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Phylogenetic Characteristics of Yellow Head Virus (YHV) Genotype 8
Isolated from Fenneropenaeus chinensis in Korea

Gwang Il Jang, Bo Sung Kim, Yun Kyeong Oh, Jee Youn Hwang, Mun Gyeong Kwon and Sumi Kim*
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Yellow head virus (YHV) is a rod-shaped positive-sense single-stranded RNA virus, classified into the genus Okavirus,
family Roniviridae, and order Nidovirales. In this study, 200 fleshy prawns (Fenneropenaeus chinensis) collected
from the vicinity of Narodo in Goheung-gun, Korea, were screened for the presence of yellow head complex viruses
and related genotype such as YHV genotype 8. The detection rate of YHV genotype 8 among the 200 fleshy prawns,
determined using nested RT-PCR (reverse transcription polymerase chain reation), was 39.0%. Phylogenetic analysis
of the ORF1b gene of YHV showed that eight distinct genetic lineages were detected. The four strains of YHV
genotype 8 obtained in this study formed a robust clade with the YHV genotype 8 group that was first isolated from
fleshy prawns in China suspected to have acute hepatopancreatic necrosis disease (AHPND).
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g 2] (yellow head disease, YHD)S 531= yellow
head virus (YHV)= ZHo| 7|7} 9l A A (nucleo-
capsid) = SAQ 7HAIE Q] positive-sense ssSRNAH}O|H
A= Okavirus (genus), Roniviridae (family) Y Nidovirales
(order)ol| 43HcH(Wongteerasupaya et al., 1995, Nadala et al.,
1997). ARY7HA] yellow head complexE A= GHAFE
(genotypes)= YHV genotype 15-E] YHV genotype 87H4] &
24 TtH(Mohr et al., 2015; Dong etal., 2017; Li et al., 2019).
Yellow head complex% =™ 2| 3= YHV geno-
type 1 1990 = Zof 2] U2 A]-$(Penaecus monodon)
ollA] A& wElol estol] vickat A4 A8 oplsigict
(Chantanachookin et al., 1993). =3}, = 2|2 gl=2] 3]
ohe] A--(P. vannamei) A7 ob 2 wlA| 510] ] Y
o} 79 Pacific blue shrimp (P, stylirostris) %23 712] SHAFE

¢l tH(Castro-Longoria et al., 2008; Senapin et al., 2010). w}2}
A, Al Al E-=1 717]5+(World Organization for Animal Health,
OIE)of| A= Aol A8 & Q1 A& sk, A AlAA <
= ek AA1A S-S WA 7]= YHV genotype 12 AlaL
A2 (notifiable disease) 22 2|4 5FAtt. Gill associated
virus (GAV)2 22|72 YHV genotype 2= 1994 55:9] 7
75t AEA$(P. monodon)ol| Al A Hi1% I th(Spann et
al., 1997; Wijegoonarardane et al., 2008). GAV(=YHV 2)9]
E=X2 YHV genotype 12 th= A9, GAVE 0|83t 52
Aol = A9 HARE ko] mid-crop mortality syn-
drome (MCMS) 2.2 &)1 QJtk(Spann et al., 1997; Callinan
and Jiang, 2003). Yellow head complexo] &3l= tt= 54
& YHV genotype 3°J| 4] genotype 6 3.5, o}Zg|7} W of
Aot A9 o] 745t DFA-(P. monodon)ol| A TAYSH 2L,
A ato] A= A7 A AA 2T Wijegoona-
rardane et al., 2008). 3+, YHV genotype 7-= 2012 ¢f| ¢
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g 2] vho] 22 genotype 89 AT 274 54 699

o) A FRANA AL BFo] 9] HAE fashalo
L, @A7HA] YHV genotype 70l thgh 2 ko] Ayde 4
517 9] A A] etk Mohr et al., 2015; Yang et al., 2016).
Dong et al. (2017)2 20121 5=+ Hebei A% FA1A oA &
A7 T AP (AHPND)©] )4 == tHSH(E chinensis) =5
B YHV genotype 8= #|5 -2]ste] AA|H7| -2 &4}
AthDong et al., 2017). 4% YHV genotype 82 A &
7179 7ol ok 26.8 kbl 2™, 20 kb A%2] open reading
frame (ORF1), 435 bpA = 2] ORF2¢} 2F 4.9 kb2] ORF37} 31
S5 WHASHY L) Z12]37 ORF1-& ORFla®t ORF1bE 55
of 3105, ORFIb 358 o] §:310] A5 5ol 24et 23}
YHV genotype 1-72H= &3] %= M2 748 US
B s thDong et al., 2017). T3 YHV genotype 82 A1
o] FEEiRt Aol AA7HA] W A1 4] ¢kt Dong et al.,
2017; Li et al., 2019). 18] 3L =+ of| A= Kim et al. (2020)9]
2019\ 2 Aol A ARt AhAAE sk 9 Agsfiol $14]
Sk Sthe| S oFAoll A A zdet dcke]Af9-2] ORF1b Fi&
= o]-§sto] AleiFoha E41& 38g 42 YHV genotype
83} =2 cladeE B8kl o, oA Ao Slrte|A|
o4 YHV genotype 80| HEE|= A& &1k ch(Kim et
al., 2020).

2 AT E S HePdE T3 E URE A4 74 9
ool A A #|5F AFAAE T 5K Fenneropenaeus chinensis)2] yel-
low head complex 7+ 5 291 9 5] YHV genotype
o] gy sty HHAdS 7HA=YHV genotype
112 genotype 2 group}o| A5 5514 1 w4,

Iz H A

NZxF 2 RNA &
2020 4 Aepd= 18 UzmE A 3 sl A Ak

Table 1. PCR primers used in this study

A} th 5K Fenneropenaeus chinensis) 2001}12] S 27 5}o] 7114
A2 B9 A g Al 5= 10°C o|st& A8t Ad
A2 gukste] o] wjtte](pleopods)E HAH = 55k
-80°Col| B3ttt A E 2 A Z|3F A| F= 2 mm ziruconia
2} 5 mm stainless beads”} 593+ FH (Watson, Tokyo, Ja-
pan)°] ¥-2 & DEPC (diethyl pyrocarbonate) treated water
200 WLE #7}sto] FastPrep®-24 (MP Biomedicals, Irvine,
CA, USA)E o] g3o] 5571 222 nfaysheich. nafsl 4|2
ZFE] RNeasy mini kit (Qiagen, Hilden, Germany)E- ©]-&35
o 7HA"I 2 RNAE FZ3}0] -80°Col| Btk & vh5 A gl A
Eadpilag

RT-PCR, nested RT-PCR, &7|AM<&

= S =
225N BN

M

N2 7E

HI

t 5 AASERA7F
= "ol whet ot o] =a5kel
ok A Al e e S sk =i g Bl 22 geno-
type 1 (YHV 1) A=317]€]3ll RT-PCR (reverse transcrip-
tion-polymerase chain reaction) %% ¢l OIE Protocol 1] wk
2} =35} th(Table 1). YHV 12} gill-associated virus (GAV)
= &3] 984 = nested RT-PCR ¥ 2l OIE Protocol
20] whel =85} c(Table 1). Z12] 1L yellow head complex
YHVIo|A YHV7E HAE57]193) nested RT-PCR HHH <l
OIE Protocol 39 whe} 4=885}%t} (Table 1; OIE, 2019).
vt} (pleopods) 2 FE ¥ RNA+= AccuPower® Rock-
etscrip RT-PCR Premix (Bioneer Co., Dacjeon, Korea)E ©|
£-310] ¢cDNA g4 9 RT-PCRS- one-step 2 & 434314t}
One-step RT-PCR] PCR A2 8 22 AccuPower® hot-
Start PCR Premix (Bioneer Co.)& ©]-8-3}9] nested PCR t}
S} Zro] £=3)3}¢ict. OIE Protocol 1- 10F/144R primers
£ 0]83}9 one-step RT-PCRS =33} t} (Table 1; OIE,
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Methods Primers Sequences Amplicon size Reference
OIE Protocol 1 10F 5'-CCG-CTA-ATT-TCA-AAA-ACT-ACG-3' 135 bp Wongteerasupaya
(RT-PCR) 144R 5-AAG-GTG-TTA-TGT-CGA-GGA-AGT-3 etal. (1995)
1st  GY1 5-GAC-ATC-ACT-CCA-GAC-AAC-ATC-TG-3’ 764 bp
GY4 5-GTG-AAG-TCC-ATG-TGT-GTG-AGA-CG-3’
(Cr’]'eEstZ g’tg%f’l'aém ond  GY2 5-CAT-CTG-TCC-AGAAGG-CGT-CTATGAT 577 vy Cowley etal. (2004)
Y3 5-ACG-CTC-TGT-GAC-AAG-CAT-GAA-GTT-3' or
G6 5.GTA-GTA-GAG-ACG-AGT-GAC-ACC-TAT-3' 406 bp (GAV)
1st  YC-Fla 5-ATC-GTC-GTC-AGC-TAC-CGC-AAT-ACT-GC-3’ 358 bp
OIE Protocol 3 YC-R1b  5-TCT-GCG-TGG-GTG-AAC-ACC-TTC-TTG-GC-3 Wijegoonawardane
(nested RT-PCR) 2nd  YC-F2a  5-CGC-TTC-CAA-TGT-ATC-TGY-ATG-CAC-CA-3' 146 bp etal. (2008)
YC-R2a 5-RTC-DGT-GTA-CAT-GTT-TGA-GAG-TTT-GTT-3'

PCR, polymerase chain reation; OIE, World Organization for Animal Health; RT-PCR, reverse transcription polymerase chain reation.
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Fig. 1. Phylogenetic tree of 77 YHV genotype 1 to 8 nucleotide sequences over the 360 bp of the ORF1b region. The phylogenetic tree was
constructed by Neighbor-Joining method using MEGA software (version X; http://www.megasoftware.net). Bootstrap values were calcu-
lated with 1000 replicates of the alignment. Percentage bootstrap values (1000 replicates) >60% are shown. Bar, 0.02 expected nucleotide
substitutions per site. All reference sequences were acquired from the GenBank database (http://www.ncbi.nlm.nih.gov). GenBank acces-
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2019). OIE Protocol 29] first PCR2 GY 13} GY4 primers=
AR5} 31 nested PCRS GY2, Y32} G6 primersE AME-3141
T}(Table 1; OIE, 2019). OIE Protocol 3¢] first PCR< YC-F1
2} YC-R1 primers= AR5} 31 nested PCR-S YC-F29} YC-
R2 primers& ARE-5}%tH(Table 1; OIE, 2019). PCR 524k
=<2 QIAxcel Advanced A}5747] 954 *](Qiagen, Hilden,
Germany) = ©]-8-5to] gelslqitt. foj%l PCR A2 =]
o] A71M Y A7l EHEE) (Dagjeon, Korea)of| 2|25}
o] 7ML EASHITE F53t A7IAEY AlsEwata
H42 MEGA X (Kumar et al., 2018) Z= 13 2] neighbor-
joining ' 2 1,0003] 9] bootstrap2 A 8§ 5to] 251 T

2 Aol P53 4719 tf3E YHV genotype 8 H71A41E
=2 GenBank database®] 55519121 55 5 (accession
number)= MZ496303-MZ496306°]t}.

o s
Zn o D3

Yellow head complex A&

2020 4 Aepd= 18w Yzm= A =3 sl A Ak
At t| 5| Fenneropenaeus chinensis) 2000+ 5 2|35} =
w2 vlolef s T {fHA; HE o5& 2SI OIE Pro-
tocol 1 & OIE Protocol 2 & o] 85t0] B3+ Au} A3
ARl g eEE s g™ Hio]# A genotype 1
(YHV1) ¥ gill-associated virus (GAV, YHV genotype 2)+=
200mte] HFofl A HEEA] kTt 1A T yellow head com-
plex YHV 1| A YHV7E HZ 4= ¢l+= OIE Protocol 3 ¥
9l nested PCRZ- 0|85} f 200u}2] %= 78u}2] o) 4] PCR
by ATE Kol 39.0%2] AEES 2tk NIES (2019) ¢
- Aol w2 2018 Faroll Al A3 AFAAE of ] Tl sto]|
A 31.3%2] YHV genotype 8 A=E1} 20199 Ad 1159
ALt thstoll A 68.0%2] HEE= HIATHNIFS, 2019). 1
2]31 Kim et al. (2020)-2 20191 Sl A g+ 244k of
o] th3tefl A 100%2] YHV genotype 8 A&51} Blche] A9
ol A 8.9%2] YHV genotype 8 H&E2S H it 78712 PCR
AHE F 4719] th i 714 E& £498}0] GenBank database©]]
blast A 3F A7} b E|Hlo] 2] A 2] open reading frame 1b
(ORF1b)2}97.1-97.4%2] AHEA-S 1 itk
22| HHolA genotype 8 (YHV 8)2] ASES

St EM
=71 o

2 dtollA E53 YHVE ORFlb 9 A7IAE 470
(MZ496303-MZ496306)2} GenBank database®]] 5= 737}
YHVE] ORF1b ¥7| X B} Al F-273H EAS HAet 2
I} YHV genotype 19|4] genotype 87}4] 871 groupS HAI
= A& I8 tHFig. 1).

2 Aol A G534 F7IAEES 2012 of| F=F Hebei

A|9e] §FA] tisK(F chinensis)ol| A A5 &2]% YHV geno-
type 8 G714 D (KX947267)1} 743+ monophyletic groupS &
AJ8Fitk(Fig. 1; Liu et al., 2014; Dong et al., 2017). Dong et
al. (2017)& YHV genotype 8 group?] AlSHE-57314 FAlS
AAeF A3} YHV genotype 1 groupT} 22 cladeS & Al
YHYV genotype 2 group®l 4] YHV genotype 7 groupst+= F+
1571 B 22 elalgiet. 2 o] YHV genotype §
group= YHV genotype 1 group®it ofyz} YHV genotype
7 groupT} 22 cladeE 34Jsto] Dong et al. (2017) A2}
= ZpolE E 4t sk YHV genotype 2, YHV genotype
3 9 YHV genotype 6 group 314+2] monophyletic group<
FA5+ o, YHV genotype 4 groupr} YHV genotype 5+
paraphyletic group 2.2 < = 1 th(Fig. 1).

Mohr et al. (2015)+= & E-5-2 < 9] Joseph Bonaparte Gulf
T A =2 ofn] AEA(P. monodon)E F-310 2 %71
< HARF EAgske] Q1 BAE 3 Ay, HAbE EAeE
FE 7|Eof &eA YHV genotype 194 YHV genotype 6
groupsd+= = A28 YHV genotype 7 group= A2
O 2 HPASH L, FH AR ol A] £-2]% YHV genotype 7¢]
i YAl A Te] WA = s Wi A] 23Tk YHV geno-
type 291 gill-associated virus (GAV)+= ofAY 2 QF4] HEAJL-
of o 230 HAAS Holr 1994d S0 A A3 s
o] X, W Ed3} e =79] FAol| A= HEE I tK(Spann et al.,
1997; Wijegoonawardane et al., 2008). YHV genotype 3] 4|
YHYV genotype 6 groups-> 7743t AEA -0l 4] ofAJof, &
%, Fotael7} A elol 4 wast Lo, ko] e v
3 A A] Fekth(Wijegoonawardane et al., 2008).

# =

2 Aol A A A4 HiSHE chinensis)oll Al &% YHV gen-
otype 8] AlF-E-75H S A2 A1}, 519 tish 4
Aol A A He|= o] H a1t yellow head complex group %
YHYV genotype 8 groupd} 73t cladeE &35t 5= o
SF oAl A ke diste I 915, WY 35 W St
A B 50 Aol $EE 1AL, YHV genotype 1
o] AA 9714 L3 YHV genotype 82] HA| QG 7| A Ho] 714
AR A2 9 tH(Liu et al., 2014; Dong et al., 2017).
SEAIRE, 2 Aol A 2| F R AFAAE TSt A= F=5tt S
o] WA o= Mo Hop kg ie fUsh= YHV
genotype 1 <= genotype 29h= 215 2|2l ¥elo] gl A o=
o AZIth. L2 AL ofAlof B AJA] of 2] 5 7}o] - oFA ol Al
Legw ey A A7 OIEof| H1&5] KAt =]aL glo] o]l
A ookt Al 9-5-9] yellow head complex #9F ofu gt YHV
genotype 82] B/ 9 2ol A WesHA Yol
QA7) ol ol Aok B A0 o] AIr}.
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