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Rhabdovirus isolated from the fry of Snakehead fish,

Ophicephalus argus

Mi-Ju Hong

Depariment of fish pathology, Graduate School,

Pukyong National University

Abstract

In May to June, 2003, happened a heavy mortality in the fry of snakehead
fish, Ophicephalus argus in 15 to 30 days post hatching had broken out. The
four strains of virus were isolated from diseased fish (SKR-1, 2, 3) and
rearing water (SKR-4).

The virus cultured in Epithelioma papulosum cyprini (EPC) cell line a typical
bullet like a rhabdovirus shaped and an estimated size of 4 x 100 nm.

The virus isolates induced cytopathic effects in EPC cell line yielding a
titer of 10"° TCIDsy m¢” at 25 C. Other susceptible cell line to the virus was
included chinook salmon and embryo (CHSE-214), but replication was not in
fathead minnow (FHM). The optimum temperature for virus replication was
20 ~ 25 T, but they could not replicate at 15 .

Virus isolates was inactivated when exposured to chloroform or heated to
56 T. The optimum medium condition of pH was verified pH 7.2 for virus

replication by the exposure test from pH 3 to pH 10 medium condition. The



virus isolates were divided into RNA virus because they did not affect the
replication with [UdR condition.

Polyacrylamide gel electrophoresis demonstrated that all snakehead fish
rhabdovirus present isolates were identical protein profiles. But those of
other fish rhabdovirus such as the VHSV, [HNV and HIRRV were different
from present isolates. Neutralization test with the anti-SKR-3 serum did not
show cross-reaction among the other fish rahbdoviruses.

The virus isolate SKR-3 from snakehead fish showed high pathogenicity
against fingering of with total length of 3 cm, but did not in the larger size,
total length 20 cm nor the nile tilapia, Oreochromis niloticus fingerings.

These results lead us to the conclusion that the snakehead fish
rhabdovirus from Korea suggested a new rhabdovirus as causing rhabdoviral

infection in the snakehead fish fry.
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32 vetdln FAstn e AHEXE ABo)R, Fo|B (Percida), /1=
o}% (Channina), }% |2} (Channidae), 7}E #] (Ophicephalus argus)o| %ach.
HE R kol A FA off TN Fol AXBE vFE 32 %o B3
AT o FHE A FTRAHLE B u 1 HHe ojxgtd Ao, $o,
Jol, WAe), s}, v £o2 594 olzm Utk (F 1993). 1B ¥
A BEE A Ao AR 9$E3F 490 F4o] Ho AXHoZ Huf B
EEAD A B2 BEAGAAN g B F4o] o]FoAn Ut (F,

of

1
L
ot
18

=~

1AM Ade] FteA FRALT AAANA 2003 5 6l o7t
e a4, By 38 gl opgA=ge) WE 5o 48 vehln sHER 9
hEF HAE dojudeh o FA4L 15 ~ 3099 J1EA Ao yEe
o, ojmje] F£& 25 T ool AWl A 7IEA] zolo] #HAl A&
Lol z] N3 AT ZAbs} vlolgj2 HALE HAEHTE AAEA Hole A4S
2ot TSAo) siekat AL, wiolia AN 9f3f olf FEAE HEHAEL
o vlol#] 2ol o]3k M X WA A7 (cytopathic effect, CPE)E @2 ated nlole)
24 dAlos FH3tn, 7EA Ao £4 ARds HEFH ofF FIAAHELE
Transmission Electron Microscope (TEM)o.2 #astgrt. TEMo #A#g o
Hiel2] 27}t rhabdoviruse] el & =1 e AL At

7HE RO S s blolel A4 AW e 1980l ol F Fd ofA|o} x|
A F2 Fe Bas Qi TelojAlel2] epizootic ulcerative syndrome (EUS)%)

d% striped snakehead, Ophicephalus striatuso] A rhabdovirusz} H#]5jglo



] (Wattanavijarn et al, 1986a), ©] u}o]e{2:= the ulcerative disease
rhabdovirus (UDRV)E FAHUG. 22l3 gteME  EUSS A&}
rhabdovirus@} birnavirus7} 315320 (Frerichs et al, 1986; Hedrick et al,,
1986, Wattanavijarn et al., 1986a; Wattanavijarn et al, 1986b; Kasornchandra
et al, 1991) 7|4 Hil® rhabdoviruse= UDRV®} snakehead rhabdovirus
(SHRV)Z FTAHEIC. 1994deli= EUSY) Z9d 712 A4 bimavirus
strains, reovirus and rhabdovirus isolates?} 2z R 1H 2t} (Roberts et al,
1994). 20003 He]Ae] EUSe| zZ+d¥ snakeheads, Ophicephalus striatusol] x|
rhabdovirus®] 5o} ALEHAA, EUSS 1 B A dsire= of2 29
& o] @e A 2t} (Lio-Po et al, 2000).

Hug vlo]lgi A25E dfH# Family Rhabdoviridaeo] 43} ss RNA virus
o]B bacilliform®} bullet 292 HeE =3 v} (Essbauer et al, 2001).
thabdoviruses=  571¢] F3 @A (polymerase, L; glycoprotein, G;
nucleocapsid, N; phosphoprotein, P; and matrix, M)& 7}A12 212 (Ahne
et al, 1989) F8 o¥ rhabdovirusesol+= infectious haematopoietic necrosis
virus (IHNV), hirame rhabdovirus (HIRRV), viral haemorrhagic septicaemia
virus (VHSV), eel virus B12 (EEV-B12), eel virus C26 (EEV-C26), pike fry
rhabdovirus (PFR), spring viraemia of carp virus (SVCV), eel virus American
(EVA), SHRV, ¥ UDRV%o] v}k 7}EXeA B2 B i1H rhabdovirus &
SHRVS} UDRV+= z+Zt Norvirhabdovirus genus$} Vesiculovirus genusel] 71713
Ao g A AT (van Regenmortel et al, 2000), AE 74T dgio
2 zle]7} ok SHRVE] A9 bacilliform$ J}elin), UDRVe] 79 bullet 3
& viebdit} (Lio-Po et al., 2000).

e vebelMel 42X AWe 17 Be 47 HuHo] gx B AFol



o Budel e Ade AdAd AW (" 5, 1990 3 5, 19) AEd 2
WS, 19N)e ek Aol AN wlo] g 2o #A3E HuE ofF o glA
W uEtM g M d, AdAd A #3 A7 2oz JHEA] wpolg s
A Aol &g A7t P

oo Eeldl 7123x Ao} rhabdoviruse 7] HEo] 93 Family
Rhabdoviridae®] virus members¢} vlal 3948 uwf, Sef, AT b4, 29y b
A 25 oA Feolrt o 7tEACA 7] Zej¥ UDRVE SHRV2 L zte]
5 dvehldh gt A2 FoE AAAE HEX Addd R

rhabdovirus®] SAlo] #sl) A-73lz4 4ot



o Az 3 4y

1. Ao

20033 SERY 6g7tA] BAFHA WA FolA do] WA JHEA Ao
& FAlslel 54FHQ AW FAS Holg AEE AU A g4 o
of= opriml R g whH, BR ubA o yigAl-gr] 6y Fo| F4g el
Aatsle 7HEA Ao] otk M@ BAME 189 Tryptic Soy Agar (TSA) B
W Ao WHelF 0.1 % benzalkonium chloride saline solutione & A %3 &
A5 e Ad3 (085 % NaCl in distilled water)ol] sja* th, ehajabulo] A)
oA TSAS HF3ted Al wiSg Almshguh. &g zhoja) Fgo] R A4
T o9 A5 E FgAEy] e dH FRE Ao HAsEch Ave]
A3l Al7le]l 22 25 ~ 28 T ollon, Wol= 15 ~ 30U4#F R 71Ex A
of o]t ol& AMavE Holde HHE FFEI}HUI °)F, -75 T 2HL YF
el RashdA ZE Ao AHgEsoh

2. vpole| A Wk
2.1. v}o]e) 22} cell line

vlol Aol FAH T YL 93 reference virusEA B JApAde] HFEm
U5 IHNV, IPNV % VHSVE AH8-&t 3t whol@] 2 wigel] A3 o F F
M E e EPCe} CHSE-214 cell lineo|giom, Al¥E vl & 10 % Fetal bovine
serum (FBS)@ 1 % Antibiotic-antimycotic (Gibco BRL)S 3718 Eagle's

minimum essential medium (MEM)-& A8} ¢



22 wpold A HEHS FH

Al oe]E 0.1 % benzalkonium chloride saline solution®.2 4A%3d & Hg
Ayl AEael A o, AFFete] dagh el 22 v d g MEMS
1:108] Hl&2 Wol BMF F 4 ColA 10,000 x g 10 ¥ F<F ¥4 #&§4
o} JAAHe FH3dle] 045 ym membrane filter2 o3 AL nlolejA HFE
dH oz Abg3IAL

AV 022 ym membrane filterS o] &3] 1 / 50082 ¥=3te] 045 m

membrane filter2 W3l HEYAo 7 23]

2.3, vlo] 2] Hj%k

@3 wjk® EPC 3 CHSE-2149] ujo]e 4E<d 300 wE HEsL H&
oA 30 ¥ B &A1z &, 5 % FBS9H 1 % antibiotic-antimycotic (Gibeo
BRL)E #7188 MEMS @it 20 TollA 747 ofoal A upole] 2o 2]5 A
E WA &3 (cytopathic effect, CPE)S #Z3gch AP ALE3 oy A

= Table 10] vFEFUSic



Table 1. Source of the virus isolates from the diseased snakehead fish,

Ophicephalus argus and reference virus strains

Strain Origin
SKR-1 Snakehead fish 15 days Myongji, Pusan, 2003. May
SKR-2 Snakehead fish 15 days Myongji, Pusan, 2003. June
Present
isolates | gy R 3 | Snakehead fish 30 days Myongji, Pusan, 2003. June
Snakehead fish  rearing B
SKR4 . Myongji, Pusan, 2003. June
...... TearIng Water WA
IHNV Rainbow trout Yangyang, 2003. Feb.
VHSV
Olive flounder Pohang, 2001. Sep.
Reference (KR'01-1)
strains
HIRRV Black rockfish Pohang, 2001. July
IPNV Rainbow trout Yangyang, 2003. June




3. dAdel g

A9 eE A=A Aole) 23 v Gade HEP EPC cell lined 25

R

% glutaraldehyde (pH 7.2, 4 T)ol 4417t A1 AS2 1 % osmium tetroxide
(pH 72, 4 T)lH 247 %9 FuAHAd. Alohol 945 #AL A
propylene oxides A|ggk & EPON E3&-2 AFE AHE gt 43H=
Al8&& ultramicrotome (LKB, Nova, Sweden)©. 2 05 ~ 1 mn F72} semithin
section§t T toluidin blue2 WREMNsle] #F &I §F ultrathin section (60 ~
N0 nm)3tF}. ©]F grido| F-32AA uranyl acetated} lead citrate® o3& & A

ol Ead Hz2dv| 2 (JEM 1200-11, JEOL, Japan)e 2 #atslich

4. 7HE-A 2o} 749! Rhabdovirus isolates?] Ynha =4
4.1. wpole] 22| wjek

EPC cell lineo] g+ oo wolejs HEAE JF3ty CPE/L =4
75 Col 5A3AT7} ol& tA %9 F 045 ym membrane filter2 of 3}5} o
ol & ulolelZ mig A A7 HEAAoz AL AT wiolg A RS
%% Fox= 5 % FBS7} #Hr7bY MEMS A43lEu. wlolgs Zgrte

TCIDs (50 % tissue culture infectious dose) ' o2 e

42 N2 Zpd A8

slolet o] X ZHpA A1FE Y8 AMSS offF FIATE Table 294
o] CHSE-214, EPC ¥ FHM 224 B%F 37}A 3 Algatgon, RE F3MXL
= 10 % FBS2} 1 % antibiotic-antimycotic {Gibco BRL)E #7135 MEM-& Al&
sto] wikstTh AE A AgolMe RS 25 T 77U s FahaA

CPEE w#stt



Table 2. List of fish cell lines used in this study

Temp. range of
Cell lines Origin ge References
growth ()

CHSE-214 Chinook salmon, embryo 4 ~ 27 Fryer et al. (1965)

EPC Epithelioma papulosum cyprini 15 ~ 33 Fijan et al. (1983)

FHM Fathead minnow, pendancle 0 ~ 36  Gravell and Malsberger (1965)

43. vlole) 2] =¥ 3eHA 44 AlY
43.1. vloleg]~2] ik AH

blo]z 2] Mt FHE F213}7] 38le] Rovozzo and Burke (1973)9] v}
of W2} DNA 4 AshA¢ 5-iodo-2'-deoxyuridine (IUdR)S] that 7+24 A
e AN Y EPC cell lineo] @3 vl%d 96 well plates] 10* M IUdR &
BES 100 wd BEg og, A 84 (107 ~ 1078 vlolajad 50 wae

Hokste 25 TolM 7d7 CPE 755 w385 d7te 245 Ah

4.3.2. Lipid &4 7t4 A1

el vholgl A7F 9ubg AW =A9 RS AN ¢33l Feldman and
Wang (1961)¢} ulo #3}<] chloroformo & 7H4A A|3¥S A agct. whol
A4 HEHd 1 R chloroform 05 mi& E§sle, A2 108 F¢+ A%
M F, 4 TAA 1500xg, 102 5 94 £83te] dgAvhs Hxe AY
ol ¥ 10 g A 35t o] BA g EPC cell lineo] w3 wjke

96 well plateoll well & 100 ¥ #Br}shed 25 CToll4] 72zt njkstdA] CPE



433. 2x tgAd Y

22§ vlo]g 2o xo i k¥ A A13S 9]5le] Rovozzo and Burke
(1973)e] Wil Fale] wpolgf 2 HEARE 56 TlA 308 5 58 71239
5, @A 343ste] EPC cell lineo] &5 wiYH 96 well plated)] 100 w¥ #HE
32 25 CollA 7947 Widstela CPE 84 #55 #3slo glola) A 7Hdzt

g AU

434. pH 74 Ald

228 wleld 22l pH Zo w2 oAA Al¥ 2 Rovozzo and Burke
(1973)9] whol F3tad AAE gk pH 3.0, 40, 50, 6.0, 7.0, 7.2, 7.6, 8.0, 9.0
22l 1008 A3 MEM o9 1.8 niol] Hiolg) 2 HEYN 02 m 2tz
Hrbele Aol 3x0 < WAG F, GA A& dE wdd 96 well
platec]] 100 ¥ HE3}5 25 CoflA 743t widsbds CPE 34 /55 v

st molel 2 E7E FAH A

rd

435 2xo| mE ulolzis FH%w AY
25 cr tissue culture (T/C) flasko] W& wjeks EPC cell lineo] djoje]Ad)-S

HEF (MOI=0.01)3}31 15, 20, 25, 30, 32 ColA] oS3 A, 5 F 7¢97 wid

g AAAS FEHLE dojie] wpelg £ titers FA 3T



5. 7}=-A] #Ao] 74 Rhabdovirus isolatese] 433 54
5.1. 74 EPC cell lined| X 2] RNA &3

@ EPC  cell lineo}4d total RNA¢ ##]=  acid guanidium
thiocyanate-phenol-chloroform % o] 7]%3} TRIzol RNA (Gibco BRL)
g ol gt FEAT. A5 volHE FERE AT CPEZF Ve
A #ak= EPC cell line2 Ab&3}ch EPC cellS o} E-tubeo] Yo} 6,000 g
2 5E d4 BEdd dAAS AAS F, 1 me TRIzol€ FH7isla]
pipettingdle] EPC cellS FAsAIZT 7ANRS Ao 587 w3 F
chloroform 200 & Y3 $as Eastad AeoA 387 $AFAL oS 4
TollA 12,000x gz 1587 94 Eojdle]l A4 AS A E-tubed] &7131 o)
isoprophanol-& @& thg 420 1087 WA F 4 CoA 12,000x<gE 15
w3 A EYdte] AAAE AAZFHUE o)d 75 % ethanol 1 wE #7hahe]
7t Al vortexd ¥ 4 TolA 7,500x gz 587 94 Este] ethanold #| A
3ttt RNA pelletg 22o)A 51087 2td AxAZ] ¥, 30 we] DEPC A

g HUtste 5 olRA 5% RNAE cDNA A9 4183k

5.2. single stranded ¢cDNA2] A
%3 total RNA 1 49 05 pug oligo(dThs primer, 1 pf PowerScript™
Reverse Transcriptase (Invitrogen)Z Alg-sle]l ¢cDNAE §HAsIEHo «DNA &
Al AleF 2A & Table 33}
ARANN Bala woldAg ERE date) 229 oy vloldrE

oldo g HEFT 4 YE PCR primers ALE3gch Positive control2 8

_qm

-acting A}88ted PCRE vt 2+2t2] primerol] thgl A HE Table 49} o

™, Table 58} & Aoz PCR3AT. PCRYE Accupower PCR primix™

- 10 -



(BIONEER)E Ab§3h4la, olol @ FuiE Table 69] Jepd 2T 2o

Thermal cycler (Perkin-Elmer 2400)8 AME3le] {AAE FZEA|FH o PCR

olN

Z HEL£ 15 % agarose gel (in TBE buffer, 0.045 M Tris-borate, 0.001 M
EDTA)S Al&-3te] 7] 953 F UV transilluminator oA A7) A58

gelst s

Table 3. Reagents for reverse transcription (RT)

Reagent Concentration Working concentration
Oligo(dT)s primer 500 ng 1 48
RNA sample 100 ~ 500 ng / it 1 w0
RNase free water - 9
5x First - Strand Buffer - 4 ut
dANTF mix each 10 mM 2 ul
DTT 100 mM 2 ul
PowerScript RTase - 1 e

_11_



Table 4. Primer scts used in this study for diagnosis of the isolated viruses

Virus Primer sequence (name) Products size (bp)

5-TGG ATG ACT TTG CCT ATC-3' {SHRg-F)

SHRV 509
5-TTG ACA GAC TTA AAA CGA C-3' (SHRg-R)
5-AGA TGG TAT GGA COC CAA TAC ATH ACN CAY-3 (SvVCgF)

SVCV 714
5-TCT TGG AGC CAA ATA GCT CAR RTC-3' (SVCg-R)’
5-ATG GAA ATG GAA CAC TTT TTT-3' (VGI¥

VHSV 697
5-TGT GAT CAT GGG TCC TGG TG-3 (VD3)
5-ATG ATC ACC ACT CCG CTC ATT-3 (IG1)

IHNV 682
5-GAT TGG AGA TTT TAT CAA CA-3" (ID3Y
5-TAA ACC AAG GCC ATC TAC GC-3' (HRVn-F)’

HIRRV 462
5-CTT TTT GAC CAG AAG GCG AG-3 (HRVn-R)’
5-ACT ACC TCA TGA AGA TCC TG-3' (AC-F)°

A - actin 510
5-TTG CTG ATC CAC ATC TGC TG-3' (AC-RY

a, According to Hohnson et al. (1999).

b, According to Stone et al. (2003).

¢, According to Miller et al. (1998).

d, According to GenBank.

-12 -




Table 5. Reagents for PCR

Reagent Concentration Working concentration
Template DNA 500 ng / uf 1 uk
Primer(sense, antisense) 10 pmol / uf each 1 g
Taq polymerase oo
dNTP mix each 0.25 mM
Tris-HCl 10 mM

premix

KCl 40 mM

MgClI2 1.5 mM

Stabilized dye -

DNA free water to 20
Table 6. Condition of reaction steps and PCR cycles

PCR Step Temperature ()  Reaction Time Cycle (s)

Pre-denaturation 94 5 min 1
Denaturation o4 0 sec

Annealing 42 30 sec 30

Extention 72 30 sec

Post-extension 7 7 min :

- 13 -




6. 7}& =] #}o] Rhabdovirus isolates®] G+% ez gl g9 B4
6.1. A1 Y nlolo] 2

AlE wlolgl i JHEA] zojola] B3t 4709 rhabdovirus isolates$}
reference virusZ 4] IHNV, VHSV, HIRRVE A}£3 9t} [HNVE CHSE-2140

VHSV$} HIRRVE EPC cell lined]] uj2kala] Ad o] Al-2slgch.

6.2. mholgj 29 #2] A

npo] 22 9] A A= Nishizawa et al. (1991)9] el 3ot = [HNV,
VHSV, HIRRV % 7}7}te] 7}E-x A} rhabdovirus isolates® 150 o T/C
flasko] HE5le] thaf wjkal M Eo] CPEZ} JEIGS of 75 T 23 Lo
2 AEE FHAAL ol X< o 4000 % g 303 A4 Helsto] A
FFES AAG T GAdurs #Hslm olzldl 7 % polyethlene glycol
(PEG-6,000), 2.3 % NaClZ H7}8ld 4 TolA wytai A overnightdl gt} o]
F 20,000 X g, 40FZF YA Eeded B pelletd A8e] TNE buffer (0.01
M Tris HCl, 0.1 M NaCl, 0.001 M EDTA)Y] AHA=Es o2 15 % sucrose

cushion®jol %3l 4 T, 115000 x gollA 1243 2uE 94 B3ty v

olgf 2~ pelletE Al o] pellet& t©A] TNE bufferd] & Esled 20, 35, 50
% sucrose discontinuous gradient “ollA] 4 T, 80,000 x g2 1A]7F 3087

A EEiste] 209 35 % A A B viol# 2 bandg FE3HG. o] S

INE bufferol A @=tste] 115000 < gl Al 1413 A4 gelahe] apolei =g

FASHED. HE vleld 2 FEE F35 280 nmo) A =Gt

- 14 -



6.3. A2

2

4

4 Be}gk 7}E 2 zte] rhabdovirus isolate & U] slolg] ~F9l SKR-39]

D

polyclonal &3+ 2} 1.5 kg¥+= New Zealand white rabbits A} 83l Ajz}s}
AUrk Bl AbEF AA Gz ok =4 e vlo|#H A5 200 pg¥ A}
£39en 3 WA WHe Freund’s complete adjuvant (FCA)9} §3A)7) %
&t FAEIa F

A Ao r HWREAUY. o9t e HE AE-Ete] 2% 7HA o g 33 FA}

% AAgee @3 Felstn 80 Tol Rustdrs dPd AHEsdt

WA o] FHEx Freund’s incomplete adjuvant (FIA)$} £

6.4. SDS-PAGE Electrophoresis

G A H7] 4% & Laemmli (1970)¢) 9hHo) wisgich 3 AAS /1EX
2te] rhabdovirus isolates 3 THNV, VHSV, HIRRVE 5xSDS sample buffer
(SDS, Tris, glycerol, 2-mercaptoethanol)2} & 33k ¥ 583t boilingdt 10,000
Xgll A 1023 HA4 2§ o3 12 % polyacrylamide geloll loading3}od
60mA A 121 7] FF3A. 22l Molecular weight marker® low
range SDS-PAGE standards(Bio-Rad)& A}83ttt. ¢k8 9 geld> Coomassie
brilliant blue R-2500.8 #3711 Coomassie destain 8o 2 gal&te] band

£ FJ3u-

6.5. Neutralization test
vlo]#l & #3124 @2 Okamoto et al. (1983)9] ¥hyo) wigtch. &3, A2
gk anti-SKR-3 rabbit AbE FBS7} #7bA] ¢4 MEM2 2 2 fold ©A 3143
& 96 well plateol] 50 w# 93, 10° TCIDs) 50 w9 B2 3427 47)

o] 7= A #o] rhabdovirus isolates®} reference strain?l THNV, HIRRYV,

- 15 -



VHSVE &8l H7FE 96 well plates] 50 u# 3H7}lste] A&oA 1A]7}
F EEHAM S AIFHTE 96 well plateo] @& wjk® EPC cell lineol well
G 100 wH HEdm 25 CollA 1497 wikah A CPES #dslgu). 84
o] #3 9y} (ND)E 10° TCIDs well'e} nlole} 22 289 daHe] 2

2 84 Wie greve Fahg.

7. 7}&X) 2o} Rhabdovirus isolate (SKR-3)2] B A A1
71. A1 E Y

HEAd Aldole Zhexlst yddetdolE AMSE AT B Aol 3 em (30
~40 4#)9} 20 em (3~4 WH) A9 Hab BT AGe) FARNN AR
7v=2], Ophicephalus argusZ #F ot HEo| ARREx, vddatge},
Oreochromis niloticus= F- 73t o ZelM Hd AR 2 on Z71E BF @
ob AbgEth e Afole 157U Ad4doA A3 AlE3dt. ¥
4 MNFS ste B 20 ¢ FEAM ALZEY, 19 13 #43ln 4Y Ik §

o wole BFSHA itk

7.2, vlojei 2z HEHe] Az

b2 2pol ZF vl Jubed L EPC cell lineo] FEs}e] 25 CollA 7¢z}
sk A 2oisfe] SKR-3 Gl e BE WA AlHd AbgstgTh vhol#
29 H4Fo o5 CPE7} Yeit2 W T/C flaskE 43 & thA] 5994 045
gm membrane filter2 &]3}3lo] wlola] A HE Aoz ALEagon, niolg
2 titer& TCIDsp mi" 2 A& shsith 4% 49 g FBS/L H7hsA ke MEM2

2 10 fold ©A] SMste] WA Aol ALg A
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73. ojAle} 271, FHE HEA

>

13

Zba Aol hEk oA 27 Bed AEE fetd HF A 3 m (30~40 Y
B)e] =goiet 20 em 3~-4 HH) A719 FHAE ALY 50 ¢ Ak
zo] 2%l 100104 FYole selels 8350t

ol AV7E AobA Fabe & 5 Rl AAYeR AL 5 19
ApgFo] wholdlz FEE 10° TCIDs me'o] HAl 2AF F 22 A0
£ AAY g A2 E ASFE Bratel 14U ¢ s 2R

ZYP4E B FAHE olkdgen 10°, 10° TCIDs me'2 Z2A g ulol 8
Z HEAE 01 md HAo) FAste) 140¢ FH HAE-T Akt

debvjole) MAME AA AAWOT FAANHOH 5 09 ALgRl ulo] e

olr

> 2 10% 10°, 10° TCIDsy m¢'o] S|4 AT F daluols 347 Tt
A F A2E AASTE @58 14AdTL w4 HAeS 2AEIETH

=

EE 34 Mg 2 28 TolA AA13k4h

7.4. vlole) 2o A g

ZHe W AP AL oJFE WA A% A7 g 2 NNF BB
AU 22 v oS Fzsled EPC cell lineo] F&3led 19 nlo]
oo AReE AR
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1. Hoje] rig&Eery ##
2003 5, 6¥ HAb FMy Ao JHEA FH AN A A ofrin] R4
T, B2 A 9 sigA=dn] wete] E34 FA4S veRe g #A}
ol AL ol MoldA VAEFE HEHA Uy i49
Aeromonas sp.7t AEEH AT
Aol G A7) FLL& THE v2odM ASEa A7) 9B F

225 T ~ 30 T e vz g 259 Ao ey

2. dhole 9] Bel 2 53
21 ME i FHS o] &3 vlolgl s FY

Wolo] 22 on wydE EPC 9} CHSE-214 cell lineo| HFabe] wagl
Azt EPC cell lined| M= 3YR e ¥/ 2383=7 Aadstgon ol 4
7 Wole #AS #FT £ AR CHSE-214 cell linef| M= EPC cell
lineol wiaf %3t CPE WH&-& H{rhFig 1). o2} CPE @42 VHSV, IHNV

2 HIRRVE EPC cell lineo] HE-S w9} o] $- FASHACH
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Fig. 1. Cytopathic effect in EPC cell line and CHSE-214 cell line inoculated
with the snakehead fish rhabdovirus isolate (SKR-3). A, normal EPC cell ling;
B, SKR-3 infected EPC cell line; C, normal CHSE-214 cell line; D, SKR-3

infected CHSE-214 cell line.
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22, npojy s Qlzte] #
%3 a1} nple HES EPC cells Az} drroz #F

gt
rhabdoviruse] &2l el

,_
i)

s

-
e

7}
me YT wPe g

=t
o] 22

o

& wlolg 2 9As} obg #AFEHAY Fig. 2). ©lE wloly 2~ YAt 2L 3

44 £ 5 am, Ze] 1

00 + 5 nmz AUt
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Fig. 2. Electron micrograph of the snakehead fish rhabdovirus isolate (SKR-3)
infected cells, after three days culturing at 20 C. A, Virus particles in the
EPC cells x 12000. Bar = 500 nmm; B, Virus particles in EPC cells x 50000.

Bar = 100 nm.
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3. 7FEA) #AojeljA B 2]F Rhabdovirus isolates®] uF 414
31, mlel 28] MXE ZHgd

@2 7HEA] Apojol A B3t rhabdovirus isolates?] z2}<E o] F 33} A E o)

=
oL
)
e

A AE Ad, 25 Coll A 797 wjkd EPC, CHSE-214 %% A] CPE
7t #aAE Ao FHMe M s CPEZL #2352 ¢dth. A4 A3 o f F
3t X F EPC cell lineol A 7}Hg & A4S AT 5 U2 A8 At
ulol#] 2 Alele) 77} Table 75 2t} EPC cell lineo)] X& 7.0 TCIDsy mé”
(SKR-3)o] 1 5 w2 Fd CHSE-21491 4% 4.5 TADso mt’ (SKR-2)0] At}

EPC celldME HE 3 3UAREH A¥ #8358 Exog 3= CPEv} U}

7] Aldbsled 5elo] Ay B oulek ATl getete A4S & & AT
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Table 7. Susceptibility of the fish cell lines to snakehead fish rhabdovirus

isolates
Virus isolates Cell line Mean virus titer (Logjo TCIDso mé™)
EPC 107
SKR-1 CHSE-214 10%*
FHM _
EPC 109
SKR-2 CHSE-214 10%
FHM -
EPC 10
SKR-3 CHSE-214 104
FHM -
--------------- EPC 10°°°
SKR-4 CHSE-214 10
FHM _

[ncubation for 7 days at 25 .
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3.2. &9 3%AH A4

71 x Aoj2XE] He]l$ rhabdovirus isolates?] 23] 334 A4S 2ALS
A1} Table 83 )

¥ rhabdovirus isolates®} A FHE FU57] 93 WUAR w8 AP 2
#} rhabdovirus isolatests T5 IUdRQ] zelo] gl gL =2z oo vg
olF Hiol# L= EF RNAE Moz Auve A AT & At &
RNA virus?l THNV, VHSV, IPNV 92} IUdR A glo] sk WA gtr)

£ rthabdovirus isolates®] £]¥} £ oY E FAl3L7] £13F chloroform 7F4-
4 Aol e envelopeo] gle Wz ulo|#| 29 IPNVE chloroform )
virus Z+§7be o} JIL FA] ¢k=dl WEle], envelopeol 3lE IHNV,
VHSV2} nj21712]2 22 rhabdovirus isolatesi= chloroform * 2o ¢]&lo} 2+
dyo] A3 adEHe Aoz Jeiwrh 9o Axe) wel B rhabdovirus
isolatest T 57} enveloped 712y Aoz wogth

Hell o
isolatest= Dol EAF A 56 TollA nlolg] A7l 9d3] HEIFHe AL &
T AU

pHell 3k b4 Alf A3}, rhabdovirus isolatest= pH 72004 713 £&

r;

SHAA A" Ax, 7HEA zAojdla] 22)3 B rhabdovirus

=
=)
1o

248 7HAe Ao2 e, 44 (pH 4, 5 6)dl= Blnd A g

2] =7 (pH 8, 9, 104l Bkl (Fig. 3).
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Table 8. Biochemical and biophysical characteristics of the rhabdovirus

isolates

Virus titer (Logio TCIDso mé™)

Virus isolate
IUdR (10* M) | Chloroform (50 %) | Heat (56 T)

SKR-1° 5.67 0 5
************** N —
T o o
SR 55 | A .

Reference virus

IHNV? 5.5 0 NT
VHSV? 8.3 0 NT
IPNV® 6.7 6.7 NT

° tested on EPC cell line ; " tested on CHSE-214 cell line ; NT, not tested.
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FY

Logto TCIDS mi’
[#]

—

-1
pH

Fig. 3. Replication of snakehead fish rhabdovirus isolate (SKR-3) in EPC cell

line incubated at different pH.
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3.3. nfojey o) 5o mE FaAT W

7VE A zlojell A E-2)3t rhabdovirus isolate (SKR-3)2] wjok oxo w2 n}
ol F4 &% 5 ArtE ¥wd ZF}= Fig 49 Zth. 2 rhabdovirus
isolate2 EPC cell lines] 15, 20, 25, 30, 32 o] €% zAoz 77} wjokstd
= W, 20 T2E 25 T ES] delMe mEA F4AA 15 ToAMe S
T eSS d 7 USUT 30 T 32 Tl nhely 2] T4 £ 3 Hrte
i@ wekAnt FAsgm npolel 20 izt 7dA Hade AL ©RE
AUk vlel# 2] T4 £5 20 €9 25 CTolAM vid A gt nlo]&H

7l 25 TAAM o wdth
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Log 10 TCID s mI”'

1 2 3 4 5 6 7
Days after inoculation

Fig. 4. Replication of snakehead fish rhabdovirus isolate (SKR-3) in EPC cell

line incubated at five different temperatures.
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4. 7}232] #}o] Rhabdovirus isolates®] 8% E4

Sbea) ate) 27 wa) o9} S EPC cell lines) HE8 Ao d RNAS 32
3la] cDNAR HMEA)ZI & Table 49] primerE Al43}la] RT-PCRE AA 3 2
#= Fig. 59 b AR primerol] W3l 71822 Ao} rhabdovirus isolates
= E5F negatived Aoz et Fxwt positive controlZ AlE3F 8 -

actin primerel] i3 A= 510 bpoll A W=7} vpebytc}.

1 2 345 M 67 8 9

Fig. 5. Detection of snakehead fish rhabdovirus isolates by RT-PCR. M, DNA
molecular weight marker (1 Kb plus ladder); lane 1, RT-PCR product using
a SHRV specific primer; lane 2, SVC specific primer; lane 3, VHSV specific

primer; lane 4, IHNV specific primer; lane 5, HIRRV specific primer; lane 6,

7,8 9, 8 - actin primer,
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5. 7}z #}o] Rhabdovirus isolates®] Fz2 ohel & 1}
51. vpoj{ Ao Fx w44y

Hiolg] o] 2 Gl 437 5t FF JAG violyag BAS
12 % SDS-PAGEZ 7] 43538e] }eld bandE standard marker protein
(Fermentas)i} Wl ms] £ A#RE Fig 63 2th Expske oF 80, 50, 38, 28 kDa
2o major band7} #AFA oY, o] 737} Glycoprotein G, Nucleoprotein
N, Matrix protein M1, Matrix protein M2 protein®] Fx}gkel] g} (lane
1 ~ 4). 7}1EA Ao Egd rhabdovirus isolatess R 5% % Y3l protein
patterng R 2.1}, reference virus¢l THNV, VHSV, HIRRV= protein pattern

= Aolslg ) (lane, THNV, HIRRV and VHSV).

M IHNV HIRRV VH3Y g
kL

e

Fig. 6. SDS-polyacrylamide gel (12 %) electrophoresis pattern of the structural
protein of snakehead fish rhabdovirus isolates. The proteins were stained
with coomassie brilliant blue R-250. Snakehead fish rhabdovirus isolates : 1,

SKR-1 ; 2, SKR-2 ; 3, SKR-3 ; 4, SKR4 .
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52. %3} & A4
7HE#] 2k} rhabdovirus isolate (SKR-3)ofl th#] #4+3+ polyclonal rabbit
antibody?} 3 FAZAM 2L 4 A=A 2] 95-Z neutralization titer2 #}

213k A3t Table 9o vhehA L)

Table 9. Neutralization iests of rhabdovirus isolates from snakehead fish,

Ophicephalus argus with anti-rhabdovirus isolate (SKR-3) serum

Virus isolate Virus titer”  Neutralization titer of antiserum”
SKR-1 2.8 160
SKR-2 24 80
SKR-3 20 160
SKR-4 2.55 160
"""""" NV 28 20
VHSV 2.55 <20
HIRRV 3.05 <20

*, Logio TCIDsp well™.
’, Reciprocal of maximum dilution of antiserum to neutralize 2.0 log TCIDso

of virus.
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6. 7FEA| 2to]ofl A 2] & Rhabdovirus isolate (SKR-3)2] 14

A sgole F¥old Y F7A Aldel A= Table 107} Table 110}
VeI TE A¥ele) 39 10' TCIDw w2 HASRL o, 100 %9 HALSS
el Aw Yol e AA ARZ dehdA ekatch datek 2dole
te] ol SAHs pAHIUG (Fig. 7). 7FEA oA F2 AR Aeromonas
sp.-2] WA ANgeiME Wdde] Qe Aoz UHU.

detuold gt F2 AP A Table 120 YehAct 10° 10° ¢ 10°
TCIDs, m¢'2 A Detsole) e dabrh bzl gkAg Auol A u}
ol g ARAL F Aon "o} of nlole Ao s B44L 7}
Ae Aoz s Ak

Algoll ALEFH BE oa] o] #HAloldlA 7HE %] Ro] rhabdovirus isolateZ =)

w2 & 7 Aoy As 08 BEAs dEHA Yok
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Table 10. Pathogenicity of SKR-3 on the snakehead fish, Ophicephalus argus

by immersion infection

Total
L ( ﬂ::h Dosage No. of  No. of died Mortality Test period
e(ng) (TCID% / ) tested fish  fish (%) (days)
cm
i
3+1 10* 10 10 100 14
Control’ - 10 0 0 14

Fish was infected by immersion method at 28 £ 1 T.

*, Challenged with only MEM.

Table 11. Pathogenicity of SKR-3 on the snakehead fish, Ophicephalus argus

by intraperitonial injection

Total Dosage ) ] ]
No. of  No. of died Mortality Test period
Length (TDy / g . .
tested fish tish (%) (days)
(em) fish)

10° 5 0 0 14
P E— e e

10° 5 ¢ 0 14
Control® - 5 0 0 14

Fish was injected intraperitonialy at 28 + 1 T.

*, Challenged with only MEM.
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Table 12. Pathogenicity of SKR-3 on the nile tilapia, Oreochromis niloticus
challenged by immersion infection with the viral titer of 102, 103, 104, TCIDsy

me”

Immersion dosage No. of tested No. of died  Mortality  Test period
(TCIDsy m™) fish fish (%) (days)
SKR-3
5 10 0 0 14
10
10° 10 0 0 14
10 10 0 0 14
Control” 10 0 0 14

°, Immersion with only MEM.

Fish was infected by immersion method at 28 + 1 T.
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Fig. 7. The clinical signs of the artificially infected snakehead fish,

Ophicephalus argus with SKR-3 by immersion infection at 28 T.
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2 A THEA FR AN A g HAZE dojd HEA] Aol
A4 F2]3 rhabdovirus isolatesel] Wjste] of e 74| wlo] Aty AL F
At 1 W8-S 71X #o] rhabdovirus isolatese] wjF 44}, E@)sbatH
A, 72 ende 74, F3 34 A" T4 2E vlolaEy 548 )
Fato] FHEA Ol g wholel o] HAH L VHER Ao wal AFEH, ¥
gholE o] &3t o Fo wWE WA APEA 12 FHR B o
o A w

22

st} FARSFUAIT, ¥ Y vpolelZo] Wi primerd #-& F

A W AE Zstdth

7HE Al A B2l = rhabdovirus= UDRVS} SHRVY F £H71 484 9l
b oHpolH 2w WA HvlR FEA Hee xeolrt yedd F, SHRVE
FEol LF T Fu9) bacillliform oj), UDRVY 7$ #%2 21 Wu
S Hyd AFHQ ghskrcke] rhabdoviruso]t} (Lio-Po et al, 2000). 2 ¢
Foll 4 A3t rhabdovirus isolatese] AA du]A A TaeA]= UDRVE nl&
§ th& o|F # Y rhabdoviruse} Hl5:dk moko] HPHQ v g RoE
B A

12)3L o] F Hpoly 2o s Pl U o F FHA TR Aol7t Qe
Aeg A4 ok WA UDRVY %4 Atlantic salmon (AS), BF-2, FHM,
Striped snakehead (SSN-1), Blotched snakehead (BSN), Red snakehead (RSN),
22]31 Climbing perch (CP) cell linessll A 7+4AS vleld #]9h, CHSE-214,
RTG-2, EPC, Nile tilapia (ONP), Grass carp (GCP) cell linesol| = #4445

Ueh Z] e Ao g vr3 A 2rh (Frerichs et al, 1989). & aji}e] 7p&x &
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@ rhabdovirus¢l SHRVi= SSN-1, RSN, Snakeskin gourami (SGP), Snakeskin
gourami from the same batch of fish as SGP (SGP-2), CP, BF-2, AS, EPC cell
linesoll A} Tgr/do] U Aoz A4 ot (Lilley et al, 1994). 1ulsr o] &

FapA| Lo dig Aadd AEE afelvt e Aoz Euge] Qo o &

il

™ UDRVEY 2% Lio-Po et al. (200009 7% BF-2 cell lineo) A 10° TCIDsy mi
7o g =9k, CHSE-214 cell lined| A% 10° TCIDs me'e] 7541 74AE A

Wk, Frerichs et al. (1989)& BF-2 cell lines) A 10* TCIDsy mi™ <)

o
i

%

Hil

1

a
4

AL 7Rtk g, CHSE-214 cell lineo] e 7H4AS Jely A o=
T Hastyo o|9h Zol M el g 44 nlol# A isolatesel] whe} ok
2 Folrt e Aew Azhgch B Apoda] Beldh 71X 2oy thabdovirus
isolatest= EPC cell lineell Al 7}5=Ade}l 107" TCIDy me' 0.2 ¢ =93, &
©2 CHSE-214 cell lines] A 10*° TCIDs m¢’' 2.2 }Elyton), FHMAAME 2}
FaAol gl Aoz 2=AE AU

Lio-Po et al. (2000)0] w2 W 7}2x)o]A B8 rhabdovirus: 22 £uf,
ddde] =0 ® 56 T oY mdAe g4 EgEE A, 344 (pH 3)
Axe ¢hddty sk B Aol AR 7FEA] #o] rhabdovirus
isolates’= E2|38 817 gl olgt FAIGE A4AS el B AFMe
A2 grjel 56 T s12ex HA BE3E AR, A4 (pH )3 g@e)
27 (pH 8, 9, 10)d M % 2Ess= A BFY 5 A FAT gry
rhabdovirusz} b4 8} (pH 3)elAMx= E@stdvn ®iusof 3t (Ahne et
al., 1989).

tF 9] o}F rhabdovirusgl VHSV, IHNV 2 HRV 5& Wi o] Fo]M
ool A A2e] 20 T olskl Fom dx du, 1 gof SVCY,

PFRV, UDRV % SHRV%} 22 2224 o]l & rhabdovirus 20 T o]
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A A FAsn g g (Ahne et al, 1989). &A|9F Kasormnchandra et
al. (1992)9} Lio-Po et al. (2000)2) dAte] maw 71204 #e)3 UDRVE
SHS cell lineo] vF3l 15 C ~ 37 ColA S48 15 T ~ 30 CoAA &
gk 15 TellM 7bd & ztadda 3t ). olufe] SHS cell lineol| 4 2] virus
titeri= 10" TCIDso m¢™ o}tk o9} FAFSHAl B d5te] EPC cell lined] A ok
SAL 20 T 25 TN 713 & Aoy, 30 T} 32 TellME & F23H4]
Z§en 15 ToAMEeE 242 §x BEsldct 25 Colrie] EPC cell lineo] A 2]
virus titere 107 TCIDso mt'o}QAt}. o] & %8 71&%] 210} rhabdovirus isolate
} 2% Qe 248 a Hoz 2AHA.

Johnson et al. {1999)2 warm water fish rhabdovirus$l SHRVE G protein
o] EAo] B3 Ao A] SHRV7F Novirhabdovirusesel VHSV, IHNV, HIRRV
& 744 fAKgE amino acid w88 Mt el SHRVE G genes o]
83l phylogenetic tree® ¥23}o] Novirhabdovirus genusd] &£%cin ¥ w3
At} A5 712 H o] TR rhabdovirus?) UDRVE] dzte] hah < 2z}
= obd RadE zlo] gtk weiA B AFeAME R HEA Ao
rhabdovirus isolatesg #3383 o2 d-t8lr] $3te] SHRV?] G protein gene
S o] &3l AAH primerZM RT-PCRE 41397 SHRV?] gened £2]7}
KB 313 rhabdovirus isolates2} Y #3}1A] @olr bandE 213 4= gldch 28

2 warm water fish rhabdovirus®l SVCVe] G protein gened ©] &3}

R

A7 primerg o] &3t RT-PCRE HAIEAA%E 94 bandE A0 4 ¢
At flof e ARE T B AFold &3 sFEA Ao] rhabdovirus
isolatest 212714 B 31 ¥ rhabdovirusgl 43 02 o]7} 9+ rhabdovirus
2 A9t

7bE-2]  rhabdovirus® 5719 pE oghwlAlg: o]Fojx]  9=dH RNA



dependent RNA polymerase (L), transmembrane envelope glycoprotein (G),
nucleocapsid protein (N), matrix protein M13} M22 A EE} (Wagner et al,
1972; Lenoir & de Kinkelin 1975; McAllister & Wagner 1975; Kasornchandra
et al, 1992; Lilley et al, 1994). 7}% 3] rhabdoviruso] thg}h 7z dwzel B
A APy Sl wel Eabgo]l oY Aol Utk zhzte] px Wy
ol Wl BAge UDRVY 79 G, N, M proteino| z}z} 71, 53, 22 kDa2]

= @

1z
N,
to

A= Aoz A3sie] ¢lar (Kasornchandra et al, 1992;
Lilley et al., 1994), SHRV+= G, N, M1, M27} Z+z} 68, 42, 265, 20 kDas =
TAEE oA 67, 405, 28, 225, kDaz uER)E IHNV, 72, 42, 265, 22
kDag vehll= VHSY, 60, 405, 28, 225 kDaZ vehllE HIRRVS §-Abgh L
£ i Y E Jepdoa €2l A gl (Wagner et al, 1972, Lenoir & de
Kinkelin 1975; McAllister & Wagner 1975, Kasornchandra et al., 1992; Isshiki
et al, 2001). B AFoAMe= 71EA AojdlA Be]E= rhabdovirus isolates?]
T due] M7l JFAS AN AR 12 % SDS gel oM G, N, M1 ¥
M23= Zbzt 80, 50, 38, 28 kDa Ax <]l Aozg #elHglen /&R A Bajg
rhabdovirus isolates Ale]ol= Zpo]7} glo] T.5% FA3FL profiled & 91T 4
A aulan 2 @ ae] b2 718 A rhabdoviruses?l UDRV, SHRV 22
%+ ohije} o1F rhabdoviruset A 7jellA zbolZ} ASS & F AT 919 2ol
TZ thuld BAMLE B B Ao AlL3 742% zbe] rhabdovirus isolates
7} & £379 rhabdovirusyd Ao 7 A"}

Frerichs et al. (1989)x} Lilley et al. (19942 UDRV$} t©}2 Family
Rhabdoviridaeell 43} dle]e]2¢l VHSV, IHNV, SVCV, RFRV, EVA, EVX,
Perch Rhabdovirus (PRV)ell thd £33 gdd sl Hdtgct o] vz~

AHE wE wA yhge] dojux itk B AFME VHSV, IHNV,
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HIRRVell tia] wal wkgo] dojutal ohskyr 7HE 3] 2o} rhabdovirus isolates
of W3l vl 22 F3 FAE VERATE AR olFHe] HAAE JHE
Aol fsiA 53] 2o7iel rhabdoviruse} thgh protectiono] #AF Ao o )
e dEZE dasich

EUSS} st Hud nlolgd A4 AL cold-water disease (Lio-Po et al.,
2000)z 10958 39714 ¥Hdis 7oz dd4 Aok & d7dAM #83
Hpolg] e 25 T~30 T Atel9] Hlmd & ¢4 W] Resgian,
npolEl 2 FA = 20 T 25 TellA 71 Fbsiglen, 15 Collde A2 F4
< A REEY BEAR ol FAR LR FHE BE A0E oAAA|Y,
28 TollA AAF 7bEAd g WA ANPAM JHEA o] (30~40 A H)e
M 100 %o HAALES Fushy BAde] o= Aoz RIF & it A
3~4 49 yHEANME HAME Yoy|x] Zdo. A nlolHA= R
HA7) el £dA 29 dHE A0 B 4 e AWE {28 S+
AE Aex Azt e vdgetgel, Oreochromis niloticusd ©) &3 H
A AFAME HALE FEEA A3 284 Pd AHE fAE Aoz
ZAbE gle}. 3147 Lio-Po et al. (2000)2) 7oAl EUSY] 7}4€H snakehead
tish, Ophicephalus striatuso) A E€] 38 UDRVE B A A HYAL
BiA R »
3 #Ese nud Fe ok

99 2o AFEL Ed2 BAF A B d7dA Ead ABRH 2ol
rhabdovirus isolatesi= 7}Z2X o4 B 5o} gl UDRV, SHRV ¥ ¥ 3150
2l o] % rhabdovirus®}E t}E2 Family Rhabdoviridaeo] &3l 2§ virus

£ A7tE o, of wtoj2) o] tidt fHA A4rl 6 dad Aoz oA
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V. & ¢

20033 5-6¥oll AA 718X, Ophicephalus arqus7t ER AN} HANA 71&
Aizeju) Mg opriw] B LAS SRR 3t Aol A diF 5
AFE AT ZHEA] Aold dig #HALE do AW AAAE #wEY)
Al e 7kx] AGH -G 283k 4709 rhabdovirus isolates2 2] 31 Atk

B QoA 424 E w3l 712 A 2te] rhabdovirus isolatese] EA4L zA}
371 Ysle 23 e AFE 5339l rhabdovirus isolates: nHjo)a) 2
Ao dAdnd &2, B 383 A4 94, SDS-PAGES 3 7% ¢yl
A A g el g Mgl ofg MUl Y 58 AAFAh

BoAHe)A Bal® 783 o] rhabdovirus isolates: %9 ® ke
rhabdovirus& EPC, CHSE-214 cell liness] 7+44-2 714151, EPC cell lineo] A
25 ol 10" TCIDsy me'e] 97HE 7h3om, 209 25 TolM 713 2 Z 23}
w15 Col A Ao 2AsA 23t e FHM cell lined| A= 226}
2 skt

B 354 54 AL Za 56 Cold 880 dof Bebgsla pH 72
Ax 7t w8 H7IE Jehden e AdHCAMREGE 4] dEHCA o
otA 3 RNA virus 4< & 4= 9qich

-

Z @A B A A3, 2 rhabdovirus isolates’} 25 U ulol# ke
AL & F A¥Y T VHSV, ITHNV 7 HIRRVe} #& 2 o F rhabdoviruss}
vl 23}9]-S o profileso] A zlo}s} 3 AL <kt). 2 rhabdovirus isolates
& HEFE dAH T isolate (SKR-3)2] FIFAE 21843 3 IA A8 29 o

A -

flit

rhabdovirus®} nizal ¥h2-2 5918

>
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NEAE o] &3 HYAA AHE HFa B rhabdovirus isolatess] #}¢] 7] 2]
Aoll= Aol VEldon 11 ojfo= BHA T AHE EAse
4 4 Ao g G2 G4 ol FE: 2l "atnlol, Oreochromis niloticusol|

A% AR Ve st

N
)
Mo

pa
o

=

ojlAalel ANRE Egsle H Ao Bald 7FE 3R] 2o]¢ rhabdovirus

isolatest= 784 #to}7]o] MAHE YElT A= rhabdovirus2 B ET)
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VI. 3 A 8 &
A7} ol wEE &+ WA A4 we BN NGO ARNFA B

Fd wadA =YY Bl oSt =S AxEFA JF7] ug
H Ll g

P9 AR AR oy Avayd, adn 5 B
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