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Comparison of Red Sea bream Iridoviruses

by the characterization of DNA nucleotide sequences

Joon-Beom Jeong

Department of Fish Pathology. Graduate School,

Dukyong National University

Abstract

The nucleotide sequences of DNA  fragments amphfied by polymerase chain
reaction (PCR) from four different genomic regions of eleven red sea bream
iridoviruses (RSIVs) isolated from different species of fishes, different areas and in
different vears in Korea were compared with the reported reference sequences, We
could figure out that three RSIV variants were distributed in the aquatic farms of
Korea, One isolate. RSIV Namhae, showed 100% homology to the reference
sequences, another two isolates, 2000~2001 RSIV  China, showed 93.1~98.3%
homology with reference sequences. lhe other eight isolates, which appeared to
contain identical nucleotide sequences, showed 96.6~98.7% homology with reference
sequences depending upon the target regions for PCR gene amplification. However,
differences in nucleotide sequences were not apparent between the RS[Vs 1solated
in different locations, in different vears or in different host spectes. The lowest
degree of DNA homology with reference sequences was found in the FPstl fragment.
We found that the presence of a RSIV not detectable with one of the primers
reported previously based on the Fstl fragment. We designed a new primers that
can discriminate different RSIV variants depend upon the variation of nucleotide

sequences in the region of Fstl fragment. When we used the primers derived from
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the variable regions, NF and CR, specific the RSIV Namhae and RSIV China
respectively, defferent size of PCR amplicon were obtained depend upon the type of
RSIV  variants. Additionally. muitiplex PCR with the combined primers, it was
possible the discriminate the types of variants depend upon the size of PCR
amplicons, depend upon the DNA nucleotide sequence variation of RSIV  Pstl

fragment,
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I.A &

Red sea bream iridoviral disease (RSIVD)E iridovirusel] 9|zllA] 243 Awo|t)
i1 919 virusE 1990 o] AR o] AE (red sea bream, Pagrus majordlAd A& &=
ickat # M, red sea bream iridovirus (RSIV)Elil: &3l 2™ (Inouye et al,
1992), o] Aol wtgom AsA §] vhae] obAl Abgielalw wid 4lzbel A2 &4
o] ofrlxal 2l

Iridovirusesi= =L717} % icosahedral cytoplasmic deoxyriboviruses®4 @ A7t=] o
o subfamilys HA 57old, o7]e|= Iridovirus, Chloroiridovirus, Ranavirus.
Lymphocystis virus “1#] 3l Goldfish virus 1-like viruses %0°] &3t} dzte] 2 T15
Y¥s:es gy 9 3 aFE HF3sE9 iridoviruses?t X ¥t (Webby &

Kalmakoff., 1998). %= #=v]= 100 W=z 210 Kbp 9 =2AV]& ¢td =

-

Ao
1o

)

double-stranded DNA ez o] glen 7 HEFEof @& ubE DNA @71M9& Zhi=r}
ot 2+el & 2ot (Bugert et al., 1993; Schnitzels & Darai., 1989 Fisher et al., 1988;
Schritzler et al.. 1937). Avt 2 d7b o] virusest AAHA Z1zja FH M S]]
FaA aitel H A FES wol @5t v crefu}, @2 ridovirusesol AW major
capsid protein (MCP) gene %9 witel kg od-pvp & Ho] alit (Webby &
Kalmakoff.. 1993; Mao et al.. 1996, Stohwasser et al., 1993, Schnitzler & Darai.,
1993). RSV Soll A4z ob2l 8 7hseh DNA @ziviadol digh Awrt K5e Ao}
A3 genome©] WaA Ui 2 AA lvmphocystis disease virus (LCDV)S} frog virus
3 (FV3), infectious spleen and kidney necrosis virus (ISKNV) 59 iridoviruses?t Sl
t} (Tidona & Darai.. 1997; Mao ot al., 1996: He et al., 2001).

RSIVel| #dEE ot dubdon o] Falxm, Mob vg, olrjvje] HAdEH, w%
Zd 59 4% 2oly, Giemsa solution® 2 G MAld, AWy gtdog 93 413, 7t
s12]al obrbu] o A A nitiaizl MEES BEst =71 At (Oshima et al., 1996).

o] viruse] gEatA o], My geAEQq EAL Nakajima et al. (1994)d 2|8 W=



on, o] A e Adas AP monaoclonal  antibodyZ ¢} &%t
immunofluorescence (IF) test® #AA 5t (Nakajima et al, 1995). 2ejuvt, AW =
7ol virusE A% 4 Q= wyol ¥ 93}% 5, polymerase chain reaction (PCR) 7|%
o] enzyme-linked immunosorbent assay (ELISAYe} 72 weistzel 7yuch 4ol
] B0E RS AU (Stoeckl et al, 1989; van der Ryst et al. 1996; Poiesz et al.,
1997).

Iridovirus?) ®a45 el 2ol Aeks 9k DNA fragmentol thgh 2418 @ol sof Ao
u, Aerg 3 PCR 71Yel wg) Hx vud & FFEos AEHe] Aot (Tamai o
al., 1997: Rodger et al, 1997). tlFth #<tolliz 2RollA] RSIVE #Al DNA G7]A<A
ARl gk o) gvts] s ol

PCR 71" virusel 218 Auwg #Eahdl qlolal, A&sta byl FAv ol 4
ol primers® 2%k Virus?l genomesis Wgls] #7 didoll, conserved regionsit
srofa]l @7)A L el nlwshy o] npehzlElcl (Rodriguez ct al, 1992). RSIV o] uro
sdztel DNA A71¥e Eaizh o) Awel gk Ei= obE iridovirusesH el ¥y @4
o gabe s, Tamai et al. (1997)&  FV3  (Ranavirus)?t  inscct
iridescentvirus 62 genomesel Al & conserved regions$ ol &aho] -primers% A} 2k sk
o1 al, iridovirus®l 7ideel AGeh 4 elubis A ebouh Oshima et al. (1996)+* ISHV 2
ribonucleotide reductase small subunit (RNRS) gene®: encodingahi* DNAZE cloning 8}
9ls1, PCR 7I& ol &3ke} RSIVEl ¢ois Aol vhebulz] ol RSIVE daet 4 v
- gle #wstdnl (Oshima et al. 1998). Kurita et al. (1997)% RSIVel 4305
genomic libraryZ ¥ 8 e iridoviruses®] s # %2 homologies® #4749

olojr}l, o] clonest& FV39 adenosine triphosphatase (ATPase) gene.

clones®
LCDVE DNA dependent RNA polymerase (DdRP)el Sliz #ld] subunil gene, Fv32)
MCP gene 183l herpes viruses®| DNA polymerase (DPOL) gene® 3} DNA @ 7]si<d
Aol Be SAMYE uEhch olek ol fdx @i £A4E wEeR s

design® PCRE9 primer sets® RSIVel] 78" AX25E F&¥ DNAE targets o}



of AR ZEL ANEEe o, AFEA 7dsRe So1Hd PCR 24E 4ATS &
918 4= 9l9lt} (Kurita et al., 1997; Oshima et al., 1996). % Kurita et al. (1998)

LA Ao T cloning® RSIVY Pst 1 restriction fragmentol tdted PCR #4# &%

o4
o

stde wj, EolHol whgo] el B AYS ddst 4+ T AFEE genomic
region©® AA&AEG, DH, o) AAdela Eal" RSIVEE wjwahy] figh Aol
Miyata et al. (1997)9 PCRel EolMa} products 37| ujw Adel olale] RSIVi Q]
origino] &l 75 AL Al B ok 1elal, gene cluster JEIE EAfE pe el
- DPOL gene®) 3' end 9 @719l RSIVA @A 2ela iz ofet wd bzt
o) pzEAel widde] (genomic structure), “ielal ohE iridovirus?h zEiz Wb Ve
9] ¥ (Schnilzler & Darai., 1987, 1989) divlgk RSIVE repeating sequences®l 5
Moo tish Asbel AR A el Ax ol o] AWe] relH9l ofsE vpivtal
Atk
A, e vepell Al Jung & Oh (2000)7F RSIVel s Alyvg x4 #ejabsox
waate o0 Kim et al. (2002)2 92 vieh @aloh Aol A RSIVE] 3 54E e
o4 o] F 0 B RE virus® 25k RSIV Psel fragment QX-Rol Al zhzh wjas) L 71
g vpue Sado]l Al wl feAbshAl vebddhar Woateh o dc -] veel A vt
Lp2s RSIVel digh ol t 19984 ol R e MatEglow (Spohn et al. 20000 Jung &
Oh.. 2000: Kim et al., 2002), DNA §7s)s 5430l ofal RSIVss Waahiz 9t of
2 vk Algolt)
2ol el A= 1) %] ubebel A UbEfEE RSIV isolatese] 97w HAE vt
SO CL BAS wpere g el vhebolA] ueby s RSIV variants® &ARSROYL i) whi Ll
fholj 4] LFERLFE RSIVseh: @ziuad sl Al ofm abo] woolizz] EAFSSL iv) PCR 7]

& ojgsto] RSIVsE FEakaa sHolT



0. A5 2 9y

1. Fishes of RSIV infection
Agol AL&gh virus strainst 1998304 20013714 $2] vielel o8 a3t A

RSIVe] Had 2l @9 S4E Bols 4 ol & T50A F20e dygolel vddA &

o

] ¥

A S ALE3ERY (Table 1).

it

Table 1. Used fishes of RSIV infection in the study

Year Area Common name Scientific name
2001 China Sea perch Lateolabrax sp.

2000 China Sea perch Lateolabrax sp.

2000 Sachun Rock bream {plegnathus fasciatus
1999 Namhae Sea perch Lateolarbrax sp.

1949 Nam-vyoung Sea perch Latevlabrax sp.

19499 Nam-young Black porgy Acanthopagrus schlogeli
1599 Kojedo Yellow tail Seriola quinqueradiata
1999 Pungun Yellow tail Seriola quinqueradiata
1999 Dongwon Rock bream Uplegnathus fasciatus
1899 Tongyoung Rock bream Oplegnathus fasciatus
1998 Sungji Rock bream Oplegnathus fasciatus




2. PCR

2-1. Primers # %}

GenBankol 25 o] 2+ RSIVE RNRS gene, Pst1 fragment, ATPase gene 2123l

=

DPOL gene 5% 7125 #2E 4742 primer setst ol A2l Aol A RSIVE A Edh-dl

AL 8519 2™ (Oshima et al., 1988 Kurita et al, 1988), 2 <ol M e} 23 449

primer sets& AF&sted, PCR amplifications 41 A1 8siek (Table 2).

Tahle 2. Reported genomic regions used for the diagnosis of RSIV infection with PCR
method

Expected size  GenBank

(Genomic i Ohgonucleotide sequence i
. Primer _ . . of accession Reference
region (5" to 3" direction) .
amphcons number
RNRS VIF GCATGTATGCTGTTTAGACA 187 bp ABO18415  Oshma et al.
gene VR GAGCATCAAGCAGGCGATCT {19496
Pl 2F TACAACATGCTCCGUCAAGA 563 bp ABOOGOS T Kurita ot at.
fragment 2R GCGTTAAAGTAGTGAGGGCA (1998)
ATPase 3F CAAACCACAGCGCGGCAAGT 563 hp ABOO7367  Kurita et at.
gene 3R AGTAGCGCACCATGTCCTCC (3O08)
DIPOL 4F CGGGGGCAATGACGACTACA 567 bp ABOO7366  Kurita et at.
gene 4R CCGCCTGTGCCTTTTCTGGA (1498)




2-2. Viral nucleic acids ¢l
Viral nucleic acids #2]+& phenol/chloroform W2 Alg&stg oo, oielgl o] H A3

e s

AP RSIV Y544 E Bols ofFa w3 002e &
TE buffer (10mM Tris/Cl, pH 890, ImM EDTA) 355uel] Woir B4
l
47T, 12000g, 1027 94 st 43 A8 A microtubed] &3
l
10% SDS 4044, 20meg/m¢ proteinase K DubE M 7kete] 37T A 1417 Fot 9%
d
%22 phenol/chioroform 400u8E A 7tete] 4°C) 12000g, 1027 94 a3 &,
A2 DNA £98 A microtube® &7 2R E 3 5 Eo
l
Ab&o] DNA S0l 2 volume ethanol® 0.3M sodium acetate® %11,

vortex & S§&te], ~T0TCol A 1A Mok 24

70% ethanol 1m¢s H7isto] ohA] 22 wWloz ¢4 Eelste] 4 e A

DNA #HAEL 1097 420 =R dAzxzA273, TE buffer 50utol #E

—

AR AR 20Tl 13



2-3. PCR amplification

PCR amplification Perkin-Elmer 2400 thermal cycler (Perkin-Elmer)& At-&3dl% 2™,

olefst ge wHoz dAsAh

PCR &Z%}& 2 0.2ut% microtubeol
10mM Tris—HCL pH 8.3, 50mM KCI, 1.5mM MgCl,, 0.001% w/v gelatin,
0.5% Tween-20, 200uM 7+7re] dANTP, 1M 2rzrel primer, 1.25U AmpliTag DNA
polymerase (Perkin-Elmer. Norwalk, CT. USA), template DNAZA F& 3t viral
nucleic acids 1ng% A7het 3 distiled water® HZ N 50ut7t HA &
|

94T oA 327} predenaturation A%

!
947T @ 30%
55T @ 30% 30cycles HH&
72T © 30=

l

72CoA A 73-7F ¥5 (extention time)

4
PCR AMEL 0.5%XTAE buffer (40mM Tris-acetate, 1mM EDTA)S AR, 0.5u8/mé
EtBr (ethidium bromide)e] #7}%¥l 1% agarose gel Abol} A }j)‘]‘ig%% AL A

1
UV{ultraviolet)ol A el E bandg #HEsle 3£ oH.5 gl



3. Cloning

3-1. Gel elution

PCR MAEL Prep-A-Gene' DNA purification kit (Bio-Rad Laboratories.

Hercules. CA. USA)S AlRate AAstgen, ot g2 wrloz AAan

A7z ow dold bandZ st Al microtubed) &

&4
!
binding buffer (Cat. 732-6022) 500 & #7}sted 37T, 10¥7 M3 os
PCR 44 %o] ZojoE geld *¢!
l
matrix (Cat. 732-6013) 15m3 #7tste] AFLollA] 53 Whg A3 &

12.000g91 A 187 94 Bastd, Gel A%l ¥otdl 4% A4

l

A %ol thA binding buffer 37508 H7Fsto] 22 W
d

‘44 5o washing buffer (Cat. 732-6024) 37508 3 7}sto

oo 4N AASE A% 29 44

|
AALE AbLolA] 10¥3F 27 %
i
elution buffer (Cat. 732-6026) 2002 @EAIZ) F. 37TolA 10¥7F W3
|
12,0000 4] 1087+ faRe)al 452 DNA 49& A microlubes &

™

o
=

P

A DNAE AHEA7A] -20ColM B



3-2. Cloning

A5 DNAE TOPO-TA Cloning® Kit (Invitrogen Co., Carisbad, CA, USA)E AH8-

st cloningAl g o, ofaiet & ez AASHUA

AA st DNA 44% A microtube] FT
salt solutin 122, distilled water 48, TOPO" vecter 1% #7}
i
oA 3087 Y
!
competent cell (Ecoli DH5a-T1" OR) 50 & d71ste] ice WollAl 2087 5

i

42ColA 3077 heat-shockA 71 . ut2 jceoll 2~383F wHE
{
SOC W= E 2504 #H7alad, 37ColA 907 A& w
!
wjokod & X-Gal 40pg/nl. Ampicillin 50ug/meo]l #7Hg LB plateol % '#dho]
2441 ok
i

blue/white colonies?} #gbs= 218 g

p=4



3-3. Plasmids ¥
He Algstgon ofge} & ez AAstact

Plasmids )+ alkaline lysis ¥-2

= insertion®] °]&o]Z white colony® 38},

sjekd blue/white colonies &
Ampicillin 50pg/mie] H7F8 LB brotholl HEF3 F, 18413 wl%

!

kel 1.5mE A microtubeo] %7]4L.

4T, 12,000g, 1087 94 2olstel 72 AWAY F AZAL WA

l

H gl ol 1004 ice—cold solution | (50mM glucose, 25mM Tris/Cl. pH 8.0. 10mM

EDTA. pH 8.0)% %3, vortex® AMEsle] 2d3] dE

1
200uf solution Il (0.2N NaOH, 1% SDS)E ¥ i, 53 invert mixingdle] =gk &
ice Woll 4} 54k wkbg

l

1508 ice—cold solutionlll{60m? HM potassium acetate, 11.50wf glacial acetic acid
2ai, 53] invert mixingdhd Z3FsE & ice oA 533 WES

28.5me distilled water) &

|
4T, 12.000g, 1087t 4] weldted, 432 plasmid #94E Al microtubeoll &3
}
YA, vortex@k 47T, 12.000g, 10471

Plasmid & %3} %2 2] phenol/chloroform&
_ 7]

94 weated 459 DNA 498 A microtubes! &7l
|

DNA #9o)] 2 volume ethanold ¥WolA 42 3, -70ToMAM 1AL A

l

47T, 12.000g, 10%7F €A 2elate] FaAL AAG & 10230

_‘EO_



!

20ug/mt RNase?} #7He TE-buffer 50z8o] @EA|Z) 3, 37T A 3087 we

}
¥hgol 2y dAg-Eo] 2.5M NaClol #7lg 20% PEGROO0 30uE dola He &,

icedfol A1 O0FF WG

!
4, 12,000g, 1087 94 Felshel A5Ae A7)
!
70% ethanol 100408 #7kshel ThAl 2o i os 04 Vst 4o g 47
' !

Plasmid DNA #H#EZ2 1087 A2oi4] atel Az

)

|

TE buffer 50udoll @€t

_11_



4. 471449 24

B¢ plasmid2 %8 Big Dye Terminator Cycle DNA Sequencing Kit (ABI PRISM,
PE Applied Biosystems, Foster City, CA, USA)E Al€3l9 insertion® fragment®} ¢ 7
Ngg gt F 11749 RSIV samplesoliA] 213 % RNRS gene, Pst! fragment, ATPase
gene -12]2 DPOL gene % A4%-$t 49 H714492& MACAW program (Version 2.0.5.
National Center for Biotechnology Information, National Institutes of Health, Bethesda.

MD, USA)E Ab&-stof nlarshgivt

5. Pst1 frament ¥4
5-1. &+ 2 primers AF&3 PCR
RSIVsel Pstlframent S0l wiaia o Aol vlustal g2 ¥l #A IF
primer (Kurita et al, 1998)& Ab&3le] PCRE HAlghiiat shalch, fiziss 3v09 RSIV
isolates ZFZholl W&l A, 1F-2R primer set® AF&3ted PCRE A8l a, vhAb 1F-IR
primer setir AbE8ke] semi-nested PCRE M AISES, dviad gabel Awir g asidnh
PCR amplification® Sroll Al 4w g 2-30 322 wyon A st
5-2. Pst I frament2l # 3@ cloning
RSIVse] Pstlframent $9 di&E 2432l 98, Pstlframent o #5024
TFE-CTGCAGTTGCCGCTCAAAC-3'), TR -CTGCAGTGCAGACACATAC-3")
primersZ Al 2tste] PCRE HAlarsdar, PCR A4 S22 A4 stol cloning# % §F, plasmid$

wElake FimEg EHed flel AT Aol 4

29

W 2-3, 341 gs Bols

A AL shLTH



6. RSIV variants 749

6-1. Primers #|2}
RSIVE  Psrlframent 814, RSIVs Alelell 713 variabledt  E$1%E & primer
sequences = AL8-3) A NF(5'-TGGCTCATCTATGTCATC-3") primer,

CR-CTGACTGTGGCGATGCACG-3") primerd A 2H&k o},

6-2. PCR amplification

EF 2 RSIV variants?] viral DNAS ZH2be] template &3 AH88F53r, NF-2R, 2F-CR
% 2789l primer sets$ b Abgato] PCRE Al g ew, drigsdel 245 st
o}, c1e)al, tH ¥ RSIV variants®! Pst I fragment # 3 & cloning 2l 2! transformant
e 22)8 plasmid DNAS 212He] templateo. & A}&s5ka, #19F 28 2709 primer sets
2 zhzb abgdto] PCRE A Alak9ch PCR amplification & el A 4w dh 2-33F 22 by

oz AAlstadrh

7. Mulitiplex PCR
o SE%) 3 RSIV varlants @) viral DNAS 2H2be] templates 2050 AF8-8) 51, 2F-2R-NF-CR

o402 primersit dhel AFREF multiplex PCRS A AI3EEch 0.5M primersid AH& 8

{4

owm  tpo2le] wpAe orolal Mg 2-30 @ Eos MAska frelan s

0.

RSIV variants®! st 1 fragment A A E cloning 217 transformantsi ¥ ¥ W] dF plasmid

DNAI #F7be] remplate o il Abgabed, 9ol %alst b o PCRS A = e A

_13_



I. RSIV isolates 971448 vl

1-1. PCR A
1998 ol 4] 20013 7R 2] el dalet ddie] of2f ko)A RSIVE Wad#gl 3t

[es

=l

o

A8 wols AEsy Fada Fdgk Awoe viRoRRY 1155 viral DNAH
Bzt (Table 1), @714d94to] 548 =ASI$ k. PCR amplification& 918k primers

3

= olH o RSIV-"" AaEsted Al¥R e (Oshima et al., 1988; Kurita et al.. 1988),
GenBankel| ‘Eg-rﬂoi ¢li= RNRS gene, Psi¢lfragment. ATPase gene Iie]al DPOL
gone 52 7izE A2E 4709 primer setsE AM23EI%1} (Table 2). Fig. 12 1149
RSIV samples Zoll4 RSIV SachunolA Ez2igh DNAZ templateo s A} &5l 4749
primer sets& 2ztz} A}835to] PCR amplification® AAI#S o, @A7]dFde] ARE o
ebyl o)}, Lane 1~40l4 3= zhzb 187 bp, 563 bp. 563 bp 123l 567 bpel Hol4<!
bands?} @28 Al ebdth 11702 RSIV isolates Aol thsfrd 7H2 4y 2 4-30o

fo 3N S IR Y

147le] SojAe) PCR AAES 2e + Ao

- 14 -



1.000 bp
500 bp

100 bp

Fig. |. Detection of the DNA isolated from RSIV Sachun by PCR with different RSIV specitic
primers. Lane . primers against RNRS gene; lane 2, primers against Pst | fragment; Lane 3,
primers against ATPase gene; Lane 4, primers against DPOL gene; M, 100bp DNA ladder.

_15_



1-2. RSIV isolates 7144 v

PCR AAEe 77t B5% AA&9 cloning A7 &, insertion® ¥4 d7|Ad&
wa| A Alsl vl &t Table 32 RNRS gene, Pstl fragment, ATPase gene 21¢]il
DPOL gene 5 4 294 ojat 11782} RSIV isolates?] E714 AL GenBankell 5550l
glt= RSIV Ehime-13% #wluale], 12 G414 L& percentages UERWH Zoltk RSV
Namhae (Sea perch)i 45¢ B 5ol4 RSV Ehime-1® 100%2 homology$ tebdig)
al. RSIV Sachun (Rock bream), RSIV Namyoung (Sea perch), RSIV Namyoung
(Black porgy). RSIV Kojedo (Yellow tail), RSIV Punguri (Yellow tail). RSIV Dongwon
(Rock bream} “12]ar RSIV Sungji (Rock bream) % 7709 isolatesi= A& Fstdo
], RSIV Ehime-1#2] homology': 96.6~98.3%% Yebth RSIV Tongyoung (Rock
bream)< 912l 77 isolatesel ulatAlol ©rx] 17§9] nucleotide sequenceyte] izl i}
bl 20009 %9k 2001 %2l RSIV China (Sea perch)™ A& Sdstgou RSV
Ehime-131¢2] homologyi® 93.1~-98.3% % utebwdel (Table 3). Fig. 2iz RNRS gene,
Pstl fragment, ATPase gene 12iil DPOL gene G2 4% 9o, 11749 RSIV
isolates & dlE Al A 72 RSIV isolatese] H7IM AL vingh ol 4 B9 Zel 4
Pstl fragment X 9olAl 7b# @& variations MY e, Pst] fragment?} open reading
frame (ORF)?1= 9] o 3hit oF 4= gielv] oiitoll, amino acid? @A 2T o] apolis

vhepdl g glodch

_16__.



Table 3. Percentage similarities of the DNA nucleotides (amino acids) between the four different
genomic regions of RSIVs isolated in Korea and China to reference iridovirus, RSIV Bhirme-1

Homology with RSIV Ehime-1 isolate (%)

iSROS,L:iS Fish Year RNRS Pt ATPase  DPOL
gene fragment gene gene

Namhae Sea perch 1999 100(100) 100 100(100) 100(100)
Sachun Rock bream 2000 97.9(97.9) 96.6 98.7(100) 98.3(98.9)
Namyoung Sea perch 1999 97.9(97.9) 96.6 98.7(100)  98.3(93.9)
Namyoung Black porgy 1999 97.9(97.9) 96.6 98.7(100)  98.3(98.9)
Kojedo Yellow tail 1999 97.9(97.9) 96.6 98.7(100) 98.3(98.9)
Punguri Yellow tail 1999 97.9(97.9) 96.6 98.7(100)  98.3(98.9)
Dongwon Rock bream 1996 97.9%(97.9) 96.6 98.7(109)  98.3(98.9)
Tongyoung Rock bream 1999 97.9(97.9) 96.6 98.5(99.4) 98.3(98.9)
Sungji Rock bream 1998 97.9%97.9) 96.6 98.7¢100)  98.3(98.9)
China Sea perch 2001 93.8(96.2)  93.1  96.0(100) 98.3(98.9)
China Sea perch 2000 93.8(96.2) 93.1 96.0(100)  98.3(98.9)
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* RNRS gene

N aatggcaaacaaaccgtgtcaggatgatgegeatcaaatcatatctgatgecgt tgacat tgagacagegt tettccgagaggeact gaa 90

S ... Cotoi TS 90
C m. . B . gt a 90
N gacacccttacttggaatgaatagtgacagtatgaaactgtatatacagtttgttg 146
S e e 146
C G | R o 146
*

Pst 1 fragment

N ggctgttgctgtcgcttgaccaaacaatcttcacatccgtotctcgaggtaccccgcagctgagggtgglcgtctggtlgtcgatttcca 90
.................................................. 90
........................................ 90

N ggttatagaaggtggtagegtoagtacacgocacagt cageaacagaagaagtageagggtegecattgetcatgtagetatgattcaca 180
S F- R T SO [ D | S g t... 180
C [o N - D, ¢..........aa..............9....8....c..t... 180

N gtagtcacctatgacatgaggatattcaaaatitttatacaagtaaaagatgticactgtget tgagataggagatgtgtiggtgetagt 270

S A e 270
c ... tg. ... O e e Lo 270
N gtcgcgtgacgacatacgtgtgatgtacaaccgtgacccgggacaatctgtggcgtlaac!aataccaccagaggg!gtglcacggttac 360
S SR O P a. a..... 360

C_......Cc....... Lean L [ g...g‘c...‘,._A..a..........,a ,,,,,, C.o....... c.. 360

N cgeggtgcctgacaacgegoat tatgagacaltgogeaggtgtettatagtegeageccagat tttcggt tcacggetgegtgtgectat 450

S R U U | T [ TN 450
[ T ¢ - B SO g..g........ C.o.... c.. 450
N tacacigatccacccaqacatgtcacaagalggattlgtcaatlaccaggacatgggcacgcacattggcttc 523
1T S o N - D 523
C e G A 523

Fig. 2. Comparative analysis of the DNA nucleotides (amino acids) between the four different
genomic regions of RSIVs isolated in Korea and China. Identical residues and gaps are
represented as dots and dashes, respectively. Except for the Pst | fragment, the boxes represent

nucleotide that induced the substitution of amino acid. N,RSIV Namhae; S,RSIV Sachun;
C.RSEY China.
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*

ATPase gene

cogtgotaatcaaatctatcat tocagecaageggeacataaticet geegeggtagt gatat cagget cegaggaggecaaccact tot

DPOL gene

tactgcggecgeaagetgat tgagaaageegetcatetect caagacggtggtgogegetaccattgt gtacggegacaccgactcatge

Fig. 2. — Continued.
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2. Pstlfragment 24

2-1. o} £ primerg AH8% PCR 2%

RNRS gene. Pstlfragment. ATPase gene ZI#lil DPOL gene 52 4 F§ oA, tiH
€= A 7Rl RSIV variants®] @71A9 8 A5 vlas) B& o, Pselfragment 526
AR o apeld et Pstlfragment Sl Har® vl gle 4709
primers7F @lal, QtollA] F7jAM AL whel Rtz 2F-2R primer setd Alggh Zxojrt
(Fig. 3). Al 742 RSIV variantsel DNA #Hzbell diell 4] 1F-2R primer setf AH8-8kod
PCRS Halgh & t}r] 1F-1R primer set® AF$8o semi-nested PCRE 2 Ajgh A}
RSIV Namhae9 RSIV Sachunol A 1F-2R, 1F-1R primer sets& &3k 7 7b4 719
oAl zhzl 848 bp. 570 bp? H01A9Q) bandsE EF A ¥h RSIV Chinaoll Al 7+ 7}

4 g Wl A band7b vhebub AL efgke) (Fig. 4).
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* Pst | fragment

2F

300 400 500 600

700 300 900 1000 bp

Fig. 3. Positions of the reported PCR primers against Pst | tragment of RSIV.

( ‘ . Sense primer; h . antisense primer)
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1.000 bp
500 bp

Fig. 4. Amplification of DNA of RSIVs using PCR (A) and semi-nested PCR against the amplicon
of the first PCR (B) with primers, 1F- 2R and 1F-1R respectively, based on the nucleotide
sequence of the Pst | fragment. Lane | and 4, DNA of RSIV Namhae: Lane 2 and 5. DNA of
RS1V Sachun: Lane 3 and 6, DNA of RSIV China; M. 100bp DNA ladder.
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2-2. Pst I frament® 3 cloning

Pst ] frament®] % €2 RY2 XY 27 TF primer®t TR primer& A 2Hsbe] A 744
RSIV variants®] DNA zHzie]l tisiA] PCRE AAlstdth (Fig. 5). @ #a 4 7bA RsSIV
variants S5 959 bp §l X el wWE3E bandsE HAdstAch (Fig. 6). Fig. 7& 4 74

ol
ALY L

RSIV variants® A3 Pst | frament @719 S bl gt Aoy, GenBankol 4 2 4o

RSIV Ehime-1# 7122 vaglS o, RSIV Namhaet: $F9] 2o} vpabzb2l 2 100%
2] homology s FERAL T, RSIV Sachun 96.9%, RSIV Chinaiz 93.4% 2] homologyv it vt

chiff Av
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* Pst | fragment

TF IF 2F
R A
- ) ( -
IR 2R TR
i L | | i ] ] i 1 1 J -
0 100 200 300 400 500 600 700 800 900 1000 bp

Fig. 5. Positions of the primers based on different parts of Pst 1 fragment in RSIV.

( ‘ . sense primer. - . antisense primer)
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1.000 bp
500 bp

Fig. 6. Amplification of DNA of RSIVs using PCR with TF, TR primers. Lane 1. DNA of RSIV
Namhae; Lane 2. DNA of RSIV Sachun; Lane 3, DNA of RSIV China: M, 100bp DNA ladder.
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TF wmp !
N hclctggeteatch atglcatcgtagtegtecat teegotgecceeatcgtcaageagt gtaggeggtogagt aacattat 100
S [} a

C

N

S

C

N

S

C

2F

N

S

[

N

5

G gca N Co... .. LBAL g...Ag cor 497

4mm IR
N tcacctalgacatgaggatattcaaaattittatacaagtaaaagatgttcactgtget tgdgataggagaigial tagtag) agtgtoocglgacgaca 600
S AL T T 597
c . . 597
N 700
S 697
o 697
N 800
S 797
C 797
N tttgtcaat taccaggacatgggcacgcacat tggett gcgcaaatgccgglgg t taactacgccgcaagagaactca 900
S N S g... 897
G co.. a LG ... BYF
- TR

N 959
5 956
c 956

Fig. 7. Comparison of the nucleotide sequences of the Pst | fragment of RS1Vs. Identical residues
and gaps are represented as dots and dashes, respectively. Newly designed and previously used
primers by Kurita et al.(1998) are boxed in black and white colors, respectively. N, RSIV Namhae:
S. RSIV Sachun; C, RSIV China.
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3. RSIV 9] variants

Al ZHA] RSIV variants®] Pst | frament 3915 Bl 3bed variationo] o] Ueipi 2 2
#1E 27 H, RSIV Namhaeo| & S0l 822 binding® % ¢l NF primer, RSIV Chinadl o
Hol 422 binding® + = CR primerS 2b7h A &3 A} (Fig. 8). Fig. 9= 4 71%)
RSIV variants®] 2f DNAE template®. & A8, NF-2R, 2F-CR primer sets 7t7+ e A}
B8t PCRE HAISAS W, d2195 gol A vhebyh daolvh A 7bx RSIV variants &
A4 NF-2R primer set® AM8&92 4 %= RSIV Namhaeol A 7 859 bp & A hand

b uebte s RSIV Sachun#t RSIV Chinaol M & band 7} viebula ekelel 2F-CR

l

primer set# Ab&35& A9 RSIV Chinadl M2k 144 bp¢l 2ol A band?} Lhebsg o,
RSIV Namhae$t RSIV Sachunoﬂf“]-‘i‘ band?t WeEb A gk Fig, 102 4 7b#) RSIV
variants®| 2t Pst 1 frament 43 7} insertion% transformant & %€ 23] & plasmid DNA}

7k2hel templatee. 2 AR8E 3, 9ok 2 primer sets 2+7Hg AMgdte] PCRS A3 %

A1 g Al Roloh 71 A3 viral DNAY template &2 AH8 82 259 938 bandsyt

o thepsiel,
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NF mmp
N ctgcagl tgccgctcaaacaclc_tagtcgtccat tcegetgececoat cgt caagcagtgt aggeagtpgagtaacattat 100

2F —)

400
397
400

497
437

597
597

00
697
697

800
97
797

897
897

tctcalccggggglcgccclcaaccaatgacaalcalcglglalg!glclgcaclgcag 959

,,,,g ,,,,,, A 956

N
S
C

Fig. 8. Primers design for discrimination of the different types of RSIVs found in Korea. Comparison
of the nucleotide sequences was based on the Pst [ fragment in the genomic regions of RSIV. Identical
residues and gaps are represented as dots and dashes, respectively. Newly designed and previously

used primers are boxed in black and white colors, respectively. N, RSIV Namhae: S, RSIV Sachun: C,
RSIV China.
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859 bp

144 bp

Fig. 9. Detection of genomic DNA of RSIVs by PCR with different primers based on the variation
of DNA nucleotide sequences appeared in the Psi | fragment. A, Product of RCR gene
amplification with primers NF and 2R: B, Product of RCR gene amplification with primers 2F and
CR: Lanes | and 4, DNA of RSIV Namhae; lanes 2 and 5, DNA of RSIV Sachun; lares 3 and 6,
DNA of RSIV China: M, 1060bp DNA ladder.
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859 bp

144 bp

Fig. 10. Detection of the cloned Psz I fragment of RSIVs by PCR with different primers based on
the variation of DNA nucleotide sequences appeared in the Pst | fragment. A, Product of RCR
gene amplification with primers NF and 2R; B, Product of RCR gene amplification with primers
2F and CR; Lanes | and 4, DNA of RSIV Namhae; lanes 2 and 5, DNA of RSIV Sachun; lanes 3
and 6, DNA of RSIV China; M. 100bp DNA ladder.
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4. Discriminative PCR

4-1. Preparation of discriminative primers

NF¢ CR primersyz Zt7} RSIV Namhae$t RSIV Chinaoll 8t %0]% 02 bindingshchi=

] ©
/)—1?1_ clo

Stel PEolA FEatd e, 2F9 2R primersis ol Holl B ¥ primersiz A, 4l 7}

RSIV variants 2ol binding#vhis 28 @14] skel M@olA F4akAvh (Fig. 11). Table

ko)

diz Al 7EA] RSIV varants@] 2t DNAS template © 8 AFR8H3, NF-2F-CR-2R % 4719

= primerss § Al ARG S multiplex PCRES A Aletd 2 49 debet 5 2l PCR 4

dwel ek A vie] Agh Aoyl
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* Pst | fragment

NF 2F

RSIV Namhae _¢ -)—
RSIV Sachun ‘
-

—--
-
- -—

RSIV China }
Pst 1 CR 2R pyi
[ i 1 1 1 1 1 1 1 1 §
0 100 200 300 400 500 600 700 800 900 1060 bp

Fig. 11. Strategy to discriminate the different types of RSIVs by multiplex PCR.

( W .sense primer; (M . antisense primer)
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Table 4. Expected size of the amplicons after multiplex PCR with the mixed four different
primers

Number of Involved Expected size of
Type . .
PCR product primers amplicons
RSIV Namhae 2 NF, 2R 859 bp
2F, 2R 563 bp
RSIV Sachun 1 2F, 2R 563 bp
RSIV China 2 2F. 2R 560 bp
2F, CR 144 bp
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4-2. Multiplex PCR

Al 72 RSIV variants®] 7t DNAE template &2 A} 833, NF-2F-CR-2R 5 4789] t}
¥ primers& F Aol Al&3te] multiplex PCRS HAI§ A2 a7 A% Aoy st3dsiy
ot (Fig. 12). RSIV Namhaeol A+ 859 bp, 563 bp Ao, RSIV Sachunol H+= 563 bp
Aol Mg, 12150 RSIV Chinaol A+ 560 bp, 144 bp # A A bands7t Zb4 bbbl
Fig. 13 Al 7b4] RSIV variants® 2 Pst I frament ® 47} insertion¥! transformant il 4
Bl a8 plasmid DNA% zH7bel template © &2 AFR-8H3, 219 28 4709 primersit AR
stel multiplex PCRES #Alst 5 #7] Qe Aok 20 dsh, viral DNA$ template .

WA T 90t BAY bandswiel vehict
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859 bp
563 bp

144 bp

Fig. 12. Amplification of DNA of RSIVs using multiplex PCR. Lanes I, DNA of RSIV
Namhae; lanes 2, DNA of RSIV Sachun; lanes 3, DNA of RSIV China.
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859 bp
563 bp

144 bp

Fig. 13. Amplification of the cloned Pst | fragment of RSIVs using multiplex PCR. Lanes I,
DNA of RSIV Nambhae; lanes 2, DNA of RSIV Sachun: lanes 3, DNA of RSIV China; M.
100bp DNA ladder.

_36_



Az g dFHelA AHEFQ clonings] sl wa A RSIVE geneEol viruse)
genome A o]m & orientation % location/distance A WA Ho] =7} st T2
b el digh A3 RES Ao, o g genomic F-9olA yEhd 4 Q=

RSIVs zhe] afol2 mrh sl Mg 4 9l DNA @7 $7ol4g A7 5 ofA

f

Hol Q=

i

ek e 2wl Jetol A el RSIVA] digk AFE 19984 olF g ww
Hat et (Sohn et al.. 2000; Jung & Oh., 2000; Kim et al., 2002), oja}gt 4ol
RSIVs7t EAateA tefil ofe] f-39 RSIVs7E 2asittd Sejuojol s =2 B Es
RSIVE] 92 oj® A o] digt 173 ozl n3g Aol B ddfold: 19984
FE 20003742 92l vele] of ] okaabe] A RSIVE) @& HQl 2AS wo|k: o]RuO
A A8t (Table 1), o] Heol YZoijM RSIVE A&st= AHEEAT 4709 primer setsE
(Oshima et al., 1996: Kurita et al.. 1998) (Table 2) Ab-&3 PCR test® ¥sj4}, RSIV
o BEo] 7hssttts AL skt (Fig. 1). & 11702 RSIV isolates &%) 85

g PCR bands& €2 4 AAA T 71 viruses?t WF FASA ol ojd zpojy} g

-

Aol thafrl= PCR test Aagbo s zeldt 4 gigle), 2eiA], RSIVs7hel =bol7h vhe)
thzalol disiAl & ool Awskrl Beistaia ol PCR MA RS2 5E] DNA o7|ujd

3

il

2]

o

FAbsto] zheb g wluws] wotuh wimg 4 B9 mEox Sdg AL 7}
A isolates?h WdkHuk, whdol o} F w2 variation2 KoliT isolatesi =By 209
ot DNA 971 Aollrel wetg 71Fon $e veboldl vhehd 11 RSIV isolates®
s S of, 2zl olE woli= 4l 7h2] S49 RSIV variants® B8 & al9lg}
(Table 3). olelgt Ml 7}A] RSIV variants?} o} del] ®iie #Ho] oliex] ofBz oby] 9 a)
%] GenBank databaseol A% @rwdo]l TE5o] leAZ 2AEIELH, o Woa
Oshima et al. (1996), Kurita et al. (1998)s] ¢l#] B 1% RSIV Ehime-13 2 <l Fo)4]
23 RSIV Namhae variant?} 4 59 2504 100% QX AL 24 G, 29

i1, RSIV Namhae variant& #2|§, Uz § 7}A9) RSIV variantss o|&e] nug A
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ol 91 M2 f3P9) RSIVsehe 22 & F Ak 2 & @ 74> RSV Tongyoung
2 ATPase gene ¥$1°l4 DNA nucleotide 17§7} 27 vehd 22 ALl ata s, 7749
isolates7t M2 FYstA Vet RSIV Sachun variantol 2131, wbeba] @+ 7hx)= 20004 &
o 2001d o] Fd4 Agoiol A UEbd RSIV China varianto] 2tk o] 2 p)2o] 2 ).

Tl yebol A vhebubE RSIVSY) iR 22 RSIV Sachun varianteh= NE gelgk 4= 99l

£

Mivata et al. (1997)2 divte] gof, 39 Hipol rejir YRo HEoA] ¥u)a
iridoviruses®| genome® Agha A HebRY bluo] o)sto] bt A uf Q- §A}Eha]
single origin 2l 7Fs 4 & AAFAG. w5 o] g2 dENAR iridovirus Ay Al
RS AAbel Aom vhebdEwE of¢] o K do A Bk virion ol A el A g
S kel 2l AeE eteld 9dnd (Hyatt et al.. 20000, ¥ el A1z 5140 71 2] 4]
Tl veh e 2o kol gol A ubdel RSIVsSF Fuo wNE]0) folojFolA] Lpeha
RSIVE) Gvlufd & vhswstel Al 7b29] RSIV variants® wleh 45 9lelow]. RSIV
variantso] vHdell &% vbd £ ol factors® o@) zhuola] BAMa) wotdh i
AAHARD Aol o] T2 dpe] it AJZPHQ zbo] %) factorsi: RSIV variantse] Hk A of
Qopr] ojugh Ml 9oz gigh J e ok & Qg

Oshima et al. (1996) thimidine kinase. DPOL “t2]3 RNRS gene ‘Fo] DNA
viruses Apololl A 8EA conservedlol lthar warabeduh 9l te) 4] RNRS gene., Pst
[tragment. ATPase gene Z1vlil DPOL gene 59 44904l 11729 RSIV isolates

HEASD A 7FA RSIV variants2) @714 22 ww@l e w, zbzbo] }eji: Holwol
A el (Fig. 2). RNRS gene B9olAlE RSIV Namhac2 RSIV Sachunol A
WM SR WEbEAL RSIV Chinads T % RSIV isolates@h wlazAlo} 917 wjelzhal
olE wol WA Pselfragment $90ol A= 7b8 @& A ko) apo]7h vpebko .
Solzk W RSIV Chinaoh 4l 535 3709 ool wha 3942 & 24 wzs 2
UARATH retai, Psel fragment?} open reading frame (ORF)Q) Ao ofRz o 4 gle)y)

W, amino acid Y2 WHAAS W variatione LERA 4 919t} ATPase gene
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FoolE @1 EEe) Aozt ol UER T amino acid MIER WA AAM vlid
£ 3% Al 7FA RSIV variants7} 25 100% 9352l DPOL gene R9olA: 4 3
9l FoAA B7iEE Abolzk 73 HA e o), RSIV Sachun}t RSIV Chinats 4]
= FYstA e

HEH = A 7b2] RSIV variants®] @7/MIE S 4 290l A5 vlms) wbs o, P
[fragment F9jolA 714 ©& variation® W3, 2 Ao @7|u|dL b wabizu)
ATt 2F-2R S A9t Pselfragment®l ©thE RYo A upErlR g we
variation®] uehe Aoz FAHAGD Fig. oAt ol Psslfragmentoll i o] Ho
RSIVel fol Ab8E 47ke] primers?t 20w (Kurita et al., 1998), o7& RSV
Namhae?t %23 RSIV Ehime-1% 7]22 &lA] # a9 primerso]Th RSIV Namhae 9+
L] 2] 5 RSIV variantst ¥ 91 Foll A 171l & vlish Pssi fragment Q5 H 9o A
ol =L variﬂtion% VERNRL 7] o Bl BarE 4709 primers 2ol 4] RSIV Sachun &
v2 RSIV China®l DNA] i8] hindingst + %13 primer?} &A@ 7p5Ado] z1c)ae Az
seich crefAL B AFohA whel Al 7bA] RSIV variants ZHzboll tlal A, 4789 primers 7}
ZH2h binding®h T iz RS #AbEME T 2F, 2R primersi 9F Aol 4] 11 RSIV isolates
Sthell oA Hol el F¥of yhgaithis AL Zug nb vl Wiiel. 1F-2R primer
soetfh Apgstel PCRE 4 Alg F. ohal 1F-1R primer sct® M semi-nested PCRS 2 A]
stol primers®t RSIV variants 2+9) variation®  #91sbar=l 8k, RSIV Namhaeh
RSIV Sachunefl M 4 ¢ Rpoid Wakel bandsd WRA v RSIV Chinaol4]i: band
7h vrebub A gkokrt (Fig, 4).

olzoll oht Aol Ba® v 9t primersE AHEste] PCRS AAFUS W,
RSIV Chinacll A1vF band7} vhebub] @it 91018 #aa, Al 747 RSIV variantsol oz

Pstl fragment AAle] d7lold & w577 dtdch 184, Pssl fragmente] < #2o

et
T"'u

5-El TF primer% TR primer& zHzt A28} 3 (Fig. 5), 4l 712 RSIV variants A%
thal A 959 bp HHAeflA HaE PCR AMESS 92 F 4T (Fig. 6). ©£3h, 2 AP

oA w19 primer sets -2 YetelA YEhdE M 21z S89] RSIV variants B
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ol dislA Aol 7hEatolzl aj ol RSIVE HEol QolME $45A A1LE 2 A

it of AZ k. 1F-2R, 1F-1R primer setsS A}&&592 ), RSIV China®j* g+ band7} o}
Bhupal @by 91902 Pselfragment o] E7wjde walozy o 2 2%tk RSIV
Chinael F71sidz v & W, W83 IF primere] 3’ end 5904 FFHow 57§
ol @riidel @&7] @iel 1F primer?t RSIV China® DNAo) binding®d + §L&5 &
of AR (Fig. 7). 2213 2F. 1R 2R % ol 3709 primers: A 7bx RSIV
variantsg HEshsd AdolA, obf Y FAsp Qs AR o o Ak ol Hell RSIVE

dashizrl A8 primers FollAl 92 tpetell Al el ojul ale) RSIVE Hast

'y
2

©oRT primer?t EASkA, 1AL WA oA ®E A ApLs) g ARELE oFA 2
Goll Al Ad=ol sz et 227 ddow Agaleat: 9l vhao) 2 Aslir 74
Agts 7bs A idle 5 ogloh 1ejnE Qo Leuelo] A LpehL: RSV nes
#lzk PCR sgell A, 1F primer AF&3k: 22«9 solo}f 8 7o},

Pstl fragmentell 4] Holgh A& 45 3719 nucleotide sequence b W @iz K9]
& RSIV Sachun® RSIV Chinaoll A 7b7b ob eld) sd2iel 5+ Q9la, 7 B9ko] o4
dl oliz SIviufel Al oAl e o]s} vpebdnis A9 okelt) ol9} e variation©]
A VR B R A ARSIV variants & 9 72 RSIV variantol ub Lol "o
“obinding?h AL primerdt dl#ebibd, PCR WS ALS Eto] RSV variantsit 5

of el 50 8 7Iek A4S sralA], Aeh ¢ Retiile] SA-a RSIV variant

o

iRt bindinget 5 liz NF. CR primers$t zH2b A 2812 50 (Fig, 8). o L qle) Al
7FA RSIV variantsi: ol dQl primers AR PCR 7iWlos pmur 2o} gl

(Fig. 9). Viral DNAH template @& ARS3E 49 viruse] 779 A%l Wit viral DNA29]

=3
ks

WS Aolo] a4 PCR Ash7h Ferd s o) i, Teiok glole] we wo

1

ofarzb shdck, crdlM. sl 7FA RSIV variantse] 2 Fst 1 fragment?t  insertion®
transformant 2 4“6 Fi¢+ 29| plasmid DNAZ ¥-¢)5to] ztzte) template 2.7 4 PCR&
AAISH2LAL viral DNAE templale® 2 AW 2 $9b vlatzpzle] ADE Aol 4

Sivh. crelms, of Aelel Aol viral DNAS 2 zolof oot Wy gelck= 7

hlizs}
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sHd 7 UAdT (Fig. 10).

AR, RSIVs o] zol& DNA A7)l FFEolA vl A7 ord 5% ggto
o, o7 et A et RSIVsel sl Azl g digh Aot 6% vige
Aot B P4 Bl BEAE RSIV variantl 5 binding® F ¢l primerst 18]
gk ool 2 ool E 4 4 Ao YY)l g BE A RSIV variantd FEs W Y
8 AEFElsn, PCR 71 7He A3l 7] uvhabel A el RSIV variant® st 5
Aok AL A@ Yo HEZAZIZG EE RSIVE AdpEtis ZuickAle] Qolal A)ghE,
Addos gL AdE AL Adom st

RSIVE] {1 o R & 2olst= A WAl PCR test9 RSIV variant® Frsh7] 9ok - o
W PCR testy 7T BA5S o W0 PCR test® ©EAZOLM, % (hastar 2450
vogdeh odg Aoloh AzbsRdeh 1AL Pl fragment R HEHE RSIVE A9
YH gl ~T— A+ 2F, 2R primers®} RSIV variant® 7@ 5 @li: NF. CR primers

ghal Al NF-2F-CR-2R T 4702 Y42 primersE Aol AME-5hE multiplex PCRS 4
leakd vk, NF2b CR primersiz 2b2} RSIV Namhae$t RSIV China®lgb S0} % 2.5 binding
ghebis Aa ko) Agela Suatg o, 2F9F 2R primersis o) dol ML primersii .
A 74 RSIV variants S50l bindingohehiz 2 & 2] gkol HadelA F9stdct (Fig.
11). Multiplex PCR A4 &5 RSIV Namhae®] 79, 859 bp. 563 bp 9 =0 A]. RSIV
Sachun® %-5-, 563 bp A AR, “relar RSIV China2l 4% 560 bp. 144 bp Y0
Al b2 bands?b vhebyb Alolefar e gsbdth (Table 4). Figo 1201419k 3ol #f 7h3)
RSIV variants®] 7} DNAE template © 22 AF& ko] multiplex PCRE 21184 4w, o)
i diso] AaE 98 ¢ AN RSIV variants 2594 560~563 bp 22 band?}
vhebskonl o] band® 4 RSIVel zids)dehi: A4 e & 5 ik Zigh, RSIV Namhae
1= 859 bp A=A band?t & B vEhdai, RSIV Sachun® 9# 563 bp Y H el
band7} vprbwt e, RSIV Chinats 144 bp 92|l band7t s 7§ o} viebdeh, olgp 7ol
multiplex PCRE 221511 & 24 ¢ Mo PCRE AHAlgto sy RSIVY ooz ghol

4 dglew, BAo PCR 4B 59 AHel sl RSIV variante] FH77 7%
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Srh: Ag sy 4

o Zfol vebd & Q= viral DNAQ) 2E Zolo] ogh W47t Qlithe AS Zlstn

2

Aok ol AP} vbAIA R viral DNAZ template© & AFR

Zh, Al 7F2] RSIV variants®) 7t Pse ] fragment?} insertion® transformant@ 56 =X 3t
el plasmid DNAZ ¥eldlo] ziztel template® 24 PCRE A A8 5, viral DNAZ
template © 52 ALEFE) 249 wpzhzo] AR dold 5 AT} (Fig. 13).

el Al ] dEkel Al b RSIVse] @2ulR S wE A L S8uBS A 7))
Fow sl e multiplex PCRE A A18He] $ wie) PCREM RSVl 7F@a] XL uba) o,
FAOl RSIV varianté: P8 = Jeshdoh. RSIVsel digh o1t ojelet Ao ojgr
ot g wrdslalel AR u 2] Gebela] vhebubic RSIV variants zbzhe] w9l Adoj)

tieh skostel @l whal ) 7ol akel variations® 2134 7} 4] o] sho] gof ob %lo) v},
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v.a <

RSIVse] A7|vidE& Als vlast 23, 2 ol vpelrbs RSIVsolAM 37k4) RSIV
variants& atobd 4 U9lth 11709 RSIV isolates® @71l S GenBankel 5 £ 5o
2= RSIV Ehime-12 ¥]w3lS o M2 2L variation® “EF RSIV Namhae, RSIV
Sachun 2¥]3r RSIV Chinat ZFzZF 100%. 96.6~98.7% Ziv]it 93.1~-98.3% 2 fFAMA <4
vebsith 2l AF ] zke], ol F7h zbel zelar Al7] QD Abol Fo) factorsi:.
RSIVE variationol AolAd, ofW d&w vel#l gttt RNRS gene, Pstl fragment.
ATPase gene 12|31 DPOL gene 52} 4 ¥ 2o A, 4 7}# RSIV variantse] G7/8)aS
AR s Reke . Pstl frng;ment Hogol Al 7Ha w2 Aold vepSlith WAl Pse]
frament B7IE 2 vaslgdon, d4&5E 3702 nucleotide sequence?} #2 RS
RSIV Sachun® RSIV ChinaolAl zizh &b e wadg 5 Adsian o 3o 2l3sl
Az FrIAGAAME B Aozl Jeigoh 2, o) RYESE ol&sle] RSIV variants
& 3t ah, RSIV Namhae$} RSIV Chinacoll®b zt2b Eo]® o & binding®t 4= = NF
primer$} CR primerE Aztatelict, aelu, A28 202 primers?t 2b2re] RSIV variant
oWt HolM o bindingdHzAl S el ] AskAl, A 7hA RSIV variants9] ZF DNAE
template @ 52 AFE-8bs0, NF-2R. 2F-CR primer sets 2F2Eg Al 838t PCRE A Ao 2
doofedshk 2719 primer sets$H AFZ&Ee] RSIV variants® Het 4 2d9loh Multiplex
PCRY- Pstl frament ¥-91oll A Al &gk NF-2F-CR-2R 5 4719 o} primersi: &Ael
Apgaked aAlAlstel o & el PCR&ZM RSIVel gdodyz sielghal HaAlol RSIY

variant7tA] E g F7 9l
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Qs REsuel olelg 242 L 5 4
Feditks AL drld 2REA w6k w1ge Aatnd guch BE yesxes
of ¥AS02, ofple Aol JUWS W S FUfos B

U R Sek Aol ol A=A 2 ez 498 5 LA

Ao dig EAN2 FFAT AXA & Atz hEsie A Ag Ao WM 2ol
A
_‘

R Rereh 2AbE EYUn oo v dFlE vE AAE 96 gEe Fa

o Az Arwsl B4 AT BEWS 452G medd BAnan, ¥ odde 289 W

Hew Awe) #40 AF7) wed, HUE BEd. P2E widAL Uy
ARG Ao AFG miol INHAAAE Avdsa MEA A FuldEe) wg

of ek WA W4 4WY A™E golshd, W W wEe HRE wuTu g4y
WA Eol A2 Aveli g M, | A48 ol Atk g e Az A
NAZ AFehe elzlolel Al @ AR =YY aea ztxe] gi¥el HalehulA g,
#a9h Al s obA wor Aae Ay BAGYUoR mepTa wdd, Faal 2%
ahoolskal ool AWML MER 0EG AMdER $do) Al Raol. dolsln
Adoldd s m@UTh e $ %S AL Bolg A B puolE A
Fol, gulel, mdol, 2lE, dlglol, sk &, odob. fzel. Aol 5 AW Tudi
oA Swkg b S Aghd

Aol Was Nus ARsd A0l ANH DL BUL wolA ] EopFAl A sbo]
Al e weh Ul BEel 971 e)n gpelgel FAlabn W wuAw 2
AR el diebg Aeg palske Aol Al wol wa welE Aaa. Aol A,
A9l gl Aslol AdololAE HAE S@UT Tl 978 shth ofeld el
ek ud, uha Zollw xS bl oal Fu] upel ety Ay Mg
Ao’ (b maudTh ARe] e daxw 9SG d v ealol. dlal)An
Ak kg detnl, mEg melek B AARTY 2E ARREAE 4 74
R IRIEY

spAlvte . Awsb 9E WA st glol 4B WEw Adon A% Fau i

Tl 718 A gl RRd gE, 95950 54 e el AREAA ¢
Fahuin} of g ubgy,

a0l Rl B E ohE Agg ovistrlel NS A4 ggd A2 gdam,
o] 22 which

- 44 -



VL. il

nz['l‘

M

al

Bugert, J. J. Raab, K.. Rosen-Wolff, A. Janssen, W. and Darai, G., 1693,
Determination of the position of the boundaries of te terminal repetitive
sequences within the genome of molluscum contagiosum virus type | by DNA

nucleotide analysis. Virol. 192. 391-396.

Fischer. M., Schnitzler. P.. Scholz, J.. Rosen-Wolff, A.. Delius. H. and Darai. G..
1988. DNA nucleatide sequence analysis of the Pvull DNA fragment L of the
genome of insect iridescent virus type 8 reveals a complex cluster of multiple

tandem, overlapping and interdigitated repetitive DNA elements. Virol, 187.

-

497-506.

He, J. G.. Deng. M.. Weng. S. P, Li. Z.. Zhou. S. Y., Long. Q. X.. Wang., X. Z. and
Chan, 5. M., 2001. Complete genome analysis of the mandarin fish infectious

spleen and Kidney necrosis iridovirus, Virol. 291. 126-139.

Hyatt. A. D.. Gould, A, R. Zupanovic. 7.. Cunningham. A. A.. Hengstherger. S..
Whittington. R. J.. Kattenbelt, J. and Coupar. B. E.. 2000. Comparative studies

of piscine and amphibian iridoviruses. Arch. Virol, 143, 301-331.

Inouye, K.. Yamano. K., Maeno, Y., Nakajima, K., Matsuoka., M.. Wada, Y. and

Sorimachi, M., 1992, Iridovirus infection of cultured red sea bream. Pagrus

major. Fish Pathol. 27, 15-27 (in Japanese with English abstract).

Jung. S. J. and Oh, M. J., 2000. Iridovirus-like infection associated with high

mortalities of striped beakperch, Oplegnathus fasciatus (Temminck et Schlegel).

in southern coastal areas of the Korean peninsula. J. Fish Dis. 23, 223-226.

Kim, Y. J., Jung. S. J., Choi, T. L, Kim. H. R.. Rajendran, K. V. and Oh, M. 1.. 2002.

_45_



PCR amplification and sequence analysis of irido-like virus infecting fish in

Korea. J. Fish Dis. 25, 121-124.

Kurita, J.. Nakajima, K., Hirono, [. and Aoki, T., 1997. Molecular sequence analysis
and PCR diagnosis of red sea bream iridovirus. NRIA International Workshop:

new approach to viral diseases of aquatic animals, Kyoto. 119-123.

Kurita, J., Nakajima, K., Hirono. 1. and Aoki. T.. 1998. Polymerase chain reaction
(PCR) amplification of DNA of red sea bream iridovirus (RSIV). Fish Pathol. 33,

17-23.

Mao, J.. Tham. T. N.. Gentry, G. A., Aubertin. A. and Chinchar, V. G.. 1996,
Cloning. sequence analysis, and expression of the major capsid protein of the

iridovirus frog virus 3. Virol. 216. 431-436.

Miyata, M., Matsuno. K., Jung. S, J., Danavadol, Y. and Miyazaki, T.. 1997. Genetic

similarity of iridoviruses from Japan and Thailand. J. Fish Dis. 20. 127-134.

Nakajima, K. and Sorimachi, M.. 1994. Biological and Physico-chemical properties
of the iridovirus tsolated from cultured red sea bream. Pagrus major. Fish

Pathol. 29, 29-33.

Nakajima. K.. Maeno, Y.. Fukudome, M., Fukuda. Y., Tanaka. S. and Sorimachi, S.,
1995, Immunofluorescence test for the rapid diagnosis of red sea bream

indovirus infection using monoclonal antibody. Fish Pathol. 30. 115-119.

Oshima, S., Hata, J.. Segawa, C. and Hirasawa. N.. 1996. A method for direct DNA
ampiification of uncharacterized DNA viruses and for development of a viral
polymerase chain reaction assay: application to the red sea bream iridovirus.

Anal, Biochem. 242, 15-16,

_.46_



Oshima, S., Hata, J., Hirasawa, N., Ohtaka, T., Hirono, 1., Acki, T. and Yamashita,
S., 1998. Rapid diagnosis of red sea bream iridovirus infection using the

polymerase chain reaction. Dis. Aquat. Org. 32, 87-90.

Poiesz, B. J., Dube, S., Jones, B., Bryz—Gornia, V., Dean, M. T., Spicer. T., Hengst,
J.. Sayre. K., Esteban, E. and Ferrer, J. F., 1997, Comparative performances of
enzyme-linked immunosorbent, western blot, and polymerase chain reaction
assays for human T-lymphotropic virus typell infection that is endemic among

Indians of the Gran Chaco region of South America. Transfusion 37. 52-59.

Rodger. H. D., Kobs, M., Macartney, A. and Frerichs. G. N.. 1997. Systemic

iridovirus infection in freshwater angelfish, Pterophyvlium scalare (Lichtensiein).

J. Fish Dis. 20, 69-72.

Rodriguez, A.. Martinez-Salas, E., Dopazo. J., Davila. M., Saiz, J. C. and Sobrino, F..
1992. Primer design for specific diagnosis by PCR of highly variable ENA

viruses: typing of foot-and-mouth disease virus. Virol. 189, 363-367.

Schnitzler, P.. Delius, H., Scholz, J.. Touray., M., Orth, E. and Darai, G.. 1987.
Identification and nucleotide sequence analysis of the repetitive DNA element in

the genome of fish lymphocystis disease virus. Virol, 161, 570-578.

Schnitzler. P. and Darai, G., 1989. Characterization of the repetitive DNA elements

in the genome of fish lymphocystis disease viruses. Virol. 172, 32-41.

Schnitzler, P. and Darai, G. 1993. Identification of the gene encoding the major

capsid protein of fish lymphocystis disease virus. J. Gen. Virol. 74. 2143-2150.
Sohn, S. G., Choi, D. L., Do, J. W., Hwang, G. Y. and Park, J. W., 2000. Mass
mortalities of cultured striped beakperch, Oplegnathus fasciatus by iridoviral

infection. ]. Fish Pathol. 13(2), 121-127 (in Korean with English abstract).

_47__



Stoeckl, E., Barrett, N., Heinz, F. X., Banekovich, M., Stingl, G., Guggenberger, K.,
Dorner, F. and Kunz, C.. 1989. Efficiency of the polymerase chain reaction for
the detection of human immunodeficiency virus type (HIV-1) DNA in the
lymphocytes of infected persons: comparison to antigen-enzyme-linked

immunosorbent assay and virus isolation. J. Med. Virol. 29, 249-255,

Stohwasser, R., Raab, K.. Schnitzler, P., Janssen., W. and Darai. G., 1993.
Identification of the gene encoding the major capsid protein of insect iridescent

virus lype 6 by polymerase chain reaction. J. Gen. Virol. 74, 873-879.

Tamai, T., Tsujimura, K., Shiragata, S., Oda, H.. Noguchi, T., Kusuda, R., Sato. N..
Kimura, 5., Katakura, Y. and Murakami. H.. 1997, Development of DNA
diagnostic methods for the detection of new fish iridoviral  diseases.

Cytotechnology 23, 211-220.

Tidona. C. A. and Darai, G.. 1997. The complete DNA sequence of lymphocystis

disease virus, Virol. 230, 207-218.

Van der Ryst, E.. Smith. M. S§. and Visagie. H. M., 1996. Comparison of the
polymerase chain reaction and serology for the diagnosis of HTLV- | infection,

J. Infect. 32, 109-112.

Webby, R. J. and Kalmakoff. J., 1998. Sequence comparison of the major capsid

protein gene from 18 diverse iridoviruses. Arch. Virol. 143, 1949-1966.

_48_



	표지
	차례
	초록
	1. 서론
	2. 재료 및 방법
	2.1 Fishes of RSIV infection
	2.2 PCR
	2.3 Cloning
	2.4 염기서열 분석
	5. Pst 1 frament 분석
	2.6 RSIV variants 구별
	2.7 Multiplex PCR

	3. 결과 
	3.1 SDIV isolates 염기서열 비교
	3.2 Pst fragment 분석
	3.3 RSIV의 vaiants
	3.4 Discriminative PCR

	4. 고찰
	5. 요약

