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(1JQ804522 ) . A66 #k ( DQ886445 ). C80 Ff
( DQ864514 ) . FZ99 #k ( JX390984 ). FZ86 #f
(JX390982) .ZJ #k (EU841005) .CL #k (EF427899) |
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Table 1. Primers for amplification of viral genome
primers used in this study(5'—3")
fragment positions/nt *
up down

NDHV 1 TTTGAAAGCGGGTGCAT GTTGTGTCACTGGTTGTAATCTCT 1-1238

NDHV 2 CAATTTCYGTGTTRGTGCGGAG GTTAACAATRGTRAGAATGATCTC 1202-2351

NDHYV 3 CAGTTTACYGCCCCACTCTAT TGGCTTCCACCTCCTCTTCAT 2055-2753

NDHV 4 CTCTTCTTTCCACTCCCTGCTCC TTCCACTTCTCCTGCTTGAT 2609-3507

NDHV 5 TTTGATTGAGGCAGGCAGGTT GTTGTGCTCACAAATRTAATC 3088-4336

NDHV 6 CAYAACACTCGYCCAAAACATCA CTCTAACCCARGCCCTAAAT 4331-5243

NDHV 7 CCAGTCTAAKGTGAGGCGTT TAGCCATRTCTTCAATCTTCA 5086-6173

NDHYV 8 TGTCTATGAGGACTCACCCTAT TGTTTRAATGCTTCYGGTCCCTTGC 6091-7221

NDHV3E CAGCYAGTGACAAAGAAAGT CTGATCTAGAGGTACCGGATCC 7053-3end

RTP CTGATCTAGAGGTACCGGATCCT 5

# Primer positions were according to reference viruses FZ86(JX390982) and CL(EF427899) genome; R=A/G;Y =C/T; B=C/G/T; K=G/T.
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1.5 mEEEAM PCR ¥ 18
JCRETE 50 WL AR Z i kAT, 76 0. 2 mL i AR
KINA 5 x Fast Pfu Buffer 10 pL,dNTPs (10 mmol/
L) 1 L, LT3 (20 pmol/uL) % 1 L, cDNA
2 pL,Fast Pfu DNA B&FF (5 U/ul) 0.8 pL, KEH
#aiK % 50 pL, PCR JZ I 41 }:95C 5 min;

94%C 40 s,53 —55°C 40 s, 72°C 2 min,35 MEH;
72C 10 min,4%C Z5 302 Wi, L PCR 729 5 pl 75
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Figure 1. sequence analysis of 5" UTR of duck hepatitis A virus.
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A T72.5% F182. 1% —82.3% Z[i], 5 DHAV-3 ({yJi5  73.4% HI 83. 6% —83.8% Z [A],MPZJ1206 f# 553X 2
WA IR M TR T A R R 43 50 73.1% - B EL DR A A Y38 AR BE B AE 33% LA (L3R 3) .
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Table 2. Information and homology analysis of polyprotein of duck hepatitis A viruses

. . amimo acid sequence homology/ %
protein position ( aa) i X
in cleavage site DHAV-1 DHAV-2 DHAV-3
Polyprotein 1 -2249 - 97.9-99.6 82.1-82.3 83.6-83.8
L 1-30 - 97.3-99.7 80.7 -81.1 84.2 -84.7
VPO 31 -256 L/G 97.6-99.3 75.9 -76.4 78.7 -80. 1
VP3 257 -493 Q/G 98.5-99.2 78.4 -78.9 79.6 -80.4
VP1 494 -731 Q/G 95.8-97.5 70.9 -72.1 75.3-77.0
2A1 732 -751 E/S 99.8 - 100 81.9-86.3 91.6 -92.2
2A2 752 - 1036 G/P 98.1-99.5 62.7 -63.2 65.9 -66.7
2B 1037 - 1155 Q/S 97.5 - 100 92.3-93.0 91.8-92.7
2C 1156 - 1488 Q/8 98.9 - 100 92.7-93.1 92.7-94.2
3A 1489 - 1581 Q/S 98.4 - 100 73.7-75.0 74.3 -76.4
3B 1582 - 1609 Q/8 97.8 - 100 76.4-77.6 80.1-84.3
3C 1610 - 1796 Q/S 99.3 - 100 92.1-93.6 90.4 -91.1
3D 1797 - 2249 Q/G 98.7-99.5 88.0 -88.7 89.3 -89.7
*3 BHIERSLERAFIER RS MPZJ1206 F#kF 5 F IR 1%
Table 3. Information and genomic homology analysis of duck hepatitis A viruses

GenBank alignment results /%
strain name year locations genotype

D NT AA GD
G EU755009 1999 Fujian, China (o [E 45 %) DHAV-3 73.1 83.7 33.5
AP-03337 DQ256132 2004 Korea (i) DHAV-3 73. 4 83.7 33.1
AP-04114 DQ812093 2003 Korea (3 [E) DHAV-3 73.4 83.8 33.1
SD02 GQ485311 2009 Shandong, China ("7 [E 1114 ) DHAV-3 73.3 83.8 33.3
1v GU250782 2009 = China ( 1) DHAV-3 73.3 83.6 33.3
FS EU877916 2008 Guangdong, China (WP E]" %) DHAV-3 73. 4 83.8 33
90D EF067924 2006 *  China (1) DHAV-2 72.5 82.3 34.4
04G EF067923 2006 #  China () DHAV-2 72.5 82.1 34.4
DRL-62 DQ219396 2005 = Korea (4Hi[H) DHAV-1 95.3 98.9 4.9
5886 DQ249301 2005 = China (1) DHAV-1 94.4 97.9 5.9
FZ05 JX390983 2005 Fujian, China (" [E 45 ) DHAV-1 93.5 97.9 6.9
YZ EF427900 2007 %  China (4 [H) DHAV-1 94.8 98.6 5.5
R85952 DQ226541 2005 = USA (£H) DHAV-1 95.5 98.9 4.6
HP-1 EF151312 2006 *  China (F[E) DHAV-1 95.3 98.4 4.9
FZ36 JX390982 1986 Fujian, China( "7 [ #f ) DHAV-1 95.7 98.3 4.4
77 EU395439 2008 = Shandong, China (4 [E 1L %) DHAV-1 95.3 98.4 4.9
Vaccine strain EU395440 2008 = China( 1 [H) DHAV-1 95.5 98. 6 4.7
JH1 EU395436 2008 *  Shandong, China ( H1 [ L7 ) DHAV-1 95.4 98.6 4.9
FS EU395438 2008 Shandong, China ("7 [E L1 4) DHAV-1 95.4 98.5 4.8
GZ EU888310 2003 Guangdong, China (" [HJ %) DHAV-1 95.6 98.6 4.6
Al EF382778 2007 «  Zhejiang (T E#IT) DHAV-1  95.4 98. 4 4.8
HDHV1Z] FJ157176 2008 *  Gansu ("1 [EHH) DHAV-1 95.3 98.2 4.9
CL EF427899 2007 #  Shandong, China ( 1 [E 1174 ) DHAV-1 95.2 98.3 5.0
Du/CH/LGD/111238  JQ804521 2011 Heilongjiang,, China ( H* L) DHAV-1 99.6 99.6 0.4
Du/CH/LGD/111239 JQ804522 2011 Heilongjiang,, China ( H? W) DHAV-1 99.6 99.6 0.4
03D DQ249299 2005 %  China (Y [H) DHAV-1 96.6 99.4 3.2
F799 JX390984 1999 Fujian, China ( H7 [E 45 ) DHAV-1 96.3 98.8 3.8
NA GQ130377 2008 Fujian, China ( 7 [E 452 ) DHAV-1 95.8 98.7 4.3
7] EU841005 2007 Sichuan, China ( #[E g )il ) DHAV-1 96. 1 98.7 4.1
MY GU9446771 2006 Sichuan, China (FrEpPYJI|) DHAV-1 96. 1 98. 6 4.0
€80 DQ864514 2006 % China (1) DHAV-l  96.2 98.7 4.0
H JQ301467 1993 Sichuan, China ( #p[E P4 JI) DHAV-1 96.0 98.5 4.1
X JQ316452 2011 % Sichuan, China ( 9 [ pY)I]) DHAV-1 96.0 98.5 4.2
A66 DQ886445 2007 =  China ( [ ) DHAV-1 96.0 98.4 4.1

NT stands for nucleotide; AA stands for amino acid; GD stands for genetic distance; # refers to the year sequences were submitted to GenBank database.
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Figure 2. molecular evolution of duck hepatitis A viruses. Virus marked with black triangle ( A ) was isolated in this study; Arabia numbers on the

tree node represented confidence values from bootstrap test (1000 replicates) , value number less than 70 were dismissed.
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5" UTR (1748 5 25028 95 55 04 40 I R 41 2L mg 4, DT i
B A PR SON R EZE L I B A G DR N
W% IR 7 B DHAV-1 JE R 4] 5" UTR K& VP1
A Y728 S L AT E- 5 B0 DHAV-1 95 35 (1 H 2L Pk &
A Bl DHAV-1 fy B8 J e P AR o o JB B 5 18
PR R, DA 5 7 Je% e A 7 g o 00 i vz v 1) i IR

% & Lk

[ 1] Liu GQ, Wang F, Ni Z, Yun T, Yu B, Huang J, Chen
J. Genetic diversity of the vpl gene of duck hepatitis virus
type 1 (DHV-1) isolates from southeast china is related to
isolate attenuation. Virus Research, 2008, 137(1), 137-
141.

[ 2 ] Knowles NJ, Hovi T, Hyypia T, King AMQ, Lindberg
AM, Pallansch MA, Palmenberg AC, Simmonds P, Skern
T, Stanway G, Yamashita T, Zell R.
Picornaviridae. // King AMQ, Adams M]J, Carstens EB,

Family

Et A. In virus taxonomy, ninth report of the international
committee on taxonomy of viruses. Elsevier Academic
Press; Amsterdam, The Netherlands, 2012 ; 855-880.

[ 3] Saif YM. &5, SR, S, R, %% 1+ —m).
Jemt: HrE A A, 2005 : 376-389.

[ 4] Wang L, Pan M, Fu Y, Zhang D. Classification of duck
hepatitis virus into three genotypes based on molecular
evolutionary analysis. Virus Genes, 2008, 37 52-59.

[ 5] Http://Www. Oie. Int/Fileadmin/Home/Eng/Health _
Standards/Tahm/2. 03. 08 _Dvh. Pdf

[ 6 ] Ding C, Zhang D. Molecular analysis of duck hepatitis
virus 1. Virology, 2007, 361. 9-17.

[ 7] Kim MC, Kwon YK, Joh SJ, Lindberg AM, Kwon JH,
Kim JH, Kim SJ. Molecular analysis of duck hepatitis
virus type 1 reveals a novel lineage close to the genus
parechovirus In the family picornaviridae. Journal of

General Virology, 2006, 87 3307-3316.



1088

Guanghua Fu et al. /Acta Microbiologica Sinica(2014)54(9)

[8]

[9]

[11]

[12]

[13]

[14]

[15]

Tseng CH, Knowles NJ , Tsai HJ. Molecular analysis of
duck hepatitis virus type 1 indicates that it should be
assigned to a new genus. Virus Research, 2007, 123.
190-203.

Tseng CH, Tsai HJ. Molecular characterization of a new
serotype of duck hepatitis virus. Virus Research, 2007,
126, 19-31.

Kim MC, Kwon YK, Joh SJ, Kim SJ, Tolf C, Kim JH,
Sung HW, Lindberg AM, Kwon JH. Recent Korean
isolates of duck hepatitis virus revealed t he presence of a
new geno- and serotype when compared to duck hepatitis
virus type | type strain. Archives Virology, 2007, 152.
2059-2072.

Fu Y, Pan M, Wang X, Xu Y, Yang H, Zhang D.
Molecular detection and typing of duck hepatitis a virus
directly from clinical specimens. Veterinary Microbiology,
2008, 131(3-4) :247-257.

Su JL, Huang Y, He RL, Zhao JX, Guo YP. Isolation
and identification of novel duck hepatitis virus. Chinese
Journal of Veterinary Medicine Science and Technology,
2002, 32(1) :15-16. (in Chinese)

JRALR B, R AR R, SR B B AW I R
M8 L) . R B BE R, 2002,32(1)
15-16.

Shi S, Cheng L, Jiang B, Wan C, Fu G, Chen H, Lin
F, LinJ, SuJ, Huang Y. Isolation and identification of a
South Korea-type duck hepatitis virus in Fujian province.
Animal Husbandry & Veterinary Medicine, 2010, 42
(12):9-12. (in chinese)

A e KT, TR e PR, MR,
AR AR, B S T RS AT 9 B A Ak A 43
BHKE., FHYSHEE,2010,42(12) :9-12.

Guérin JL, Noutary V, Boissieu C, Albaric O, Wyers M.
Viral pancreatitis and encephalitis of Muscovy ducklings.
Veterinary Record, 2005, 157(11) . 328-328.

Fu G, Chen H, Huang Y, Shi S, Peng C, Jiang B,
Cheng L., Wan C, Fu Q, Lin J, Lin F. Identification and
sequence analysis of duck hepatitis A virus type 1 isolated
from Muscovy duckling with Pancreatitis. Fujian Journal
of Agricultural Science, 2012, 27 (9): 945-950.
Chinese)

fete  BRLLA , B3, b AR, 2R A, TR, e e K,
IR AGRKES MR AR AROY . e R R R B 1 A

(in

[16]

[18]

[19]

[20]

[21]

HORT 5 85 00 B9 2508 K& VPL JE R A0 BT A R b 2 4
2012,27(9) :945-950.

Luo Y, Zhang G, Chen J, Liao M, Xu X, Ren T, Zhang
J, Luo K. Genomic analysis and establishment of
diagnostic technology for Duck hepatitis virus type 1.
Scientia Agricultura Sinica, 2008, 41 (9): 2835-2842.
(in Chinese)

TR, R BRE L, B AR T AR, TR,
BT 1 R AT S5 R Rk 428 K 4140 A 5 R I 5
RIS, HEAL B ,2008,41(9) :2835-2842.

Ma X, Yu K, Wu J, Song M, Liao M, Xin C. Complete
genome sequencing and variations analysis of seven
isolated strains and one vaccine strain of duck hepatitis
virus. Acta Veter inaria et Zootechnica Sinica, 2009, 40
(8):1209-1214. (in Chinese)

W, TR, S, RGO, B, . 7k
WSS JET 08 0 5 0 12 kA T R 1) 4 A PR AL 9 0 o 5 A
ST, B E 27 ,2009,40(8) :1209-1214.

Shi S, Cheng L, Fu G, Chen H, Chen Z, Yang W, Su
J, Huang Y. Genomic sequence of a new serotype duck
hepatitis virus. Acta Microbiologica Sinica, 2009, 49
(3):309-315. (in Chinese)

M R TR, e BRAL M, R Y A DR
BB . W9 T 28 9 B B AL T 2L Ak R A A0 o0 A R
P4 ,2009,49(3) :309-315.

Pan M, Fu Y, Wang X, Xu Y, Wen N, Wang LY,
Zhang D. Isolation and identification of duck hepatitis C
virus. Chinese Journal of veterinary medicine, 2009, 45
(3): 13-14. (in chinese)

WA AR, ERE ks RO, EWH, kKA.
LD C RIS AT 98 05 B B0 r s AN S . P E R R A,
2009,45(3) :13-14.

Yang W, Shi S, Chen H, Wan C, Cheng L, Fu G, Lin
F, Lin J, SuJ, Huang Y. Genomic sequence analysis of
three strains of duck hepatitis virus type 1. Chinese
Agricultural Science Bulletin, 2010,26 (14). 8-12. (in
chinese)

WA B b BRELHE, T B AL, B e TR DA
I REE L IRACR B 3 RRMS AT RO 1 AL AR
FPH 5 AT R 2 5E 4 ,2010,26 (14) :8-12.

Kauder SE, Racaniello VR. Poliovirus tropism and
attenuation are determined after internal ribosome entry.

Journal of Clinical Investigation, 2004 ,113 (12) ;1743-
1753.



e A BURBRIZ NG 1 AU IR 53 2 S AL TR AE. /R 27 41 (2014) 54(9) 1089

[22] Skip Virgin. Pathogenesis of viral infection. //Knipe on duck virus Thepatitis A. Chinese Journal of
DM, Howley PM, Griffin DE, Et Al, Editors. Fields Biotechnology, 2012, 28(7) : 789-799. (in chinese)
virology. 5" eds. Philadelphia, PA: Lippincott Williams FETR A, 28 4, B8 0, BRBE, 5K RIS, X SC 4. g B A
& Wilkins, 2007 : 328 -389. TR PRI R OB ST E . AR W) TR 41 ,2012,28(7) :

[23] Ren L, Li J, Bi Y, Chen C, Zhang D, Liu W. Overview 789-799.

Molecular characteristic of duck hepatitis A virus type 1
causing pancreatitis

Guanghua Fu, Yu Huang” , Qiuling Fu, Longfei Cheng, Chunhe Wan, Shaohua Shi,
Hongmei Chen, Jiansheng Lin, Fang Lin

Institute of Animal Husbandry and Veterinary Medicine, Fujian Academy of Agricultural Sciences, Fuzhou 350013,

Fujian Province, China

Abstract ; [ Objective] We studied the molecular characteristics of the full-length genome of duck hepatitis A virus type 1
causing pancreatitis in Muscovy ducklings. [ Methods] We determined the entire genomic sequence of duck hepatitis A
virus type 1 strain MPZJ1206 using reverse transcription polymerase chain reaction assay and analyzed the bioinformatics of
the viral genome sequence. [ Results] The genome length of strain MPZJ1206 comprised 7703 bases, with a G + C
content of 43.05% . The genome of MPZJ1206 contains a single, long open reading frame encoding a polypeptide of 2249
amino acids, with a genomic organization similar to those of other isolates of duck hepatitis A virus type 1. MPZJ1206 is
identical with previously isolates by 93.5% - 99.6% in nucleotide sequence and 97.9% - 99.6% in amino acid
sequence and shares genetic distance no more than 7% . Phylogenetic analysis based on genome sequence indicates that
MPZJ1206 shares a close genetic relationship with two strains isolated in 2011. [ Conclusion] Although pathotype caused
by MPZJ1206 strain is significantly distinct from those induced by classical isolates of duck hepatitis A virus type 1, the
genome of MPZJ1206 shares high homology with those of previous isolates. The change of pathotype may result from an
alteration in viral tissue tropism of MPZJ1206.

Keywords: duck hepatitis A virus type 1, pancreatitis, molecular characteristic
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