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Abstract Here, we report the genome sequence of a feral
pigeon alphaherpesvirus (columbid herpesvirus type 1,
CoHV-1), strain HLJ, and compare it with other avian
alphaherpesviruses. The CoHV-1 strain HLJ genome is
204,237 bp in length and encodes approximately 130
putative protein-coding genes. Phylogenetically, CoHV-1
complete genome resides in a monophyletic group with the
falconid herpesvirus type 1 (FaHV-1) genome, distant from
other alphaherpesviruses. Interestingly, the evolutionary
analysis of partial genes of CoHV-1 isolated from different
organisms and areas (currently accessible on GenBank)
indicates that the CoHV-1 HLJ strain isolated from pigeon
(Columba livia) is closely related to the strains isolated
from peregrine falcon (Falco peregrinus) in Poland and
owl (Bubo virginianus) in USA. These results may suggest
possible transmission of the virus between different
organisms and different geographic areas.

Columbid herpesvirus type 1 (CoHV-1), classified in the
Mardivirus genus, subfamily Alphaherpesvirinae and
family Herpesviridae, can lead to high mortality rates in
young pigeons, with clinical signs in infected pigeons
presenting as depression, anorexia or conjunctivitis [1].
Specific lesions can also occur as well as upper respiratory
tract inflammation and ulceration as well as hepatic and
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splenic necrosis [2], and even neurological signs [3, 4]. The
observed clinical signs in pigeon are called Smadel’s dis-
ease [1].

In May 2013, the CoHV-1 HLJ strain was isolated from
an unvaccinated feral pigeon in the KangDa Livestock and
Poultry Disease Consulting Service Centre in Heilongjiang
Province, China [5]. The virus was propagated on primary
chicken embryo fibroblasts, before the nucleocapsid DNA
was purified using the sodium dodecyl sulfate-proteinase K
and phenol/chloroform protocol [6]. A pair of primers
targeting the CoHV-1 glycoprotein B gene (accession
numbers: KU051711) was designed to identify CoHV-1
genome in the DNA we had purified. Furthermore, a total
of 95 pairs of primers (Supplementary table 1) were
designed according to other alphaherpesviruses (accession
numbers: KJ668231; JN542536; JX844666; NC_002577;
AF291866; JQ647509 and AY372243) to amplify the
whole CoHV-1 genome. Subsequently, CoHV-1 genome
sequences were assembled using the Seqman program
(DNASTAR, Madison, WI) and mapped manually. The
CoHV-1 HLJ strain genome sequence has been deposited
in the GenBank database and has the accession number
KX589235.

The CoHV-1 genome was 204,237 bp in length, with an
overall G/C base composition of 61.5%, and it exhibited
class E structural characteristics (Supplementary figure 1),
similar to Falconid herpesvirus 1 (FaHV-1), Gallid her-
pesvirus 2 (GaHV-2), Gallid herpesvirus 3 (GaHV-3) and
Meleagrid herpesvirus 1 (MeHV-1), but distinct from
Gallid herpesvirus 1 (GaHV-1), Anatid herpesvirus 1
(AnHV-1) and Psittacid herpesvirus (PsHV-1), which
contain class D genomes. The E class of herpesvirus gen-
omes contain a Uy and Ug, which are flanked by large
inverted repeat regions. The CoHV-1 genome was anno-
tated to contain 130 potential coding genes based on the
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Fig. 1 Phylogenetic dendrograms analyzing the CoHV-1 HLJ strain
and 8 other alphaherpesviruses. A. The phylogenetic tree was
generated from a multiple alignment of Up. B. The phylogenetic
tree was generated from a multiple alignment of IRy +IRs. C. The tree
was generated from a multiple alignment of Ug. D. The phylogenetic
tree was generated from a multiple alignment of whole genome

criteria outlined in the methods (Supplementary table 2).
The genomic organization was similar to the FaHV-1
genome and the distributions of specific regions were as
follows: the TR region extended from nt 1 to 6998 (67.4%
G/C); the Uy region extended from nt 6999 to 143548
(60.7% G/C); the IRy region extended from nt 143549 to
150546 (67.4% G/C); the IRg region extended from nt
150547 to 172445 (64% G/C); the Ug region extended from
nt 172446 to 182338 (51.5% G/C) and finally the TRg
region extended from nt 182339 to 204237 (64% G/C). The
CoHV-1 genome had the largest genome of any avian
alphaherpesvirus sequenced to date.

To examine possible incongruence between gene
regions and gene region combinations, phylogenetic his-
tory was hypothesized using partitioned Bayesian inference
(BI) to generate a tree to explore the phylogenetic and
molecular evolution of 8 representative genomes, based on
U, IR +IRg, Us and Uy +IR; +1Rg+Ug. The trees in this
study were constructed using MrBayes v.3.1 [7]. Phylo-
genetically, the dendrogram positioned CoHV-1 and
FaHV-1 in a monophyletic group (Figure 1). Although
multiple alignment of the nucleotide sequences of the
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sequences (U +IRp+IRs+Ug). The GenBank accession numbers of
the sequences used are as follows: HHV-1 (NC_001806), AnHV-1
JQ647509), GaHV-1 (IN542536), PsHV-1 (AY372243), GaHV-2
(JX844666), GaHV-3 (NC_002577), MeHV-1 (AF291866) and
FaHV-1 (KJ688231). The red circle represents the CoHV-1 HLJ
strain (colour figure online)

o

FaHV-1 genome (130 gene sequences) along with CoHV-1
genome shared up to 99.4% identity, 81 amino acid
sequences encoding by these genes were inconsistent,
including LORF3, envelope glycoprotein C (gC), ICP4,
LORF5, ICP22, US3, envelope glycoprotein D (gD),
envelope glycoprotein I (gl) and envelope glycoprotein E
(gE) etc (Supplementary table 3). ICP4 is closely related to
the reactivation of latent virus [8]. In addition, glycopro-
teins play a vital role in virus attachment to and penetration
of host cells and are directly related to host range diversity
[9]. These mutations in the CoHV-1 genome sequence may
affect the reactivation capacity of latent virus, virus
attachment and spreading in host cells. These mutations
may even be related to host range diversity.

Phylogenetic trees constructed using partial CoHV-1
DNA-dependent DNA polymerase gene sequences (avail-
able on GenBank) and the corresponding regions of the
CoHV-1 HLJ strain genome as well as two alphaher-
pesviruses suggested that the CoHV-1 HLJ strain isolated
from pigeon (Columba livia) is closely related to strains
isolated from peregrine falcon (Falco peregrinus) in
Poland and owl (Bubo virginianus) in the USA (Figure 2).
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Fig. 2 Phylogenetic dendrograms comparing partial genes from
CoHV-1 sequences accessible on GenBank and the CoHV-1 HLJ
strain. A. The tree was generated from a multiple alignment of 20
partial genes (eighteen CoHV-1, one FaHV-1 and one HHV-1) and
the CoHV-1 HLJ strain. The GenBank accession numbers of the
sequences used were as follows: JX892992, JX892993, 1X892994,
JX892995, 1X892996, 1X892997, 1X892998, JX892999, JX893000,
JX893001, JX893002, JX893003, JX893004, JX893005, JX893006,
JX893007, JX893008, JX893009, FaHV-1 (KJ668231) and HHV-1

These results suggest possible transmission of the virus
between different host organisms and between different
geographic areas.
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