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Pathogenicity of new reassortant betanodaviruses to
various juvenile fishes

Young Chul Kim' and Hyun Do Jeong®'
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With the recent isolation of a new betanodavirus in shellfish, Korean Shellfish Nervous Necrosis
Virus (KSNNV), it has also been identified the reassortant KSNNV of two RNA segments, in which
one segment is KSNNV genotype but the other one is known genotype. In this study, we confirmed
that the ressortant KSNNVs obtained in previous screening study of our laboratory for betanodaviruses
in shellfish were KS/RGNNV and RG/KSNNV type by performing two consecutive multiplex RT-PCR
on each RNA1 and RNA2 segment (R1- and R2-discriminative multiplex two-step RT-PCR, re-
spectively) to determine the genotype of each segment based on the size of amplicon. In the pathoge-
nicity analysis, none of the reassortants induced specific external symptoms or mortality of VNN,
but viruses of 2 x 10*~10° copies/mg or more were detected at 14 days after injection (10 copies/fish)
in brain tissues of 4 species except for crucian carp and common carp among the 6 species of juvenile
fish used. In addition, the histopathological features of weak but distinct vacuole formation were
also found in the brain of these infected fish, but no difference was found between the two reassortants
KS/RGNNV-KG and RG/KSNNV-CM.
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nervous necrosis, VNN)2| B A1 betanodavirus=

At 24171 F<F 300 Ae B F A &2
011T°ﬂ 71—0:130-] /\]71-3]. 7:];]]7( &8 0127]1
QI THEgusa et al., 2006; Munday et al., 2002; Gomez
et al., 2008; Doan et al., 2017; OIE, 2019). o]/
A1 74 I AL51)o] 2] 2~(Nervous Necrosis Virus, NNV)
¢l betanodavirus= ¢]9to] $131 =717} 24-34 nm
Ql FolAdWAe BF-E 7FA M, (+)sense RNASI
2709] segmentE 7FA AL Yt} o] F RNA 12 ¢
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3.1kbe] 7|2 RNA THEALE 453} star 9l
O, RNA2E= 1.4kbe] ZolZ FQ8 o)y iz g
a53} 3h, 3¢ Ddol| poly(A) -+ I THDelsert
et al., 1997; Mori et al., 1992). Betanodavirus:= A%
I 5ol M2} red spotted grouper- (RGNNV), bar-
fin flounder- (BFNNV), striped jack- (SINNV) “L&]
31 tiger puffer nervous necrosis virus (TPNNV)2] &
471 9] #7218 (genotype) 2.2 3 TH(Nishizawa et
al, 1997). @A7HA =W A4t of 7 51 ] A=
o A= RGNNV genotypeTt EA|et= A2 K1
H o] AtH(Gomez et al., 2008; Kim et al., 2012).

3 7+ filter-feeding 573 ol &3t i 4 F
o] ke HAAE AWl =238+ bio-carrier T
+ bio-reservior24 8] 9&-& & vt &EA
A TH(Metcalf et al.,, 1979; Rippey, 1994). & £
ATFH AN A= filter feeding®ll &3l IF =24 Ul
%2 ® betanodavirusE £ T O =N & & A
Yol &3t o] F VNN A EA4E B4
17 kA

ol & 93l WA betanodavirus &3 o] of
gk B4S 53l HE9 betanodavirus2] genotype
NA A& 7 Y= FE3SI= detection and dis-
crimination ©]2}+= two track 2] multiplex RT-PCR
WS 7S THKIm et al., 2018a). ©] S &3}
2012~20150) =3E 11627012 37 2 oAF Al
S Z5H 481719 betanodavirus Ui AEE I
o] Eo°] -3 betanodavirus®] specific genotype 7+
A AAFFATH (Kim et al,, 2018a2). =L A7} -}
2} AREe] F2lo]FollA VNN AR & of7]st= 4l
o2 4#HZ RGNNV type ¥4t ofjg} o] d7}t=]
T o FollAde= Bad v glidd o F43
BFNNV X3t bio-carrier 242 &2 = 9| F
Z4 Yol 2 Hs2 dHdAT= S 8139
o o Yol A AAIA 2 AF74A] BaLE A
&L Y 2L betanodavirus 1 KSNNVE 27 51
o] & 5 A 2] betanodavirus genotype 2= A| 3
v} I TH(Kim et al., 2019).

RNA B}o] 2] 221 betanodavirus®] 32 #H3l=
Z+ RNA segment A} ol 4 2] mutation ¥5F o}y e},
influenza viruse} o] 2+ nlo]g 29 M Z T &

segment’} F-A1ZH o2 E3E = A HA (reassort-

-

o
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ment) Aol 9t MEL 54 A thgst
Zg9] A% A HA Al (reassortant) Z AT = Q)
= WHolEAS etk AS7HA A8 Ak =
7}oll 4 RGNNV S} SINNV genotype Ako]oll A &<l
H RG/SINNV (RNA1: RGNNV genotype, RNA2:
SINNV genotype) 2 S/RGNNV(RNAI: SINNV
genotype, RNA2: RGNNV genotype)2] reassortant
EA 7} B3 = I th(Olveira et al, 2009; Panzarin et
al., 2012; Toffolo et al., 2007; Toffan et al., 2017).
I9d HZ, Tl E =& vho]2 2:%] KSNNV
o AN A, o] & vtol g 27t Il Ajbel &
At = RGNNVSS] {74 reassortment®l]
©]3}e] KS/RGNNV X RG/KSNNVEH= Al 2 &
reassortant®] HAJo| 3 AE H3 B} 9t}
(Kim, 2018). 18\ I FEHEH & Z2H re-
assortant betanodavirus7} ] 017]9] o] Fof o 5}
UEtd 4 e WA 24 2 iAol tig A
T oFF BaH bk gloh

ueba B AFoA = E8E KSRGNNV ==
RG/KSNNVEh= 3|7 21 9] reassortant betano-
daivruses7} ThFSE o] &2 X]o{(juvenile and sub-
adult stage)oll A o] vlole) 2 AH7F EA7 Wy =
28t M3lE F24 3} reassortant betanodavi-
rus e A2 o] F2ojFdd vErE
A= ZAAF A4S A A sEAT

=

AR 2

!

upo]# 2

U 4F 3 F Al =0 o3t betanodaviruse] 7S
FE E4E T AP A7 A3 (Kim, 2018),
RNAI segment®} RNA 2 segment®] genotype©] A
2 924 yehd= 2719 S, 229 (KS/RGNNV
type) 123 3= (RG/KSNNV type)e] &7] %3]
100 mgS FH3tH ) o] & pH7F 7.2%0 PBS 1 mil|
E3ste] F23(Pellet Pestle Motor Cordless, Kon-
tes, USA)3}3L 0.45 pm syringe filterol] T3 A1
% 80% confluencyS H.°]& T-25 vessel2] E-11 cell
lineol| Al 747k W& 2 A% At 45
MG AFEEFATH EF RGNNVE KSNNV E-11
cell lineoll A 7Lt M Fd AS AH&sHAH. ZE
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Hj -2 FBS 5%9} gentamycin 100 U7} 234 L-
159 A & ARg SFATE vl FE Bvlo]# 2 isolates=
Z}7} KS/RGNNV-KG, RG/KSNNV-CM ©| 2}l ™3
AT

cDNA 3

A5t A2 A ole] ¥ (25 mg) e WY
RG/KSNNV-KG9} KS/RGNNV-KG 7+ A1 7] E-11
A Z 454100 pl)S RNeasy plus mini kit (Qia-
gen, Germantown, MD, USA)E ©] &3} A Z2AL2]
protocol®l] W2}A] total RNA 100 pl & SFH T
°] % ¢DNA ¥&/4d-2 913 RNA 10 ulE 70°Cell 5&
It 74 E & c2VNNR primer (0.5 M) (Table 1)3}
3H7A] Moloney murine leukemia virus reverse tran-
scriptase (200 U/ml, Promega)E ©] &3} 42°C9l
Al 6037F HESAIA F]ITh 1h-g-o] £ $ sample
2 95°Col A 5E3t 7HEst HAEAS B2
AN AF AT

Primer design®} multiplex RT—PCRs
Syt A A== betanodaviruse] 37}
genotype] RGNNV, BFNNV 18] 32 KSNNVe| Z¢
RNA] 9 RNA2 segment’} 7FA 2L = €7144E
7Rt 2 7} FRF o Sol2]l Zefolm Azt
o2 e 2 7FA FFS multiplex RT-PCRS
AABAT. %, RNAL segment®] @714 Dol o
7 fAge] Sold drlNel st 371K
Z2}o] M (s1VNNRG2, sIVNNBF2 2 s1VNNKS2)
2} B EY Y (conserved region)oll Tk EZlo]n
(c1VNNF2)& £33t A}-83F+ RNAI-Discrimi-
native multiplex two-step RT-PCRs (R1-DMT-2
RT-PCR)<2 Z} RGNNV, BFNNV, KSNNV % &
of thste] Z+2} 214, 448, 843 bp2] ampliconS AY 43
A ZIth 12|31 RNA2 segment®] 2} 83 9] 5ol
A A7IMEE 7IHte 2 3+ 37}A] primers (s2
VNNRG2, s2VNNBF2 2 s2VNNKS2)$} HEY S
of thgt primer (c2VNNF2)E T3l AM&3h
RNAZ2-Discriminative multiplex two-step RT-PCRs
(R2-DMT-2 RT-PCR)> ZHZ} 468, 292, 211 bp9]
ampliconS A sHA o2 Zb 27)2] RNA seg-
mentol] t¥ FHES TE3FHATHTable 1).
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9714<E 2 genotype 4]

7719502 RE W=7t &1 PCR amplicon
2 GeneAll Expin Gel SV kit (GeneAll Biotechnol-
ogy)E AF&3}49, 1.5% agarose gelZH-H & %
AAsoH, o] 25H #2]" DNAE pGEM-T
Easy vector (Promega)®ll 43+ Escherichia coli
(DH50) ¥5-°ll Fdxdgste] S 2YES TPsIA
). 18] Al GeneAll Plasmid SV mini kit (GeneAll
Blotechnology)i plasmid DNAZS 3ttt
H &8 27] =& Big Dye Terminator Cycle DNA
Sequencing Kit (ABI PRISM, Applied Biosystems)<}
automatic sequencers ©]-g3le griAgdE 2A
St 49 9714 €% 2= BioEdit Ver.7.2.1.
S AMg-3le] A E sl 2, NCBI(National Center for
Biotechnology Institute)®] GenBank databaseE &-&
3t Hlo]#] 2 genotypes EA3FH T

Quantitative RT—PCR (qRT—PCR)

7233 o] 79 H(25 mg)ZH-E A %3 cDNA
1 pl 9} RNA2 segment®] EE genotypell Al =5
Y-S target>Z 3l primer set (c2VNNF2/q2
VNNR Z+Z} 500nM) (Table 1), L8] 2L LightCycler
480 SYBR Green Master Mixture (Roche)E AF-&-3}
of AT S 202 95°Col A 10Z23F de-
naturation, 60°C|A 15%%} annealing, 72°Col 4]
2027t extension 3} 40 cycles= A AT}
c2VNNF1/c2VNNR primer setE ©] &3} RGNNV
strain®] RNA29| Al 5Z3F 687bp2] PCR fragment
£ pGEM-T Easy Vector System (Promega)®ll E2
Jato] AzkE A2t SHAvEE AMESte &
F=FAe AZSATHKim et al., 2018a).

AA%Y 29

=] 34te]F{ F sevenband grouper Epinephelus
septemfasciatus (18.9 £3.1 g), rock bream Oplegna-
thus fasciatus (6.4 £ 1.0 g), olive flounder Paralich-
thys olivaceus (9.1 £ 09 g) 5 3% s4t o] F X
£ T g8l FAFANA FASAAL, EFE man-
darin fish Siniperca scherzeri (5.4 +0.6 g)$} common
carp Cyprinus carpio (5.5+0.8 g), crucian carp Cara-
ssius carassius (5.2+0.5 g) 3% @54 AR/ =
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Table 1. Primers used in this study
Expected
Target , , .. . . .
Name Sequence (5' to 3") Position  amplicon Specific description
segment .
size
clVNNF2 GTTCCGTGGTACATGCCAAC 1741-1760 43 conserved region
RNA 1 sIVNNKSR AAGCTCGTCAGCCACGATG 2584-2602 )14 specific region of KSNNV
sIVNNRGR TCTCATTAGCCAATAAAGTTGTTA 1931-1954 448 specific region of RGNNV
sIVNNBFR CAGTATCAGTGAGGAGGGTGTC 2167-2188 specific region of BENNV
c2VNNF2 TGCCAAATGGTGGGAAAG 473-490 )11 conserved region gRT-PER
s2VNNKSR  CGCTTCTGCGTTGTTTGG 757-775 468 specific region of KSNNV
RNA 2 s2VNNRGR TTGAAGTTGTCCCAGATGC 922-940 292 specific region of RGNNV
s2VNNBFR  GGTAGAGCCAAGAAGTATTGATTTG  740-764 126 specific region of BENNV
q2VNNR TTGTTGCCGACACACAGG 581-598 gqRT-PCR

<Note> These primers for various genotypes were used in the previous study (Kim et al.,

ol FEHA FAst AT 19 4
< c2VNNF2 /q2VNNR priemr set& AF8-3}= qRT-
PCR<S 53| betanodavirusoll 7= A k22 &
Ik 7 o] F o] AFo] 10vfE]lE o] &3ked KS/
RGNNV-KG 18] 3 RG/KSNNV-CM reassortant S
107 copies/fishe] =2 H7 FASIS I, 20 L
Z0| 25°Ce] & FASAA HAE HEEA
ot Blol 2 2 T 4R He E 4 AT
3ulg] ol ulHA(MS-222)F wlFH 3t AL AlRD
T ANRE AMANAS

—Z
HE 3

plast Plus; Diapath)oll > wj3}$t}. Ihehd @%ﬂ%
microtome (Reichert-Jung 2050)< ©] 83} 5 um
FAR A% vbdste] 22 dHES ARG & H&
E (Heamatoxylin & Eosin) 941-& A A&}t ¢hA4
H =34 HAA= 33 & v % (Belipse E-400, Nikon)
o2 FEEAT

A3 9 17

H Gl A betanodavirus £ A} segment
9 0171/‘1 dE FAg AT, AAdE 2 o F
o A1 RGNNV®} SINNVE] F Fx & o] g

2018a).

reassortants’} EA) 3= A2 8915 A TH(Toffan
et al, 2017). oJoll whe} HZ & AF-dolAMe oA
Ao A thFet s/ 22l A9
betanodavirusesE A Z&3}7] ¢35t RNA2«] Ez
d Y-S target > 2 3} Detection semi-nested two-
step RT-PCR (DSN-2 RT-PCR)= 7] %3} 99 th(Kim
et al, 2018a). 18] 3 & nlol# 2o FHFS T
3}7] 9)&ll DSN-2 RT-PCROA] %¥AS Hols A
S+ 7 genotype®] RNA1 @ RNA22| Eo]&<]
AMEE 7IHte 2 AZE primers AHE-3h= RI- 2
R2-DMT-2 RT-PCR9] template 2 A}-83} % TH(Kim
et al, 2018b; Kim, 2018). ©] &g+ &40l 4] RNA1S}
RNA2 segment®] Z} A7]A &l 7] %3 R1-, R2-
DMT-2 RT-PCRO A AAE 2 segmentt genotype
o] M2 YX|3}A| %+ betanodavirus isolates”} L
AHR A, ol 47 A2 T2 {53139 betanoda-
virus7b ZA A 9] s A A A ETY TH 7
RNA segment 322
davirus¥ Ao Z FA3A ol &
g-ufeF g vk JAh(Kim, 2018).

ATl = selvetel A YEhdal Q1= be-
tanodavirus £33 22, & A 7R v of
Foll A nlo] 3132/‘3/\]73“4*}—3 do7|a Ykt
24 A= RGNNV, 223 & Aol A 2018
oll jEA 243 AT 743 vlo]g 224 3
& e A A W X E Bol= {438 KSNNV
(Kim et al., 2018b) 7t YelS 4

1313} reassortant betano-
E-11A] Zo| A &

o) =

ST segment
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reassortment©]] 2] ¥+ A 2 reassortant betanodavi-
ruses7} F-Evhel F& a4k B E 2 o] Fol
nE = Ade AEAS BA4staA skt

AR, A FO 2 FEAZ] F reassortant iso-
lates®] 7} segment F-X S &AstA o). v
KS/RGNNV-KG R1-DMT-2 RT-PCRé| 4] KSNNV
genotype®ll 5-°]2 <1 843 bp2] amplicon<, 18] 1L
R2-DMT-2 RT-PCR| A= RGNNV genotype©l] 5
o] A2l 468 bp2] ampliconS F7]%YF7 single
bandZ2 Z+7} AJA33FS A(Fig. 1), RG/KSNNV-CM
£ R1- ¥ R2-DMT-2 RT-PCR Z}Z}oll A 214 bp
(RGNNV) 123 211 bp(KSNNV)<] amplicon®©] A
‘d3t(Fig. 1), vl YE vlo] 2 2= ZFZHKS/RGNNV
2} RG/KSNNV type?] reassortant betanodavirus ©]
gl = et A= 2% 2] multiplex RT-PCROI| 2] &}
o AAH reassortants®] RNA13} RNA2 segment2]
genotype> Al 2 ™ &3}A] mismatched type betano-
daviruszh= 235 Ho B8 v vlolg 2=
S 7}A] homogeneous genotype HFo| 2] 29| T &
A7} ol HZ AMEA 533 KSNNVZE $-
guheke] ek e Aol EA8tH RGNNV typet
FHH OS2 A= reassortment 3}0] A Z-& reassor-
tant20] |7 & o] 231 Yth= AS FAA
A FAT

AT 22 FE2 reassortant betanodavi-
rusesi= betanodavirus®] <51 o} FF°] o}d bio-
reservoir2A1 9] I Foll A AT AT I

(A) RNA1 RNA2

M RG N

2] 22 betanodavirus® 37} FH+= o Fol tfgk
reassortant YA BAE 25t R|oj7]eof = ¢
aurg} OH}\]. o}:/do]& 3= (hx-lo] au,%ﬂ
N F8 GF FHoF 3F (&, o, Bo)

o 3} reassortante] AN AL AASIA -
Uzt o F kAol tidk 74 9= BEHE

A A 3FA T

Reassortant RG/KSNNV-CM 18] 317 KS/RGNNV-
KGo] HZFH 659 Ao 1F =7 U9l 49 &
A3 79 59 VNN " Z Rl 2 7-Folt
AME FrEskA Ut 1Y 4F (T4, =5,
"), 27te])e] Xof ¥ 22| oA ulo]# 2 HF
% 149 A 2.1 x10*~1.0 x 10° copies/mg?] & &
Zo] 7ol &2l = o] HtH(Table 2). ©] = RGNNV
of o3 sl xof HAA S oA Y=
107 copies/mg 9 FF(Kim et al., 2019)1= =&
HA] gh= A2 Z YERY, Kim 5 (Kim et al.,, 2018b)
o] KSNNV 2] w4 o] 2oj(¢F 13 cm)oll Bk 34
AFAA HALE FEatA = FUAIRE = 22 Y
1§]<-0 11:1:‘/] ]j].o]&])k 71—0:1 }\]-EHE E_Oﬂr;].‘—
Ao} AT & 4 k. A 4%
/\El 40]0]] ]:HB‘]— tﬂg]zzléj—z-l

214 bp

Fig. 1. Application of two different multiplex RT-PCR for the cultured KS/RGNNV-KG and RG/KSNNV-CM
reassortants. Mismatched genotype between RNA1 and RNA2 segment of KS/RGNNV-KG (A), RG/KSNNV-CM
(B) was confirmed by corresponding size of each amplicon.
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Table 2. Virus copies in the brain of six fish species at 14 days after inoculation with KS/RGNNV-KG or RG/

KSNNV-CM at 25°C

Fish species Body weight (g)

KS/RGNNV-KG (copies/mg)

RG/KSNNV-CM (copies/mg)

Sevenband grouper 18.9+3.1
Rock bream 6.4+1.0
Olive flounder 9.1+0.9
Mandarin fish 5.4+0.6
Common carp 5.5+0.8
Crucial carp 5.240.5

7.5E+04 8.3E+04
7.8E+04 2.1E+04
6.5E+04 2 4E+04
1.0E+05 3.5E+04
ND" ND
ND ND

"Not detected

9] betanodavirus A HH AToNA ¥ FEIT H
A 9534 FaskA JEdE 5 glen, yot
7b o7 = AAoY He| o]Hd FEE re-
generation A|Z = JThE AF7HAE o] Fo]A
o] ZJojol] gt & Ao Ay} ol Holgtae
3 4= gl& Zolt} (Sohn et al., 1998; Hitchcock &
Raymond, 1992; Zupanc & Zupanc, 2006, Kim et al.,
2018b).

3FA T RGNNV 3382 ool A Falato
7] Bxk ofygt Aol E HALE o
Q= B I (Nakai et al.,, 2009; Tanaka et al., 2004;
Qin et al., 2020)2}= %}o] & Ho|H, KSNNV geno-
type®] WHAE EA ol T F&Ao|7]7} of
d Aol A HALE FEetA Eshe E4 3 frAE
A4S B2t} Z reassortant RG/KSNNV-CM 18]l
239 KS/RGNNV-KGE 2702 RNA segment
Z Ho]= 3}h= RGNNV genotypes -3k S
| = Estal & o 540 X0l st HAL
P AAdS YER A ittt 18
9] reassortant Y4 Ao A=
RGNNV7} R&ato] #al ofue} 2|0 e <] %
dojol| 744 et ¥A4dS YER == RGNNV
type2] RNA1Z} RNA2 F 719 segment”} S}t
virus particle Yol A Z+2Fe] A5 B 9F2]¢) o glo]
FRHOR o]FojTE AS AAMETH

T35 KS/RGNNV typed} RG/KSNNV typed] re-
assortants= 7 o] 2] Weloll oA AR FH
3 ApolE YR A] ¢42 21> RGNNV 2 KSNNV
o A e U AARANA FaT 9T
= capsid®] T2 motif oFF| A HEES HE
TLS ARl FASHA 7RI 7] HEY T

2

(2t do
b
o
rlr
N1
e

2
rfe
re
s

Fig. 2. Histopathology of the infected brain tissue of
experimental fish (H&E). Multiple vacuolations (arrows)
were observed under light microscope in brains col-
lected from various species of juvenile fish infected with
reassortant at 14 days post injection (dpi) at 25°C.
KS/RGNNV-infected sevenband grouper (Epinephelus
septemfasciatus) (A), rock bream (Oplegnathus fascia-
tus) (B), olive flounder (Paralichthys olivaceus) (C),
mandarin fish (Siniperca scherzeri) (D). RG/KSNNV in-
fected rock bream (E), olive flounder (F), mandarin fish
(G). Scale bar=100 pum.
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ATHKim et al., 2019). 3 ALEH o F F 54
o], %, 9X 181 &7}8]+= betanodavirusel T
g A A7 BaEo] A 9O vKKim et al.,
2018b; Tu et al., 2016; Yoshikoshi and Inoue, 1990),
Jol W Fojo g A= AL o]FoXA &L
UTH TR B AT Aiges S ERE okt
MARSZ FAHT e F oAF g re-
assortant betanodaviruses®] ZFEA R HIPAE
HIR A S eEpdTE RS Ad™ o2 AA S
e A ES FEY AR ARV E FAS
7o},

3% betanodavirus®] =% target®] %= embryo
stage®] o] FE WAA B AR S A
A H AEA 33 KSNNVEE 7]1E9] be-
tanodavirus 7F2] reassortment”} ©]F2] o &F H A}
g FE T F e AZEL vro] Y 2AZA A A

A 29 stete FAH AP S ot ¥
0]'71] AANG 4 A& Aol

A
T ATAGE] P& Wol P 7| x4
A A (No. 2020R111A3065380)
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