Molecular Analysis of Duck Hepatitis Virus Type 1 Indicates
That it Should be Assigned to a New Picornavirus Genus
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ABSTRACT

The genome sequences of three duck hepatitis virus type 1 (DHV-1) strains were determined. Comparative sequence analyses showed that they possessed a
typical picornavirus genome organization apart from the unique possession of three putative in-tandem 2A genes. The 2A1 protein of DHV-1 was related to the

TableL. Comparison of the 03D field strain and 5886 vaccine strain DHV-1 with representative viruses of the nine picornavirus genera (and the
proposed "sapeloviruses’)

2A protein of and This protein is involved in an unusual proteolytic activity at the conserved NPG | P
Region DAV SRS EETO RO APTRGATS  Cardions  Pepaois  KoBirs  PArschovis  EMOVIS TechovTs
sequence motif at its own carhoxy termmus The 2A2 protein is not related to any known picornavirus protein, but has sequence similarities with the AIG1
protein of plants and gimap5 protein in mammals both of which share an NTPase motif with DHV-1. The 2A3 protein of DHV-1 is related to the 2A protein of 8%~ DPV " SV2 T PEVAT HEVA  HRVA FMDV'ERAVCEMCV TMEV HAVTAEV AV HPeV LV T ERBV © PTV
avian encephalomyelitis virus, Aichi virus, bovine kobuvirus, human parechovirus (HPeV) and the 2A2 protein of Ljungan virus (LV) and contains a H-box/NC PP 978 149 143 152 150 150 116 135 150 137 153 150 143 274 282 129 144
dhomain sim\\:r to the H-revlg? famil¥ ohf proteins. Trzje percentage identity of |hfe polyprote\: aminodaud sequence‘of DHV-1 todall other picornavirL‘ls waz :ess PL 977 118 107 112 123 104 82 145 131 141 116 98 138 269 27.8 123 112
than 30%. The percentage identity of the amino acid sequence at 3D region of DHV-1 with LV and HPeV-1 is only 38.6% and 36.6%, respectively, and less
than 30% with all other picornaviruses. Like parechoviruses and kobuviruses, the DHV-1 capsid polypeptide VPO is not proteolytically cleaved into VP4 and VPO 988 152160 ILT 145 12559 188 172 156 180 149 82 301 297 148 156
VP2. Phylogenetic and evolutionary analysis of DHV-1 reveals it to form a new branch of the Picoraviridae. It is therefore proposed that DHV-1 should be VP 983 100 139 126 100 121 86 19 130 117 139 177 156 273 200 109 100
assigned to a new picornavirus genus VPL 959 127 82 86 98 61 47 160 74 82 135 57 98 242 250 57 66
P2 972 195 130 160 168 139 192 208 162 155 149 187 142 288 204 143 150
INTRODUCTION 2a1 950 NS NS NS NS NS 278 313 NS NS NS NS NS NS 250 313 250
2A2 957 NS 25 99 40 37 NS NS 42 63 62 50 45 56 74 NS NS
Duck virus hepatitis (DVH) is an acute and fatal disease of young ducklings i by its rapid , 2003). It was first described on 2A3 968 NS 97 65 32 65 NS NS 40 89 97 242 54 282 250 NS NS
Long Island in 1949 (Levine and Fabricant, 1950). The major pathologic change in infected ducklings is hepatitis. Three distinct serotypes of duck hepatitis B 975 37 89 143 91 74 118 42 67 101 84 144 84 269 269 50 84
virus (DHV; types 1 to 3) have been described and all were originally classified as picornaviruses (Haider and Calnek, 1979; Toth, 1969), with DHV-1 2 os2 213 204 208 240 200 208 235 200 193 213 224 162 319 48 196 174
considered most like viruses of the genus Enterovirus (Tauraso et al., 1969). Duck hepatitis virus type 2 (DHV-2) has since been re-classified within the
Astroviridae and has been renamed duck astrovirus 1 (genus Avastrovirus) (Gough et al., 1984, 1985; Monroe et al., 2005). No antigenic relationships have P3 986 204 197 192 215 224 147 143 177 185 193 172 139 286 314 152 197
been found between DHV-1 and DHV-3 by the serum neutralization test (McNulty, 2001; Woolcock, 2003). Recently, DHV-3 was also found to be an 3A 978 54 194 65 105 6.6 43 86 102 68 108 154 86 172 118 97 9.9
(aslrnwus |‘1i5||m:l fn;n I:Hdol;her)sequence: avan aslruv\rufses, including m-livrz‘ by ms Ta:\al sbequsm:igg of the plulymevsse'cuding vegiunsl ofhear(:h vihms 3B 100 91 143 o1 81 o5 261° 208 150 150 174 95 NS 200 34 238 120
N.J. Knowles, unpublished data). Among the three types of DHV, DHV-1 is the most widely distributed and most virulent and can cause mortality higher than
b N - %84 148 170 187 14 231 132 99 121 104 154 121 126 236 264 1 1.
80% in ducklings under three weeks of age, while DHV-2 has only reported in the UK and DHV-3 has only found in the USA, both ocur sporadically and a8 ° & BB 04 15 6 W6 w4 1o 70
3D 987 252 203 254 267 252 194 192 201 227 223 203 192 366 386 174 226

cause a low mortality (McNulty, 2001; Woolcock, 2003)

To date, no molecular sequence data have been reported for DHV-1 and this has greatly hindered diagnosis and research. In the present study, we have
determined the complete or nearly complete viral genomes of three DHV-1 strains, including one Taiwanese field isolate (03D), one American vaccine strain

a Al values are pair-wise percentage identity and were calculated using the Clustal W method of DNAstar MegAlign program. All values are for protein
comparisons.
b NS, no significant alignment longer than 14 amino acids.

(5886), and one UK vaccine strain (H).

MATERIALS & METHODS

Virion RNA was extracted by the QlAamp® Viral RNA Mini Kit (QIAGEN Ltd., Hilden, Germany) and
was used in the following study. The MegAlign program (Lasergene® expert sequence analysis
software version 5, DNASTAR Inc., Madison, W1, USA) using the Clustal W method (Thompson et
al, 1994) was used to align nucleotide and amino acid sequences of each gene region of
representative virus strains from the nine genera in the Picormaviridae and the three candidate
“sapeloviruses”. Degenerate PCR primers were designed for each gene region based on conserved
motifs in picornaviruses of different genera (Table 1). Prior to sequencing, PCR products were
purified with either a QIAquick gel extraction kit (QIAGEN Ltd., Hilden, Germany) or High Pure PCR
Product Purification Kit (Roche Diagnostics, Mannheim, Germany). Sequencing was performed
according to the cycle sequencing protocol of ABI Perkin-Elmer. Sequencing products were run on
an ABI Prism 3730 Genetic Analyzer. The nucleotide sequence was derived by assembly of contigs
with the SeqMan program of the Lasergene System v5.0 (DNASTAR Inc., Madison, WI). The
nucleotide sequences were then translated into amino acid sequences. The Blastp (National Center
for Biotechnology Information) and Fasta3 (European Bioinformatics Institute) programs were used
to search protein sequences database in order to confirm that the sequences of the ampliied PCR
products were picornavirus-like and also to confirm to which gene region they belonged. Primer sets
were designed using the sequences obtained allowing intervening regions to be amplified by RT-
PCR and sequenced. The above process of primer design, RT-PCR, sequencing, assembly of
contigs, database search and bioinformatics analyses were repeated several times until the
The and
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preliminary nearly complete polyprotein sequence of DHV-1 was obtained.
accuracy of the preliminary nucleotide sequence was confirmed by the process of primer design and
primer walking. The 5' and 3' ends of the viral genomes were amplified using the 5/3-Rapid
Amplification of cDNA Ends (RACE) Kit (Roche Diagnostics, Mannheim, Germany).
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ig. 1. Overview of HPeV, LV and DHV-1 viral genome organization.
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Fig. 2. P1 aa Neighbor-joining tree, 1000 bootstrap pseudo-replicates
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Fig. 4. P1 nt Neighbor-joining tree, 1000 bootstrap pseudo-replicates

Table. 2. Percentage nucleotide differences between the P1-coding regions of six DHV-1 strains.
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SW 00: New genus ? The six DHV-1 strains sequenced so far are very closely related (Table 2; Fig. 4).
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Table 3. Comparison of the genome features of DHV-1, LV and HPeV. N
Size (amino acids) Predicted N-ternimal cleavage sites = 73) o
Gene DHVI _ Lv® HPeV® _ DHV-L e HPeV ® ALoozsm DGk hepaitis virus |
Polyprotein 2249 22532256 2177-2188 - - - e ——————— o, Parechovirus
P1 731 800-802  768-781 - - -
P2 757 626-629  600-601 E/S E/M; DIM QIS; E/S Larve
P3 761 825827 806 Qs EM Qr
wo o oome m omem i oL i3 30 aa Nefghborjining e, 1000 bootstappeeudoreplcates
NIG
vP1 244 297209 226232 QM QIG;EG; QN
E/S
2A1 20 20 - E/S  EM; DM -
2A2 161 - - GP - -
2A3 124 149-150 SIH GIP QIS; EIG REFERENCES
28 19 138(140) 122 QS QIS QG QG
2c 333 333(334) 320 s EG G oG Gough, R.E., Collins, M.S., Borland, E.D. & Keymer, | F. (1984). Astrovirus-like particles associated
s with hepatits in ducklings. Vet. Rec. 114, 279.

3A 93 130(128) U7 Qs EM QT Gough, RE., Borland, E.D., Keymer, LF. & Stuart, J.C. (1985). An outbreak of duck hepatits type Il
38 34 29 2 Qs ER ER in commercial ducks. Avian Pathol. 14: 227-236.
ac 181 198 194 Qs EIA EIA Haider, S.A. & Calnek, B.W. (1979). In vitro isolation, propagation and characterization of duck
e 453 470 469 QG Qe Qle hepaiits virus type IlI. Avian Dis. 23: 715-72

a LV strains 87-012 (AF327920), 174F (AF327921), 145SL (AF327922), M1146 (AF538689)
b HPeV-1 Hartis (L02971), HPeV-2 Wiliamson (AJOOS695), HPeV-2 86-6760 (AF0S5846), HPeV-3 A308/99 (ABOBAL3), HPeV-3
Cang2853.01 (AJ889918)

¢ There in VP3 of 237 aa and a VP1 of 238 aa.

CONCLUSIONS

Duck hepatitis virus 1 is a picornavirus most closely related to the parechoviruses.
However, genetic distances are large, the closest being with the Ljungan virus 3D
polymerase (38.6% identity). Like Ljungan virus, DHV-1 also has an aphthovirus 2A-like
sequence immediately downstream of VP1. Whether this 2A-like peptide is timmed from
the VP1 terminus is not yet known. DHV-1 also contains a parechovirus 2A-like
polypeptide containing a H-box/NC domain (also found in the 2A proteins of avian
encephalomyelitis virus and kobuviruses). Between these two different 2A regions lies a
161 aa region unique to DHV-1. We predict that this is a distinct polypeptide (possibly a
GTPase), but others have suggested that it is an amino-terminal extension of the
downstream 2A protein (Kim et al., 2006).

We propose that DHV-1 be designated a new picornavirus species and assigned to
anew genus.
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Since live-attenuated vaccine strains are in use in many countries it is possible that
these viruses don't represent the true diversity of DHV-1. Further analysis of viruses
from countries where vaccination is not practised is required.
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Fig. 5. RNA secondary structures predicted to be formed by the 3
UTR of DHV-1.

3' UTR OF DHV-1 RESEMBLES THAT TO DUCK PICORNAVIRUS TW90A

DHV-1 and DPV belonged to different picornavirus genera, but showed a high degree of
similarity in the pairwise alignment nucleotide sequence at 3' UTR region by Clustal W
method. Fig. 5 shows five putative RNA secondary structures formed by the 3' UTR of
DHV-1.
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