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Phylogenetic analysis of infectious hematopoietic necrosis virus
(IHNYV) isolated from cultured rainbow trout
Oncorhynchus mykiss in Korea

Hyoung Jun Kim'

Incheon Branch Office, National Fisheries Products Inspection Service, Hang-dong, Jung-gu, Incheon 400-800, Korea

Infectious hematopoietic necrosis virus (IHNV) is the causative agent of IHN, one of the most serious
viral diseases of salmonid fish. In this study, glycoprotein (G) gene nucleotide sequence of isolated IHNV
RtWanju09 from Jeollabuk-do province was analyzed to evaluate their genetic relatedness to worldwide
isolates. As the result, it was revealed that IHNV RtWanju(09 isolate belongs to JRt Shizuoka lineage with
IHNV RtPy91 and RtJe00. The genetic diversity of G gene between RtWanju09 isolate and RtPy91 isolate
from Gangwon-do province was 1.77% and maximum nucleotide diversity among the JRt Shizuoka lineage
in Korea was 3.03% during the past 20 years, supporting that the continuous evolution has been occurred
among JRt Shizuoka isolates. It was believed that IHNV RtWanju09 isolate has been introduced by the
movement of contaminated eggs with IHNV from Gangwon-do to Jeollabuk-do by the reason that the eyed
eggs in Jeollabuk-do province used to be obtained from Gangwon-do province. In this study, the domestic
transfer of IHNV was firstly investigated by the transfer history of eggs and the phylogenetic analysis using

IHNV glycoprotein gene sequence.
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HEA 287] IALS: (Infectious Hematopoiet-
ic necrosis; IHN)= <1o]3} o] F{ollA Yeh+=
A 5 7P Azke AW 59| sholth o] A
W o, oA A7), wtele 2, 3 AdEiell
upel FA W o7l 80% 7 A4S ¢
31Tt (Wolf, 1988; Bootland and Leong, 1999).
IHN virus (IHNV)E=  Rhabdoviridae 3} 2]
Novirhabdovirus <9 <39, & 11k
nucleotide®] negative-sense RNA genome>} 571
o] 2z T ER] nucleocapsid protein (N), phos-

phoprotein (P), matrix protein (M), glycoprotein
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(G), polymerase (L) ¥ non-virion protein (NV)2.
2 FAEY At} (Kurath er al., 1985; Tordo et
al., 2005). Nichol et al. (1995)> THNV<S] G<}+
NV #3452 A%eHs $4¢ 7122 HNV
ReFE5 A7 7)) 4eHE ol s
Al B3R Garver et al. (2003)3 Kurath et
al. (2003)= H1]e] &4 (upper, U), T (mid-
dle, M), B (lower, L) A| oA EE]gt nlo]z]

2=9] genogroup= A|HHOF ASsl= 3 1F

o] S B Th FHTol= K oM of
B2FE2] F genogroupE©] F7IE HIH <]



t} (Enzmann et al., 2005; Nishizawa et al., 2006;
Kim et al., 2007). ZLefA AA 221 2] THNV &

FE A9l wet gk 571 (Fvlel U,
M, L, 4, oA ehe] genogroupl = SHR1E|S]
t} (Nishizawa et al., 2006; Kim et al., 2007). 7}
# <ol Mochizuki et al. (2009)= L&} 3H=to]
HNVEEF I5(JR)S] Hle A JRtZLEoll=
A Ao 2 Aest= 2709 A% (Shizuoka and
Nagano lineages)©| = 3h= H.373k3{ch

o BERAGe] FEHIUY IHN> HNV-
Hol e 29E P o]FoE F¥H obA
ofe] o7 =7fe] F4EETh (Kimura and
Yoshimizu, 1991; Winton, 1991; Bootland and
Leong, 1999). oprlo} =7} Foll= =3 &
o] W=7l YEAA= 1970 w]=e]
Y| A7 2 HE] HNV-2. A o] FY=, 1
5 JE HgoZ [HNV7} 2kt (Kimura
and Yoshimizu, 1991; Yoshimizu, 1996; Nishizawa
et al., 2006). AHE BlojE = AdRo] TR
Fol ¥ BN WMEA A
(Nishizawa e al., 2006). €=2] 73-9- 19901 At <]
Jo] FAPREO] WS FUSAAM Y&
o HNV7E $eUelz o 5HAS AeE
st Atk (Kim er al., 2007). YHHA S =2
HNVE £& W Ao)r)ost 447
AN, FH Lol FA|E] Aojo A% HAL
7F Yeh BAAIELL UTh (Kim et al., 2003;
Nishizawa et al., 2006). ©]2]st 4] Hsl=
Hlo|HAE fg oz #A% A3 bty
29] wE ®lol& Qlal Weldel Eokiaol Al
71= R} (Nishizawa et al., 2006; Mochizuki et al.,
2009). 53], 3 Mochizuki et al. (2009)=
IHNV ] GRFzte] Algsts #2400 = ofprjo}
1+9 JRtZLF WAl Shizuoka lineage <}
Nagano lineageolA412] thE IHNV E2]FE7+9]
HAAS Hvws] ¥ A3 Shizuoka lineage 7}
S Vet

Nagano lineage H.t} &2 WHUAS

H 3T
Yl A= F lineageo] 717} XZFE| o]

U AHE % FHEE 25 (Shizuoka 7l
)9} A= 215 (Nagano AlE)7} o]v] K
¥ v} (Kim et al., 2007) 2., o5 YA 2]
= o]Fo] tsiAE W HiH v vk £
A= AgEEol A3 FA 7o) 2%
oA THNVE #2519, £21¥ [HNVE G @
WA {FAAE EAst] THNVZE otjof|A] o]
FEHA=AE FHFALH, S ] IHNVS]
AR Holgol el A e HESIAT

S U

Hio|2{2

2000 129¥ AHEPEo] &g FA7NEo
G2l A FA sl ATHE o] P sule] €]
g oA npolE s RUE RS AAS A
I IHNVZF AZH A #3818 volg e
Rtwanju092} W3}tk IHNV7ZF 28 42
T A E ARERSE 72 PARCE AR
g FA NS = AdEe] FEAMMALZRE

TUE WA PP Rolth ABAAE

PR FAAF] Aol BRE qrubsle]
$2¥ B UF 50 mL Tubed] M} o} @
3, 0B T ALHS P ofo2uute] ol
QPR eweidn. ek ARE A8
23 WA YelA B deo R PR 15

mL micro-tubell ¥ Atk A E= MEM2. 2 109)
A3k v A AL, 6,000rpm, 4C, 302 =
Ao 7 A4 BElste] 4C YAIoA overnight
& F 432 AE HEE0E A
A3+ epithelioma papillosum cyprinid (EPC)E
AFE3FA T, 10% fetal bovine serum (FBS; Gibco,
USA), 100 TU/mL S Y2 E G} 100 ug/mL ~E
g Ewo)zlo] H7HE MEM (Gibeo, USA)HIA] <}
SH7| 25 ent T-Flask (Falcon, USA)ell 15C2] wjj %k
716llA ks o, 257k v oFE Al EE 24 well
plate (Corning, USA)°l 1 ml/well¥] #53F 3 15

1
‘C wF7]el A overnight ¥l 3t 1 5 4]
B AE HFTY 100 wE HEol HEsk] 15C
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Hj F7lol A 2570wl ket A Al A & 3}
(cytopathic effect; CPE)E &3} th

Polymerase chain reaction(PCR) 1 &7 (M £

CPE7} Yehd Al ZollAe] nlole 2 Al
RNA+= RNA #2] 7]E (Isogen, Nippon Gene,
Japan)E A3l RNAE FE3190, 1 5=
¥ RNA+= %A} 9h8- (Reverse transcription)=
13l One Step RT-PCR Kit (Bioneer, Korea)E A}
&3t cDNAE sttt PCR Wha2 $H4
¥ ¢DNA 2 wf, 1.25 U Ex Taq DNA polymerase
(Takara, Japan), 0.2 mM dNTP, 1.5 mM MgCI2<}
Nishizawa et al. (2006)° ]3]l TIx}] H HG(-
31:-12)(5 - AGA ACG CAA CTC GCA GAG AC
-39 HG (1602:1622)(5 - GTG GGG AGG
AAG TGA AGA TTG - 3)¢] THNV®] G gene
open reading frame (ORF) 2] primerE 27t
1 M4 E39kste] #HE volume©] 20 w7t =%
5 FH|EFtE PCRZZ1S thermal cycler (Bio-
Rad, USA)E AFE3te] 95ColA 587F pre-
denaturationA|7] &, 95°C denaturation 15, 60°C
annealing 1+, 72°C extension 13< 30cycle ¥H-
Azl F 72°Col A 53E7F post-extensions A
sttt SEFH AHES 1.0% agarose-TAE
(40mM Tris-acetate, pH 8.03} 1mM EDTA) gel=
AHESte] 71953kt S3E PCR AHE2
PCR Purification Kit (Nucleogene, Korea)E A&
skl AA R o™, JA F T-easy vector
(Promega, USA)°ll E 243t 1 & plasmid
extraction kit (Bioneer, Korea)& AF3}lo] plas-
mid DNAS 28]} 3, ¥2]¥ plasmid DNAE
ABI PRISM dye terminator sequencing chemistry
(Applied Biosystems, USA)E A2-3}4] sequenc-
ing3}At}. Sequencing®l] AFS-¥ primere= T7,
SP6 primer} ID4 primer (5 -CTC TGG ACA
AGC TCT CCA AGG-3") Miller et al., 1998)5
AT

HIO[2~ FAX}L HISEHE 2M

@714 ¥ data= Bioedit programs AR5}
AFE 2393, clustal X (Thompson et al.,
1994; 1997)E AH&-3t¢] Genbankoll 555 A7
] IHNV G ORF full 37} 49 #2553 a7
alignment3} At 4971¢] THNV G gene sequence
data®] Genbank 55 S+ Kim ef al. (2007)3%
Mochizuki et al. (2009)9] =l 7I9E 21& 3
3tk Alignment® FHAES Megad 22
1% (Tamura ef al., 2007)2] neighbor joining cri-
terias ARESt] AlFEHE A4S AABIRLS
™, Radial tree= NJplot2} Unrooted (Perriere and
Gouy, 1996) 222 E 9 o] & ARE-3te] A2}l

Znt & o

AeHEE 2o FagolA g2 FAMNE
o] zlo} 5mtE] F 17t2]e] d3 defoll A THNV
7} #2815tk THNV HG primer setE ©]-8-3}o]
PCRE A% A3k oF 1.6kbe] PCRAMEC] 5
ZHAY, S5 IHNV G @2 €] 508
ofu]i-Ate] FJF 1.527 base] T ORF7} £
slz]o] o] F2l= AT} (data not shown, Gen-
bank accession number; HM021723). IHNV ORF
Full Z4°] G F32F 9711 E8S 7122 g WA}
o] AlZsHA B4 treer Fig. 19 YERATE o]
e AFAEo] Bargh upel o] Al A A &
ZE HNVE S7He] AH93 7]l 535k
genogroup=°| EA|sl= ASE 9IS, 5
70€] genogroups % 371= HV|e U, M, Lo|
a1, 4R genogroup< genogroup M| 2291
e 2T, 2813 5HA genogroup
genogroup US| A2 FA|FH ofr]o} #2521
JRt 1522 o] F oFAlo} 121 Genogroup
JRt= 1980t o] F-ell A 2006'd7FA1 €] U
IHNVES F A% JRt Shizuoka®} JRt Nagano
2 Yeldtt (Garver et al., 2003; Kurath et al.,
2003; Enzmann et al., 2005; Nizhizawa et al., 20006;

e
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Yellow Sea

RtWanjul9
{Jeollabuk-do, 2009)

N

RiPFv?1
(Pycongchang, 1991)

RiJci)
{Jecheon, 2000)

East Sea

RilUinz
(Ulscong, 202)

Rit:ull
(Gumi, 2001)

= 100 km

Fig. 2. Sampling location and years of isolation of IHNV in Korea. Big star indicates isolated IHNV in this study and small
stars indicate four IHNV isolates reported in Korea. A thick line indicates a mountain range.

Kim et al., 2007; Mochizuki et al., 2009). JRt
Shizuoka A& d+& 25 RtShiz06S,
RtShiz06a, RtShiz06b, AyToch86, RtToch86,
RtToya80, G4¢} ¢H=1¢] F+ 2|5, RtPy9lZ}
RtJe00L.Z TA%E WHH, JRt Nagano A5 ¢
9] RtNag96, RtNag06a, RtNag06b, RtAichi06a,
RtAichi06b 2}t =2 F 2|5 RtGu0l}
RtUi027} =St d&2& FE59 F A%
(JRt Shizuoka, JRt Nagano)< A g H o &
Shizuoka®} Nagano 217 Aloo] X2k 7
AR FEo FA7L GEbx FAREIe] A
A ol A S T flom, AAE FAF
I 2 Abolell A TR E 9 o)Fo] fI%l
t}1 3t} (Nishizawa er al., 2006). =3+ 3H=o)
/9] % A% (JRt Shizuoka, JRt Nagano)= A] 2]
2 © 2 JRt Shizuokadll 7+ %= FA-2] RePy9l 3}
FHEE A RtJe00o] £330, JRt
Naganot+ 7445 %= 02| RtGu0l 3} A4S %=
o)Al o] RtUI027} &8t =+ Alg Abelol] A4k
o] AR Qs FAHEee] AAARL o)F
L AF S & Y (Kim ez al., 2007). RtWan-
juo97t FEE HEbRE AL Amihs 7

AR HSE wf JRt Nagano LEFIA ©]5F 3
T B 5 T} (Fig. 2). 13, A g3t oF
2174 Atolell FA N Fo] wetgte] o5 vl
Fgow, AAR Aol FAE FEA7fE
o= ZUTolA] WS wol A Flo]3d
t}. o] hebgke o & Al £Ftoll A 49
Hom, I 5 e aE AEHQl ¢
2ol Thsal] AR UM EE FANE
ol YA Aol T At FR|7HEo]
2 E29= Zoldth IHNV RtWanju09e] G
FAAE 4% 23} JRt Shizuokaoll &3] U=
Ao g2 FelEd e (Fig. 1), IHNV RtJe00}

Bz o g Al JRt Shizuoka 2
Korean isolates 15 &7 X3, 52
Aoz 7rdel RtPy9lFe] F3137 o=
1.77% 4T+ (Table 1). wWebA, AgEwo] £
3 FR7Eo] FalgolM 2 THNVE wetehe]
°]%F o|g 3 THNVE A5y £4S =3
nlo]2 A= JRt Shizuokadl &3}= St
TollA AEE Aol Aoz o)FHS
< 7FsAde] =k ES o] ulol#{ = RiPy9l
o] 7|9 R A AeHakol olFH o=

L

of
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Table 1. Pairwise comparisons of nucleotide sequence diversities (%) of the glycoprotein gene ORF in Korea isolates

Isolates name | RtWanju09 RtPy91 RtJe00 RtGu01 RtUi02 Lineages
RtWanju(09 0 1.77 3.03 4.53 4.96
RtPy91 0 1.91 3.10 3.67 JRt Shizuoka
RtJe00 0 4.81 5.03
RtGuO1 0 0.68 JRt Nagano
RtUi02 0
48 (Fig. 1), oF 2004do] Auh= Alele] R ol Mekee] ofF o|H3 HNV G
JRt Shizuoka lineage A}o]9] mlo]2i 9] W3l gene F7IAF 2 AEsH EAo ]3] HNVY]
= Al 3.03%4 Blol# 2] Wol7t A% I FUl o]Fel sl AFoE AU

5 A2 AR EATE 12k JRt Nagano
lineage AFo]9] F wpol]e] WSHE2 0.68%
o] &-3}3}™, JRt Shizuoka lineage<} JRt Nagano
lineage Alo]9] wlolgi 2 W& ) 5.03%
ol 202 e} lineage$} lineage Ato]2] H}o]
A2 FAAE & Fo] Zo|7t o] WAt
(Table 1).

A THN2> X|oi7] off = vehbes WO
2 Aza] ot Helle dE 2714 Ao
ME AL doA HAde #shr A=Y
o} (Kim et al., 2003; Nishizawa et al., 2006). 2,
Mochizuki ef al. (2009)<> THNV G F3 2] A5
gh4 A0 2 o7 JRt Shizuoka lineage 2}
JRt Nagano lineage® "4 BlwolA JRt
Shizuoka lineage®ll 43l= IHNVS] HIALS
JRt Nagano lineage®l| <3t= IHNVET &2
HEAS Uit Byl

B Ao A F2E [HNV RtWanJu09:= 174
94121 JRt Shizuoka lineage®l] &3= A2
ERh QR B FR]7 01 o] Fol] Q)
= HAAS] sta, ol#fg PP HlolH A
7 GtER] g Fosord ot s A
o8 AIRHTL

A

&

Fo

IHNV RtWanju09 #2]5% IHNV RtPy9l
RtJe002] JRt Shizuoka lineage®l] &3dl= A=
Uebstow, el #2]¥ THNV RtPy91
RtWanju09 Alole] G gene®] F33% Aol

1.77% 3, °F 2087 $-8]y2t9] JRt Shizuoka
lineagedl] &sh= = EFES o 3.03%

o §207 AolZ L ASHOE npolg
b RS AL S 5 ATk EE AEE
A A #+2]¥ THNV RtWanju09 25+
HNV7H 218 29w Aejat weiglo] )
wro] A%E9e Ao AR,

Xt
=

Ho
o

o
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