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Phylogenetic classification and pathogenicity analysis of
IHNYV isolated from salmonids in Gangwon-do
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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.
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oFE x| gk} 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 H}e] & 2=9] £2J <1 Non virion (NV) T
HA S dzslete FAAR FAH U (Kurath
et al., 1985).

[HNVE A gol e} 5744 FdF o2 UH=
d], Bulo] U, M, L (Kurath et al., 2003) 52 & 3}
FrHe E 3%, 429 ) #ddes ERrdn
(Enzmann et al., 2005, Nishizawa et al., 2006, Kim
et al., 2007). THNVE] 332 glycoproteing ¢&
slale G FrAaAe] S99 mid-Gol 714 E
& B3l FEST (Troyer et al., 2000, Emmenegger
et al., 2000, Emmenegger and Kurath, 2002).

A THNVE 1990 Ze = AR o] &
o FA el AojellA A5 HEH 1993\ KL
H A} (Sohn ef al., 1993). ©]Z 19991 9| A 20023
Ato] R TN o] FA T Aojoll A WBEAdo] e
IHNV7} B Eom, d& feo ] fFHPo=
gl F At (Kim ef al., 2007). T3, FHAH=
J 2399 J-Nagano® 3} J-Shizuokad ] IHNV 7}
BEE ASHe 202 49A Ao (Kim, 2010).
o5 J A ¥ IHNVE 1990 ol Yo 21
g dehds Fdske A T IHNVIF 5o
ol FHAS AR FAH3AL UTh (Kim et al., 2007).
S, S E T2 J-NaganoF o] HEFH UL
o, T3 BT 22 A @Al 255k
AEe] S FAATL LB AT (Jia er al,
2014). 23, H AT mEW Sl A FXA
MEAZTEH U 423 8] HNVZE BalE o], =
Wol A= T 749 29 & FaA3e] =3 7t
54 AAETE (Huo et al., 2021).

o] e IHNV J 3 o] Aol thet Aol
4]+ J-Shizuoka® ©] J-Nagano®d Rt} o] ©
=03 B3E 8 Tk (Mochizuki et al., 2009, Kim
et al., 2021). 18, o] A9 J g2 MU
& AFES g A o] BYFES it
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= A4S 188 o 2o 299 2o g
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2 oujdsldnh vlolH 2 e fHEs 2
st7] 913 AlF e s 242 NV mid-G
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671] IHNV & 55 FAMEA ] 54
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(Oncorhynchus mykiss) Ak o} (Oncorhynchus
masou masou)2] A7} ¥ A& HE3to [HNVE
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IHNVe] A& 2 54

FAME 2 A
Qiazol (Qiagen, Germany)< ©]-8-3}4] Total RNAE
FZo13th 22l RNAE BioSpectrometer (Eppen-
dorf, Germany)E& 3] RNA 559 55 &<l
% 1 pge] RNAE ReverTra Ace™ gPCR RT Master
Mix with gDNA Remover (Toyobo, Japan)S A}-&-3}
of AzdA e Al we}t cDNAS F/ds AT

IHNVE] A& Emmenegger et al., 20000 4] A
Ag gy Foll Y 255 50°Col A 58°CE WA
ste] AAFEAT TFELEAN-S (Polymerase
chain reaction, PCR)EH = BHZFF 4 ule}

prime Taq DNA Polymerase 1.25 unit, 2X reaction

A wgER e

buffer, 4 mM MgCl,, enzyme stabilizer, sediment,
loading dye, 0.5 mM each of dATP, dCTP, dGTP,
dTTP7} Z%&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+3F H thermal cycler (Applied Biosys-
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Table 1. Primers to amplify virulence genes by PCR

Amplicon

Primer Sequence (5°-3") Tm (°C) size (bp) 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 57.4
3F-F GAGTGTTCTTAGAGATCCCTAC 62.1 938 This study
F3-1R CGGCAACAGCAAGGAGGA 58.4

tems, USA)E ©] &3} PCRE AASA T HH-&-
2702 94°Coll A 5EZF AR F, 94°Cll A 30
= WA, 58°Col A 303t A, 72°Col A 403
353] HkESIA T O &, 72°Col Al 1043t
AE AF T PCR 4HE2 ThA] 9]0
© 2 mid-G 2F¢} mid-G 2R =Z&}to|H
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A 0 2 3= 3F-F9} F3-1R Zo|H & o] &
PCRS 2185} PCR EFELS 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 pl, BHZFS 33.75 s &
3lo] & 50 plo] BEF O E PCRES 233ttt PCR
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FZH AHEES g8t7] f18l 1.5% Agarose gel
A 100VE A7] 95339t ©] %, ethidium bro-
mide® G4 & FHFZ GAS APt o
<, Gel doc (Biorad, USA)S ©] &3] UV Zdol A
Band& &<lst it

PCR Z%4H=S& DNA Gel Extraction S&V Kit
(Bionics, Korea)E AH&-3te] 2] AAstg o, A
A ¥ DNAE vl E2 A (Macrogen, Korea)oll ] 2|3}
of A|AAE HAEHAT

DNA 97144 4

2 ATl EeE 671 IHNVE] FH8S &
o}X 312} National center for biotechnology infor-
mation®l] T&H TS FHdF 9 IHNV mid-G &
ZIMES JFEALRE o] &3t EA4s AT o] F
Mega X2] CLUSTAL WE ©]£3}4] sequence align-
mentE &3}, AlF = Maximum likelihood
method & &3l 10,0001 9] WHEo0 2 NEEE =

of a2 H

Hpolg] 2z ik gl 7 24

Hlo] 2 25 e 2 vjstr] e, o 7o A4
I v A-S F3E F 3,000 ppmoE 1083 L4
sttt o] AsHES AFASEA 045 pm<l F
HE o373 nlo]g =4S 53T vlolg 2
BE Yof el MES] epithelioma papulosum cyp-
rini (EPC) cell line®ll & F3+d 10% fetal bovine se-
rum (Gibco, USA)$} 1% antibiotic-antimycotic (Gib-
co, USA)©] 74 Leibovitz's (L)-15 mediumol] 4]
20°CE U FYUZt cytopathic effect (CPE)E #23}
Rtk o] F EPC Al 27t 5 g2tls w A4 &
glet] FFHE AHE A7EA] -70°C oA Bst
At

Batts and Winton (1989)2] plaque assay =
o] &3t niole 29| A7HE ZA AT EPC Al
ZZE 24-well plate (1x10° cells/well)oll seeding &
T 20°Coll A 24413 v st 2 wellell ©X1
i A& Z5F A A3 7% polyethylene glycolS
100u3 T3 F 308 T AT L-15
i 2| 2 1081 A 3] A7 vlo]E 2= 100ul &
ZF wellll HF38ta, 2T O E & vlo|H 27t 2

Al
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U7t vj st plaqueE FHESIAT. EOE meth-
ylene blueZ A3, BFFFTE AF T &
232 5 ALsE o

ol A FARE] (1232
Z‘.*é'u of AHgett. &
7%‘%‘?4 8171 76101] AN S = o]l AAlH RT-
PCROI| °]3f THNV, Hlol#| =4 294 |85 nt
ojglx, M HAF AT Hiolgl =, A o
o NIdZ nlole 2, P27 A AS ol

el e upole 2, do] Lyt nlo] 29 H]
7 AEHE A9 (Emmenegger et al., 2000,
Tapia et al., 2015, Fringuelli et al., 2008, Kibenge
et al., 2013, OIE FAFE Xk wl7<, 2016). A3
ol AsdFigtue] A4 v 2AH 50 L A
7t Gzl 10 BhelH Uhro] ALSstEom, 43
A F22 12 £ 1°CE FAHNA

3
Yo 2 F2 6712 nlo]d 2 )
 PBS (pH 7.4 3|43}, 1x10* PFU/
fishe] T =2 FH|SIAT. 2T PBSE FAS)
Rown, A Ayl AE-H nlo]# 2= Table 201
AASA T FANE ] vt FEHE FE3H]
3, A5l 0.1%2] 2-phenoxyethanol (Sigma al-
drich, USA)S FA/NEo17F A= B EF &,
nA =)zt ol glar w7t FHF 2 o 7
o 100 g FAEII T APolA &= AL

T2 UV-2& 277X (SanyoUV, Korea) = A &
gk 5 Wl E3FATE 28Y B3t HAO Y & WY
Z1ZEskal vtold 2 AEY 7= 9ol AW
RT-PCR M1 0.2 SHI5ATH A& 2o A3

%<k 12 £ 1°CE FA G
Ay 2 s

[HNVe] A% 9+

vlol g 2= 67 G FAVNE] B Ao
of| A gI= %o, RT-PCR W o
(Table 2). 12} PCR 23}, A719 54 2F 692bp<]
271 7F& PCR 4HE-& RTDHI1709, RTIS1709,
MSOK1711, RTYK1711, RTCC1801 2] 3L RTHC
1802 A Zoll A EQlE 4 AATH Nested PCR 2 7}
o M= mp7EA & 671 9] vho]# 2 EF 482bp o
PCR 4FEo] g1 ATH

RT-PCROIA Ao =2 golg A go] A,
XL_,,]. u]xl— Z R % PBSE ;{-zlp;er}J—l )\J%—_Q]_']
=5ttt =8 A5 A2 EPColl HFst vk
H2E WSttt RS E EPCAH = ¥
PBSE A3ttt 5 do] AgH EPCAH=Z
HiF 1A RE 2 e A2V 294 FHa,
& A 3dA o] RE 2T} ZeprI TR
= AT (Fig. 1). =3 ZF vpol g 2 5ol A&
H oM MES 25 4FY ol =E A2V}

25 1t} PBSYE A 2]E EPCAH oA & o
d WL AT (Fig. 1). oA A7l wh=w, vt
o]2]2-¢] CPEx IHNVel Zdd ol /9 F+8 %
g_z}?_] /‘]76]' o) u]zl— Z Al oﬂ}ﬂ 7].7<]- A} 31}7‘(1—19_1;]3_
B 35t} (Bootland and Leong, 1999). o] 3 EE

o
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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. ™S + JRt-Nagano
RTYK1711 2018.01 Rainbow trout > P + 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).

EPCAH 2= 94 2833 RT-PCRE [HNVY] 7+
AS FRletAnt. O A3 NEAAAEAE YERd
AZo| A 1~22F PCROIA B5F 44 AxE U
EFATh (data not shown).
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|5 A
ATellA ZeE 671 Hlio] #2529} NCBIe
SE25 [HNVY mid-G ¥7] 4 E8& Maximum like-
lihood methodZ A4 #4& AASIAT. 1 2
3}, RTDH1709, RTJS1709, MSOK1711, RTYK
1711, RTCC1801 L&) 31 RTHC1802+ J-Nagano®
o] &3lE Ao 2 YR o ™, RTYK1801E J-Shi-
zuoka@ ol &3lE Ao 2 FHATt (Fig. 2).
ol HZoll AT Aol ZE A0 R 20134
2l A 20151 49 Atolol] FAEoA & 13
70e] THNVE J-Shizuoka®d 9} J-Nagano¥©] =%
el F 7R fid¥e] 1% REdE Zo0E
RuEAJ (Kim er al., 2016). 1 o] Ao I £
B IHNVY 338 2o tigh Aol A= 2007
d, FYE9 FHEANA J-Shizuokad, =0l
4] JNaganod ©] £E3l= 2o 2 BIFTH (Kim
et al., 2007). WEtA], o] A=A THNV F
7HA gl BF ERIE= A2 ofF o]l
A o] gt gl s 3897 Wied o=
FZ9t. =3, J-Naganod ¢l RTCC1801} RTJS
1709, RTHC1802, RTDH1709 & FES A5

B

o] 717 Bl g1A5ke] ol Ho] B2H NV £
53 waslel Bnrh Ao BalE Aow Kl
=

ol

2 A3

6712 THNV E8FE 1x10°PFU/fishe] ==
FANE B2 Hell FASEA 3ALE S AA
3k A3}, J-Naganod 91 RTCC18012} RTIS1709 +
YFE FAE 1EFL 100%2] HAHSS YET
(Fig. 3). Y™ A J-Nagano® <! RTHC1802, RTDH
1709 18]31 MSOK1711 &7} A9 IFE
2 50%, 30% 183l 20%°] HAHES ZH7 YER
ot} 23y J-Shizuoka® Q! RTYKI1711 &&]52}
PBS7} FAME thzw ol A= #AE SR o
Skt

ol dAFte] =W, =l THNV &8 Fol4 G
Aol 42 Zpol7F WhEA F7Fel$kal (Kim,
2010), ©] A =AW Ol= IHNVE] Eof} 1
Ao FFE VA & dvkar RaEHU (Jia e
al., 2019). 3o WE HNV FAFE HAA 9
ztolof] tigh o] e] Aol A, [NV U 38L&
oA ZAojef 7t A A E2 HARE
< BEYARE M FHF A= A #HAE Sl
(Garver et al., 2006). ¥+, FX]7]Eo o= M
FAF e IHNVF & HAE S YElY T (Gar-
ver et al, 2006). =, =04 £ H THNV J
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(Kim et al., 2021). ©]& nvlo|# 27} of 7o}
Zhgst A A glo] XEks] o, 39
S-S 3lastes WHES 27 WEYd A
(He et al., 2021).

gk, Foll A el T FAEW 2709 Alsel
Z}o] = J-Shizuoka”} J-Naganod Bt}
< ZAo®E RIHJY (Kim e al,

O (2 ox ¥ & o

ok

peke
dol =

e i PHLJ]%MJLrﬁrﬁ

&k £

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). 3R 7F B A o] A=
old ®e} & FANEo]dA J-Shizuokad <!
RTYKI171191 4 #A7F 919121, J-Nagano®d ¢ v}
olH AT & HAE T T HAA S UE
Wt o] 2 gk AF= J-Shizuokad I} J-Nagano® ©|
HAAH #EAHol flas A & JAT B
ATl e & 1719 J-Shizuoka® o] #2415 317
ol 35 FAAF wE WA ztolof gk
F7AT7F 2o E Aot 53, HZ el vt
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A Q7] W, G FAA7) b e
Hol Fo] FHH HEE o] AUt (Wang
et al., 2020, Wu et al., 2018).

2 o
HNVE S Ao} A gioln AA £4¢
YAASOT, Aol3} o) froll BE AAEL 2

s
At B AFA = FLdE Ao o /2SR
1 ¥ [HNV &85 AT TAE /e ¥
g J_/\]-o]—ﬁE]— 7;]]5131—}@6_}24 H}\-LQ. ]HNVJ]
303pr D= mid-G 9GS F7] BEAMsIS 5
P AT} vlol B 2F BF J §32% 2 & RTDH
1709, RTJS1709, MSOK1711, RTYK1711, RTCC
1801 18] RTHC1802+ J-Naganod ©]™, RTYK
1801+ J-Shizuoka® oll &3t= 2 S& 1= Ut
olg]dt A= o)A AT YA AU = A
= F 7 i ¥o] BEITE AS AARH
TS 67l & Zl NEo] 2ol B4t F
At WA S AlEeE A3} J-Naganod Q1 RTCC
1801} RTIS1709 Hiold 232 FAME 1S
100%°] #HAFES YERATE 1 H =, J-Naganod
¢] RTHC1802, RTDH1709 18] 1 MSOK1711 ¥
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Fig. 3. Cumulative mortality of rain-
bow trout i.p. injected with [HNV iso-
lates or PBS. Number of dead fish
was daily recorded for 28 days.

AHES UERS T 22y J-Shizuoka® 1 RTYK
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B AFE ddFitRrt X Yste YN IHE
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