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SUMMARY

I. Title

Development of diagnosis and preventive methods for a new
viral disease of carp

II. Objectives and importance of the study

Mass mortalities have been occurred a variety of carps, such as Israel
carp, common carp and Koi carp, and cage farms placing several locations, for
example Soyang, Chunchun, Hwachon, Chungpyong, Choongju, Jangsung and
Andong from middle of June to summer, 1998. The deaths were not only
occurred carp culturing dam and lake but also farms constructed on land
using either river or spring water. The losses were also occurred carp farms
locating south area, for instance Jangsung, from the start of June, 1999.
However, the causative agent was not explored but urgently needed to
establish preventive method to reduce the losses.

The purpose of this project was firstly to identify the causative agent,
especially virus, of continuous mass mortality between carps, and based on
the identification of the agent to explore the characterization of the virus,
rapid diagnosis method, pathogenesis, and environmental influences, and then

establish preventive methods in the field for new viral diseases of carp.



M. Contents and scopes of the study

In order to develop a preventive method, this project was performed to
explore; isolation of virus, characterisation of viral culture, selection of proper
cell lines, examination of general character, pathogenicity of virus relied on
fish species and environmental conditions, route of infection to body,
examination by histopathology, suggestion of blocking viral infection to body,

control of infected fish based on viral character.

A number of diagnosis methods were employed and tried, such as gross
external observation, dissection and anatomical observation, histopathological
examination, immunological examination and molecular biological examination.
Using these methods, non-infected brood fish was collected and tried to

produce healthy larvae with the brood fish.

A variety of preventive methods were tried, firstly to find proper
disinfectants in the field to inactivate the virus distributing in culturing water,
secondly to develop a viral vaccine to know the vaccine effects whether or

not it is able to prevent the viral infection.

IV. Results of the study

1. Study of viral characterisation and pathogenesis

a. Identification of the causative agent as new virus of the mass



mortality between carp

b. Verification of pathogenicity

c. Characterisation of the infectivity to body

d. Serological identification as single viral strain involved in mass
mortality in Korea

e. Verification of horizontal transmission between fish

f. No relation between SVCV, GCRV and KHV based on PCR method

2. Study of rapid diagnosis for the viral disease
a. Production of polyclonal and monoclonal antibody to detect antigens in
affected fish
b. Establishment of IFA and ELISA to explore viral infection with
polyclonal and monoclonal antibody
c. Establishment of ELISA to explore viral infection with fish antibody
d. Selection of non-infected brood fish using both antigen and antibody

techniques
e. Development of PCR method to detect virus

f. Production of larvae using non-infected brood

3. Study of preventive method for viral infection
a. Examination of effective disinfective level for the causative virus
b. Trial of vaccine production by developing collection, purification and
mass production of virus

c. Comparison of immune response for vaccines developed by producing

different methods



V. Employment of present study

At present study, the diagnosis method developed might be used in the field to
know the virus infection by developing a kit in near future and may be necessary to
obtain patent for the kit. A manual contained preventive method might be useful to
educate fish farmers to prevent the disease before infection. In addition, vaccine
development by performing additional study might be necessary to apply in the field

situation.
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2 Qo) ure] EAARE B3] 98 etherol I 2544 AF, pH WA
A, EAAEAAY, 2P AR AP g mpojgis FAE T FAA

El
>
i)
filo

P4 2 AF8E 11709 £g strain 2 7FFY 71ES vlolgxe} v
Pt dHz2 Zed A9E blelg s g wiEdE A wig o3 4ml
o 1mle] telEoe|2& H7teted 4TolA 18A17F ¥HEA1Z F

H2E AAst npolelx #E7be WstE S48 g4 3 7= Hanks'
balanced salt solution (HBSS)S o"H=2 W4l H7ste] Ad3dd. pHEFA
432 pH 322 AT MEMO| &7 Htelgjzdg 74ate] 15T
T oupolEla At WstE Eisidvh. dEzd¥ETE pH 729

MEMIOY] $4% Aeg #ate] 2dAE 4349 4 ¢g4e vpolg s

olo
)

A

< 60CE water bath®Z XA FFo) 58 L 18 WA T AEH3] YA
A vlolgl2 ALY WEE At IUAR o3 S A dFL2 wj A
Fo 50 pg/mle] IUARS 713 MEMI10 ¥ HBSSE #& Hie]g] 2ol ¥EgAIA
15CoA 1093F wiFate] nle]ly 2 7ZHA7te] MEE ZAMSHATH
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G

g welg2E IUAR #F4e] flden, du2d Aol veuA &

[o

o} MFS /FAAYE RNA utelgjzolglen, pHAl Wste] WAL HEM
Al

-

AR, 60CHA 302 H 5839 Ags T3 Al sloixeHd

>
ol

i
S
o & K

sz edx FHe FARESEL WAt oYF AL 11FY YEFE

e
[
o
ot
o
fru
X
Au)
e
fo
st
fetl
ol
2
o,
R
7
F—Y‘-“
i
)
2
He
Rl
2
™,

@ A 2gelA 5
dolelat BEel wolgart opd 13R9 wdF weolgsz wmuFolhc
vl Lo A}-&38 IPNV, IHNV, SVCV, CSV, EVE, OMV ¥ SRVe] ZA#9} oA
Holx e Aol glo] o]ERE BE vlols2de AAT F AU (EF 3).
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F 1 mpol# A ARAEALE f8td AMEHOIZ dE £ wol2a

A A7) A HAF 5 Strain No.
19984 62 2%3% o) ) A} CVSD-8
74 ATs of = = A} CVA-32
19994 74 343 o] & H A CV]-26
84 T4k o) ZF o A CVK-11
84 ghet o) o A CVH-3
20003 34 2 754 CVC-2
54 L 73 o] CVH-31
6¢ 94 o) A CVY-46
64 A o} FH A} CVG-6
74 CRa o) o A CVHD-25
104 7] o) A A CVKM-12
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5

2. B At AFEHOIR & wlol2 2

IPNV Infectious Pancreatic Necrosis Virus VR-299
IHNV  Infectious Hematopoietic Necrosis Virus HV-1
SVCV Spring Viremia of Carp Hokkaido Univ.
CSv Chum Salmon Reovirus ToKs-7801

. Tokyo Fisheries
EVE Eel Virus European .

Univ.

oMV Oncorhynchus masou Virus Hokkaido Univ.
SRV Samonid Retrovirus BrCo-9221
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Fe

3. B2ld npolz2e A

Strain Control Ether pH 60C, 30min IUdR

CVSD-8 4.3 4.1 4.1 4.1 4.1
CVA-32 4.1 3.8 4.1 35 3.8
CVJ-26 4.8 4.1 45 4.3 4.3
CVK-11 4.3 3.8 4.3 4.1 3.8
CVH-3 4.3 3.8 4.1 3.8 3.8
CvVC-2 3.8 3.8 35 35 35
CVH-31 3.8 3.8 3.3 35 35
CVY-46 45 4.1 3.8 4.3 4.3
CVG-6 4.8 4.1 4.3 4.3 4.3
CVHD-25 4.1 3.5 4.1 35 35
CVKM-12 41 3.8 3.8 3.8 3.5
IPNV 7.5 7.1 6.8 7.3 7.3
[HNV 6.8 <18 <1.8 <18 6.5
SRV 6.5 <1.8 6.5 6.3 6.5

OMV 3.8 <1.8 2.8 <18 <18

CSV 4.8 45 4.3 4.5 45
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3. 99 wpolel e BRHFY Y

119 ¥& ulolglA straing o=z 71X EFHozx IPNV, IHNV,
SVCV, CSV, EVE, OMV 2 SRVHlo|g| 29 FdHE o] g3t ufolzfx F3}
AYE 39 2 gHSd ARHE FAEYYE HBSSE 343 PNV
(VR-299 1:100), &HHNV (HV-1 1:80), FSVCV (1:100), FCSV (ToKs-7801
1:80), BEVE (1:100), 3SRV (BrCo-9221 1:120), &0OMV(8401-H 1:100) rabbit
serum3 A|ZsE JojulolE A CV]-7¢ rabbit serumo] 100 TCIDsy/ml9 &2
volgl 2o 58 15ToA 3087 ¥H&AIZ1 & RTG-2AH X HF st Hiolg X
ZFEsts #astgo. blelala glz2A4E IPNV, [HNV, SVCV, CSV, EVE,
OMV, SRV % #a EF9 1159 Hlo]g|2E A&3tsth

o molygxa dEF 11FS 1100e® 2A33%F & IPNV, [HNV, SVCV,
CSV, EVE, OMV % SRV rabbit serum® dh$ AA 2 Zd7te] ¥E5& &<l

o] ¥ A3t 29 vholeze] dEF CVI-7& wWIddt] A FE7) 82

oxt

Rl CVJ-7 rabbit serum#¢] #h& Aol vt o1 Za7Ee] a7t el HAE

2, 72 99wl FUHTY wg APTFeIAE FAste] Ws vehA

&

o ] HolgaF 11FL V1€ 5ol fHle 7FF wolHzgE A

_toi'

o2 A3 AW AT A Ggol FAHolH

Nl

3 B 2e wolgat A4 geid A 95 Fde volage 49

EERE DI 3 PO IPAPASC B ESES

i
in)
&
Ll
ne
32
v
by
B
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¥ 4. IPNV, IHNV, SVCV, CSV, EVE, OMV, SRV ¥ CV]J-7 Hlo] & 29}

FEHol W £ Htold = FeutgAy 2

Strain IPNV IHNV SVCV EVE OMV SRV CV]J-7

CVSD-8 - - : - - : +
CVA-32 - - - : : - +
CV]-26 - - : - - - +
CVK-11 - : - - - - *
CVH-3 - - - - - - +
CVC-2 - : - - - - +
CVH-31 - - - - - - +
CVY-46 - . - - - - +
CVG-6 - - - - - - *

CVHD-25 - - : - : . +

CVKM-12 - - - - - - *

IPNV . -
THNV + -
svev + -
EVE + :
OMV . -
SRV . :
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4. 99 vho)x wjg Ao AP B Iz

CHSE-214, RTG-2, RTE-2, CHH-1, EK-1, FHM, EPC %¢] ol&# F3Al%

g o]43te] ¥ YE Hlolg A strain 11FS tiF2=2 nvpollx E2 3 WY
S A% Mg FES AXFE AR fatd FIAE dE9d s P

Ztzbel W FAEE FTUF wFxAded 10%9  fetal bovine serum}
penicillin—streptomycin(Zt 50pxg/ml)S X% 9= Minimum Essential
Medium(MEM)& AH&-3Ha, 20Tl A wlfste] 2 Ae9AdS vasiid.

B Ao Ay E Ry dlolglxE FHMA 7} &2 E7FE dEh
i, 71 ool9le] RTG-291A &2 FXol7|e A% el AFHAAE A&

R kgol B, ol AFAE 11F9 ¥ wol# X strainolA F

A3HA etttk o] 2 A & ulolg 29 upolEs W{FAZEM FHMO] 7HE &

2 AF s LEEYE o] Astd Al AdddA
A ojx FHM A X & o] &3t 10, 15 20, 25, 30TCoA nBlo]2E u s}

WA A3 AR titer® FASe] wholels Mg B eI

rr

=] O
A g

o2

#7 wpelaE 15~25T MM WAz ZANM S47besH, 7 A9
Y= E 15~20T9 W9 Aoz ety 25TAME dd ez w7
= A FAEE AR FAFHAH T
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5 EY UE ol 2E o] &3 uFE A A

CHSE
Strain RTG-2 RTE-2 CHH-1 EK-1 FHM EPC
-214
CVSD-8 <18 2.1 - - 4.8 -
CVA-32 <18 2.1 - <1.8 4.5 <18
CV]J-26 <1.8 3.1 <18 - 4.8 -
CVK-11 <1.8 2.5 - - 4.5 -
CVH-3 <18 2.1 <1.8 - 45 -
CvC-2 - <1.8 - - 4.3 -
CVH-31 - <1.8 - - 4.5 -
CVY-46 - <1.8 - - 4.8 -
CVG-6 - <18 - - 4.8 -
CVHD-25 <18 - - 45 -
CVKM-12 - <1.8 - - 4.3 -
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5. 9191 vpol= 2] W L A

kA & Ao 20T HiEeT ZAA 718 22 240 Iy A&
NEez wolgze AA R #A 4B AT A4e As) FHMAEES
o] -3 ol uloly A9 lak ujeks Pttt

g AAES AASAT dojF FEdo) PEG-6000& 9%(w/v) F=7F HA ¥
o] 4TolA 16417 W-&A7 2, PEG A A& 6000xgol Al 3023 AL
%, AAESL TNE ¢38 (001 M Tris, pH 80, 0.1 M NaCl, 0.001 M EDTA)
o2 A 3 T sucrose step gradient (50%, 25% in TNE (w/w)) ‘el
150,000xgell Al 3A17F A EFstgnh. 25% 9 50%9) sucrose & Abolo e
Hlo]l g A & A3 R FAVE o] &9 BE TS 150,000xgol Al 603 A4
sl HAAEEL TNE gEdoz AQdE gt Holgixgs d£3FH<
sucrose FE78 (15~50%) Aol A 150,000xg, 2417t 944 E&ste] nlolg X
S E-& F 150,000xg, 6082t 44 B3t HAES TNE ¢Fdos A3
gttt FAE wholglx: TNE ¢35 &dd A deste] -80CAA Eashd
A T @A Add AEsan. 38 £ B8 Htelgize WA @ E
%2 Braford W& ol &3t Z33 A

e

O

2a AAE Eata] dojA wlolHA ML 40% BEQ sucrose AL TFHjA
oA 3

I ARE Adsd B A B owpolzd AR dExe
L.34g/miZ SAHEHART (¥ 8).
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Hog #2 - AAHAR Hhol# X WE
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B nlolgj2e giEFA 11%F 9 straind FAM Al Ze MOIZF 015 A #H4E
A7l & 15CAA 24A 7 olds A EE scraper® F&3H2 1000 xgoll A 15&
7+ AAEe de AL 2mlY AR (0.05M cacodylate buffer, 0.02%
glutaraldehyde, 4% paraformaldehyde)ell 21 15%3F ZAMste] AHAIZ ¥ Al

],

ol

=& buffer (0.2M cacodylate buffer, pH 7.002 33 A& (2 min, 15000 xg)
3, e g2 AA LR white £4 (EMS)o ¥ microwaveE ©| &3}
uf 5+ 1

LKB ultramicrotome®. 2 %ZBFARAE A F3le] 5% uranyl acetate R 0.04%

H

lead citrate®. 2 ZFE st EFAxAn A (TEM, Hitachi 7500)8kol A &3t
At

okl o 2 HE] AHAFHJA HlolgA AAAS A O ZE negative staine Y
Sl AMHA gridE T3 AXEv|Foz FEAsATH
Eaulolg) 2o wjgdAMe AT FEE Ax dv|F o2 #FF A3 A

N

] 75-80nme] 213 & R 209 A9 L 22X okr FHZA WAL Al
X3 FdAA AHAAR T (ZE 8).

o2 Eg AAY uHlolg] AHAE negative GBI HAAHv|HoR #AEI A
I, NEE ZubdHste] #Ag V)9 KA 0"9AH S ¥ E TR A e

7onm 2739 vjglee #AFE & AT (19 9).
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i 1004 4
LANL

23 9. AAG nlo)B A F negative FAE] #A AT FE)

- 44 -



=

7. 99 vholeiae) wuA R N T

T ¥ vlolH 29 FZ @l AL SPS-polyacrylamide gelS o] &3 A
719 H(PAGE)S °] &3t FR1FA=d], acrylamide gel®l FE=E 10%°]H,
discontinuous SDS-polyacrylamide slab gel system (Laemmli, 1970)¢] <]
et st Ar]9E F AL 0.1% coomassie brilliant blue R-2502 & A3}
o I ZI}E FgAAr

= Y Hol# 2] AVGF ZHNA ZA 5FF polypeptideE HQAE +
JAE=H, Z7)E 47 34, 47, 70, 124, 18] 3 145 KDao| A th.

Hhol# 2 i E AL B8 B3® AA wolg 2Z R E Proteinase K9}
1% SDSE o] &3t 4 Eestgx, 289 ity F7F 2 2712 g3
7] $18iA4 H4H-& DNase?t RNase®2 Z+ZF A e & a2 A ¥ 4tz
@A 1% agarose gel& ol &3t H7|GEE AT

71 A3} RNaseZ A g A|BoME Hito] AH A &, DNaseR
A2 A E Z4E HY AYshA g AR 22 FeH o A bandE
A 7 YA A o] blo]g2E RNAE Aoz 7tX & wo]ly a2z F
dH . agarose gel M719ES Wsta g A A =Vl ok 13 kb

A2 248U,
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acinar Al ¥+ IALE o Zlo| X

AL
-1

Al

9] GALT(Gut-associated lymphoid tissue)®] A ¥ &

Hole AX7F v #AZHAYG. 2y

o] £¥& Hol&= AT UMY (2E 12).
2 Rolx gk} (LY 15).

te e (2" 13).

=

7 B3

A3

A 32

A

g

A AeAed Iae 47 dEe] 434z Agol nad
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2
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7} Gl Fel BE A9Fd 2

ol d vholg 2z Yoifel Aol APA Fdoz g3

s
N,
fly
ot

NetE GARA Ydo] ¢ ojAgtd Yol Yoz HIA A9 JArt A
oJo|A B HoA HEF CVK-1S FHM celld] FZ3te] 10¥87F 83| Y
AA AE7} AAH oz gdEgojxe Ao wjFds Ao, 4000rpm 3027 €

[0

Nsel ATLHEL AAT T ASAL 045ume] AHToR et FALE
solgladio 2 AEAT. FA AeH0R Wdds FHMALEZ 9%wellol

Wostel EW F 4G7HE S Fu] Heln Jofutele s CVK-1 )

\F

%o (LogTCIDs: 40)& o] 2 olxghadl Jof oF 20ge] olAlel 2zt w2 01
cc M BEFAFL PEEE MEMIOE FAshe Wio® A9 ggAs T 1
AAE 1597 BESGT dolo] FAL AR AFTAAE 2 8YA A
o7k Yt ol %2 #EF 1090 B% HAYLmWAE 100% AFFIAT ol =g
oo A4 FAAFTANE 29 794 A AXl7t et %2 7F 9

d o]F AY FTEYAA 80%Y FAHAHAEES YEIT (2™ 16 R 17).

Yo} L o]sztd golo] e FAHS UERRE of vzt aeje] At

49 Fa FHFoNE omME YAYS HHREAE FA] Ak ol F

W 394 2AE stk Qo ol agel, vigdel, gol, Fuo], W
=

st JojutolzglA CVK-1 ujdel
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T Zyzy Abgstg o, MY FoldtdA 1597 AbSslth A7
7y 29 £ 2012C 2 SXsFTh A 29 FAHAA 2 A oA )
o molH 2l o7 HA FFE EAAT A/AAY 248 23 £ 2
Hrolglae oJo], o]zt oJo] & wjgdo]dAE 1 ¥UAe] ¥& Fo] &R

1

Hojg oy, Fof % 3%

2

% FAW AYTANE Are
AAel olaig A7 A%z B Bauoldar doin ofF

it S4Ho% ¥AdYS TAste ALE FEHIAY (R 6).
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120

100

—&— |Infected group

-0+ Control group
80 -
60 -
40 +
20_

1 T T 1 1 T 1 1
0 2 4 6 8 10 12 14

Days after infection

19 16 . Yolo e CVK-19 ¥d4d 29
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Cumulative Mortality (%)

100 ~

80 - —@— Infected group
-+©-- Control group
60
40
20 -
T T T T T T 1
0 4 6 8 10 12 14

Days after infection

" 17 . ol dojo Wi CVK-19 ¥4 43
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A9es  WEEd 49 A% 2gWs AAEsE dis
! 20g 30 1071x3 26 87%
o]zt d Yo 20g 304 107]1x3 28 93%
H <) of 17g 304 1071x2 28 93%
%o 15¢ 30¢ 107]x3 0 0%
=% 19¢ 304 1071x3 2 0%
LLE 20g 304 107x3 0 0%
g A 22¢g 304 107 x2 0 0%
e 2lg 304 10712 0 0%
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A4d =9 F8 JdojF B Hiolg ik Bl

1. 382 Z2Z(PCR)E o3 vl

AZA Yo7 2oz VA A Iy AFE AHA B dof ol
27F 71E9] Yojutelgi 29 Afgdo] JE7HE HlnEy] Adte 7|Ed BKad
do] nolH 2 HEo AHEHIW e PCR primergs ARE-8te] #AsHGAH.

Aol AFEE vlol# A% 19993 RE 20023 7hA] dE AR AFHY FHARo] Al
B3 vZA=2E HBSSE 109 34 & #2371, 045m B2 o 343
o MER AMESAT (F 7). GCRV, MABV, 283 SVCV Z&& 93 utol g
2o 79 FSPS FHM Al ¥¢] wefelo 2 2E %9 RNAZ 70T A 587
WA B ZFA] 48 YolA W¥AA 7)1, 7)) oligo(dT)is primere} reverse
transcription reaction mixture® Yo AHA 20 W] =4S 50mM Tris-HCI
(pH 83), 75mM KCl, 3mM MgCl2, 05mM dNTPs, 10mM DTT, 10 units
reverse transcriptase (GibcoBRL Co.)7F HA 39t AL Qg2 42T A
603t AAskl 70TCeA 587 APste] qE a28HE AAseH, o]
o Z2 AR doj7 cDNAE PCRe FIo= o83t ¢H KHV HES
e vlolg o] ZEE FSPY FHM A|X9 wigdd o2 RE DNAE 5
sl PCRe FHo2 &4o. GCRV, MABV, SVCV 1
& Nd§ primere Ho] L Uok(F)o A5t At&sIAT (F 8). PCR2
¥ 99 Aoz AANEPeH, PCR productE 15% agrose geld ©]-&3to] A

7145 E

>,

At gelstgith. &% 2, AAFeE FAURTEA FUH
SVCVY Z %97 PCR product® &¢1& & IS ¥ ZF S oE 391Ho
B 9oj nlolglA7 SVCV, GCRV, KHV 53+ T2 A2 Holgiad s 8

AL F UAgH (29 18).



E. 7. PCRYEC 9% §d34 A 2Arg A8 4ol /& 22 Holz s

Year Gegg;?shtc Host of origin Cell line

1999 Je—Chon Carp FSP
1999 Je-chon Carp FSP

2000 Ha-dong Carp FHM
2001 Chon-up Carp FSP
2001 Chon-up Carp FSP
2001 Chon-up Carp FSP
2001 Chon-up Carp FSP
2001 Chon-up Carp FSP
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# 8. RT-PCR % PCRel A-85 1% GCRV, SVCV, KHV ¥ MABVY]
primer set?# 1 ZZ ¢DNA(DNA)S Z7]
(Qiu et al., 2001, Gilad et al., 2002, Oreshkova. et al., 1999, Suzuki
et al.,1997)

PCR product

Virus Primer(sequence) length

GCRV-3(CCCCGATCATCACCACGAT
GCRV ( ) 698bp
GCRV-4(CGCGTTCGCTGATGTAAGG)

G2(AGAATTCTGTAAAGATGGTAT)
SVCV G4(ATAAGCTTAGGTAACCTGCTGTCTC) 43%bp
G5(GTATATATTGCCATCTAACTC)

KHV9/5F(GACGACGCCGGAGACCTTGTG)

KH
¥ KHV9/5R(CACAAGTTCAGTCTGTTCCTCAAC) 484bp
MP1(TGAGATAGACTTCTCAAGTGA)
vagy MP2(TGTGCACTACAGGTATGATGACTC) 170bo

MP3(CAACACTCTTCCCCATG)
MP4(AGAACCTCCCAGTGTCT)
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¥ 9. PCR amplification protocol for each pair of primers

Anpification
Vs Pimer  Cerdtudion Derefuration  Ameding  Extersion FArdl
pir  (C/rin) (C/sx0 (Cled) (T/sed) (T/min)

¥ w5 wnw  wm e @5
A Joyde >

@B H5 B8 54/60 /0 725

Wom b5 B0 54/60 720 725
abjde >

KV 5/ %/5 HU/e0 63/60 R0 72H
Kcyde

VPINR 55 /D B TI0 725
MY vravPd g5 BB S0 T 725

< 7=y
. >
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18.

2 AT e dojutely e
primerg ©}]-83% PCR Z3 EF 249 Z3E veo] 7]

Jol Holgist R

A+ SVCV primer®l] 3t &4

SVCV, GCRV, KHV? H&E4&

Zo) wolelag BEE o)

A% (5 29 line FAHZ),

& GCRV % KHVel tigt F4Z23% (F 19 line FH =)
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o%
i

2 utolEs PEE FVHL ol 4T BaleldaFe) BYTHH A AE

27 - gryold dojrlolgla A 57FE A eZ FHM % FSP Al£E °&
& wjFe s, Zzhe] wje vloleladl R JojButelgagutelg s (SVCV)
o MYgAE FPOoE HEsle] B A7 Eynlolzizd dRFE tdor A
3 Mab & PAb &3d3 2 JojEntoldam A ute]#=(SVEV)S] FEH S ]
ISAZ Saste] £ wolx Fo fA4 R YT

23t 96 well plate’d2] EL
th 2 A7 53 E3lo] 1998 olF FrRFHAAW Il ¢
5

4 354L A9
of UF AL wlole it el as 2 BRPHHoR

AR, SVCVS #id 28Fe HAA=NA &t
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qn-l

A5d Adte] g9

w oo A A7 ARNE 2o Aead ged 2o,

FAG JolFollAel g HAHE 199833 200294 o] 277A] FolA
Fn A%HolA gk Fdolel FIEYL VAL 93 WY EFOE Lo
S gl BTN, 53 Aavt FRIE 9LUH 2L PBL I 7

oo Bold slnzge AmPole) vFrvl R AZAY W dolth AN

WE AN Aol 7 Aelolq £ dolE Yaow
3} FEAOE volgst WA= H FEuoigth ¥ vheleAk IUMR
Fagol g, dE=e] Feyel thehtA ol AWES 7HA %S RNA
dholel 2ol om, pHel thste] WAL bR Aglth 9l wrele s B3
g4 AAdE AR 23 V1A 9 BEFEHel™ IPNV, THNV, SVCV, CSV, EVE,

L

OMV ¥ SRVilelsix 59 g8%ont FHuIAA @y, ¥ Jojrol
24 CVI-7¢) rabbit serume] @ste] AAH oz Faol A7 Tl &
VY Aol g M2e FoE Fsoigrh Reutolgat FHMAA 13 =
& zgrtE ey ]

i
AEEHAAE AL FJAT F UAT AT 2 9 AEFAA HEHAAA

[}

, 1 ol¢je] RTG-2914 w& Fxol7E dxw 74
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@e 44% /M 9Ad. 28 welgas 15~-25T M FA7Mss,

2R 15~20T9 H4 Rem vgynt B8 AA4E Fat
o 9o molglxe] WEE 134g/miz ZFHHG. Eejutolelae wgd
A e Az Feis A @3 B2 23, 7] 75-80nme] &3S 7H2
0WA ) g 24 FE FezA FAEY Axd JoM FAd=HjHoH,
ol HA wholg 29 negative FA BHAME FASHA FHAH M £
glolgl A9 A7|dE AFB}A 5FFY F L polypeptided AT = YA+,

A7)e 24zt 34, 47, 70, 124, 21813 145 KDaolith. A A wiel{=Z e A4t

< E¥stx, 2EE 09 FH 9 2712 B9 A3} RNAE Aoz 74
I ke A7) o 13 kbAEE SAHAG

2 80%9 FAAAES vehe] FAt AP A dddE AT F AT <

o HAtE Rolx| gol & Bauloleiak Qojst olRelT SHHoR WANS

THete AR #HEHYTH

27F 71E9] Jojutolzi 29t Afgdol evtE Wlmaty] fste] 7|Ed Bid

Qdo} wholela P& AL HA A4 PCR primerg AH8-3he] 199958 2002

-

A7A EAQ A wAbe] A4 WFEAS 2 23, 2E $HOB

geimlo] = o] volzEl2r}t SVCV, GCRV, KHV 3 T2 A=g vhold
4 AT obed HWAlolzRE £ - Husoln Jojntolzis
A 577 Wes JojBuleladrlelsa (SVCV)S FRHL ol g3t
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ELISAZ F3stel 29 wtolds 59 5414 2 8394 $542 93

1} 19984 o]

i

ko)
T

o

HEFHAL AN FREFR vtolg2E SVCVS #d

29 BHYS 2= A2 vl FAT + At
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H 3

A2

A14

el

kel Jgoz Yol npolz g

52

¥, 244

Sk

RE

o B

Al

A

To

o

HIEECR

)

%1

vlol g~ Eol &<l PCR primerd] 7Y

el

=]
=

Aol A

3 Awe] g =@

D #d o

1H4EH 2) 39 oA W

34

A

Z

T
—

SERI

A
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A2d WeAsy AEAgRe AR

1. Polyclonal antibody®] A& 2 o] & o] &

&
)
|
R
o
il
b

7}. Polyclonal antibody®] Azt

A 23 A EdHE ZAEE o] g5t AT npo]g 29 (starin CV]-7) 05

m 2 Freund complete adjuvant 0.5m(E 4o oEH Az TE 3 E7]9 v
sto]l 2 THlE Uro] FAeAY 4539 A3 ¥, Freund incomplete adjuvant
g He vlol# 2 AANE At FAlsta, Al 457Dl BHd F wlejH 2~
PAHE Fato] HEste] 59 F A P3Pl o] BA 2 booster injection
2719 7 AReRRE 1 cco NS APsty B Aulg 2 vlolgis di$
dAe e THNEHoR FAHt AP AAF e F 150m9
0 me FEHE 2t AF Dol FEHE ol &3y 11T/

o E HiolH A staring A CE FIHAFE AsAY. A FA Y NDxE
54 A3 1:1280 ~ 1:6409 FA7LE e ob&8 A 234 A7

E ANEGH Rl & 5 ofF 9 Ey nolg]29 IPNV, IHNV, SVCV, CSV,

EVE, OMV % SRVE tido= 3s F3 v 49 23y B JIHo g=
Zo] HlolE A F3e FAHAA Fe HAA B ATE B3t dojA gy
A2 B EEulolg] a9 EolFHel gt #FgHojd £ g AoE drrEol

4oEa A 2 2% A dg vl AEge 83

2 moleiz HEFA 1159 straing BF AHH o= Fa o
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vl A1zl FHMAI X MOI 0.1°] HEF Z

N
)
ofN
et
-
—_
(\V]
>
L
onl
o
-
2

100% We2dz7E % aceton gHo2 AT §F HHEAFAY

of 9§ Ea molzA 11F9 straind] BT Fd HETE & A+E T
AR FEHL ol gstd] A AT LA AHEHAY 23 FA =
peroxidase conjugated rabbit IgG goat serum(A] 3H) o] ™,
DAB(3.3’ -diaminobenzidine tetrahydrocloride)& 71 2 2 A}-83t9 5% Hx0:& At
g3te] WSS AAAT L UAut FAV| P L o] &3 TP AE e HEA

oz gAg AX U FY AARAE AT F AAEH 2N FFIA

AEse] A & QLo #Adste] A= polyclonal FAE ol

‘
AU
o
oL
lo
frtd
2
fo
=
%)
o=
%
1o
)
olp
)
off
ox,
filo
b
olN
ol
ok
8
v
U
o
it
e
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08t

~+—carpvinst] 23
FHM cell AF=oH

—s— confrol FHM cell

24)
45

Diluion of antigen

1% 19. Polyclonal A ©]€ ELISARJ 23 3 A& A3
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T 10. 9979 oAe @ vl o o] thF ELISAH 9§ 3«

No. of 1
Sample (spleen, kidney) No. of samples o. of samples

Detection rate(%)
positive in ELISA °

ro,
do
)
R
2
2

20 13 65

r U
5
(22
ok,
o
ak
2
B

20 16 80
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2. Hpol#) 29 & monoclonal &< Azt

o] HELE AAT nvo)#] 239 300409 Fruend's complete adjuvant 300

WE o] BAS wEo] BALB/cRFS-2 858 oA 20ty o ERFAL -9
3F Fd TY&ol Fruend's incomplete adjuvant®t 4ol Wstn HF W

& vpolg e we 300ud Bl YEHATH

By
of)
=)
8%

o
12

4¥ Fof Myeloma cell} &% AZ . Myeloma A|X9] Hj Y2
AAad RESE SpZAEZE 2544T)0 Yol #e dsstel & o A
0. 4748 A (DMEMel 10%9 FBSE %71 10mlel & SpZAlZE
Hol 7hEA 3"t 1600rpmell A 583 A EEstn Ao 10mle] F 2] 6
AE FH7rete] JAGE F Bem2ifFEet2Ad &4 COz 65%, 3TCAA 8%
i wj stk MESE 4Y
3te] 100mle] ®iX|7} E175cm29] v Eetazo] [ X10°cel/ml7t HEF H7Hgh
o 297 wgEte) BUE wHos Adste] 4X10ce/I0mIAEY AXE F

Aol AELEFAFe AAHEE tryphan blueZ A5

H o AEZEEE st7] Ao Axzes 443 &7 1000rpmo A 587F 94

TE3tq AMAEE Asstn 93-S F7EA &S DMEMEIA o] 33 A7 5o

e FHAA 2Rdaddd AEE st 50mleY dd Tl &%
1500rpmol A 587F A E s, Axde 30mle] FHE FHIlskA @
DMEM< #7bste] 33 MARSE BAZE ATt AEZEHS BFAE 570

3 Sp2AlZ 17e] wlER E¥ste] AAE I AFAE 44 W A
o



Atk 37T H & #UkskA @& DMEM#AE 183 1, 1, 2, 5, 10, 20ml
2 #7bske) 1500rpmol A 587t QAR st PEGE AAdAT AxAYL &
o2 T ANEE BAAYL ITCE 7Hes £ HATWHAE 10ml M7l 9
N e & 350mle] HATHIAI 7 & Ho] AEE B{HAA 1ml¥ 24 well platesol
B3t CO8lFMolEol A wj<kstdth. Hybridomad A AEZEH o

g 24 well platesol A 05mi¢] HATHIRE oz 05mie] HTHAE H7}
ste] 13-159%F lFdich 2 wellol A wlgAF 100uE FH3H ELISAECE
screening®l] AF&§Th AW I wellE FOE colonyE EASHHEA § well
2 4-5709) colonyE FH& 15009 HTHIX7F & 96well plates® 31t A E7}
223 A screeingste] S 9 wellHS 24welloll v] e}, 24welldl A A%
A7 AEZE 9well platesol| A A 3| AH o] ¢ste] 43] clonningdt}. Clonning
o] 1t MEE ELISA 93] A4 FPAELL AT F 175em E et
Fo) wige) WAL dAEsd AXE 10%DMSOE H7H FBSell %o
AN A ro] BESFTL UERFEL -20ColA BESHAA Western blotting™} &3
gAH AFE3ET}E.  Screeing A A|Hlo] @] A carbonate bufferol] 3|23}
immunoplates®ol] 50 FEF3t] 2X7F W& 2171 F PBS-Tweeno 2 31 AA
g} Skim milk®Z 30¥%t blockingdtel A7 ¥ Hybridoma® W ¢EIT& 4
welloll 10008 ol 1AZF ¥b-gAZItd. Al & peroxidase conjugated mouse

lgg 30008 EAste] 2 welF 1004 23 %o F 18 FusHdoz

o7
oo

3128 BAAANT AHRE 490nme) FF o)A ELISA reader® $o] <184
. AakgE Ao die) ELISAY 2% screening?dt 23 59 F 27789 1-1,
18-1, 18-2, 17-4, 27-2, 18-3, 8-3, 18-5, 15-4, 24-1, 24-4, 27-4, 1-4, 8-1, 14-2,
27-3, 27-1, 18-4, 18-2, 22-3 1-3, 264, 14-3D@®, 2-1, 24-3, 26-3, 42-13}
55-1 YR FEEC] dojzow o] FEEL UF wdsie AAFD L RESFA
t}. 1 % ELISAZto] E& 18-2, 42-1, 55-1& CV18, CV42, CVHhrE W atd

olste] Ayl AHgle.
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11 dortolese] A&Aggon Addold Biazda)

MAb dlolgdaugel  AAuiolels  RRAAE
CV18 0.230 0.747 0.007
Cv42 0.263 0.780 0.004
CVbh 0.225 0.740 0.012
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3. Monoclonal A S o]&3F nlo]#]xa Bo] AEHY &

7b REAY FADA 3 A&ddyge &3

vlolg a2 AR Foigol A 7 ol =G AFe] AR g e s

GAWZFOE nlo]ldAE HE3lo CPEYF YElhd FHMAIEE SAUZFOE

A4 Qolel W4T FHMAEE Agstel ol ma 32gAue A

i

At (2¥820). 1% A2+ monoclonal 3A¢1 CV18, CV42, CVhhE AHE3HS
3 27 sAZE 100812 A8 FITC-conjugated anti-mouse rabbit serum-$
Agstgnt &9 A3, wloleizo] Zd® M AgY 2PIZ FRAAN 19

A

218} o] HlolEl A FolgFo] HEHAUH

%
2

EEESE)
A7) FHMAZ A= Solg3o] oo} g4gelzas B4 FHM A%

¢
Z
o
il
[>
s
oy
n

P
J

AME Fdol BRHA I (I 22).

1}, Monoclonal &H& o] &3 ELISA <93 A&z

av

Hel g

ELISAZ & Ale3 398 CVH-200001 Z¥¥ FHM cell 4FHES A
3193 UZ2TFEE FHM cell 4293 birnavirusdl 9 ¥ FHM cell 434S
A28 gi T Mabe Qojubolgzo) ol GEFE IA CV4A2E Ab&sto] 4
AR (2" 23). o] AFN HATHARN dZEIAE WETY 2 F

43 TN S 5ol

oy

E%ol A& FUT F AT (2F 24).
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N Ul s W N

ZA oA - &<(spleen, kidney)& £&tol= Z&}2ol imprint.
#HE"E AFAA - virus HET AE9 control AE FL FH].
. methanol or Aecetone® 174 5-10%.
A2 A=z
. 5-10% skim milkZ 1A17t ¥F2. (Blocking)
. PBS(-)2 washing. 5%&/5H
. Primary antibody(Anti~virus MAb)& 147t ¥F3- within wet box.
. PBS(-)Z washing. 5&/5%
. Secondary antibody(Anti-mouse 1gG FITC conjugate)

gz 1A 7HEE(1:100).

. PBS(-)2 ¢zx7 A washing. b&/59H
10.
11.

Mounting. (PBS : Glycerol = 1:1)

RN B ez AF

20. MAbCV42E o]&-3 3339 (Indirect fluorescent antibody

technique)
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3} CV42¢te] ¥

T

stamp

H 21 HF

i
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19 22, FHM cellsel A9 CV42E o] 83 &3 Autg,

FHALFHM cell, $ Blo]lH 2% F FHM cells
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39S coating buffer2 31438t} 9%6welld] 100ul HF3ke] 147 8BS

. PBS-Tween 2022 washing. 5%/56H

. 5-10% skim milk 50ul® 1A17F ¥+4-. (Blocking)

PBS-Tween 2022 washing. 5%/5%

Primary antibody(Anti-viurs MAb) 50ul® 1A]3F wk-&,

PBS-Tween 2022 washing. 5%/5%¥

Secondary antibody (Anti-mouse IgG peroxidase conjugate) 1A]3F8F-8-(1:3000).
PBS-Tween 202 % washing. 5&/5%H

© o N e g os W N

0.IM citric acid, 0.2M phosphate, DW, O. phemylenediamine, H»Oz~50ul & 24

—
<o

. stop solution 50ul® ¥Hg A XA,

o
—

. microtiter plate reader2 492nmol A FA.

1% 23. MabCV42E o] &3 ELISA® (Enzyme linked immunosorbent assay)
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o o O O
N o b o b R

Absorbance 492nm
(]
(G0}

—e— Virus-infected FHM
cell supernant

~#— Uninfected FHM
cell supernant

Binavirus-infected
FHM cell supernant

Dilution of antigen

A2 3 4 5§ 7 -4 -3
10 10 10 10 10 10 10 10 10

a9 24 GEE FAE ol 8% ELISARY Yolutolez &Y So|4 HEw
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4. % ylo]H2FA HES 9% ELISAE S T

7F. ol IgMe B A

Hlolg] 27 7FAH A & ol mBRAHA HPato] 4Tl S T

13 Fol AdRstd 3L Ao AL FALdEFA qF 4o

A @A 2uFe] PBSE A istd FF 4H%FEVF HES Fdd

Ni

2SS Hulstd d&o] E £7] QoA 0¥ mukE & 1000xgolA 15%3F
ANEDsAT AR 45%S) FAARES HArtsle FAE To) A ANS

ol A 30%zt wukste AR F AF AL W PBSE H7psh ol

AMutel] Yo PBSAIA & F

>
e
P
o
ol
2
—
tie}
<
o
ol
=
2
o3
i
>~
>
oo
ok

J_E’:;
At} AAF [gMe SDS-PAGER H719 %] AAAe &xsl guide] 7
2 2HRAHIY 25). FUAF AFH 2 /Y FoF V=rp wGon 7o

2132 Heavy chaine] 81 kDa, Light chaine] 39 kDa©¢] 1t}

t}. 9Jo] o] IgM monoclonal & o] A2

AAE ol IgME o]&3e] BALB/cvF$-20 33 WHE A A §
A 250pee] BA A s 184 W= Fleund's complete adjuvantg, 23] ¥
d o= Fleund’s incomplete adjuvant® Z+Zb 250 w® 410 dEHE THES] 2

d AR 33 B Yo FAGALH HFEHL [gM BAN vHE 5|

ol

FAsgon, AEWS 49 Fol wAe AEe] Sp2/0-Aglast PEGE 3t

ll

Ath AMEZE HATHIA O] £33t 24 welldl 1 m® EF3td COp vl 7]l A

O
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stz 49 & ulX9 wS HTHiXE mEstdo). vldAZ 139 Fo 24
wellZ25 8 vjgFd-g #H3te] ELISAR screenings A, ¥AwES Holxs 7
wellel A 3~671¢] cloneg #3ted 96 wello] siestA . AE7 71 F713HA

< @ 24 screeningg A AlEte] FHEFES clonningdt ot 4zre] FE9] v g

+

Oli

o
ol

g FHelo] AzE MAbZF 914l etsE FA R E western blotting 2.2 HA}

Ol

FAT &3l A# 7oA 1148 A2
chain& W= 9] 9A1, 11A1, 17A1, 18Al, 21A1, 23A1, 24A1, 25A1, 27Al, 28A1

m{o

Ade £ AR ey 33A1L heavy

< light chaing A3t AR (2 26).
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.

S

KDa
200 W

o} SDS-PAGE %

A ot

73

g9l 1gM

A

" 25

lo] IgM

AA

B

Marker,
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33A1 11A1 17A1 21A1 23A1

H chain ~

. = <— L chain

¥ 26, 4o IgMo® A FE Monoclonal &2l Western Blotting
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o Age 8% vtel=gA AES A% ELISAY

Qo HE o] npolgxe] vjgAS FJYPoR AL
A dlo|FA2FAE AZs7) 9§ HES HAESIY. B AT F5H9
A g9 [gMel] tigstE Rx=F238AE 233A =2 F Lo 7H3 ELISA

08 AEREE FAs T FIdAe dz JoidAA dHlste] e e

d& Tt 5% o479 4, T
SPF do1(2dA)e] A& AHE3te] HEE Ast

Ayoj= B Apadia #AEstn 9 SPF (specific pathogene free) %o
(A4:38~42cm)l] HlolH 25 WYAA %A control BH 22 ARSI oH, o
F(E A7), d7(2002d 69), 2420023 59), AF(2002d 5¥), 4+ 1
(20023 69), BRM2002¢ 49)olA AFT ool FHE& L= wole|=

An

of e FA AE2L ANSGS obgd oE U AolFr VA 4 o

Hlolai 9] ZA-HFS WSt FAsirh A@e AFEE HholH & 20009

p

A8 do] FFNN APP Hojmry R HiolzxF A CVH-2000%
o] FAFeA AHET HARFEH £
CV]-20012 Ar&stith AAolAu vlelglx FF 3 AW HIES K3}
7191394 Fruend’'s complete Adjuvant (Difco)®t CVH-2000F5 Z2 Yo=2
20 500ulE 274 1% ®WHA7)1, Fruend’s incomplete Adjuvant (Difco)@t
CVH-2000F% AHE&3te] 23 WAAHAG 2F%F CVH-200072 HFE WA
i, dole A e Helste] ELISAY S o] &3 dojutele)zd st Soluts
gostdn, zTe 22 Wygos PBSE WAAAL FHEHE A Iml
A7l AHEdte] Poj€] m)

;I?__
$3 FHe ANF AU (10000g, 102, 4T)5ke} FEae AAsd 28 A

o

B4 g AR F LA 24

Y
oft
o

_86_



7hA 80Tl R#ASAT olE A7 doE didez do IgM33A1 FAE AL
£t 5 Htelelx &A@ FAE FEs87] 9% ELISAE 2A830 (1€
27).

ELISAY & o] &3 AF o] ulolgixo gt &4 AEHHA CV]-2001

& coating buffer® 5W]¢} 108] 3]4sle] ELISA 29< 3 A3 FASE A3

|

il

2 T UNeH, gdE &Y CVH-200072 CV]-200155 A}83F9 coating
buffer2 108] A3t AFL 3 Ao E SAS AFE AL S AAd} (2

28 2 29). &Y KHFAE 4T overnight, A-2oA A7t g A B 2

CVH-2000F¢% CVJ-2001F 2% &A

a
e
ofo

o
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—_

coating buffer2 108 3|43+ wpolzlx 9 (CVH-2000 =& CV]-20015F)
100ulZ 9%6well EdolEQ 7+ welld]l EF38h3L, A-2oA 1A w20

. PBS-Tween 202.2 <A, 5&/59H

. 5-10% skim milk 50ulZ 1A%} WH-§-A1 710}

. PBS-Tween 202.2 4. 5%/54

. AAE YolE AL PBSE 24 AYZRE AZEte 100ul, 1A13F gEEA1 R
PBS-Tween 2022 4. 5&/5¥

C1REA (G2 do IgM33A1) 50ulZ 1A1ZE ¥HS-A I

PBS-Tween 2002 4. 5&/5%

© 0 N e, U s W N

. 22+8+A] (Anti-mouse IgG peroxidase CONJUGATE) 50ul, 14]7H(1:30008H).
. PBS-Tween 2022 4. 5&/59H

[ Y
= O

. A(0.IM citric acid, 0.2M phosphate, O—-phemylenediamine, H2O2) 50ul, 10

. stop solution 50ul® ¥2g AX

e
w N

. microtiter plate reader® 492nmol A 3.

% 27. o] [gM33A1 A E AHE3 Futele| ~F A AEE ELISAY
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CVH-2000

0.09
=008 | —4— virus-immunizatied
§ 007 r camp serum 1
10.06 - —#— virus-immunizatied
= 0.0b cam semm 2
5004 1 control carp serum 1
g 0.03
8002 b= ~s- CONtrol carp serum 2
Co01 b e e e,

10 100 200 400 800 1600 3200 6400

Serum dilutions

a9 28, CVH-2000 Ao W& o] A BA 3 vlol# 238149
ELISA 9 23t A=
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CvJ-2001
0.08
= 0.07 F —— VirLs-immunizatied
& 0.06 | carp serum 1
1 0.05 | —a— Virus-immunizatied
% 004 } r:arpt Stlarum 2 1
g 003 F control carp serum
5 0.0z r ~s-- control carp serum 2
<0.01 | - T
10 100 200 400 800 1600 3200 6400
Semum dilutions

a9 29. CVJ-2001 o] W& o] A A 3 nlolzf 2=3H 9
ELISAR ] <3 A&
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=3

12. ol EF

ook

FA AZ ELISAW &3 g9

A

A ")

Cytopathic effect

Detection of the carp

Geographic areas Clinical signs . .
grap & result Antibody against virus

Yosu carp 1. 2

. - - + + + +
(Positive control)
Yosu carp 1. 2 - ~ _ _
(Negative control)
Yosu carp 1. 2 - - + + + +
Daegu carp 1. 2 + + + + + +
Uiseong carp 1. 2 + + + + + +
Cinju carp 1. 2 + + + + + -
Jongeup Icarp 1. 2 - - + + - -
Jongeup Ocarp 1. 2 - - NT + -

- : Negative, + : Positive,

NT : Not Test.
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EAN
L

38 PCR= ©1&3 Ad¥e HE

doy wpelgix R diEFQ CVK-11& &F £8dte o|2FF niolz =9
gr ko] wolelze] HA A
, o1 F7IMEE 7122 ste] CVK-11e] 5131 primerS
GG ol F AR A3t PCRYUC @ wholgize] Awe] Hgahx

el d7E AYSAS. drEY) RE AL B Qo] mpelgxg A
oA W@ +5 PeRde Asxoz Y= gon &5 £ F Fud vl

S# e cDNAE random primerE ©]-&3 RT-PCR #3& FY3A=H,
|

4> -

NS =23 B wlo]g) 29 ¢DNA clones

ol @A E ulolgast FAR Jof Helga Ay 1 AAAe] G wwr}
AR Aol A U@ wako] H5d FHALI} gk @M BAS AR

o] dlat AA el e B4 APo] §olshx) £& AR AHT F vl fle #
Aol A4 A<¢ random primerE ©]€3% RT-PCR #4<S &3] random
primer®) 7%, RAPD4 random primer (Operon)Z AA3AEd, £ ATdA
¥ No. 1 (B'-CAGGCCCTTC-3"), No. 2 (5'-TGCCGAGCTG-3'), No. 3
(5'-AGTCAGCCAC-3'), No. 4 (6'-AATCGGGCTG-3'), No. 5 (6'-AGGGGTC
TTG-3'), No. 9 (5'-GGGTAACGCC-3’) Zg]x No. 11 (5'-CAATCGCCGT-3")
o] AgEYed (ZE 30), 53] No. 9¢ 11°] E primerel H|3} H A F 3744
o2 AHEEUT o] primereg ©]&39) RT-PCRS #33til, 1% agarose gel

719 Fon gAw Ash, 29 313 Lol welds &5 2l Adl A5¥ %

Fir

E¥d2 ¥ Z£FH9 PCR productsE #2138 4 =8 53], sucrose 20~30%
TR A 3 z

FH A 3<E EYE primer No. 1122 FZG§ el 05~1 kbe] &<

%S primer No. 90 & ¢ w), 282 sucrose 30~40%

3719 product® BEF 5 SIAch Ty ojstk ol o4¥ Jjef PCR products
7} A= o] &+ AL primer’t random primer©] 7] wWEolm wEtA Ad7] e

product59 &S <1317 Y- E ZF productESL T-easy vector systems
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0|83t direct cloningd thg, AdRA S T3] FAdA AZXF clone® T-easy
vector Wl &A= insertE <91 4= AT} Alkaline lysis methodol] <] 3}
#2349 plasmid DNAE T-easy vector ol &A3+= Eco RI restriction
enzymel 2 digestiondt A3 18 320143 ¥ sizeZ7l 2 AP insert’t A
A3 R . o] AL 2314 BY™ PCR productE©] T-easy vectord] &
2 o]E0] Hlo]#H X genomelEHEH [ A=A ot

17l fisted d71A G 24 2 B4 ZYgS ASNA AASAT
B AT771 T e dof welgl 2 {AR cloneE g FRIAL, o] A
%3 cloneE9 97149 24 A3%E EUYE homologyE 7HA+& wiolg]x #4
e HAe A retrovirus, flavivirus ¢ RNA slol#] 29} foxvirus,
iridovirus 53 & DNA virusel o8] ¥4 =& homologyE YeEYch &
3], clone cvk N4%= iridovirusoll sl 95% ol4+¢] homologyE (18 33), 181
clone cvk N8 foxvirusell ™3] 95% ©]4¢] homologyE WEIA ™ (27
34), cvk 9.9 clone2 retrovirus related sequence, < pol polyprotein(reverse
transciptase)¥ °}5 ¥ homology® X Ath (2@ 35). 34, ojo] H|8] clone

cvk N2+ Oncorhynchus masou, Kokanee salmon, Cherry salmon &¢ &

DNASH 90%78 =9 homologyg YEFE 2R olF FIAE Faids & + A
O Ho] 2 A9 NS ¢E Fz Ak (¥ 36).

ol’de AIE nE o R Jof utolgize Uig BHuh A&3tn ZRAY T
NS A3 2719 cloneE FolA cvk 9.9 cloned F71HE & &43t9 A
o 8% PCR primerE& cvk 99 203F (5'-TCCACCATCGACAGTTGTT
G-3¢% cvk 9.9 673R (5-GGTTTGTGCCACTGGTAAGA-3)E Z+z} U=z}
Asked AAsta (2 37), vholgixe] 2R Jojo} FAHKX Fe AT I

o]e] =# | RNAE F&3t9 RT PCRE Fst4th (¥ 3V).
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1% 30. Random RT-PCR products electrophoresis on 1% agarose gel
1; RAPD No.l (5'-CAGGCCCTTC-3’) primer
2; RAPD No.2 (5'-TGCCGAGCTG-3') primer
3; RAPD No.3 (5'-AGTCAGCCAC-3') primer
4; RAPD No.4 (5'-AATCGGGCTG-3') primer
5, RAPD No.5 (5"-AGGGGTCTTG-3') primer
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1% 31. The various results of RT-PCR amplification of carp viral gene with
RAPD primer No. 9 and 11. M; 1 kb DNA marker, 1 - 6; random amplified

products.
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1234567 8 M91011 1213141516

9 32. Results of Spe I diegsted plasmids from the recombinant clone on 1%

agarose gel. M; 1 kb DNA marker, 1 - 16; Spe 1 digested plasmid
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Chilo iridescent virus complete genome
Length = 212482 Score = 40.1 bits (20), Expect = 3.1 Identities = 20/20
(100%)

Query: 205 atttaaaaataattcttctt 224

NERRRRRRRRRRRRRRRNN
Sbjct: 100669 atttaaaaataattcttctt 100650

Score = 32.2 bits (16), Expect = 752 Identities = 19/20 (95%)

Query: 119 tttttaaaatagtttgattt 138
FEEEEEEEEEE TEEErT T

Sbjct: 43315 tttttaaaatattttgattt 43296
Score = 32.2 bits (16), Expect = 752 Identities = 16/16 (100%)
Query: 205 atttaaaaataattct 220

EARRRRRRRERRANY
Sbjct: 121285 atttaaaaataattct 121300

718 33. Identification of cvk N4 clone with Blast search.
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Fowlpox virus, complete genome
Length=288539 Score=42.1 bits(21), Expect=0.78 Identities=24/25(96%)

Query: 77 tattatggatgatgcagaaaaatta 101

CEPEELTEEE TEEEETErrrr
Shjct: 172688 tattatggataatgcagaaaaatta 172664

Score = 32.2 bits (16), Expect = 752 Identities = 19/20 (95%)

Query: 437 ataaaaatttaagtttaata 456

NARERRRRRRRRRRREE
Shjct: 26508 ataataatttaagtttaata 26527

Melanoplus sanguinipes entomopoxvirus, complete genome
Length=236120 Score=42.1 bits(21), Expect=0.78 Identities=21/21 (100%)

Query: 566 taaaaaatctaataataaaaa 586
NRRRRRRRRRRRIRRRNNRR
Sbhjct: 126655 taaaaaatctaataataaaaa 126675

Score = 36.2 bits (18), Expect = 48 Identities

18/18 (100%)
Query: 91 cagaaaaattaaatgaat 108

NRRRRRRRRRRRRARAR
Sbhjct: 52923 cagaaaaattaaatgaat 52906

Score = 36.2 bits (18), Expect = 48 Identities

18/18 (100%)

Query: 97 aattaaatgaatatttag 114

NRRRRRRRRRRRRRERE!
Sbjct: 142476 aattaaatgaatatttag 142493

Score = 32.2 bits (16), Expect = 752 Identities = 16/16 (100%)

Query: 97 aattaaatgaatattt 112

NERNRRRERRRRRRR
Sbjct: 55257 aattaaatgaatattt 55242

19 34. Identification of cvk N8 clone with Blast search.
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Identities = 66/227 (29%), Positives = 116/227 (51%), Gaps = 7/227 (3%)

Query: 15  PEGLRSNVIQWGHCSNVACHPGVNRTKFFVKQQFWWPLMARY IHSFVLACSVCATGKTSN 74
P R +I+ H N+ HG +++ tWWP M + I SF+ C+VC N

Sbjct: 802 PSRERYKLIKEAH--NIS-HAGREAVLLKIQENYWWPKMKKDISSFLSTCNVCKMVNPLN 858

Query: 75  RPPDGLLQPLPVPSRPWSHIALDFITALLPSQGNTVVLTVVDRFSKAAHFIPLPKLPSAK 134
P Q + P+P+ tD+L L PS+G VL WD + P K +K
Sbjct: 859 LKPIS-PQATVHPTKPFDKFYMDY IGPLPPSEGYVHVLVVVDAATGFTWLYP-TKAQTSK 916

Query: 135 ETALTVIDHVFRLHGLPTDVVSDRGPQFVSKFWREFCRLLXATISLSSGFHPQSNGQTER 194
T+ Vit L 4P + SDHG F St + ++ +  + S+ +HIPQS+G+ ER
Sbjct: 917  AT-IKVLNHLTGL-AIPKVLHSDQGSAFTSEEFAQNAKERNIQLEFSTPYHPQSSGKVER 974

Query: 195 ANQDLERVLRCLVSKNPSSWSQQLSMVEYABNTLPISATDHLDHSLI 241
N+++++L L+ P W +SV+ AN + 4T + HL+
Sbjct: 975 KNSEIKKLLTKLLVGRPLKWYNLISSVQLALNNTHVVSTKYTPHQLM 1021

¥ 35, Comparison of amino acid sequence deduced from the cvk9 9 clone
and retrovirus polymerase protein. Query, cvk9 9 clone, Subject; pol gene

[Feline foamy virus]
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Oncorhynchus masou DNA for repeat sequence Hpa I
Length=211 Score = 89.7 bits(45), Expect = 4e-15 Identities = 60/65(92%)

Query:384 gatcgaatccccgagetgacgaggtaaaaatctgtceattctaccacttagcaaggeagtt 443

AR RN AR R R R R RN RN RN R AR RN RN A A A O RN RARN
Sbjct: 60 gatcgaatccccgagetgacaaggtaaaaatctgtcattctgeccctgaacaaggeagtt 119

Query: 444 aaccc 448

LI
Sbhjct: 120 aaccc 124

Kokanee salmon DNA, Hpa I repetitive sequence

Length=219 Score = 58.0 bits(29), Expect = 1le-05 Identities = 32/33(96%)
Query: 386 tcgaatccccgagetgacgaggtaaaaatetgt 418
CEPELTEPEETT TR e Tt
Sbjct: 66 tcgaatccccgagetgacgaggtacaaatctgt 98
Cherry salmon DNA, Hpa I repetitive sequence
Length=224 Score = 58.0 bits(29), Expect = le-05 Identities = 65/77(84%)

Query:348 ggtttgagtgttgggccagtaaccgaaaatttgetggat cgaatcececcgagetgacgagg 407
NI R R R R R R RN RN R A R R A R AR R RN AR AR RN
Sbjct: 32 ggttagagcgttggactagtaaccgaaaggt tgcaagttcgaat cccegagetgacaagg 91

Query: 408 taaaaatctgtcattct 424

FE LT 11
Sbjct: 92 tacaaatctgtcgttct 108

13 36. Identification of cvk N2 clone with Blast search.
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GGGTAACGCCAACATGAAACAATCAACATGACGTAACATGAGACGAGCAGGAAACAGTGCATTTATGAACCGTG
ACAGTACCCCTCCTCCTAGTAGACGCCTCCTGGCGTCCCCAGACTCCCTTACCTGTTGAGTGTAATAATCGATA
AGAGAGTGATCCAGGTGATCCGTAGCTGATATAGGTAATGTATTGTGGGCGTACTCCACCATCGACAGTTGTT
GGCTCCAGGAGGAAGGATTCTTGGAGACCAGACATCGCAACACCCTTTCCAAATCTTGGTTGGCTCTCTCGGTT
TGACCATTGCTCTGGGGATGAAACCCTGAGGACAGACTTATAGTCGCTCACAACAATCTACAAAACTCACGCCA
AAATTTGGACACAAACTGGGGTCCCCTGTCGGAAACCACGTCTGTCGGGAGGCCATGTAAACGAAAGACATGAT
CTATGACAGTCAACGCTGTCTCCTTGGCTGAGGGTAATTTGGGCAAGGGAATAAAGTGGGCCGeCTTCGAGAAC
CGGTCCACCACGGTCAAAACTACCGTGTTGCCCTGAGAGGGCAGGAGGGCGGTAATAAAATCTAGTGCGATATG
GGACCAGGGTCTCGAAGGGACCGGCAGAGGTTGAAGTAACCCATCAGGGGGTCGATTGGAAGTCTTACCAGTG
GCACAAACCGAGCAAGCCAAAACAAAACTGTGAATGTAACGAGCCATAAGTGGCCACCAGAATTGCTGCTTGAC
AAAAAATTTAGTACGGTTAACTCCTGGATGACAAGCCACATTGGAACAATGCCCCCACTGAATAACGTTGGACC
GTAATCCCTCCGGCACAAATAATCGATTCAGTGGGCACCCGGGCGGAGGOGTTACCC

2% 37. Nucleotide sequence of the cvk9_9 clone. Underlined sequences;

random primer, Bold sequences ; specific primer
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219 38. RT-PCR with internal specific primer
1; healthy carp (cvk_1 primers)
2; healthy carp (cvk_2 primers)
3; virus infected carp (cvk_1 primers)
4; virus infected carp (cvk_2 primers)
5; healthy carp (cvk_6 primers)
6; healthy carp (cvk9_9 primers)
7, virus infected carp(cvk_6 primers)

8; virus infected carp(cvk9_9 primers)
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dol melH2E £ FEs o]2RH HolH e NS F2F F ol
#29] cDNA clone€ v SEsto] upo]2jie] {Fdxte] it HAHE 1, o]

T @71MEE 7122 sto] CVK-11dl 50132l primerE §4338ti o] & 94

7194 24 235 EYZE homologyE 7HA & vhold 2~ fFHAE HAMsH.
ol ZIE wWHOR oJo] nlojyag Bt A& gHHow sy
e RS A8t cloneE FollA cvk 9.9 cloned F71ME S &35t
ko] a3k PCR primerZ cvk 99 203F
(5'-TCCACCATCGACAGTTGTT G-3)% cvk 9.9 673R
(5'-GGTTTGTGCCACTGGTAAGA-3)2 27t tjaelste] RA&an ulho]
2o ZHdd dojst ZAHA Fe {WAT dolo xF A RNAE FE35H9
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Ao R FA [T

¥ 13 ANLLT AHA50] W ol Ave) oles % vold s AF
HALZA AAFE o] Fo] B} A

0 1 2 3 5 7 10
Virus CPE #&
Gill 0/3 1/3 0/3 0/3 2/3 3/3 3/3
Muscle 0/3 0/3 0/3 0/3 0/3 1/3 2/3
Kidney 0/3 2/3 3/3 3/3 3/3 3/3 3/3
Spleen 0/3 0/3 0/3 3/3 3/3 3/3 3/3
Liver 0/3 0/3 0/3 0/3 1/3 3/3 3/3
Blood 0/3 0/3 0/3 0/3 3/3 3/3 3/3
Heart 0/3 0/3 0/3 1/3 3/3 3/3 3/3
Eye 0/3 0/3 0/3 0/3 0/3 1/3 3/3
FAT o] &% &4 HA=
Gill 0/3 3/3 3/3 3/3 3/3 3/3 3/3
Muscle 0/3 0/3 0/3 0/3 1/3 3/3 3/3
Kidney 0/3 2/3 3/3 3/3 3/3 3/3 3/3
Spleen 0/3 1/3 1/3 3/3 3/3 3/3 3/3
Liver 0/3 0/3 0/3 /3 3/3 3/3 3/3
Blood 0/3 0/3 0/3 3/3 3/3 3/3 3/3
Heart 0/3 0/3 0/3 3/3 3/3 3/3 3/3
Eye 0/3 0/3 0/3 0/3 0/3 3/3 3/3
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3t 14. Detection of the carp virus from various geographic areas

Site

sampling

samples

sampling date

KyungNam-S

ChunPuk-Al

ChunPuk-A2

2002. March

Carp virus CPE

Other virus CPE
2002. April

Carp virus CPE

Other virus CPE
2002. May

Carp virus CPE

Other virus CPE
2002. June

Carp virus CPE

Other virus CPE
2002. July

Carp virus CPE

Other virus CPE
2002. August

Carp virus CPE

Other virus CPE
2002. September

Carp virus CPE

Other virus CPE

I

+

F: fish sample, I

+! virus positive,

influx water, R: reared water

—! virus negative
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3% 15. Detection of the

virus antibody from the serum of carp

Serum

Group Positive (+) Negative (-)
Tag Females(n=5) 2 (40%) 3 (60%)
Tag Males(n=5) 2 (40%) 3 (60%)
Females+Males(n=24) 5 (21%) 19 (79%)
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Time post immunisation(week)

1% 41. Anti-carpvirus ELISA titer versus time (weeks) for fish adiministered
intraperitoneal injections of Formalin-killed carpvirus and Live

carpvirus: (ELISA antigen: CVH-2000).
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19 42. anti-carpvirus ELISA titer versus time (weeks) for fish adiministered

intraperitoneal

injections

carpvirus: (ELISA antigen: CVJ-2001).
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Time post-immunization

Vaccinated group

Control group

(weeks)

FKC (OD value) HKC (OD value) (OD value)
1 0.20 0.13 0.08
2 0.14 0.12 0.09
4 0.11 0.09 0.07
6 0.11 0.10 0.09
8 0.12 0.11 0.08
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