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Phylogenetic classification and pathogenicity analysis of
IHNYV isolated from salmonids in Gangwon-do

Jongwon Lim, Eunho Go and Suhee Hong'

Department of Marine Biotechnology, College of Life Science, Gangneung-Wonju
National University, Gangneung , Republic of Korea

This study investigated the phylogenetic classification and pathogenicity of 6 infectious hema-
topoietic necrosis virus (IHNV) strains isolated from salmonid fish in Gangwon-do, Korea. Based
on the nucleotide sequence of mid-G region, all six strains belong to J genotype, of which 5 are
J-Nagano type and 1 J-Shizuoka type. In a challenge test, 5 isolates of J-Nagano type IHNV showed
a various mortalities as 2 isolates induced a high mortality of 100% and the other 3 isolates induced
mortalities of 50, 30, and 20% after intraperitoneal injection in rainbow trout (Oncorhynchus mykiss).
Meanwhile no mortality was occurred by 1 isolate of J-Shizuoka type virus. Thus, it seems that there
might be no relation between genotype and pathogenicity within IHNV J genotypes. This is contrary
to previous studies where reported a higher pathogenicity of J-Shizuoka type virus than J-Nagano
type virus in rainbow trout. Further examination will be required to clarify this since only one
J-Shizuoka type virus was analyzed in this study.

Key words: Infectious hematopoietic necrosis, Phylogenetic analysis, Genotype, Pathogenicity,
Gangwon-do

ATh (Bootland and Leong, 1999). o] % 2 MAA o
2 opyg H 2 Aojo W] B2 HALE op|
sta glom A AASER 7] (World Orga-
nization for Animal Health, OIE)ol| 5A1¥ Aot
(OIE, 2020).

IHN9] ¥<IA1Q] IHNVE Rhabdoviridae}-2] Novir-
habdovirus&oll &38h= Hlolg| 22 54 Bd-7t4
°] RNA Hfo]gf o]t} Zfoll A= IHNVel &3t
HAZE LA FEFH B gx|nt, A=
IHNVOl| oJ3 ddoj3} of 79| Fal= A &stA 3t

M OB

AEAd =87] HAS (infectious hematopoietic
necrosis, IHN)-2 1950 &E-1] A 5o do]3} o
ol Bzt FERIUAN, 1970 tHoll &
oz gatElon I % 1990l SolA
s} ool E MRE 1 TN Aoty
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oFE x| &gt} Hpol 29| AlES OF 11kbolH,
nucleocapsid protein (N), phosphoprotein (P), matrix
protein (M), glycoprotein (G), non-virion protein (NV),
polymerase protein (L) 570 ¢] 7% T3} Novir-
habdovirus HFo] & 2=9] £2J <]l Non virion (NV) T
HA S dzslele AR FAE U (Kurath
et al., 1985).

[HNVE A gol e} 5744 FdF o2 UH+s
d], Bulo] U, M, L (Kurath et al., 2003) 52 & 3}
FrHe E 1%, 429 ) #d3ez ERrdn
(Enzmann et al., 2005, Nishizawa et al., 2006, Kim
et al., 2007). THNVS] -3 -2 glycoproteing ¢&
slaleE G FrAAe] S99 mid-Gol 714 E
< 53 &8I (Troyer et al., 2000, Emmenegger
et al., 2000, Emmenegger and Kurath, 2002).

A THNVE 1990 ZH= AR o] &
o FA el AojellA A HEH 1993\ KL
H A} (Sohn ef al., 1993). ©1Z 19991 | A 20023
Afo] R TG0 FA T Aojoll A W¥EAdo] e
IHNVZ7} B2 = om, d& Fe9 ] fFHPos
FlH At (Kim er al., 2007). T3, FHA=
J 2399 J-Nagano® 3} J-Shizuokad ] IHNV 7}
BEE ASHe Zo®2 49A Ao (Kim, 2010).
o] J FrA ¥ o] IHNVE 1990dtho] YR oz 5
g dehde Fdske #Y T IHNVIE 5o
ol FHAS AR FAH3AL UTh (Kim et al., 2007).
S, oA = T2 J-NaganoF o] HEFH UL

, T wEFe gkl &2 A6 A S8tk
HEo #S TASAT L dE AT (Jia er al,
2014). 13U, AT Aol EH SIoA FX
MEAZHE U 8248 2] IHNVZF BalEo], =
WollM= ] #1498 29 & FAA%e] =3 7t
54 AAETE (Huo et al., 2021).

o] o] IHNV J 13 o] Aol thet Aol
4]+ J-Shizuoka® ©] J-Naganod Bt} o] ¢
=03 By E 8 Tk (Mochizuki et al., 2009, Kim
et al., 2021). 2, o] A9 J g MUl
& AFES g A o BYFES e
2 g3t o, IHNVe] #ddo] G Fx=]
=dwolo we} SepittE Bagl vlol 2~
AApgol &7 stol e} A& o2 Hatstal

ol
O‘Ob
N
towr

O AL 18 o 2o 29 2o g2
FE ol g3t BUA S FUHHoE HES I
7} Utk (Chen et al, 2019, Kim et al., 2016).
wetbA, & d7E S A=) Aol of Fol
A EEE HNV 037 HAddS ZASH
Aall, FAMNE B A ZRE vpo]H s B
2] 5w Fslaith. wpolel s FelFe] fAEE 2
A7) 2% AL B4 IHNVE mid-G
dde @71 2Aste] FRHAT. EJ, wf st
249 6712 IHNV 2855 FAMNE 2 53
W FAbste] BUAS gl

o M rlr

fo Ml x2

>

Mz 3 WY

i)

Ho[2{A MEE

20179 % 09€ ~ 2018 % 02€ Afolof] FAd%=
of /X7 67l9] WA T BE E FEF
S mpolgl2Ad S UElE FANEO]
(Oncorhynchus mykiss) Ak ol (Oncorhynchus
masou masou)2] A7} ¥ A& HE3to [HNVE

w2 2 A5

z Yo

b}

IHNVe| ZE H S

FAME] 2 A9
Qiazol (Qiagen, Germany)< ©]-83}4] Total RNAE
FZ313th 218 RNAE BioSpectrometer (Eppen-
dorf, Germany)E %3] RNA =9 =& &<l
% 1 pge] RNAE ReverTra Ace™ gPCR RT Master
Mix with gDNA Remover (Toyobo, Japan)S A}-8-3}
of AzPA e AR ol we} cDNAS Fd3tA o

IHNV Y] &2 Emmenegger et al., 20000 4] A
A& g Foll Y 255 50°Col A 58°CE WA
ate] AAEHAT FHELAT-S (Polymerase
chain reaction, PCR)EHELS BFSFHF 4 ul9

prime Taq DNA Polymerase 1.25 unit, 2X reaction

A Az e

buffer, 4 mM MgCl,, enzyme stabilizer, sediment,
loading dye, 0.5 mM each of dATP, dCTP, dGTP,
dTTP7} 3Z%H Premix 10 pl (Genetbio, Korea), 71
213 mid-G 1F2} mid-G 2F (10 pmo)E 2} 1 ul
A A7t o S el 4 ule] cDNAE A
713t E3+3k H thermal cycler (Applied Biosys-



HNV 2279 ATEF 2 9y 24 125
Table 1. Primers to amplify virulence genes by PCR
Primer Sequence (5'-3") Tm (°C) /;\;;pl(l;;l; Reference
mid-G 1F AGAGATCCCTACACCAGAGAC 61.3 692
mid-G 1R GGTGGTGTTGTTTCCGTGCAA 61.3 Emmenegger et al.,
mid-G 2F TCACCCTGCCAGACTCATTGG 63.3 480 2000
mid-G 2R ATAGATGGAGCCTTTGTGCAT 574
3F-F GAGTGTTCTTAGAGATCCCTAC 62.1 938 This stud
F3-1R CGGCAACAGCAAGGAGGA 58.4 it

tems, USA)E ©]&3} PCRE AASA T HH-&-
Z78 94°Col| A 5EIF MAAIZ] 3, 94°Coll A 30
= WA, 58°Coll Al 30&3F AjE, 72°Col Al 40%3F
AAS 3535 BHESIH Y. 1 ) 72°CA A 10=3E
217 GAIE AFTE PCR AHES THA] £
3 2402 mid-G 2F2} mid-G 2R Zg}o|H
183} nested PCRS <33} H T}

AEsA A2 vtol# 29 G A dFE
EZ o —a—}L 3F-F¢} F3-1R Z&Elo|HE o] &
o] PCRE 33t A T PCR E3HE-2 Ex Taq (5
units/ul) 0.25 ul, 10X Ex Taq Buffer (Mg’* plus)
(20 mM) 5 pl, ANTP mixture (2.5 mM) 4 pl, cDNA
5 pl, Primer (Forward primer 1 pl, Reverse primer
1 ul) (10 pmol/ul) 2 l, BHZFS 33.75 s &
3le] & 50 plo] BF o8 PCRS X338+ th PCR
Z71L& 95°Col A 587 7] HA T, 94°CollA M
A 30%, 55°Col A Ajt 30%, 72°Col A A1 18-S
353] WHE-3FaL 72°Coll A 783 HF ARS8
3t

l*N

El

M ot B
o M ol

ok

PCR &M= HA| & AR

SEH ES 81s7] H3l 1.5% Agarose gel
oA 100VE A7] 9E53FA T ©]F, ethidium bro-
mideZ G4 & FHTE g S AP o
<, Gel doc (Biorad, USA)S ©] &3] UV Zdol A
BandE& &3t

PCR FZ4FES DNA Gel Extraction S&V Kit
(Bionics, Korea)& AM-&-3te] &8 AAsIH oM, A
A ¥ DNAE vFZ2A (Macrogen, Korea)ol| 2] =]}
o NEAE AASAT.

DNA €7|IMg EM

2 AFA ZEd 6719 IHNVE] i3S &
o} B3 A} National center for biotechnology infor-
mation®l] TE8 TS FH1F ] IHNV mid-G &
7IMEE FEALE o] &3t EAEAT ol %
Mega X2] CLUSTAL WS ©]-83}] sequence align-
mentE U W3}FiL, AFTE Maximum likelihood
methodE &3l 10,000 2] WHEo = JEE =
of a1 H T

Hio[2{A HiQY & It 24

Ho] 2 25 e 2 vjkstr] e, o 7o A4
I v A-S FH3gE 5 3,000 ppmoE 1083 Y4
&5
‘/_\_

r-III

Al

L=

23t o F 4592 A 3] 045 Q]
HE ofste) vhold A9 SEakgt Hholel
AS o] Fa HESQI epithelioma papulosum cyp-
rini (EPC) cell line®ll & F3+] 10% fetal bovine se-
rum (Gibco, USA)$} 1% antibiotic-antimycotic (Gib-
co, USA)°] 78 Leibovitz's (L)-15 medium®l] 4]
20°CZ Y FYZT cytopathic effect (CPE)E #23}
ATk o] % EPC M ¥V} 25 gehgls o 4] £
g3t} AT S AHE AI7HA] -70°C ol A BAst
At

Batts and Winton (1989)2] plaque assay =
o]-g3tof npol 29 A& Z7 33T EPC Al
ZE 24-well plate (1x10° cells/well)oll seeding &
5 20°Cell Al 24A13F v et 2 wellell H31
WA & =% AASFI 7% polyethylene glycol S
100ul ¥ 53 ¥ 302 U HFSFAIFAT L-15
Hi A 2 10812 SA] 3] A 7E vhol2] =9 100ul &
Zr wellol] HFst, 2T o2 = vlo|H27F 3
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U7t v gFste plaqueE FHESIAT. EOE meth-
ylene blueZ A3, BFFFTE AF T &

23 & Aits .

=
A7 % A AT A0 A FA S0 (12.32
tol Ao AHEsHAT &
FANE = o] Kol A A HE RT-
PCRell o]l IHNV, Hiol2j2~d A HEZF v}
ojglx, M HAF IAAS violgl =, A o
ol MIEZF upolg| 2, FPH 27 A viol Y
2, 248 Q uholl 2, o] Uyt npo]# 29 H]
7 AEHE 23T (Emmenegger et al., 2000,
Tapia et al., 2015, Fringuelli et al., 2008, Kibenge
et al, 2013, OIE A& & w74, 2016). A
ol AsdFigtue] A4 v 24" 50 L A
b azell 10 vhe]d o] Abgstgon, 43
ol S22 12 + 1°CE FAHAT

off
o

27 4
22 WETH ny 2 6ol vholE 2 )
okol-g H PBS (pH 74)E 3|45}, 1x10° PFU/

fishe] F=& FHatth &2 PBSE FAFSH
nom, 34 Aol AHEE nio] 2] 2% Table 291
ANSAT BAAE ] vk el FEa]
3, A5l 0.1%2] 2-phenoxyethanol (Sigma al-
drich, USA)= FANE7E e &l & 5,
nA =2 w7t o] L wirp FHjojd uf 24
o 100 pE FASIA T AP A viEEH = A

1o - g5

fow

TFE UV-2.& 24X (SanyoUV, Korea)= #] ]
@ 5 MEs AT 28U B AAlY] £F Uy
7123l dloldl 2~ 7AYo §EE Qo AW
RT-PCR W o 2 313}t AlS =22 AY
59k 12 + 1°CE FASA .

Z4

Z] |-|1| nk3y

=< =

|

IHNVe| HE 2l 23|

Hlol# 2= 67 A FA G0l E Ao
ol A #elxglem, RT-PCR W o2 AE3At
(Table 2). 13} PCR 23}, A7195olA 2F 692bp2]
3712 7} PCR 4FE-& RTDHI709, RTJS1709,
MSOK1711, RTYK1711, RTCC1801 2] 3L RTHC
1802 A Zoll A EQlE 4 AATH Nested PCR 2 7}
ol &= mp7EA & 671 9] vlo]# 22 EF 482bp o]
PCR 4FEo] gRIEATH

RT-PCROIA FAH 0= &l Az A9,
23 v 22& PBSE #ASSta F5dE F
Z3Th 5 45 Y2 EPCOl A F3te] nfol
22 vjkE et 2 TF O 2 EPCA X A+
PBSE A3t AtTt F5do]l Hgd EPCHEE=
HiF 19 HE 2 H«l ME7} FAFA Ha, A
A5 3LA O BE AET S AAR2HE &
2= At (Fig. ). PE?‘{ Z} npol g 2 A5 o] A g
H oM MES BF 4FY ol =E AlZ7}

= ot PBSRF A 2]E EPCAHlEZ oA & ofF
d W37} gl (Fig 1). o] Ao W=, vp
o]# 29| CPEx THNVY] 4 H o7 F8 B3
ZZ2Q1 A% 9 v 22 oA 71 & BEET
B35} (Bootland and Leong, 1999). ©] 3 &

N2

Table 2. Identification of THNV isolated from salmonid fish using PCR of the mid G region

Cytopathic effect

Strain Isolated year Host Isolated organ of EPC cells Genotype
RTDH1709 2017.09 Rainbow trout + JRt-Nagano
RTIJS1709 2017.09 Rainbow trout + JRt-Nagano
MSOK1711 2017.11 Masou salmon "HK, “'Sp + JRt-Nagano
RTYKI1711 2018.01 Rainbow trout ’ + JRt-Nagano
RTCC1801 2018.01 Rainbow trout + JRt-Shizuoka
RTHC1802 2018.02 Rainbow trout + JRt-Nagano

"HK; Head kidney, **Sp; Spleen
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Fig. 1. EPC cell infected with IHNV (Left), and EPC cell not infected with the virus (Right).

EPCHIZ = 94 2833 RT-PCRE [HNVY] 7+
AS FRletAnt. 1 A3, NxAAdaAE Ve
A Zo| M 1~22F PCROIA 25 44 AHE
EFATh (data not shown).

AESF 2N

B AFolA 22 67 nulo] 2 2252} NCBIY
SE25 [HNVY mid-G ¥7]4 ¥8-& Maximum like-
lihood methodZ A4 #4& AASIAT. 1 2
3}, RTDH1709, RTJS1709, MSOK1711, RTYK
1711, RTCC1801 L&) 3 RTHC1802+ J-Nagano®
o] &&= Ao g Ve o™ RTYKI801E J-Shi-
zuoka@ ol &3lE Ao 2 FHAT} (Fig. 2).

ol Hol|l A7 Ao} ZE A0 = 2013
2004 2015 49 Atolol] FAEoA & 13
70 2] THNVE J-Shizuoka® ¢} J-Nagano& o] =¥
el F 7R f i ¥e] 1% REIE Zo0R
BuEAqt (Kim ef al, 2016). L o] ] =) £
H IHNVE 33 2o gigk AFoll A& 2007
A, U529} =H 5 A J-Shizuokad, A z}=0)
Al J-Nagano® ©] #-E3h= 2102 B H AT (Kim
et al., 2007). WEHA, HZ ZUZNA [HNV F
7HA fFHgo] BE ERIEE A2 ofF o5l
A o] gt gl HuE £33 WY o=
=9t =3, J-Naganod ¢l RTCC1801} RTJS
1709, RTHC1802, RTDH1709 E&FES AEs

9] 7A Eoll YAt o]l EElE THNV £
FEI vwdte] B} H o B3l5 Hlog Hel
o}

34 ¥

6719 IHNV 28 F3 1x10°PFU/fishe] T2
FANE B2 Hell FASE 3ALEES AA
3k A3}, J-Naganod 91 RTCC18012} RTIS1709 +
YFE FAE 1EFLS 100%2] HAHSS YET
(Fig. 3). Y™ A J-Naganod <! RTHC1802, RTDH
1709 18]31 MSOK1711 87} A8 25 E
2 50%, 30% 183l 20%°] HARES ZH7 YER
o}, 23y J-Shizuokad ¢l RTYK1711 E&|F9}+
PBS7} FAHE th 2wl A= #AE SR oF
Skt

ol dAFte] =W, ) IHNV & FolA G
FrRAAe] 2 Zpol7} WhEA F7 el kAl (Kim,
2010), o] FAALe EAH|= ANV Zofe} 1
A FFE VA dvtr RaEHA (Jia er
al., 2019). 3o WE HNV 2 B4
zlolof tigh o] el Aol A, IHNV U F338-2
oA FAojef 7t A oA E2 HARE
< BEGANE M FAF M= A A Sl
(Garver et al., 2006). ¥+, Fx]7]Eo oA = M
FAE e IHNVZ &2 HASS YEMA Y (Gar-
ver et al, 2006). <, oA B E THNV J
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KabaT1, JP
EhYuTs. Jp
4l RiMag8a. Jp

“a

=

F2 A Y A9} 2dojollA F o] §lo]
dol Fglom, TN EANANE HALTYL =
(Kim et al.,, 2021). o] Hpo]2] 27} o] Fs}
Zhgst A A glo] XEks] o, 39
S-S 3 T3tE WHES 2] gEY A
(He et al., 2021).

gk, koA 2" T FA U 2719 AlF
YA =}Fo]= J-Shizuoka’} J-Naganod X.Th
Aol EL Ao2 HAHUY (Kim et al,

O (2 ox ¥ & o

Mo rju bg 1R o Qoo
i)
ok -

&k £

E

ol
OHI
N
ot

— J-Nagano
J-Shizuoka
Fig. 2. Phylogenetic analysis of mid-G
gene (303 bp) was performed by the max-
~— U Genotype imum likelihood method using Mega

software. Bootstrap was set 10,000 times
repeat. @ indicates the strains used this
study.

2016, Kim et al., 2021). 3FA|TF B A o] A=
old Ho} &l FA/WE oA J-Shizuokad <1
RTYKI171191 4 #A7F 919121, J-Nagano®d ¢ v}
ol gL 2 HAREH TS HUAE S vE
Wt o]# g A= J-Shizuoka® I} J-Nagano® ©]
BAAH #EAdol las AT F AT B
ATl E o 17019] J-Shizuoka® o] &4 7]
witoll 3 A wE WA ztolof gk
TV 2o d Aot 53], HZ gzl vt
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2 A

—=—RTDH1709
RTJS1709

—#—MSOK1711

—+—RTYK1711
RTCCIs01
RTHC1802

20 X

o oJ3td 8 &Y TER ezl
o &= THNVS| NV} NeHi -2 QI e 3
WafstaA w2 MY Ade] Fasita &
A 471 wWzell, G FAATE obd & Ak
Hol Fo] FHH HEE o] AUt (Wang
et al., 2020, Wu et al., 2018).
e <

2
kA o &2 HAE
et & 04?01]/‘1“ BAEL Ao oA JFEHR
1 e ® IHNV 2859 Asddz 279 3

e AT A A E42 THNVY
303pr A FeE mid-G IS 97 B35t 5
P Aot vlolH 25 BT J 43 © & RTDH
1709, RTJS1709, MSOK1711, RTYK1711, RTCC
1801 18] 32 RTHC1802+ J-Naganod ©]™, RTYK
1801 J-Shizuoka® of] &&t= A o= FRAFH AT
o]t A+ o)A A9} AXsHA FY =l A
= ¥ 7HA A0 Bt S AT
TR o7 BEFE FAINE Zojo] Bl
Arete] BMYAd-& AlEe A, J-Naganod ?1 RTCC
18012 RTIS1709 Hlol¥2F2 FAEH IFE
100%2] HAMES YEFATE 1 F &, J-Naganod
Q1 RTHC1802, RTDH1709 18] 32 MSOK1711 g
F7F FAE IFEL 50%, 30% 183l 20%2] =

[HNVE =4 0401 @%‘01]/\1 74 A

b
(2
fu o

o

-

—+— Control

Fig. 3. Cumulative mortality of rain-
bow trout i.p. injected with IHNV iso-
lates or PBS. Number of dead fish
was daily recorded for 28 days.

AbES UERS T 22y J-Shizuoka® @1 RTYK
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shol A vl § AR Wl FHAE 3
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2 AT A= 1709 J-Shizuoka® H-2]F7ho] i
A=) wwol I %XVP“‘S* ol A 23 7}
HARTY] FHRAAE s €71 fElA=
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