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Diagnosis of viral fish diseases by polymerase chain reaction -
restriction fragment length polymorphism

Myoung Sug Kim ', Shin Hoo Park, Mi Young Cho, Jin Woo Kim and Myoung Ae Park

Pathology Team, National Fisheries Research & Development Institute, 408-1 Shirang Gijang,
Busan 619-900, Korea

Polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) assay was used to
detect and identify four fish viruses, fish iridovirus, viral hemorrhagic septicaemia virus (VHSV), viral ner-
vous necrosis virus (VNNV), hirame rhabdovirus (HRV). Four viruses were detected by PCR with each
specific primers. Identification of iridovirus was achieved by digesting the PCR amplified fragment with a
restriction enzyme Apa [ . It was possible to distinguish positive from false positive PCR amplicons of
VHSYV by RFLP of Pst I or Hind]ll restriction enzymes. VNNV was identified using RFLP of BamH [
restriction enzyme and HRV was identified by Xba | restriction enzyme. This approach can be used for
more rapid, simple and specific diagnosis of fish viral diseases.

Key words: PCR, RFLP, Diagnosis, Iridovirus, VHSV, VNNV, HRV

FAF oo AWE Yoyl ¥ AR
vlo]Z 2= o]/ iridovirus, viral hemorrhagic
septicaemia virus (VHSV), viral nervous necrosis
virus (VNNV), hirame rhabdovirus (HRV) 5°] X
A= U=

VHSVE Mg FA7REo ol 4
sl A S A= AL
A Aoyt HE FH Ll HrEt
A 5o thefst ofFellA I Hal Al B
I E AT} (Takano et al., 2000; Hedrick et al.,

7_]—6

2003; Skall et al., 2004). ©]F iridovirus®ll <3h=
Megalocytivirus7t g+ 2 dlgo] 7ol AHzst
AW doA 2 HAE Yeplied, 429

oA E2]% red sea bream iridovirus (RSIV),
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FojolA E2]¥ sea bass iridovirus (SBIV),
grouper sleep disease iridovirus, infectious spleen
and kidney necrosis virus (ISKNV), dwarf gourami
iridovirus, =] ExFolA 2% rock bream
iridovirus (RBIV), orange-spotted grouper iri-
dovirus 5-°] ©Jel 3|3 gt} (Inouye et al., 1992;
Nakajima and Sorimachi, 1995; He et al., 2001;
Sudthongkong et al., 2002; Do et al., 2004; Lu et
al., 2005). ©]¢]°l %= larvae®} juvenile Al7]¢] 2
2 Azolfol AAE HARE oIk s+
VNNVt 22 JAjollA £2]¥® $ (Gorie e
al., 1985) 29, black seabream oAM= 2]
(Yoshimizu et al., 1987) HRVE 1 AM|AZ OS2

PHID 5F ol 2 vlolg2E g
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A ek old mlolH A AW FA Al
73 AE Y317] wiell Bk A&st

- 7

1T =2 1=

et 2wk sluke) BRgo) oA T Uk
A

itk

A7 vole2: Aol o@ B el 3]
HE Zolw o) 27l 2143 Agatr] 9
s WejarAy, A, BN Py 5
B AR AL A% w7124 2
B2} glo} gtk AT wlolgdy @Y vl

wo] AME-E]3 9= polymerase chain reaction
wa ool WHE F ot Fag
o] npolH A ol & ek ERlo] 7k
A= 7HAAL ek SEAIRE H]S0] 4 PCR A=

3 g el Ao F7t
2 sequence 1A 2 Al S A 8
o AL olEE AR HAAE G Zide|
2@ 7o) 2287 wEe] woleizy A

|

=
JANA F Atk

! oF

Aga A @A) Qo] thapel 7129
restriction fragment length polymorphism (RFLP)
W2 ARt 34 DNAS] 548 FEvhs
A== AdAde] A7) wzell Hiol# 229 geno-
type T HAA 9] FAHNE FEHL L
™ (Jensen et al., 2005) &= FAIAI7F}E AH] &

of
N
N,

=

B Aol e lolEzA off AWel A
0l7] glate] ol o] F44 4

o O
= =
BAS 71%2 PCR-RFLP ¥H& ZAWIIA
o:

o fa

0

Primer

PCR% reverse transcriptase (RT) - PCRoY| A&
H primers= 4 /2] o HpolglX, =, ofF ini-
dovirus, VHSV, VNNV, HRVE 5ol%o=® F3%
A F s ARE (£ F,2007) AE AR
31Tt (Table 1). cDNAS] 42 9-mer random
primer (Takara, Japan) & AF8-3lo] AA]5FTh

RNA £= DNA 22

Z}zke] mpolE 2o T H YA & felvete]
g 4tol kAl A ST AA RNAE
50~100 mg®] #AE HAe #AstE A
H| ol A TRIZOL (Invitrogen, U.S.A.)S A3}
o] #2]35t%132 DNA+ High Pure PCR Template
preparation Kit (Roche, Germany)& AMH&-3lo]
2513tk #£2¥ RNAS DNAE ARSE w7t

Table 1. Specific primers used in PCR to detect four viruses genes

Target virus Nucleotide sequence (5'—3") PCR cycle Product size (bp)
o F-GTGACTGCACACCAATGGAC
fish iridovirus 94°C (30")58°C (45")72°C (45") 698
R-GGCTTTCTCAATCAGCTTGC
F-GAGAGAACTGGCCCTGACTG
VHSV* 94°C (30")57°C (45")72°C (45") 444
R-ATGATCCGTCTGGCTGACT
F-CGGATACGTTGTTGTTGACG
VNNV ** 94°C(30")55°C (45")72°C (45") 756
R-CAACAGGCAGCAGAATTTGA
F-ACCCTGGGATTCCTTGATTC
HRV##* 94°C(30")55°C (10")72°C (45") 600

R-TCTGGTGGGCACGATAAGTT

* : viral hemorrhagic septicaemia virus
*% 1 yiral nervous necrosis virus
*#% + hirame rhabdovirus
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A -80°Coll HA3}FAT)

cDNA &1t PCR

c¢DNA SuperScript One-Step RT-PCR System
kit (Invitrogen, U.S.A)E AH&-3led 42°CollA] 9
AJ3HATh PCRS Table 19 3271l w2} DNA
Engine Dyad® Peltier Thermal cycler (Bio-RAD)E
AHE-3ke] A A8 PCR mixture= Accupower®
PCR premix (Bioneer, Korea)E ALg-sle] Zhzb
0.1 M| primere} 2 wl®] DNA = cDNAS}
DEPC-D.W.Z o] A 20 w7} H=5 3}3ith

H}O[22 REX2| cloning 3 sequencing

4 FFO vlo]g]AE PCRE SEAY &
4% PCR product= 7195 ¥ Gel extraction
kit (GENEALL, Korea)Z 3]4~3}22 TOPO TA
cloning® kit (Invitrogen, U.S.A.)Z cloning §+ %
F7IMEe FlskA AA AFRLAE A
3171 A7FA] 20 ‘Coll X331 th Cloning ¥ H}
ol 2o A= F NETE ARSI

Hgtgs MY
Hlo] 2 29| PCR prod—
Oﬂ }\‘1 Xﬂ 6‘]';(‘5;_1_ _r“l’

Sequencing©. & o7
uctel] thek 971442 A

Table 2. Identification of four viruses by PCR-RFLP

A3sl7] 98 BioEdit T2 13 (ver.7.0)= Al
*9“'5}3 om Aol oaf ATe A719] re-
striction fragment= Z2Hd F AEF A

g Aesgi

HMstaa 2|
RFLP #2412 93] sequence ¥4 2= 7%
=2 3} o]F iridovirus2] PCR product= Apa I,
Bsiw I, Nde 1 A3+ A5 AFEsle] A3ty
32, VHSVE] PCR product= Hindll <} Pst 1,
VNNV €] PCR product= BamH 1, HRVS] PCR
productl‘* Xba 1 (°]”¢ Roche, Germany)gl A gk
£ A3 T Agarose gel 217195 5 Gel
extraction kit (GENEALL, Korea)S A3l 3]
¥ 1 we] PCR product, 1 ue] Ale+a i 1wl
9] buffer2} nuclease-free water (Amresco, U.S.A.)
£ Aot 10 wel AA EFc] HES 3 F
zkzte] npolg o) HolHQl AFEAE AT
atod 37 CollA] 3A17F &<t RS AIZATh

Agarose gel M7|¥S

PCR ¥ #fo]# 2 F17H8] T3 AFE 1%
agarose gelol| A 27|95 3ate] g1kl Algh
24 A2]¥ DNA fragmenti= 6 X loading buffer

Size (bp)
Virus Restriction enzyme - —
PCR amplicon Restriction fragment
Apa | 698 510, 188
fish iridovirus Bsiw [ 698 513,185
Nde | 698 508, 190
Pst 1 444 278, 166
VHSV*
Hindlll 444 321,123
VNNV## BamH | 756 507,249
HRV##* Xba 1 600 412,188

* : viral hemorrhagic septicaemia virus
*% : yiral nervous necrosis virus
*#% + hirame rhabdovirus
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(Bioneer, Korea)2} &3138}3L ethidium bromide
(0.5 mg/ml)7} 33 2% agarose gel (Invitrogen,
US.A)A 719 Fstdth 171952 TAE
electrophoresis buffer (40 mM Tris, 20 mM acetate,
2 mM EDTA)E A&kl 100 VE AAISHAL
719% F gel= UV transilluminator®| 4] A}z
= Z9arh

xF

Z1t

hi=
kl

B AFdME tekdt rdE BR 2 54
FrAzE 240l o] BRLEA ARELL U
PCR-RFLP < ol ulelgi2ad AW Zlch
Aol I &§ 7HsdS ol At shalth
dalol Z9E 4572 offF WA ukely
, 17 iridovirus, VHSV, VNNV, HRVE Z}zt
Eol4 primerg AH§-3t] PCRE SFHAI]
A AE AHEsted 2719] fragment= AT

Lo |y

(A) M al a2 a3 a4

698bp—

(©)

756bp—

stk o iridovirusell TZHE HA A S
¥ PCR AHE2 698 bp =.712] productsS &A1 3}
%L sequencing ¢ GenBank®] blast 734 ol A
rock bream iridovirus (AY532606.1), red sea bream
iridovirus (AB007366.1) 2 100% LA|s}AT
o] R Bsiw 1ol ]3] 513 bp} 185 bp, Nde 1
o] Zd5-oll= 508 bp2} 190 bpe] fragment= U+
o] HOou Apa 122 At & FAE 510bp
o} 188 bp<] restriction fragment”} % 71935 A
7V B3] gAEA} (Fig. 1A). 444 bp 27]
£ Z'= VHSVE PCR product= GenBank$]
blast A4 A] viral hemorrhagic septicemia virus
(AB179621.1)¢t 100% LAI8HASL Pst 1] A
2] 2 278 bp<} 166 bp <] fragmentZ % AL
™ Hind 14+ 321 bpe} 123 bp9] restriction
fragment®] ZA71= 747} vrolAth (Fig. 1B).
VNNV <] 756bp producti= GeneBank®] blast 7

Aol A red spotted grouper nervous necrosis virus

(B) M bl b2 b3

444bp—

(D) M dl d2
-—
=
600bp— et

Fig. 1. PCR-RFLP patterns of fish iridovirus (A), VHSV (B), VNNV (C) and HRV (D). Electrophoresis of PCR products
from iridovirus (al), VHSV (bl), VNNV (c1) and HRV (d2). Separation after restriction enzyme Bsiw [ (a2), Apa I (a3),
Nde 1 (ad), Hind]ll (b2), Pst I (b3), BamH 1 (c2), Xba I (d1). M = 100 bp DNA ladder
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(DQ116036.1) 53 100% LA3FAI BamH 1
o ol 507 bp2t 249 bp Z71E ol o
(Fig. 1C) HRV 2] 600 bp2] producti= hirame
rthabdovirus strain (AF104985.2) 53} 100% Y=
SR Xba Tl 213 412 bp<} 188 bp<] restric-
tion fragment= Z#H Xt} (Fig. 1D). PCR-RFLP
W2 AEAE ZEATE (Dubach e al., 2001) A gt
aro Ao mutationo] YOH 7|tk
DNA ©Ho] A7|A] A HER Adsie
ANEG Ae HAES $I8] sequencing®Z Lo
71 wpolg o] f7IME HE S GenBankell 5
=9 vlojy 2 FHA JEE Blste] Agha
48] A-917} virus®] genotype Atolell -3
A zpol7t e FES targete E S FO=
AA ek

olZA ElE WHE ol&ste] PCRe ¢]gh
vpolgi~ Y A Al 4 ¥ PCR prod-
uwctsS , PCR-RFLPHY &S A5}
of 1 424 HE rFede Stk 1L 2
I} 571¢] o/ iridovirus ¥ A5 Apa 1 *
2|5 53l <% 510 bp, 188 bp<] productE 3
3] AT F AL VHSV A% Psr 1
Aol ol A Fld 57He] AFolA 2t
o] ZA4 fragmentE = 5 AUk 3709] VN-
NV, 571¢] HRV ¥4 N85 gz 3 49
ANME fellA YERE ZH7Fe] product®t
restriction fragment”} €21 = 1Tt (Fig. 2).

PCR & A7|¥FAA FHo= FAH+=

o

L)

o

2

N

—

78 9 10

<
(g8
L

4 5

M 6

M M

PCR product TolA A FEALE XHE]sH0<S
7= = fragmentZ LA AR 22 PCR prod-
ucte sequencinge AAIStY G7IMES EQl
kATt |l (Eptatretus burgeri)®] 2173} 4]
oA o iridovirusE AEst7] #18) fish iri-
dovirus®ll 5-©]& <] primer (Table 1) A}&-3F
PCRoIIA4] <F 700 bp2] =.712] PCR product”} &
FEF o Apals ©]&3F RFLPHAIA 71t
HE 72 HEAA @%e™  sequencing =
2 A8 & GeneBank blast I = o7/ iri-
dovirus$F GX|eHA] FAUTE AF- HA] A FlA
VHSV &4 primer®}t VNNV &£ primerE
AHEES W FAd ) fFAREE A719] PCR prod-
uct’} FAE AU RFLP 23 ¥ sequencing=
AAste] RIS W VHSV, VNNV #3
A= SRIEA] eItk ol gk Aol A JidE
PCR-RFLP Hol| o3 Ht} 7HAsty E&40
2 vloly A AWS Agd + s
vlol2id AW Ao AREE =Y T 3
= Aolzt A7t Ak

&2 EfAtelFoll 2 HsE Usle o viol
H2 AW T 47HA] mlelE ] Al 27
4 7dhe]| o]#jgk PCR-RFLPH ] &8-¢] 7}
satslen, 58] Agdad Az F S91H re-
striction fragment®] =7|%= 4~ 112 bp, Ul
322 bpe] Apol7h o] A71gEeR Bl 4
A g<1e] 7V Tk Marine birnavirus= PCR
o s e ot (= 5, 2007) AAYE

(¢

11 ]2]3M]4I5]6I718M_

Fig. 2. PCR-RFLP patterns of field isolates. Fish iridovirus isolated from flounder (lanes 1~5), VHSV isolated from flounder
(lanes 6~10), VNNV isolated from flounder (lanes 11~13) and HRYV isolated from flounder (lanes 14~18), M = 100 bp

DNA ladder
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PCR productol| 4] 22t Algta s F99} 7]
BFsollA FEe] 7HsdE 2719 restriction frag-
mentE Q1 & 4 §lo] YO F primere] W73
3} e ool We g Aow AzkEn,

o]l Oﬂ:rmﬂ/\ﬂ ARSH 7434— 72 PCR-RFLP
b o] weh

Z=A3A WY
]‘?_] aquatic birnavirus, koi herpesv1rus Vibrio sp.
SollA olu] 572} variationS ©]-8-3F RFLP ¥
] &go] Bol BIEUT (Lee er al., 1996;
Jensen et al., 2002; Gilad et al., 2003; Le Chevalier
et al., 2003; Cutrin et al. 2004). °]&{g+ A&l & &
8] & wl, PCR-RFLPHO. 2 &8 t}ekelh nlo]g
24 Aol %7] 34 A} I genotype
ERE 7F5el] whRe] o ofgl Fitol o
B ARA ATE W5 AR S Ao 47}
ghoh Bk ofu gl - AtellA] AAIgH s Aol &
Hpol2{ 2] AW ol9]oll = g FHolF H o
Sk ZH2bol theh o A XS4 oz I
(_D_i 371—6h:]_

o]z} gk PCR-RFLPH S P A, A&H 0 2 A}
3171 el e FAAR 71E A7 a4 79
©] variation®] glojoF S ohi2} PCR products
=0l A719F AdollA &t &l 7Hsd A7 =
At Hojol gt} o]E 3 T Sl

0 off 24

s

&
22 3

primer A2} A] -9~ conserved A} F-HE
o2 ALY, Agk a4 A8 Al H-3 site
9 restriction fragments®] o] Tl thg ¥
T 3 Adejof slth sl oy WS K
©@3}17] 918k multiplex PCR] TheFshk Agt a4
o] o]go] 7kFsd Al oo wat 72t TR o]
FE WA AAEt A SEe ol FE
Soll ek AN A% do= QT A
2 Azt
o ofF

Polymerase chain reaction (PCR) - restriction
fragment length polymorphism (RFLP) HS A&

st 4 F/72] ofF vlolgl X, ofFF iridovirus, vi-
ral hemorrhagic septicaemia virus (VHSV), viral
nervous necrosis virus (VNNV), hirame rhab-
dovirus (HRV)E A&3t2 A48 AF 815t 4
Z59] ol 4719] 5ol primerS A
sk PCRell <J3) %3}“\‘4— o] iridovirus<
PCR AHEE A& A Apa [ 2 Hdste] 213}
%132 VHSV®| PCR J%—S— Pst1 H= Hindll
g AHgSl] AT AYHS TRT 5 A2
E‘r VNNVE xﬂfﬂgi BamH 1 & AH-sto] &

u} el A2 AU whol el o A
S Wb W23 e SoloE Aug
21& Aol

HAle| 2
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