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Molecular Characterization of the Duck Enteritis Virus UL4 Gene
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Abstract: Duck enteritis virus (DEV) is a herpesvirus that causes an acute, contagious and fatal disease. In the
present article, the DEV UL4 gene was cloned and sequenced from a vaccine virus. A degenerate oligonucleotide
primer for the consensus site of herpesvirus UL3 gene and a specific primer located in ULS were used in the
polymerase chain reaction (PCR) to amplify a DNA product 2 086 bp in size. DNA sequence analysis revealed
that a 714 bp open reading frame (ORF) of DEV encoding a 237 amino acid polypeptide is homologous to the
family of herpesvirus UL4 proteins and therefore has been characterized as a DEV UL4 gene. Alignment of the
DEV UL4 protein sequence with those of other alphaherpesviruses showed that 10 amino acid residues are
completely conserved. Phylogenetic tree analysis showed that the seventeen alphaherpesviruses viruses analyzed
were classified into four large groups, and the duck enteritis virus branched separately, closely related to the
Mardiviruses group comprising Gallid herpesvirus 2 (GaHV-2), Gallid herpesvirus 3 (GaHV-3) and Meleagrid
herpesvirus 1 (MeHV-1). The present study showed that the evolutionary relationship of the UL4 protein could be
used for classification of alphaherpesviruses.
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Duck viral enteritis is a disease of waterfowl (duck, mutating (18).

goose, and swan) caused by duck enteritis virus The viral genome of DEV comprises a linear and

(DEV), an alphaherpesvirus. DEV causes considerable
economic losses to the commercial duck industry due
to mortality and decreased egg production (12). In
China, the virulence of DEV has increased in
ducklings and geese, and recent reports indicate that
the current DEV vaccine lacks long time efficacy.

These findings suggest that DEV is constantly
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double stranded DNA genome of approximately 180
kb with a structure similar to that of other alphaher-
pesviruses. Some glycoprotein genes of DEV have
been previously characterized and studies of the gH,
UL24, TK , gC, and ULS5 genes suggest that DEV
should be classified into the subfamily of Alphaher-
pesvirinae (13, 14, 17), and is more closely related to
members of the Mardivirus genus than to other
herpesviruses.

Among the herpesviruses, UL4 encodes a non-

@ Springer



172

Virol. Sin. (2009) 24: 171-178

essential and non-structural protein that enhances
virion formation and does not show apparent function
in infected cells in culture or in experimental animal
systems (2, 7, 10). In other studies, it was reported
that UL4 was encoded by a 0.8 kb mRNA (19) and the
product of the human herpesvirus 2 (HHV-2) UL4
gene was a very late (y2) protein that accumulates in
the cytoplasm of infected cells observed as punctate
structures in the nucleus in late infection (23). It was
also found that synthesis of the UL4 protein was
blocked by phosphonoacetic acid, an inhibitor of
DNA synthesis (6). However, there are no reports on
nucleotide sequence and any function of the DEV
UL4 gene. As a result, we could not clone the DEV
UL4 gene based on previous studies. Entire genomic
comparison revealed that the gene order UL6-ULS5-
UL4-UL3 is conserved amongst genomes of most
alphaherpesviruses, in which UL4 is located between
ULS5 and UL3 genes (1, 3, 11). This genetic order
made it possible for us to design a degenerate primer
in a conserved region of the UL3 gene to amplify the
DEV UL4 gene.

The objective of the present study was to clone and
sequence the UL4 gene of the Chinese DEV vaccine

strain by polymerase chain reaction (PCR) using a

specific primer and a degenerate oligonucleotide primer.

The sequence obtained was compared with those of
other herpesviruses. These data are useful for further
study of molecular biology and accurate classification

of DEV.

MATERIALS AND METHODS
Virus strain
A vaccine DEV strain (No. 020318) was provided

by Zhejiang Academy of Agricultural Sciences of
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China and deposited at our laboratory.
DNA extraction

The virus was propagated in the allantoic membrane
of 11-day-old non-immunized duck embryos by
standard methods (22). The preparation of DEV DNA
was performed as described by Hansen et al (9).
Extracts of normal allantoic fluid were prepared and
used as negative controls.
Primers for PCR

Primers SP1, DP1, P1 and P2 are shown in Table

1. Primer positions are indicated with arrows. (Fig. 1).
The conserved sequence of DEV UL3 gene was
shown in Table 2. All primers were synthesized by
Invitrogen Co., Ltd. ( Shanghai ) and were suspended
in double-distilled water to 50 pmol/uL concen-
tration upon arrival.
PCR

The primers SP1 and DP1 were used to amplify the
sequence of the UL4 gene and partial sequence of the
UL3 gene. PCR was performed in 50 pL volumes
containing 5.0 pL of 10x PCR buffer (100 mmol/L
Tris-HC1 (pH 8.3), 500 mmol/L KC1), 5 pL of 25
mmol/L MgCl,, 8 puL of 2.5 mmol/L dNTP mixture, 1
pL of SP1, 5 uL of DP1 and 0.5 pL of Ex Tag DNA
polymerase (TaKaRa). The PCR parameters were 4
min at 95 °C, and 30 cycles of 50 s at 94 °C, 1 min at

Table 1. Primers used in PCR

Primer 5'- 3' sequence

SP1(-) ATATGGCCACTGTGGTAGA
DP1(+) AYAARAGCYTGCARATGTT
P1(+) TCACAGACGGCCATGCAA
P2(-) CGGGGGAGGGGGAAATA

The international union of pure and applied chemical symbols
used to denote multiple nucleotides are: R=A+G, Y=C+T,

@ o

“+”=sense primer, “-’=anti-sense primer.
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Fig. 1. The PCR amplification of the UL4 gene. The genomic structure scheme presented here is drawn according to human

herpesvirus 1. Primer positions and amplification directions are indicated with arrows.

Table 2. The conserved region of herpesvirus UL3 genes that were used to design primers DP1

Virus The conserved amino acid sequences of UL3 Corresponding to nucleotide sequence
BHV-1 NKSLQMF AACAAGAGCCTGCAGATGTTC
EHV-1 NKSLQMF AATAAAAGCCTGCAGATGTTC
HSV-1 NKSLQMF AACAAAAGCCTCCAGATGTTT
HHV-3 HKSLQMF CATAAGAGCCTGCAAATGTTT
GaHV-2 NKSLQMF AACAAGAGCTTGCAAATGTTC

MeHV-1 NKSLQMF AATAAGAGCTTACAAATGTTT
PRV HKSLQMF CATAAAAGCCTGCAGATGTTT
ILTV QKSLQMF CAGAAAAGTTTGCAGATGTTT

Majority NKSLQMF AYAARAGCYTGCARATGTT

Note: GenBank accession numbers are shown in Table 3. The sequence alignment was performed using DNAStar software

(version 7.0).

50°C, 2 min at 72 °C, and a final extension time of 10
min at 72 ‘C. The PCR product was visualized on 1%
agarose gel electrophoresis containing 0.8% pg/mL
ethidium bromide. The negative control was per-
formed under the same conditions.
Sequencing

The PCR product was purified using a Mini Gel kit
(TaKaRa corp). Purified product was cloned into
pMDI8-T vector and transformed into Escherichia
coli (E. coli) DH5a competent cells. The recombinant
clones were selected by the Amp/IPTG/X-Gal agar
plate. All reagents and vectors were purchased from
TaKaRa corp. Sequencing reactions were performed
by the Shanghai Invitrogen Co., Ltd. At least two
recombinant plasmid sequences were 100% matching,
so the nucleotide sequence of target fragment was

finally confirmed.

Cloning of the UL4 complete ORF

The DNA sequences were analysed using the
DNAStar sequence analysis software (version 7.0).
One complete open reading frame (ORF) was found,
hence P1 and P2 (Table 1) were used to amplify the
only complete ORF of the DEV UL4 gene. The PCR
product was cloned into pMDI8-T as described
above.
Sequences analysis of the DEV UL4 gene

Comparison and phylogenetic analysis of the

nucleotide sequences and deduced amino acids of the
DEV UL4 gene with those of other herpesviruses
(Table 3) were performed with DNAStar and BLAST.
Phylogenetic analysis was performed using the
MegAlign program in Lasergene (DNAStar 7.0) with
Clustal V multiple alignment and weight matrix

PAM250 of sixteen reference strains of alphaher-
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Table 3. Reference sequences of alphaherpesviruses used for comparison and phylogenetic analyses

Virus name Abbreviation Genus Accession no. UL4 gene  Accession no. UL4 protein
Cercopithecine herpesvirus 1 CeHV-1 Simplexvirus AF533768 AAP41422
Cercopithecine herpesvirus 2 CeHV-2 Simplexvirus AY714813 AAUS88069

Cercopithecine herpesvirus 16 CeHV-16 Simplexvirus DQ149153 ABA29257
Human herpesvirus 1 HSV-1 Simplexvirus X14112 CAA32340
Human herpesvirus 2 HHV-2 Simplexvirus 786099 CAB06764
Bovine herpesvirus 1 BHV-1 Varicellovirus AJ004801 CAA06130
Bovine herpesvirus 5 BHV-5 Varicellovirus AY261359 AARS86158

Cercopithecine herpesvirus 9 CeHV-9 Varicellovirus AF275348 AAG27231
Equid herpesvirus 1 EHV-1 Varicellovirus NC001491 YP053102
Equid herpesvirus 4 EHV-4 Varicellovirus AF030027 AAC59576
Human herpesvirus 3 HHV-3 Varicellovirus X04370 CAA27939
Suid herpesvirus 1 PRV Varicellovirus NCO006151 YP068372
Gallid herpesvirus 2 GaHV-2 Mardivirus AY510475 AAS01643
Gallid herpesvirus 3 GaHV-3 Mardivirus AB049735 BAB16512
Meleagrid herpesvirus 1 MeHV-1 Mardivirus C002641 NP073297
Gallid herpesvirus 1 ILTV 1ltovirus X97256 CAA65898

pesvirus (Table 3), reliability of the tree was assessed

by bootstrap analysis with 1000 replicates.

RESULTS

Cloning of DEV UL4 gene

Primers SP1 and DP1 were predicted to amplify an
approximately 2 000 bp product of DEV DNA. A 2.0
kb DNA product was observed after electrophoresis of
the PCR products. The product was 2 086 bp in size
and included a complete UL4 sequence which was
determined to be 714 bp in size. The complete
sequence of the DEV vaccine strain UL4 gene was
submitted in the GenBank Database with accession
number EF554397. Using primers P1 and P2, that
were specific to UL4 gene of DEV, a PCR product of
714 bp was amplified and cloned into pMD18-T. The
constructed recombinant plasmid, designated pMD18-
T-UL4, was used as a template to determine the UL4
gene sequence.
Sequence analysis

Sequence analysis indicated that the nucleotide

sequence of the entire UL4 gene ORF was 714 bases

@ Springer

in length and had a base composition of 200 adenine
(28.01%), 149 cytosine (20.87%),
(23.11%), 200 thymine (28.01%), and a GC content of

165 guanine

43.93%. Sequence comparison with other herpes-
viruses revealed that the nucleotide sequence of the
DEV UL4 gene was similar to those of other
herpesviruses, having a homology of 25.1% with
BHV-1, 27.7% with EHV-1, 26.5% with HSV-1,
21.0% with HHV-3, 35.3% with GaHV-2, 35.3% with
MeHV-1, 23.3% with PRV, and 29.8% with ILTV.
The DEV UL4 ORF was deduced to encode 237
amino acids. The encoded protein shared a 25.4%
amino acid identity with BHV-1, 28.0% with EHV-1,
25.6% with HSV-1, 17.2% with HHV-3, 34.5% with
GaHV-2, 33.9% with MeHV-1, 24.8% with PRV, and
25.3% with ILTV.

To analyze the phylogenetic relationships of UL4
with other herpesviruses (Table 3), we constructed a
phylogenetic tree using the UL4 protein sequences. A
representative minimal tree for the UL4 is shown in
Fig. 2. The seventeen herpesviruses were classified

into four major groups with each representing a genus.



Virol. Sin. (2009) 24: 171-178

175

NA

100.0
56.9 E

=

95.3 HHV-3
CeHV-9

BHV-1
BHV-5
PRV

Varicellovirus

100.0——EHV-1

N
i

L_EHV-4

61.0— CeHV-1 —
l(JU.UlE

99.7 Simplexvirus

49.3

CeHV-16
_‘)‘E:“SV-I
HHV-2

CeHV-2
GaHV-2
MeHV-1
GaHV-3

Mardivirus

El:——_\’—l —1 Htovirus

201.1+ T

ILTV

200 150 100

T ol

Amino Acid Substitutions ( X 100)
Bootstrap Trials=1000, seed=111

Fig. 2. Phylogenetic relationships of the DEV UL4 proteins within the subfamily Alphaherpesvirinae. The phylogenetic relationships

were estimated by using the Clustal V method. Sequence distance indicated by the scale was calculated using the PAM250 matrix in

Lasergene. Reliability of the tree was assessed by bootstrap analysis with 1000 replicates.

The Simplexvirus genus consisted of HSV-1, HHV-2,
CeHV-1, CeHV-2 and CeHV-16. The Varicellovirus
genus consisted of BHV-1, PRV, EHV-4, EHV-1,
BHV-5 and HHV-3. The Mardivirus genus consisted
of GaHV-2, GaHV-3, MeHV-1 and had the closest
evolutionary relationship with DEV. The [ltovirus
genus (ILTV) branched as an independent group.

The UL4 amino acid sequence comparison of DEV
with those of other alphaherpersviruses resulted in
identification of ten highly conservative amino acid
residues (Y!', Q®, G, R®, D", Y”, F'* G'2, Y,
L*) in seven consensus regions of alphaherpesvirus
ULA4, although these regions have not been annotated

functionally (Fig. 3).

DISCUSSION
The presence of UL4 gene is reported in the
genomes of a number of members of subfamily
Alphaherpesvirinae (4, 5, 8, 16, 20, 21), but the
corresponding gene in DEV has not yet been reported.

The present study reported the characterization of the

DEV UL4 gene from a DEV Chinese vaccine strain.
In this study a method to clone the DEV UL4 gene
was established and can be used as a more rapid and
effective method to clone a new member of gene
family in comparison with previous methods. The
high fidelity of the Taq enzyme (TaKaRa Ex TaqTM)
was also used to decrease the error rate of the PCR in
this report.

Comparative analysis of viral protein sequences of
alphaherpesvirus showed that the UL4 protein
sequence is not highly conserved as the viruses evolve.
The sequences of the UL4 proteins of DEV and
GaHV-2 exhibit an identity of 34.5%, whereas the
UL4 sequence identity to other alphaherpesviruses
was much lower. Alignment of DEV UL4 protein
sequence with other alphaherpesviruses showed that
the C-terminal amino acids of UL4 is highly variable
(Fig. 4), suggesting that it is likely related to host
specificity of alphaherpesviruses and evolutionary
For example,

relationship amongst the viruses.

Simplexvirus consists of CeHV-1, CeHV-2, CeHV-16,

@ Springer
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HSV-1, and HHV-2 which obviously differ from other
alphaherpesviruses in C-terminal amino acids of ULA4.
Likewise, CeHV-1, CeHV-2, and CeHV-16 differ
from HSV-1 and HHV-2 which infect cercopithecine

and human, respectively. So the evolutionary

relationship of UL4 could be used as an important
basis for classification of alphaherpesviruses.

Alphaherpesviruses are classified into four genera:

DEV
BHV-1
BHV-5
CeHV-1
CeHV-2
CeHV-9
CeHV-16
EHV-1
EHV-4
GaHV-2
GaHv-3
HHV-2
HHV-3
H3v-1
ILTV
MeHV-1
ERV

DEV
BHV-1
BHV-5
CeHv-1
CeHV-2
CeHV-9
CeHV-16
EHV-1
EHV-4
GaHV-2
GaHv-3
HHV-2
HHV-3
HEV-1
ILTV
MeHV-1
PRV

Simplexvirus, Varicellovirus, Mardivirus, and ltovirus
(15). DEV is an alphaherpesvirus, and the genus it
should belong to has not yet been determined. In this
study its evolutionary relationship was analyzed by
construction of a phylogenetic tree. The UL4 gene
selected for the analysis formed four groups of
evolutionarily related viruses. The UL4 of duck

enteritis virus formed a separate cluster that branched

Fig. 3. Conserved sites in the deduced amino acid sequences of UL4 among 17 alphaherpesviruses. Highly conserved sites

were shaded, and the 7 conserved sites in UL4 were named as Site 1, 2, 3, 4, 5, 6 and 7 respectively.

Celu-1  YESP——————— PGGEAEAPLPOPSSPPLOAPGT-—PSPPAUSPASAE-AC ARADLLUEVFWETQLS FILGFEQR i
CeHu-2  YosP- ---PEGEAGAP-PRLPPPPGDAPDA--PSPPAUSPASAE-TE ARADLLUEVHKETQLS PTLGFGPC D
Celu-16 YESP- ~--PEGEAETP-ARPPSPPGESCET--PSPPAUSPASAE-TG ARADLLUEVHKETQLS PTLGFEAY 0P
HSU-1  ¥GSP-------------PEETPGA-----AHCUGAAPP----PPTTACPGTAEFLY PTADLLUEVLREIQLS PALEYADKL Les|
HHU-2  VGTA PEAARGC-----DNAPLDURPT-~TPPAPUSPTAGEFPA-~-=--=-==-==========-~ NTTDLLUEVLREIQIS PTLDDADPT--==-==-====~ PGT|
BHU-1  ¥GOS---T APATAPP PDULEATLQESEI-----RDCDARPS-—----ESRPC-----GEE

BHU-5  ¥60S---L APAARPP PEDULEATLOEAE I ----~ROWGTRPP-~=-=-NPLPC~----GEE---=---=--=-==-| RO
EHU-1  ¥RPP---TLOCHALDCTRAETTUCSTAATTDASESDP-LYADQECDQTOD QDGEHDFLET ILHESDL-----YETHGASA------LLEPCFPCLSHAD

EHU-5  ¥RPS---TUQCHALTCTHUETTCSSHAATTDGSDSEPSUFANQEADNTD QDGCPDFLET ILHESDL-----YEANCP-A------LHEPCFTELSDDS---------------- LP
PRU RPDULRDALREART-----LE

HHU-3 VLR UNRPDDQTTPTPTPHOYTSQRROPE-THCPSS-------- PQPAFFT--SDDDULSLILRDA ANeY
Celu-9  VESU YTKLTSHTSPUQLPQE--PRLRQ--~-----------=------ DIGUYL--YPHOULSSTLHKS LIT|
GaHU-2  YGRHDTFAKTUDHLHLUQHCSRQFYPTUUAEPRKDDPQQNSEAAQULSKSUPGF TEYUEARPTDTLHENTPPILDKFPHISCEDIL IEALREADL ---RHEDSQESPUN------YPSPHPY-GF TEDS--CLLESUKIYP
GaHU-3  YGKPGSLTQTANANRUGHESSARLYCOATADPHKDAHRGSCOP IRSLPENAPE I SKCTEAHE IGAVHGYGPSKUDAF STGYEEDLL TEATREADI---QIDQS-CHPED------ RSSPLAC-CUADAV--DULESARTLPIL
MeHU-1  ¥GOSEILAKPCDHFQHSQQHGPRRTODE1UQ--KNDGSQHHDDUET ITLE-PEYPGCRTTFTIAGHTHHIPGTAE--USDAREDLLAEATREARL -—-Y1SDPSCISDAGTEYEHHDGSLTHL HUPES IEKCYEPCIDQSPUYR
DEU  W----mmmmmmeee LSEESQRHASUSATS-----TUGNDYENLQD [ANQ EQSEEDLLSAATKEANTCUDYISDSESSSRTUNDDLLTS lunEcLEmumncrsuemummﬂ
ILT T TPTCSOSSPESLECPE-------~ESUPRDLUEFARRKAE-

Fig. 4. The diversity in the C-terminal amino acids of UL4 among 17 alphaherpesviruses. Highly variable regions were

boxed. Alignment of UL4 protein sequences was performed using DNAStar 7.0.
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from the group comprising GaHV-2, GaHV-3 and

MeHV-1. This classification indicated that duck
enteritis virus has a higher genetic relationship to
members of the Mardivirus genus (GaHV-2, GaHV-3
and MeHV-1) than to other herpesviruses, and
coincided with the fact that all these four viruses
circulate naturally in avian species, suggesting that
GaHV-2, GaHV-3, MeHV-1 and DEV may came
from a common ancestor in the evolution.

In conclusion, the present study reports the initial
characterization of the DEV UL4 gene of DEV and
sequence analysis indicates that GaHV-2, GaHV-3,
MeHV-1, and DEV are closely related. A more
extensive study incorporating a broader set of gene

sequences and more viral species need to be per-

formed to achieve a more accurate DEV classification.
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