD 55 F£3HEE By, 54 1.20~212 mg/L (1.85+0.48 mg/L), &ZolA
1.32~212(1.63£0.29), AFollA 1.24~1.92(1.49+0.26)¢1 ATt EFolAM = 7158 TAF B
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o A 2004 &S %k—% Hola Hold4R COD7E WolAe BEFS Hola oH, &
SAAE A7t HAASFE L @S Holn Utk AFdAE JHFE FAR 5
#e Bl Wk Agrt 01 ATE G FolAE AFS Hoja Yt

Chl. a(Z2E29 a) 5+ ESoIA 051~1.04 ug/L (0.64£0.20 ug/L), TZlA 055~
0.99(0.65+0.17), A ZolA 0.59~0.80(0.63+0.08)°] ATt FHEBZE 7158 SAIFA

HE

S B FSolA FARRE @S Holal Aol tha W2 S Hola flow, B ARlA
© & AolE Hola A FAN BHE=E Fe o, 7HrE SAFAAN M w2 #e
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3 3
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T i

a8 64. 7tFEl IAFE F#H +49E COD ¥ Chl. a EX.

DIN®| %+ EZolA 0.031~0.064 mg/L (0.042+0.013 mg/L), 514 0.058~
0.086(0.073+0.011), A=A 0.086~0.125(0.103+0.014)°] ATF. EZ2] A$ 7158 FAE
A ZFE YolAls AFS Holal o, 33 AFdAE HA 2004 HugS B
oty HoldFF YolA = FEFS Kol gl
TN F5E FZolA 0.071~0.140 mg/L (0.099+0.027 mg/L), F=°lA 0.083~0.201
(0.127+0.042), A=l 0.114~0.197(0.138+0.033)°] ATt AAZH o= 7}FE] FA oA
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B 12. S0 ot /7I2L9 +oE YHE BT EE(%)

A
T - - -
T = == = A2

76] @ s 2oy ) X'] ) ‘%] EL
A1 10.1 29.8 9.3 16.1
A4 2 40.3 13.6 2.7 18.9
A3 63.9 24.0 1.7 29.9
A 4 61.0 52.0 36.7 49.9
A4 5 67.3 47.8 28.1 47.7
A 6 75.9 63.4 51.8 63.7

DIPS B% BXE #4397 ®Z04 0.000~0.004 mg/L (0.002+0.001 mg/L), Z=oi
0.003 ~0.007(0.005+0 Zoll A 0.008~0.014(0.011£0.002)0] ATt B=7 F=o] A

o
(e}
o
?/
2

AA 2014 7HE L FE Hola ZFE dolAe AFS Holi dom AFdA
A 3oA Haughe Holtp HoldFE WolAls AFde Hola v E=F A FolA
Z334 ST H& w2 @S BHolx Stk

TP v% EXE FZoA 0.002~0.013 mg/L (0.007+0.004 mg/L), T34 0.006~
0.018(0.012+0.005), A==°4 0.010~0.022(0.015+0.004)°]1 A} t}. AA 2 o2 7}5FE] FA ol
A e s Roltk Ayt HAASE &g Hola th BFAE JHFE T4
FolA 7 we e Holtk AA 3olM JHE =& #e Hola T B ATAAME
BA 4A 1 B S Bola Atk =3 F F f7IU ARl FAEE F35
ME 59.2%, 5N E 51.1%, AFA = 25.9%°1H, AHEE 7158 SAREAE )7t
19.7%, A 2914 65%, A 394 554%, 404 63.6%, B 5914 59.5
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A
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DIP (mg/L)

Ath= TN AHe} FAE

0016 0025
00i2
Giiio 0020
UL g oots
0008 - ks B -
0.006 - = g G 4 5
0004 "33 "3s
' 0005 -
0002 - Bz Bz
0000 A 0000 A

1 2 3 4 5 6 1 2 3 4 5 6

Z0l0f it §7(019 4AH HAEYE HA 28(%)

T4

T = < - -

R =% = B

A1 9.3 46.5 3.3 19.7
A4 2 1.0 11.5 7.1 6.5
A4 3 97.8 62.3 6.1 55.4
A 4 69.6 69.2 51.9 63.6
AA 5 84.8 57.5 36.3 59.5
A 6 93.0 59.4 51.0 67.8
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H3E AiEALE 3 Zat

A 2 A WAG7HFEE ol 8% AT AV

1. FAoPFo] FEIFH 3 FHANF

7}, B3R
olm)3} ASAES 93 FEIRE 20109 LB A ntef oA o] BT AALS

At A 99 20€7 olA et =AASE TR 2007 E TUSHAT T BA
°of A7+ A 38~48 cm(H ¥ 394 cm), AF 0.8~1.8 kg(B+ 14 kg)olAth T4
Foto] SHEEES AASHAT
B S Tt AAtE FRT A Follon,
oz B Fote AdTF FHoE st FrI7E Fete] dE AALE o] ATtk

< ol

ofN o
fd
rlr
2
o
N
3
-y
>
)
_1
b
o)
N
ic)
il
o

Agk ol & FAE o] &3t o] F3ATE &4
28 5 (A 4 8~9 knot). AEE &
el

Yol Heaeelq 7MY 1E ol £Ee Ads
2=
[€)

MOHHE 110.29mm
£Hal  110.29m
=]

2702 262

MEH  BAZH 542

2010 TerraMefrics

J8 67. HUHO 0|SFE(SXE=-HEE).
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a8 68. 18, O #ojd MHAHY.

okelsh A T Ao sl A}%%—

st AT,

a8 70. HOHEO NEHOZ (O HET).
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A% RSB W Hat

A2 W @ 7HFE (0 20 m)oll #4F F&3ko] ARSEEl e, 20101 a4k A4 Al
Fole AEE WA AR 7HF2](14%14%8m) 120 83t th 20108d4F AFA4E ok
of THE= A& AR AN offHE AL HAE o4 en, TH AHNF &
AL AATE 54 Foll 7ty et a5 EF FEste] 283 A4 HE
Hol FALm w=A7F o] FoAHY. Holag a2 U AMFE o 3L (AT 2kgHl <l)7t
Ae 29 7 s Z8A-E FFE e, I ol REe dE 7tuEet 2% A
olE T3 TwstaA HoldeS HASHAT. ‘07~08 a4k LTl 3 AAlE 1€ 1

~23] FFEem, 1d TFFS oAAAFTe F 5~10% WelE TFAT IATZol=
= o] Edste e HA. 53 10°C1Hﬂ°ﬂ*1—‘:~

o

= AlF 1-2%= ﬁ%%b o} 200934 HoEo] FHE= ALEH €%
HAANA Ag 2o A7 A&EH e HASHA .

T B AL n}g] 4= R A
] /H o
‘08l BY SA= 27 AL, oA ”*J}(@;Zi?mi
ATa
1094 o ARE 188 AA4t, o4 LHJ]EMQZ;?m)
A 7=
0734 B9 SAE 10 st A q4J@;(})Tf(?rn)&
o i SR SEES
7 " ]—
gy (08EA 203 Aat, A (220x10m)
A 7=
1014+ “ 2,964 At ol qﬁgg;ﬁmﬁi

% 200913 4F 934mte] (A4 50mke], Q1A 884mte])= 2~34d MR H AL

o AF % AEE A

1) AR

A= 2AE S 7 A 28] (Dual-Frequency IDentification SONar;DIDSON) % 3%}
A oAFZSAHA2HEBD Stereo vision & Reconstruction)e 283t 493} 8dof XAFSHA
v, E45A T @R 2] e FA T FARE B ] 2 FaEE ol &
gt FF 57 2t (Underwater Acoustic Camera, Dual Frequency IDentification SONar

96



; DIDSON)7} "= Ocean Marine Industries Inc.ollA 7= o] x MAAH S sFA&E

g gl Fx ARk IA TS L Ue Edolth

Fluid
—— *:-:_\.‘_ - 9°
—1r =
L = 3 = = == 00
= =
L L\
= ol L3 T
L1
I8 7M. ASSWIMANAYY SASULTII(E), SHATSY JAHAYA(S).

B AN AT S etE 1.8MHz9F 1.IMHzo 253E ©]
w3 e HAd 21=Zd e Fer AT & o 1.8MHze F
°.2 9670, 1LIMHzE £ 06°9 W& FHOZ 48715 Akt
= o 12°9] ¥9<S HAT F vk =3 FAVEsASE LG E(1.8MHz)ol A
12m, As) & =(11MHz)ol A Hth 40m7HA] @2 5 Ao

E 15. 480 M8 S ®MA

High-frequency mode

Operating frequency 1.8MHz
Beamwidth(2-way) 0.3° horizontal by 12° vertical
Number of beams 96

Low-frequency mode

Operating frequency 1.1MHz

Beamwidth(2-way) 0.4° horizontal by 12° vertical
Number of beams 48

Both modes

Field of view 29°

Power consumption 30W typical

Weight in air 7.0kg

Weight in water -0.61kg

Dimensions 171mm*307mmx206mm
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A3E AFNLLNS 2 Hat

2 ZAAE 59 SAE #ATgo] dFagolddlAl Trial-1(08'd4F-1), Trial-2 (07

=

W4h), Trial-3(084H-1)& SF7HetE ol &35t 493 89 AR AHAE 435I

o Aohgole] AAE EAE $FoetE ey Rel AXstel 7 AAFed Hohy
oo frgHHN LU EEY Frhgelst F2 FYsE A 2He T 1z
We AE

g 10z A2E ASHOR FHANGOH, 45 BARPNA et
=R o7t AR} 492 FFste AAES

to

a8 72. AR &0 FU ool AL

o AT A=

i
M

ATuFoFNA FEAE Fl FHFolo] A== 4€5 8¢
At} Aol A7l RE2 e Cage-1(0834h ﬁ?i) A4S, 49dE= F
#Zolo] F7| Rz} JhgolAF ©]109.9+6.8 cm, 8Yol= 12734167 cmE oF 124] A%
Hﬂ%};’iﬂ, Ase 28~32 kg oItk Cage-2(0 d&)% 4ol = 137.845.9 cm, 8¢
ol 1487464 cmZ ¢F 1IMIAE AAsHL, AFE 65~70 kgol ATt Cage-3(0834F,
J*é)% doll&= 95586 cm, 8Lol= 119.4£59 cmE ¢F 1.39) AAsIQaL, AFS 24~
HZ ZAE A
2009 5€¥ol A% X} £ 7
Aoed, A 150 cemFL 197 1.38) Ao
=% 7Y FIdEEE S #ES A, FOHol FYEEE 150 emy FohE
o] 133 TL/sec, 120 eme Fth#o]E= 151 TL/sec® FY3t= A2 Yelyith
AEELS 2009 thr] 074 ofu| 7t AEF IR oH, ‘084S 93~98% 2 ALY
of ¥53 AEES B, ‘0994 Kol 1~4471A 10CH Y] A o] A&H«=
A7Vl A HARste] ol Hthatolel| glo] EtHAS ATelor & ZoE ATHAU

-‘l

o=z dAA AH 120 cmw S 193 15MAE A4S

AN

H

ox

€3]

l"‘l

O
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Frcpuency (cons ) Tiw quancy(couts)

Fequency{cous )

Mean : 1099 Caget Mean: 127.3
SD : 688 = g 5D 67
Max, ;1289 | B = Max. ;1453
Min. 821 ?&, i Min. ;1082
E 13
E
L0 | E
S0 95 100 JOS 110 115 120 013 0 145 150 135 160 165 170 ) S0 93 100 105110 11F 120 12% 130 133 140 143 130 135 160 162170
Totzl lengthirm) Toksl fnsthicm)
_ Mesn : 137.8 i Mean ; 148.7
Cage2 el i . | Cagez 5D . 64
5 Max. ;1487 Max. : 1587
E Min, :1288 5 11287
+ :
3 ]
s 3
o ]
S0 93 100103 1101153120125 330 135 140 142 130 135160 165170 S0 9 100105 110 123 130 133 140 143 13¢
Total lensthicm) Total tensthcm)
40 0
Mesn: DEE Mean: 119.4
= r Cage3 sD ge | = Cage3 sSD 59
5| 4 Max, ;1372
] e Min. :1083
= s
13 £ w i
10
B ;
o .

a8 73. FFEELY

}

ik

90 9% 100 105

Chgolol 37|22 (% : 44,

BRI I EES

(N

=5 Lak: Clase | Fight: Clomr |

1530 135 140 145 13¢
Totzl lensthicm)

:8g).

o
5

(<]-1-]

¥ 75.
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A3E AFNLLNS 2 Hat

2. oo A A-] AF

1) 2 B

TR AFAFEL T9 AR ATuFo el AEF 0794 kg ofw] 10w}
2 (60~65 kg)E do = 2010 1

ZAPHE AR F9 98 U7 FE (e 20m 1X)0l AAAEE A TS A5
et 7H5E 2EW yWSo g Bxd AAE AXse] 1Y 43 75 AregEs
Z A3 T

1§ 76. OO +3E HHAAL.

=
Agel SRR A7) sl 074 10ntelE AgF AT elA o 371
7 AQNTE BARGOL, VTS FARA Qgrom, W 3AYORA obF PEIH
Hagol seata) Rato] ol FolshA 29 Aoz FRHU

ah A< A 498
1) AARA Y

0994 FRO AL AAL BHAY Siste] AAAE BFO ok B R
oy vleke] WueRE Bason, ANT A
3 AL F spatolFe] hEA Holel o] thske] PCR7I
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2) &4 A3

Afol= HolA] gkgko.

=
L

10.7~12.6 C A

tel 1~2TC

S

22 20093 Hlw

sl

o], 2010

sk

73

ZEH2E A ol A om of3tE

o tguAL BAH Acw FAHAT

dak T8

il

o} ‘09

oy

iz

%L

A4 ol

bl =

J

5

14.0

1.29 211 .24 3.3 3.2 44 4.17

1.2

2R

SA 2 H[1(2009~2010).

g0t

a8 77. 88 8X &

71" 02 5 m/sec W9

Fd 0.4~0.6 m/sec

J]

m/secEA Hdo| H

ste] ¢F 2~3 m/sec

Fdol

o] &o°

[——
o

o

# A7}

1l

H

wjr

wAO

ol at 7]

J)
.

Fe 6~83]

S

Adof

frs]
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1

o
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18 1~49e)] ZAAHA At

o
R84

e

A

[ e 2 s = D R B

AW A AFo= HATL EA

=2

—

FHOA PFHA AT BAY

d
1093k ool FEHER kg WHl)e HA

LS

g o

o

==

=
°] 10~11C 8 AHF2o] A7t AL w
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2=
T

%

I_vmo
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J% 80. ECIEO

3t 2~38) A= EA ZAEAT AAAke] =@

o

oF 217 7FFE oA A
15.0~21.9% 24 SZSNA 71 ko, x4

7. 24 9
. #4243
o #

[e)
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o, FAWL TEH m TSl Histe WiESoNA 15.1%2A AASHA =4
ZALE AT
® 16. ZCHo] Olx|L) YR 2A ZH3)
T8 Z (%) Z A (%) 3] 5(%) FE(%)
w5 20.28+0.71 15.07+3.49 1.52+0.17 62.31+2.49
A} A Ak TS 23.96+0.60 2.19+1.31 1.75+0.04 70.88+0.90
RAR=IEEES 23.87+0.99 2.29+1.47 1.88+0.16 71.51+0.97
w5 15.03 4355 1.19 37.38
&2 4k 5 21.92 15.90 1.76 59.90
ARSI S 20.15 2236 1.32 53.53
2) s=5 24 24
Faate] FFe FFS 020~029 ppmOE A kY 5§ 7]1FX (0.5 ppm)ETt gto
o, MEdFSE 0.01~0.03 ppm O E2A & 7]ZEX (1.0 ppm)oll FAEA vgE o, 7}
EES A HAEHA Fof AFo2A A Ao R ZAFUT AALE] T4 g
o] 0.91~1.86 ppm&ilﬂ 3L 7EXNE 2= Aog Uy on, Wygsee 3L
71#A] B9 Wl E3FEUTE GoF F At o E = AAAT HlmEAo] FQ s}
o, FaAbo] Qlol 7|8, AAE dEREAo] Frlxo=r dQd HoF AZHTH
3 CHO| Of ALY SME BN A}
e FTFe e AR=N: CIES
(ppm) (ppm) (ppm) (ppm)
w5 1.85+0.18 0.06+0.01 0.00 3.54+12.16
ApA 4k S5 1.56+0.23 0.09+0.01 0.01+0.01 3.77+13.55
TS 0.91+0.17 0.07+0.01 0.01+0.01 7.52+9.01
il 5 0.28 0.01 0.00 3.65
&2l 4t o5 0.29 0.03 0.00 2.76
RARCIEE=S 0.20 0.03 0.00 454
 AALE s Ul A1 F(10 kg), FAAL 084 AFS0(18 kg)
¥ FAE T TS S8TIEAHYE ) T4 05 mg/kg, WETFS 1.0 mg/kg
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3) A REYHAE A3

20103 2€ SR E 4Y Fo7bA 0934 FOgo] HAAE o e s
e AANG A tFHAE FEE R gRAHQD Bold T4 flen, obrivle]
Eolgt HElgd 4 dAEA gkt

F2lgk 2viE], A4k 2vlElE o SitolR{ W YUA wielEla 5F(olgl=HlolH
Irido, ®XA|2E]l2Hlo]8]2; LCDV, & uynle]d] 2, MABV, #xnlo]l2]2; HRV, H}
olH 2 AA A, VNN, HlolH2AEHAAES; VHSV)Y 2 ZAIAE ¥4
Hho] g 2 5% HAHRA okt

N
@ @

a9 81 FohFololAd WeAduteld 2 PCR A4
©; G Foao, ©; AA4t Foe.

\J_E} I
2
>
N
=
o
fut)

= o (°
ol A 2m Zg-e] ool A ARFEAZAH7I(YSI 6600, USA)E &8ty 2, 948 &
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H3E ALY

OIO
m&
B

7} BHolHel EYEE Secchi disk® ©] &3kl 24319, Niskin A571% ol &8
9 E8 ASY HLARE A2 ARFROD, ARG AT AU £V 5
bl

2) al4ee) olakera WAy

NP EAT s FollA AF S PR LHHeE S o|FstA AL e gEEE
A (8l Ak, 2005)0 F8ko] 318k 4ka: @ 7 (chemical oxygen demand, COD)
o dREES  EAsIYth. CODe  ¢vkEld Akt ZAEW, RARYAE

(Suspended particulate matter, SPM)<> GF/F&] #}7](Whatman, USA)E ©| &3t 944 ‘%k
o] dfFE AFAstAL o] AAAEF 105+5T ] HZ7](dry oven)oll Al 2A13F F<F HAxAX
U A2 A §9 FAAIE o] &3sto] Artsatint.

24 22(NOB-N)+= cadmium-copper $HH, o2 4HE 4 (NO2-N)+= sulfanilamide-NED
H, R Yobd 4 (NH4-N)+= indophenol bluet 0.8 Z}z wlA) A kst ow, A 37}
A i FEE FAreto §EF 7] d X (dissoloved inorganic nitrogen)® 3} th. A
A A S B9, A4RRI(PO4-P)2 ascorbic acid® o= 247} B2} G eFsigl or,
Z<(total phosphorus)? %4 (total nitrogen)w= 217 F4bZdEH = Gzl A4
ZEHo vy AFskit.

S22 %-a(chl-a) #42 9AZF] dFE AAG AFAAEFE 90%(V/V) obAE &4 F
ANA SE2EF-aE FEI b3, #3354 (Varian Cary 300, USA)E ©| &3t 47) I}

%(750nm, 665nm, 645nm, 630nm)olX A2 FFEE S48t Gl Akde o] &3t
o =& AliteAth

N
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H 18. RE[Li2t sfHE +EI|E

_

M < et LBk I = =

=N = A ==

Tao| 2 AP 4 Ay dBZdT | WS N
= = (DO)  |(NAdT| 2
Tlem | SO gy | oy | ey | OO

(mg/L)

1 | 7883 | 1°8 | 750914 | 1,000 ©l8 |0.01 I3t | 03 °ls} |0.03 °|3
2 | 6585 | 208 | 5014 | 1,000 °l8 |0.01 I3t | 0.6 °l3} |0.05 o3

3 6.5-8.5 4 o3} 2.0 o) - 1.0 ©]3} |0.09 o]3}

ML sa1e FE 801 D 79 5 FAA8e A F4 3 A hel Aa¢ 748 Do
2 BFHIE Sgolie] 2 3 o7bigsh 5o} 8 4 5 19 sloln A4, Falo) Had
FANE o] FAYE A4, FHo) HFT £AS DI
3. SRS Y& W25, el o 5 7|8 $E2 olgut +48 Do
3) A A Ze] olshata A
A%

AEAT AoA AFHAS PR 2N A HHE

(Chemical oxygen demand, COD)s Wi X5 e 74 3 A U () At
2005)° F3le] BA AT CODE E7HeA AU 258, 28w

< FAAxE ANEE 106£5ToA dzxste] o] HA 3 v, A 550T 2 33tz
oA 2A17EE FSAIZL & 3|8} AFo] FA Aol E o] &3t AlgtEATh AR LS
3}&(Acid volatile sulfide, AVS) s &3t5a AT HHE AIRE ¥ 1bs
A7 &, Fstrs AAWES Adst AARY A(Ew) WUt gl WA e
U the, SHE AAB] EFRSE o] 83t A&

>
b
{0
ot
Lo
o
[
o
fo
-
ol

Ignition loss, IL)
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A% RSB W Hat

°] 10.5TCeIA e 84| ]

Aok B AN F S TR sF 55 W F A Aol ! Z

of f1x13te] Qs F TS FE RS AR AGFHGeH IFAH 1F

o] A Jhede % % .

AF9 H FLe 2¢9 107C2 #=5 91311] 102 #=% 186T7F 7 2 3
T o= e

25.0 -

220 -

19.0 -

160 -

130

10.0

g 84. HEY Azt He(F /M, D).
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29 5E 108704 ZAHE pHE 769014 839 HYE Hom fgiiE 9 153
A7) (7.8~83) oW AL 8Ll AZoA BZF pHe HHFo] ¢ 772 UehY 157
A71ENM FA BlojuA] &2 2o 2 AGH .

4» P

8.3
81
79
17

—
Fog - --H =
7.3 : : : :

028 M3 o062 083 1028

8 85. pHe| 7t HEH(E A/, Ed).

110 ey

L= —_— sy
[T - [
100 | M2 -- XN &
9.0
8.0
7.0
60 -
5.0

= S
ot 2€e& i 42 255
ANA 2AG 2L E OREE 2
Bt 894 A ZFoA FAHOR
7105 mg/Lold) Bk W ghe oyt
2 AT gelA A CODE 0.11~0.8

1 mg/Le WeHNoH, 245E 104744 EF
I AZAM 2AG RE AW F $E 1%

71%(1 mg/Lolshrtt ¥ e ey

EUB
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FHYAEde 24712 5 44~804 mg/Le] WS EATE 10900 AFNA ZA

54 mg/LE 7P o2 S EJon, 8o AFoAMe HTs =Tl
60.7 mg/LE 7H¢ =& #<S EAT 6dole %, AFo 4 AR AArF FiHom
A YEstonH, 8 THe B AL Ao 93 9% ez Ad
= At

H

o,
2
A
N
)
Hir
rlo
o
ftlo
ro

100

a0

&0

A0

20

a8 89. #RYUXN=ES 7t AS(FH A/, Ed).

& 0.004~0.115 mg/Le HAE HIow, 10€ zZ+ AHe =, AZFo HIH
(0.010, 0.011 mg/L)°] 7} wgkon, 694(0.112 mg/Let 0.107 mg/L)°] & Al7]e] H]
3 iAo w A veggoyd dvtHog 4 153 71¥(0.03 mg/Loldh)S 2Ist=
ol YetUA = &t 290 ZF -l AR 09 wxE FH3E AxrE AU F
o7 Z AoE yewoy 449 olFos AR 3 AL A Fkon sdd Fl9

0.12 -
0.09
0.06
0.03
0.00
028 o042 o052 088 108
8 90. S0 7+ HES (& 2/, D).
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38 119. TE(0.3m, 2s) § Hatst= 7tFElS +H 0.5m O[30 M AHF
(0.2x7tH2= #Y)
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2 Eiets BRe TRALIHFE B T tolE SHaT Ui 3o dosa
e WrE szt 28y 5o R4E dol @ olFe] AHAs EAsne, o
da Sl RE 2 8T 2o BT

Zle] Tl HE oft Yty

) 23 Qled, frdEol
Sogatm oAl WAtk o Hfol Tha ol AAT A9 wa) Be A7
W 4~62of o) A

g3tz A ERE Aoje FRALIMFE BHAL AlFAR

shate] & of 74 st=HH 9
A AFgEiddez YWastdA Mol 3i sttt FRA L F7E Rk FEA
= FHUIA st A2 FAHJG. ojuf AT 100~600g B =oIH, ©] A7)

o18 22 255~270CoIAth. olztollA AAsHA FAES R Z4d AT 1
1 o8 a ojme] of g H22 21.3~247ToI U
S5 FRe FelckelAd F3ek Fuge] Ao FRALSRF M4

AN 7R ME T FEALAFE B 10~129 00 24 vEd oz Fat 33t

o ts 3l 14 F<FH 38 T/ AFALeR A HolE ZropbA Aol
%

[‘_L.,

St ALRE FAFHAY. o] A7 AFAFEAL D AFEEHEA A X EyHA o
To oJgERom, HANAME 19 Tl AX ol A FHJ = oluo] o]F £
2 14.5~16.0C o) T}
® 27. HEE sy Ao X(0f O|F ES 42
(2 . C)
= = (EA=E Pop-E =2} HEE EEZ
2007 - - -
15.5
2008 - 14.5~15.0
25.5
16.0
2009 25.8~26.7 23.5~24.7 - 19.8~20.0
25.8~27.0
2010 25.5~26.7 213
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Mahe ol oY GBo) BUT kA 2RE AweA ey 2 TAES B3
A7) gEel A4 12 AWy, BAEES olPEE T HEobA zAstE Aol

oty woE i
Arido] AojE oY w TojE Aol WolHY HolA s Ao FasTh
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Fogo] Ao Blold 3% Fo HHE SN 4~6d0 e & FEA L Fo
Agstd 54 wste BEG TATH FaolA 7~9d] et & FRA L F
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ARRE & FTiRto] A|ojo] FEA|QFERE =3 ofF Adsie] o) 4 AlElE Harskal
DTN - kI, 1995). o1 Aol HoJshs W F2o2RE AR Algo] Ssd
Aol A o] ofre] AF 2How RSttt Barskal YTtk 4%, 2003). HOEE Al
Fa oA W= FEAQNFE sk 2 5o A gl H&Este] WA A7)
o} Aag AEShL, A0l AR ARE HeA kgl X|oje] AL ThsAS EAsteor &

AFA o7 Frieel ¥4 FHE a7t FUHT U e, B Aol AT

d 99 2ol olF ARE
o AFe g2 Aol Aoje] E5E 3w A=l fAstER o
7

E 28. A8 FHOHO X0 {F A S

5] A~
T
d =
A A Al A o] A
g A 160 66 94
2007 7 - 7
2008 28 - 28
2009 46 27 19
2010 79 39 40
¥ 29. ¢z oy Ecto] xlof TaHY
(9 - vkE])
d = FHA| 5 5 A 5 2t AEE EEZ
g A 144 4 109 13 13 0 5
2007 0 0 0 0 - - }
2008 27 0 14 13 - - -
2009 82 4 62 - 11 0 5
2010 35 - 33 - 2 , .
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3 Aol sl AAEA Hul, ® 9w s wzsle] xS ot ATt
2z a7 ofF AN AAW 48 WaE a] U B4 A% fdse AT
Qe 5 B 22 SAAAA AV ARSI AL ofF TRty YA T =
g8 Hoje wol WEFAA 2 A% Bepad Mz dlgol FaiAzl F AAAA T
Aee Hrsaigon A4 44 420 SAT

)

£ii5(2006) = -3} £ 30~809 9] A Atole] HAMES 27
FHAA 05%%2 Bistn glon, £F Fo HAES
AP mASta IThIIH, 2008). FHrhEo] AojE ¥, x| M, ®
F ol webA Aot uhg-g Beln, ZAF | EAsE FA
ofstil ZEF A WS Hole S4°] vhal Husta it
FilE006)E FEARE HAA717] falA B 2 Hos BT} e FRoA e F
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g = ¢ke] Hdol miAskdt I At Al X7 2(P2m x HO9m)E AH8-3}
o 1~2kgwol Witkgo] 25vhe] 3 0.1~1kew o Foh@do] Aof 31viElE ¥l FFstol=
S0l o7 HAZE BASA Btk T ARl FEstal sy SHdA ul A
AZE PEAl AMZ $2(Wl4m x L14m x HO0.8m)ol| 150gd #tigo] 304 nials <

sto] A FEsts =5 HA AAZE TR & dojojq HAZE JAFE A HAL 2
il zo Fej7t Az olr] wiEel oo 3 FFol Wik He A =29 A%
gzl F88 A7t Ao Faol Wl sx ¢tolAe] s FEol oste] Xoir}
EAbES &8l HaL olAo] Fx upgol oA WAk frall kol YL Aol

3 FARAET A o] £ FERE dP0HA EAESS sjdES F HEE 7 Ay,
TZF  5)

o

FEL BAT 5 RS Sz wol AT AAA Jx Ao] A

F3} ofzke] FEAE A7 AN Ukl AE EFH WA o FE 3
% wuhE 24 A% T A FolAe AEge] T AuTe AEEHT A E
A dergtin Bustn gk Adel o ¥4I olB MY £ 0 Aojrt £x WAL
AAFOH FEAL BYHA WA £ ANA HSshel WA AR TYHA Wk

-—

%
o omhebd HE Bt ok AE BA At FEAY WAL APAINE oFF FED
Z

(1.4mx1.4m~=0.8m, F&EFF 1.5ton)E ©]&3-A ).
Fgzxo 200g U2 Mool xojE 1448 (1.9 kg/m'), 22v+E] (2.9 kg/m'), 267}
(3.5 kg/m’'), 28t} (3.7 kg/m) WEE F&3AT AHLFExol= Hﬂn}aoi 20} 312} (0.4

kg/m), 67Fe1(0.8 kg/m’), 130+e)(L7 ke/m), 28vFe](3.7 ke/m)) = g3t &4 5
FstAth

S 5 AAZA E95 dvig v AFEEAAE | FFAAdTd 54
FZ7MA ¢F 20kmE EF3F o, &F AES ¢F 3080 28FHIAT S FEA &2
NHAEFEE B9 F7] Hste FHE AAE FEEIRA, SEA Y HAFE HAEH]
3t ¥ ze T8 NEste Wel B9 & § JEE 3Ry, AdFRes FY
Hd g FE do] FATh
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J8 125. |44

1) &= FuHE F52%
ARFEZ(1.4mx1.4m>0.8m)oll 200g Wele] WMukato] XolE 3wiz](04 kg/m'), 67+ (0.8
ke/m'), 13vF2](1.7 ke/m'), 28VF2l(3.7 ke/m') WER &3t S % AP A9 &

on, §EMAFE 147 ppm o|AUTh wEA Al

of
o
o
[>
)
>
N
r
g N
o R
N
x
2
_Qi
e

o 100% % Fx e s Y=
& W3t= T olEd AL LB =29 §4 oA AA ARG ol xH A
FR)E ol&g3ld §4 FEA AEE] 100%] At A} =3 HH AF 3.6 kg
o] FuolE §Fxol T3] Hste] HAIE o183 £33 9 FF A 49.1%°]

&5 BT olAL ogHE= A A7) mE AR Az, A 2717}
2t2as 28 9 FERAHAA YEEo] FohaL BarEo] JArh(Wexler et al. 2003).

2) TEHEE 540
T 7 1.

P Fx(F4 1.emxxol 0.8m)oll 200g Welo] WMol Ao F 147+ (1.9 kg/m’), 22
o}2](29 kg/m'), 26v+E](3.5 kg/m'), 28vtE](3.7 kg/m') REZ &3l &4 ¢4 23
Az F% Fo HA MAE fReH, HEELS 100% AT &4 FEA FE2EU F22
223CHoH, 4txFE 125 ppm ©|AThH £ AFdAME &4 &4 F2U 8 455
Hdf 3.7kg/m' WHAE AT T2y JHFEE o] &3 HoARS] QlojA Hof EEE 3
ke/m= F83FaL A O™ (Sawada, 2005), FA1HAel oA =TS BEE 1 ke/m’
o]st2 AMSSlE Aol T B HTH(Masuma et al, 2008). 1 AT JEo] A
S FEA AT B 9 ARZA T AR E AR oF 6~10 ke/mH Y E F
g3t FF3tal Atk (Mimori et al, 2006). WEkA FOE SFFEA AH A F&

AaA A & dEE AT 287 e AR AEn.
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100

g0

60

40

BEE (%)

20

1.9 2.9 3.5 3.7
=29 (kg/m’)

Jd3 126. @S+ S 0[8% %[0 £80 ME HES

0.4 0.8 1.7 3.7
=83L (kg/m’)

a3 127. 448 0[8% [0 £80 ME HES
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A% RSB W Hat

3. A ol SdFx ASHE

7h AQA FE SE4TFE EAAS 71H 4T

1) TS 7Hed =4

AFol Az g& Fadold TS 7Hede 2AH] S8k 20099434 2010%
A Zogo s Efste] 8 AT B AF 10kew FO AV ASEHIL e &4
Zo| 150g 3v}lels} 500g 3rtElE Eekth Al ol8d Fx= A4 13m, o] 7m
FELAYE FZ(FETF 800ton)©] AT

150g Aol 194 Fokgold 39 ‘ﬂf‘izb}, 500gw Aole 194 Friarolo
AA S} Mz bgE AAdAM FIetden, 43t s HEA St ol
FZ2PoA A2 g2 F7)9 HES iﬂow A A Holrke A BA
SES AQstae EdASC] JHsdtthe Bael dX|3tk(Iwata et al., 2006).

ris —1> T

P
fo of

rr

s

JeT_

Ll

%

# Jhthgol A4 389, B AF 13k FTE] Aol TAE U3

%ol 7m, FEFF 800001 YA ARFE Al Ads)

Qa, B 5321/ AR FASAThEelE WAl E 15/Y F 6
wol77] 9] ANALE FFSHAT T okl

O weight gain rate = (FW-IW)x100/IW
O daily growth rate = {(InFW-1nIW)/t} x100
O daily feeding rate = (TFx100)/ {(IW+FW)xday fed/2}
O feed coefficient = TEF/TWG
# IW : initial weight, FW : final weight, TF : total feed, TWG : total weight gain, t : rearing time(day)

=
QsdAE ol&T A4S -"4311 z %ﬁ% 3x A #A FAHE FI=  stereo

7)
matching methodE ©]-&3t 7 3k3]th.
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Aol 42347 AMSSE A, ALREATE 1222 WX, FEe A

o
‘:l:!"‘
SR =4 YElgon, T8 7243%, YAAFELE 222%, LYol &L 5.79% =

H 30. SYFZ0AM AST HOF0Q MBEAS, STE, dUHYTE, LYol

AR A S 58 (%) Y3 (%) Y74 0] &(%)

12.2 7243 222 5.79

Aogolo A2 ASTR W19 B2 IS WHeEt(Masuma et al., 2010). IE}E}/H
7HEE ol A ARSShE FThEdold] e 20T o] W AR Hol Aol doju=
o= EI?S‘]-%E}(Hirota et al, 1976; Masuma et al., 1991). dEA Friedo] F2 77
FTFEFS AAAFY 1.5~11% 5 F93t3 TH(Masuma et al, 2006). ©] <79
M= mo]%ﬁ%k% AL AT oF 6%E TFIATE °lE T AL FhFoie oAF
o] IVFEFF Hol FHFE TVHE Aoz A4 Un.
B AFelA Hohgole AL 0.02kg o2 YERGTH 212 AR 20.1~29.7C F
oA A3 21dojet 3ol Fudole] AL 0.03~0.09kgo] L (Wexler et al,
2003), 13107 A3 TlA FThgo}(25~34kg) e AT FL 0.06keo] BT BTG TH
(Carter et al, 1998). oA Fohedo] Aol W2 FFES HX &= ASFFE9 Aol= A
ZrEm, =3 Fagdole] F5 oAlFe] Skt EE JdYAEC] FUsle o=

Aol A3 Q.

>,\l

v

0

Wober Temper ahure ()
hw e
= th
= =

et
th
=

10.0 . . . . . . . . . . . . . ‘
g 108 118 128 13 8 :8 48 3 ¢3 3 A ood pwid nid
0w o104 Manths

a7 130. HOEO AS+x9 2 HE
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+
2
N
[

718 A4 TEFH AL

H

Szl EAAE £ 7Hﬂl—;— s A A= oA A8 Aas dE FHE =
F % 10% =T nFAAT. =245 dES fA
A2 ks AFH st H3-8-H(picric acid 0.9%, formaldehyde 9%, acetic acid 5%)°l 24
A 14 F s2E Eol FASk 70% &El ATASAT. YL 2F STolEE
Azstr] fete] A A SdAFEZIE ol &t =AY dgdAS HFANI F
Tissue Embedding centerE ©]&3sto] Zpefdol] Zwjstch. vhebde] Zvjd =2HdH
& "ho] A E F(Richert-Jung, 820)2 ©]&3t] TTHHORE 5~6 um A7]9 FEEAES Tl
EAT. F4E Mayer's haematoxylin? 0.5% eosin® = Blu @MsR o™, A=A
7 (Zeiss, HBO 50)& o] &3l 77434

2) = HE 3
A% 365~430cm, A% 472~1,110g MA ] A2 LE =
AT Aol Xojof AHae R FHHe
obef 2 2 Aow, A DR ZA Ay Fa AT

J8 131. 442 FEH

li‘

£ A AHEE 700g W2l kol A aE 7HA AA M A A FHE

UER I Atk Zohdoele] AZlE AGER g Aolvt UAIRE EE Ay

o] A 5~11€0) jtgo] o] RojA= Ao ® HuFo AT F AFATE 6~7€ ot

(Masuma, 2006), @etx] o] Ao A& 700g W&o Frhedo] MAEL 6del Abadt

NAEZ AT A5 §3t & o 5/9% MASelg & 5 ok 2ZA% AFo] HA

A HiazATE 717 AAEolx, FAazAS 7 AAELS T 159 B¢
]

o
3k 5 40~50L FHoll ARV GRAIEZE THA= daxZo] IAFHL o, 160€F
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H3E A

5
T

Sk

o] dojdtta ®H o] UtH(Kobayashi et al., 2006). wetA]

o117

t}‘_]_—

zZA o] YetYA e+ o7} samplingoll <

E¥S

ag 132. &gl g4 =F(x100, x200)

AAS 718 AT

b

=0

H

1) AHS

FAR olFE HojE
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T
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s TR AR A AR

L
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B2 44 5%
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[eJife)
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s

e = MAES 44
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AT S
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T
) .
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& SAuFolA

A g

i

il

oF 30%°] A8 FHAT &

e
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i)
oo

4

o, A}

33

].

o

mr
M

%

o
i

2) A=A

oy

o] 93.4% QAT FEE A 172

=

ol# % A2 FHFE oA

30.3% AT

(el o)
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[e)

=

A}

1

T

]_

S

s Ay

S

[e)

I‘r

7} 1362m oA AFEF BT

!

2=
|

=7l UEFSTH(Wexler et al., 2003).
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=
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F Ao AEEs el A
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zol A FhPolE 19 Bk A%

o]o] FEE0] 170m FZolNA A
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]
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g SAEH FAZNAY A Ay Y ZYET

1) BUHZE B

FFa] FgelA AW A d3s RUEPEY] ffste] §FzoA AMSEAL 9l

NAE F #HAAEZ] 2] AAE FAs ] A T A%

ARE FAohgol Alge] AME HAA g opytu] AFgE AFH3] EEholE &

dnjdos A AR A AL Jodol ARE YA HE AL
S dHHufA, 15%

NaCl-BHIA, 1.5% NaCl-TCBS, SS Agarell =23t 30+0.5C oA 24~48A13F wfj <F3t 3] th.

~—"

Ho
o>~

o r2 o rr

ue lo
2

il

I

>

ok

32

£

N

o

e oy

Mo o

(Z
ol
ol
£

,d
NE
Y
BN
N

3

pEdez W% @ F A%, A

A Hu|x 2 1.5% NaCl-BHIAS] ¢ 20+0.5C48hr)oll= F718 o2 njFath,
27+ vjA| o A v AFE Thoesen(1994)2] Wiol whel & F=Foll A st
2o d Al A Fed AP Ao miAeA EE Aol thall Baucer &

=
o

i

(1966)°] discZ4tRiol weh Algstat. £dd Alde e g % 085% Hi AT
2ol 31435t McFaland NO. 057} H&55 g&5& ZH3sto 1.5% NaClel H7Hd
Muller Hinton Agardll =% 3 & BBLAMS UHM] discE ¢lo] 30£1ColA 24+2A43F &
Y 3 F AAIgS SA AT

2) EYHY Axt

SGH AgAM AW A e BUHPS] Aste SedM AASEHI 9
= MAE & HAAEZ A HAE sk AW 4 dFE 2AR 23, 7S
AHE A ookt A AW AZ A Fohgo] ARZRE 2% OFSAMFY HE

HAoh E8E M2 Thoesen(1994)9] WHol| Ttel 54 < Ad 2F 25 Vibrio sp.
2 SAHEJGYG. EgEd M2 TCBS agarol A =2 F2YE FA3sAoh

2ol FEE Vibrio sp. 2% Wid FAAA A4 AEA3 Ciprofloxacin,
Doxycycline, Florfenicol, Flumequine, Oxytetracycline, Oxolinic acid, Nofloxacin,

Ofloxacin, Pefloxacins o] A4S YeEU ATt
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A% AFNLAUNS % Zt

E 31. HHEO0Z =E|E Vibrio spp.ofl Cfet g NHER
Antibiotics Vibrio sp. 1 Vibrio sp. 1

Amoxycillin(30.g) - +
Ampicillin(10.g) - +
Clindamycin(2.g) - -
Ciprofloxacin(5/g) + +
Doxycycline(30.g) + +
Erythromycin(15.g) - -
Florfenicol(30.g) + +
Flumequine(30.g) + +
Gentamicin(10.g) - +
Oxytetracycline(30.g) + +
Oxolinic acid(24g) + +
Nofloxacin(10xg) + +
Ofloxacin(5ug) + +
Pefloxacin(5.g) + -
Cefadroxil(304g) - _
Cephalexin(30ug) - -
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H3% HlLsAE X 2t
A5 d FHAAYE dFLd R 485

1. o7 A =4

7t ol Re Aegn

B Ao AGH ol RE FYLNTSA v FAATAME S} Helo] o3 3kgF ol
taol Aojsk AF FATFNA KL U= AFIE ARFAL olF FAY
2 ATAR FPolFeL SRIAFADAA 5B AYBHEEL AL Bulshe
Fa 718 M, 2k, A&, A Be] Fa 7971 9 l%e AESHGom, Ag AA
70T HARE 2A4L WEie] nasyc

T e -

il

a7 135. D[ SAHAMEHZRE XHSH2 HEFO X0

J8 136. H3E2S LU ZEFE X

1}. cDNA library T3

1) ¥
ool fel fAAAe BAs Slstel SUAoR HAES] FHL Fus) 95
o g3 2 WS A8 cDNA libraryS 7539t
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7F total mRNA =

FHE AlE 50mg 3 Tri-Reagent (Sigma) & 500 ul 7}38l%] homogenizer & ©]-&3}]
B33 Aol A 1083 vl 3 chloroform 100ul & #H7}sle] mukslk H LA E8]7)
,000 rpmol A 1083 AHglste] FF w3t v‘i‘—ﬁ]?‘i} HFTHE A FEO
2il 539 isopropanol & FH7}ste] 20T oA 1023t vlgs ¥ ThA] 13,000 rpm ol A]
1523t YA &2t RNA ks I A[7]3L, ©]& ethanol washing &+ 0.1% DEPC7}
Ag® 32 FFF 50ul ol &3AA total RNAS FE3Th FEF total RNAE THA
Dynabead mRNA Direct'" kit (Dynal) & ©]-&3ted Al xALe] WHo] wel mRNA 7

ft
=
a
—_
W

o

) ¢cDNA &4
A E mRNAE M-MLV Reverse Transcriptase kit (Promega) & ©]-8&3}> RACE-PCR
% cDNA library = #13 cDNAS 242 A=A WRjol whe} A x=3hd

o} cDNA library 75

ABHE mRNAS FH OS2 DNA libraryS 753%}7] 918l SMART cDNA synthesis kit
(Clontech) & AH&3tlom, Az L A FAZAS] Al ERel B3t

=
H c-DNAZRE Az #0372 FALHE 449 =272 500bp o| 4ol =7]
< A3l o] 5 thAl subcloningg 39 cDNA libraryS 753

A)brain B) liver

238
168

238
168

J8 137. o9 &, Zt=H0M FEE mRNAS HI[FS AE
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A3E AFNLLNS 2 Hat

A)brain B) liver

238
165

238
168

200bp

J8 139. E45 cDNAZEE 500bp Ol&Q 37|& MEstI| Aste] HIHS
(T2t 2 cDNA library &S Qlall Z7HE 29 EA)

2 140. cDNAE subcloning & 224 g4 AKX
L9 HOUAMEE Y X[ EELE EHOjst AIX)

164
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2. o7 wAd E=
7t AEgdEd I4E 34
1) F50°]& &3 A (specific primer) A2}
53§29 specific primer AAIE 935l NCBIYA AlFste= g &
Blast Search® &3 ZA3}3L ClustalW (EBI, ver 1.8) $17]%k
AlignmentE 33 F FHAS Conserved regiong 2ZrobAl Primer3 §ARo] Eof A

specific primers A A &gt

2) RACE-PCR
A 3 & 5- specific primer®t Marathon™ c¢DNA Amplification kit (Clontech)&
oj gsto] A zAre] Wl wel M cDNA & $F 75T

3) Cloning and Sequencing

A&E A DNAE FHoE H3E FAAY YU primers ©]&3to] A 2%
A A" FRAE S3skal, O 4HES 1% agarose gel electrophoresisE &
slgith. &ldE AHE2 QIAquick PCR kit (Qiagen)E ©] &3t FZ=3rt.
Qs GEM T-easy vector kit (Promega) & ©| &3t AZFFHAE TS5+,
HIT competent cell (RBC) ol & %23 & HiYield plasmid miniprep kit (RBC)

0] &3} plasmid & FZ3%Hc}.

-

T
tlo

r {

N
.
r

™
to rot
o]

o
il

il

U Aogol Agd=d

1) A4xd Aedd=4d : GnRH

AZE o Qi FhFo] X9 (DNAE FYPO 2 3t RACE-PCRS F3] 15019 4
2z AP EZDR] GnRH 9 FHAE #Z3IATH

2) AY9As A d =4 : IGF
A= e Aol Ho| (DNAE FF L2 dto] RACE-PCRS T3 150]e H
43 YA EHEQ IGFY FAAS ¢=3kAa

3) AA=X Ay =4d : GH

Aol e Frhgo] Heo] (DNAS FH O & 3te] RACE-PCRS Taf Frigdole A
A&7 A SdEH Q] Growth hormone o FHAE E=ZstA T
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RBE APHLLHS

3.0kb

1.0kb

J8 141. #3802 GnRH
FOAY ®H7GS A

o aFo AEEEEdE B

1) A4=4d A4 =4d . GnRH
F3 o2 3l RACE-PCRS E3a 11509 AA

AZE o = e = DNAE

=7 A& E22A Growth hormone

T
T
=

2) AR5 AYSHE4 - GH
olu] A|ZE o] Y= AT He cDNAE F
AAE2 A4 E2 A Growth hormone 9

-
&
GQ

&

>
5

3.0kb =

1.0kb

0.5kb

18 144. 180{2 GnRH
FUA HIIGSAE

166

A8 142, M09 IGF
RHAS ®IIFS AR

3.0kb

1.0kb

0.5kb

o #A4% WESHA

o 7 3lo] RACE-PCRES &
AAE =3 T

K
o
£

SIS
S e
3.0kb

1.0kb

0.5kb

8 145. 1509 GH
REURS HI(GSE AR

[

18 143. &oHEo| GH
RHAS ®MIIFS AN

8 15l

o)



3. ol 7o FHAd 543

F=3 LS £35S plasmidE ABI DNA analyzer 3700 (AB bioscience)<
oj-gst] A2 WEZA S st TFH FAAY e DNA 9714 <Es F5330 T

2) 571w E4 (Multiple alignment analysis)
gpdolRelx grsgt PKES 7IECE COBALT system  (NCBI, hip://wwwindcbi.nimnih.gov/cobelt/)
¥} EBI9] dustalW2 system (http://wwwiebi.ac.uk/tool /dustalw/) & o831 Tiea7 [MlEitAts =8sisich

3) wATASA AT &
deduced amino acid®] A ¥E-& ©]&3t4 MEGA (ver. 4.0, Japan) program+= ©]-83}
EAFATE AlFEAS FdstReH, AT ZA42 1,000 replicon?}t bootstrap 8H
°

71Z2 ME, MP ¥ & AL&31d T

X

. oo A8 EZY 54

1) Axzd Ag&d=4d : GnRH

Aogolo] AAzd G4EHSQ GnRHEY SA0] BteA ¢otrRr] 98t Ao =
DNA®} deduced amino acid €714 8-S #5319 oM, I A= g3 2o

O DNA 714 <
1 atgtgtgtct ctcggctggt tttgetgetg gggctgette tatgtgttge agetcagetg
61 tccaacgctc agcactggtc ccatggttgg tatcctggag gcaagaggga getggactct
121 tttggcacgt cagagatttc acaggagatc aagctgtgcg aggcagggga atgcagctac
181 ttgagacctc agaggaggag tcttctgaga aacattcttt tggatgectt agccagagag
241 ctccagaaga gaaagtga
O deduced amino acid €714 <
1 mcvsrlvlll glllevgaql snaghwshgw ypggkrelds fgtseisqei klceagecsy
61 lrpqrrsllr nilldalare Igkrk

w3 F5%H deduced amino acid F7IAES EUZE 7S 354 A+ GnRHE o
FTE7IMEEA S FIsR O, I A GnRH F type 11! chicken type 91 Z1o= &
A=A
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TN

O3 146. HOHO| GnRHY CHEH7IHY 24 23t

Q33 g d =4
ole] MH7ts BB d=d Foll shhdl IGFe| 540 st=A] dotrr] 9jste
Z DNAS7ZIME S #5313 or, O dibes tadt 2k
1 atgtctagcg ctctttectt tcagtggeat ttatgtgatg tcttcaagag tgegatgtgc
61 tgtatctcct gtagccacac cctctcacta ctgetgtgte ctcacectga ctecgacgge
121 aacaggggcg ggaccggaga ccctgtgege ggcggagetg gtcgacacge cgeagtttgt
181 gtgtggagag agaggctttt atttcagtaa accaacaggt tatggcccca atgcacggeg
241 gtcacgegge attgtggacg agtgetgett ccaaagetgt gagetgeece gectggagat
301 gtactgtgca cctgccaaga ctag

T

ok AN WA P

W

a8 147. ool HYSY YElgd =829 oSHIe =42
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2o EAo] greA dolrR7] fste A o= DNAS deduced

O DNA @714 <
1 atggacagag tcttictctt getgtcagte ctgtctctgg gtgtctecte tcagecaatce
61 acagacagcc agcgtctgtt ctccatcget gtcageagag tgcaacacct ccacctgcete
121 geccagagac tcttctctga ctttgagage tctctgcaga cagaggagea gegtcagctce
181 aacaaaatct tcctgcagga tttctgcaac tctgattaca tcatcagece gatcgacaag
241 catgagacac aacgcagctc tgttctgaag ctgctgtcga tctcctatcg attggtgeaa
301 tcgtgggagt tccccagecg ttctetgtee ggaggttctg ctccaaggaa ccaaatctca
361 ccaaaactgt ctgaactgaa gacaggaatc cacctgctga tcagggcecaa tcaggatgga
421 gacgagatgt tcgctgacag ctctgeccte cagetcgete cgtatggaaa ctattatcaa
481 agtctgggag ctgacgagtc actgagacgg agctacgage tgettgectg cttcaagaag
541 gacatgcaca aggtggagac ctacctgacg gtggctaaat gtcgactctc tccagaagct
601 aactgcaccc tgtag
O deduced amino acid €714 4
1 mdrvflllsv Islgvssqpi tdsqrlfsia vsrvghlhll aqrlfsdfes slqteeqrgl
61 nkiflqdfcn sdyiispidk hetqrssvlk llsisyrlve swefpsrsls ggsaprngis
121 pklselktgi hlliranqdg demfadssal qlapygnyyq slgadeslrr syellacfkk
181 dmbhkvetylt vakcrlspea nctl

ot FoEo] A8 EFY 72 VA 19
1) 7271574 %8 4

N BANENA A5 79
= st sk B diE Y AEEHS WE AN ESH HARE S8 1
TS 9= B=3FA CBS Prediction Servers (http://www.cbs.dtu.dk/services/) ol A]
A &3k protein prediction Al Z=ElS ARE3t] AZW %], EHIAF, 14ks}, T3le
5 & ddstdth

1

) 33 7= 715 9
AR Exdyde) dATx F4E A st 3xke @ FREA A
o

(http:/ /www .ics.uci.edu/~baldig/index.html) ¥ NCBIo|A] A %?'5]-

~—

rlr
(.
=
ﬂlﬁ
i
2 >
=l
B
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Cn3D (http://www.ncbi.nlm.nih.gov/ Structure/ CN3D/cn3d.shtml) ©]&

—1 0O RS
ol 2T @Al oS HIL F JAeA Lot A 3 @ FxE g
O P J54e Sstan

Minimum Ewvolution (boosttrap, 1,000 replicon) T thyrnus GrRH2 (tuna)

A, schlegeli cGnRH (black porgy)

S japonicus cll-GnRH {chub mackerel)
100

|S. marmoratus Cll GnRH (false kelpfish)

S salar ProGnlb-2 (salmon)

I:C gariepinus cGnRH (catfish)
48 O rerio GnRH2 (zebrafish)

Maximum Parsimony (bootstrap, 1,000 replicon) |
34

A schiegeli cGnRH (black porgy)

T. thynnus GnRH2 (tuna)

S. japonicus ol -GnRH (chub mackerel)
S, marmoratus ©ll GnRH (false kelpfish)
C. garepinus cGnRAH (catfish)

D. refio GnRH2 (zebrafish)

S, salar ProGnlb-2 (salmon)

T4

A 7E=|jl_|.

=

Ao

8 148. ECOEO GnRHO| et EXAREAS

o

3HH, DNA 9714 oA FEl3F deduced amino acid F71AES o] &3t EAFF
A 7lse AT A3 BrigmEe] A ARl 21 signal peptideE 7HA AL
= AL 23} o2 EYE 3xY dAFx mdy S F3P3
7

Rl

[
A

-

Signal peptide
MCVSRLVLLLGLLLCVGAQ LSSGPHWSHG

WYPGGKRELDSFGTSEISEEIKLCDAGECSYL

phosphorylation sites

RPQRRNILRNILLDALARELQKRK*

OB 149. HTHYO GnRHY BE S4 7Y 23
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a8 150. #CHE0| GnRH2 3xH A =F Z3}

gt 150 AAB/AHEZY EAF

1) A2a=d A4 =4 . GnRH

501 AAzd FHEZHQJ] GnRHO EAo] BleEA dopry] 18t A o=
DNA¢} deduced amino acid €748 &5 oH, O A= o 2.

O DNA 714 <
1 atgtgtgtat ctcggetggt tttgetgetg ggettectte tatgtgtgee gectcaactg
61 tccaacgctc agcactggtc ccatggttge tatccaggag gcaagaggga getggactct
121 tttggcacac cagagatttc agaggagatc aaactgtgcg aggcagggga atgcagctac
181 ttgagacccc agaggaggag ttttctgaga aacattattt tggatgectt agecagagag
241 cttcagaaga gaaagtga
O ofvit d714 <4
1 mcvsrlvlll glllevgaql snaghwshgw ypggkrelds fgtpeiseei klceagecsy
61 lrpqrrsflr niildalare 1qkrk

HE=H 97|14 E9S ENE deduced amino acid G7149S FAAste] thEA 7| ig 4
< T3 A3 GnRH F type IIQ! chicken type ¢ Ao = FIF AT

e
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MC-VSRLVLLLGLLL HEGWYPGEKRELDSFGTFEISEEIKLCEAGECSYLREQRRSFLRNITILDATAR

MVSVARLVIFMLGLILL GHRELDSFITSEISEETKLCEAGECSYLRFQRENILENVILOATAR
EGGHRELDSFITSEISEEIKLCEAGECSYLRPQRENILENILLDALAR
PGGKRELDSFGTISEISEEIKLCEAGECSYLRPORRGVLRSILLDALAR
GHRELDSFETSEISQEIKLCEASECSYLRPQRESLIENTILLOATAR

WYPG

GHRELDSFSISEISEEIKLCEAGECSYLRPQRESILENILLDALAR

GERELDSFGISEISEEIKLCEAGECSYLRPQRERSVLENILLDALLR
GHRELDSFSTSEISEEIKLCEAGECSYLRFQRESVLENIFLDALLR

MC-VSRLVLLLGLLL GHRELDSFGISEISEEIKLCEAGECSYLRPQRRSILERNIILEALRR

MC-VSRLVLLLGL

GLOLSNAQHWS GERELDSFSISEISEEIKLCEAGECSYLRFQRESILENILLDRALAR

QLS SAQHWSHG

MC-VSRLVLLLGLLLC PGEKRELDSFGTSEISDEIKLCEAGECSYLRFQRENILRNITLDALAR
ELQERE
ELQKREK
EFQKRK
EFEHRK
ELQKERK
ELQKRE
ELQERK
ELQERK
ELQKRK

0
TR T ]

o

in

[ N < R
i

o

2]
T

o

2) A4%A YL BAEA  GH

DNA
1
61
121
181
241
301
361
421
481
541

5289 E40| g
KR
=

|@71M<E
atgaacagag tcatcctcct getgtcagte atgtgtgtgg gegtgtecte tcagcecaatce

acagagaacc agcgcectgtt ctccatcget gttggtcgag ttcagtatct tcacctagtt

gctaagaaac tcttcagtga ctttgagaac tcactacagt tggaggatca acgtcttcte

aacaaaatcg cttcaaaaga attttgtcat tcagataatt tcttgagtcc gatcgacaaa

cacgagacac aaggcagctc agttcagaag cttttatcgg tctcttatcg attgattgag

tcctgggagt ttttcagteg cttcctggtc gcaagttttg ctgtgaggac ccaggttaca

tccaaactgt cagaactgaa gatgggtctc ctgaagctga tagaggccaa tcaggatgga

gcaggtgeat tctctgagag ttcggtgctc cagetcacge cgtatggaaa ctctgaactg

ttcgectget ttaagaagga tatgcacaag gtggagacgt acctgaccgt ggccaaatgce

cgactctttc cagaagctaa ctgcaccctg tag

Al &7

T H

14<&

1 mnrvilllsv mcvgvssqpi tenqrlfsia vgrvqylhlv akklfsdfen slqledqrll

61 nkiaskefch sdnflspidk hetqgssvgk llsvsyrlie sweffsrflv asfavrtqvt

121 sklselkmgl lklieanqdg aggfsessvl gltpygnsel facfkkdmhk vetyltvakc
181 rlfpeanctl



i MNR--VILLLSVMCVGVSSQPITE-NQRLESIAVGRVOYLHLVAKKL.FSDFENSLGLEDQRLILNKIASKEFCHSDNFLSE 77
1 MNR--VILLLSVMCVEVSSQPITE-NQRLE S IAVGRVY LHLVAKKL.FSDFENSLQLEDQRLLNKI ASKE FCHSDNFLS P

1 MNR--VLLLLSVLSLGVSSQFITD-SQRLE S IAVSRVOHLHLLAQRLESDFEGSLOTEEQRQINKEI FLODFCHNSDYIISE

1 MDR--VVLLLLVVCLGVSSQPITD-G-RLESIAVGRVRHLELLAQRLFSDFESSLOTEEQROLNKI FLODFCNSDYIISE 76
1 MNR~-AILLLSVVCLVVSSQEIAD-SQRLESIAVSEVQHLELLAQRLFSDFESSLYIEEQROLNKI FLQDFCHSDYIISE

1 MDT--VVLLLSVLSVGEVSSQPITDGSQRLES TAVSKVONLALIAQRT.LSEFESPLTEDQROVAKIVLOVYCNSDYIISE 78
1 MOT--VVLLLSVLSVGVSSQPITDGSQRLESIAVSKVONLELIAQRLLSEFESPLQTEDQROVREIVLOVYCNSDYIISE 78
1

MDK--LVLLLSMLCMSVSTQEVID--QRRFSIAVSKVQHLALLAQKYFSDFENSLRTEDQRQFNK-FEQDFCHNPDNIIIE 75
MECVFLIMPVLLVSCFLSQGRAAME -NORLFNT AVNRVQHLEIMAGKMFNDFESTLLEDERRQLNKI FLLDFCHNSDSIVAE 78
1 MEOVFLIMPVLLVSCFLSQGAAME - NORLENT AVNRVHLE LLAQFMFNDFEGT LLSCERRQLNKI FLLDFCHSDSIVSE 79

[

IDKHETQGSSVOKLLSVSYRLIESWEFFSRFLVAS -~~~ FAVRTQVI SKLSELEMGLLELIEANQDGRGGFSESSVLQLT 153
IDEHETQGS SVQKLLSVSYRLIESWEFFSRFLVAS ~———FAVRIQVI SKLSELEMGLIKLIELNQDGRAGGFSESSVLQLT 153
IDKHETQRSSVLKLLSISYRIVESWEFPSRSLIGGE-——-5SAPRNQISFKLSELKTGILLLIRANQDGREIFPDSSALOLA 153
IDEHETQRSSVLELLSISYRLVESWEFPSR5SLGE-———5AFRIQISPKLSELKTGILLLIKANLDGIDLFPGSSTLQLA 152
IDKHETQRSSVLKLLSISYGLVESWEFPSRFLSGG---—-SAPRIQISPKLSELKTGILLLIRANQDPAETIFSDPSGPQVE 153

INNHETQRSSVIKLLY ISYRLVESWEFSSRSLIGG-———-SAPRFQIPSKLPELKTIGILLLIERNQDGRAEGFFDSSALQLE 154
APRFQIFSELSELKTGILLLIEANGDGAEGFEDSSALQLA - 154
DNEHETQRSSVLNLLLISERLVDSWEESIHF ITWN-———LEFRNQVLARLSDLEKGIQMLIERSDG-—REMSDSITLEVT 149
IDKHETQKSSVLKLLHISFRLIESWEYPSQILT I SHSIMVRNSNQISEKLSDLEVSINLLIKGSQDGMLSLDDNDSQQLE 159
IDEQETQKSSVLKLLAI SFRL.IESWEYPSQT LAT SNSIMVRNSNQT SEKL.SDLEVG INLLIKESQDGVLSLDONDSQHLE 153

INNHETQRSSVLKLLYISYRLVESWEFSSRSLIGG-

SELFACFEKDMAKVETYLTVRKCRLFPEANCTL 180
SELFACFEEDMHEVETYLTVREKCRLFPERNCTL 120
PYGHYYQSLSGOESLRRTYELLACFHEDMEEVET YLTVAKCRLSPERNCTL 204

FYGNYYQSLGADESLRRTYELLACFEEDMHEVETYLTVRAKCRLSFEANCTL 203

@

YGHYYQSTGADESLRRTYELLECFRKDMHEVETYLTVAKCRLSFERNCTL 204
PYGTYHOSFGA-——————— ELLACFKHOMARMETYLTVAKCRLSPERNCTL 197

PYGTYHQSFGR-——————-] ELPACFEKDMHKIETYLTVAKCRLSFEANCTL 197

FFGNFYENLGGNE SQKRNYELLACFERDMAKVETYLTVAKCRLSFERNCTL 200
EYGHYYQNLGGNGNVERNYELLACFEKDMAKVET YLTVRKCRKSLERNCTL 210
EYGNYYQNLGGDENIRRNYELLACFEKDMARVETYLIVEKCRKSLEANCTL 210

J8 152. 150{ MAS=229 COBALTE 0|28 CIZYI|HYEM AR}
1 25 58 75 id 125 150 175 1a0
S et S RS Y S Y S St B Y S A S Yt T Py St s
( Hormone_1 superfamily i

JEI 153. Ac;I‘KDI-S_EE E_|-HH7CIO| CCD _E_ M 7E=|jl_l.

4. RS FAAY L
P} Az A T

dgelFol A B2’ FAAE ol 8ste] A=3Ed APl Fd= =dstr] 9
AT A & A7HA FeldTae NEES (“AHole AR AEH
< o1& Az Aol Az S7)ef Wl weh YA FAEYE A

g

[)
T APolE AR &8sk 7S o83t pQMV promoterE 7HAL S+ ¥
o A SRl Frgolel arsole] AAzd ABAEE GnRHE 27 st

scGnGH®} tGnRHE A =331 th
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A3E AFNLLNS 2 Hat

25 R Ty

“ Powder Solution

Powder Solution

Cadmium (Cd) 0.0055 0.0233

Protein 18.15 2.96
Mercury (Hg) 0.0260 0.0290
Lipid = 1.25 Lead (Pb) 0.0151 0.0127
Carbohydrate _ 0.08 Arsenic (As) 0.0142 0.0112
Chromium (Cr) 0.0110 0.0230

Water - 0.24
Selenium (Se) 0.0016 0.0015
Mineral 0.43 95.47 Aflatoxin B1 none none

unit : g/100g (%) Unit : mg/kg (ppm)

I8 157, $BE YEY SECMEO| oFY YA AL

7 158. 28 FEAE EMOFE TSI /g PCR At
(M: Xt EX|, 1 3 )
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2. oo FEAX Vel FgS A% ARE HEF
7t FAEe] SE AFolod Wit A HE3

O Al : 2010. 2. 1(17:00~)

O Za : FAE ANFHS A4

O HH(20019) : AFFHATL, FATAUFRY Y, AFSRAAE, AFA, FA=
o &, 3445, Beloln
o Faug

099 Frhgol Tl A Bu g B}
099 ofSE Arigel FHE BEY £, ANFENTEY ARAY L
. Aol FEAE Jlens AT Ha

A Al: 2010. 4. 15(%) 13:00~15:00

O
O B 5N AW ARESY 30
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O A2 55 Al C-2010-0012015.(2010. 01. 29)

2010 2Ial'l ZE"EI'%I'(H °MI7|§?_1?'7H£ Tuna offshote aquaculture technology and research 1183

o=



Hag Al SEEEE 3 EEEe| 7|6

v A A 857 & 284K o)A}

SYFANER, 8, o2, o, tF @ LB, ATE, AFE T AR,

¥

AA 3 fol5 2AH Y2

PN

eI Areddis
U A2a4 72 ol B
gORe g 05 a2
2 EAE () E Aol Wit
1119 430, ZAE0E A4
bR AR BLRO SRAZ
NEORAA 3 o 153
974 OF 152 A2 AT
B, OIEAI7I2% 7190 EAR 9.
AFeiidsa PR "EAH
= 00} AR UHsd
O OfFd et 380 BREA o Alge S840 dHof At
) U A dpore BT BUE Olplofetl: R0l 8
OifF A0 Afle 2880 +8  Oleta 23

a7 150. CHYOF e 22 & MNE HEXE

I

J

4. =W =
7 =W} geEdE - 31
O Feasibility study on offshore tuna aquaculture in Korea
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