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Genome sequencing of a novel variant of fowl adenovirus B reveals
mosaicism in the pattern of homologous recombination events
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Abstract

We determined the genomic sequence of a Ukrainian strain of fowl adenovirus B (FAdV-B). The isolate (D2453/1) shared
97.2% to 98.4% nucleotide sequence identity with other viruses belonging to the species Fowl aviadenovirus B. Marked
genetic divergence was seen in the hexon, fiber, and ORF19 genes, and phylogenetic analysis suggested that recombination
events had occurred in these regions. Our analysis revealed mosaicism in the recombination patterns, a finding that has also
been described in the genomes of strains of FAdV-D and FAdV-E. The shared recombination breakpoints, affecting the same
genomic regions in viruses belonging to different species, suggest that similar selection mechanisms are acting on the key
neutralization antigens and epitopes in viruses of different FAdV species.

Avian adenoviruses (genus Aviadenovirus, family Adeno-
viridae) comprise 15 species, five of which are associated
primarily with infections of chickens (Fowl! aviadenovirus A
to E) [1]. Fowl adenoviruses (FAdVs) are characterized by
70- to 90-nm icosahedral, non-enveloped, viral particles and
a double-stranded DNA genome of ~42-45 kilobase pairs in
length. A variety of diseases have been ascribed to FAdV
infections. The best-known FAdV-associated diseases in
chickens are inclusion body hepatitis (IBH), hepatitis-hydro-
pericardium syndrome (HHS), and gizzard erosion (GE),
which are usually caused by certain serotypes of FAdV-C,
FAdV-D or -E, and FAdV-A, respectively [2].

FAdV-B has been isolated from cases associated with
lameness, tarsal joint swelling, inclusion body hepatitis,
enteric infections, and cardiac and pulmonary diseases.
FAdV-B differs from other FAdVs in the following features
of its genomic structure: i) it is the longest genome among
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aviadenoviruses, ii) it lacks the 14B and 14C coding ORFs in
the left part of the genome, and iii) it has some unique genes
(including ORF57) encoded at the right end of the genome
[3, 4]. The two whole genome sequences currently avail-
able for FAdV-B are 97.4% identical, with major sequence
variations in the ORF19 coding region [4]. In this study,
we describe and analyze the genome of a novel FAdV-B
strain isolated in Ukraine from an industrial broiler-type
chicken in 2013. The affected flock displayed depression
from 28 days of age. Necropsy, performed at 28-33 days of
age, revealed haemorrhages and atrophy in the bursa. Hem-
orrhage in the breast muscles and legs was also observed.
The excess mortality in the flock was reportedly relatively
low (2.5% or less). Upon routine virological examination,
infectious bursal disease virus and FAdV were isolated from
pools of bursa Fabricii and caecal tonsils in embryonated
eggs and on LMH (chicken hepatocellular carcinoma) cells,
respectively. The isolated FAdV was identified as FAdV-B
using a broad-range FAdV-specific PCR assay that ampli-
fies a fragment of the DNA polymerase gene [5]. Given that
genetic information about FAdV-B strains from Ukraine was
not available, it seemed to be of interest to further charac-
terize this isolate. The genomic information of the isolate
(D2453/1/10,12/13/UA, hereafter D2453/1) can be useful for
monitoring virus circulation, as well as for eventual vaccine
development efforts.

Supernatants of tissue culture showing cytopathic
changes were centrifuged at 10,000 X g for 5 min, and 200
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pL of the supernatant was used for nucleic acid extraction
using the ZiXpress32 Viral Nucleic Acid Extraction Kit and
a ZiXpress32 robot according to the manufacturer’s instruc-
tions (Zinexts Life Science). The extracted DNA was meas-
ured fluorometrically, and the [lumina® Nextera XT DNA
Library Preparation Kit and the Nextera XT Index Kit v2
Set A (Illumina, San Diego, CA, USA) were used to pre-
pare a DNA library. DNA samples were diluted to 0.2 ng/
pL in nuclease-free water (Promega, Madison, WI, USA)
in a final volume of 2.5 pL. Tagmentation was carried out
as recommended by the manufacturer, although at reduced
volume. Incubation steps were carried out in a GeneAmp
9700 PCR System (Applied Biosystems, Foster City, CA,
USA). The final DNA library was purified using a Gel/PCR
DNA Fragments Extraction Kit (Geneaid Biotech Ltd., Tai-
pei, Taiwan). The concentration of the purified DNA sam-
ples was determined using a Qubit 2.0 Fluorometer and the
Qubit dsDNA HS Assay Kit (Thermo Fischer Scientific,
Waltham, MA, USA). The DNA library was pooled with
other DNA libraries, and after denaturation and adjustment
to the required concentration (1.5 pM), the sample was
loaded onto the reagent cartridge of a NextSeq 500/550
Mid Output Flow Cell (Illumina, San Diego, CA, USA) [6].
The 150-cycle sequencing protocol was carried out to obtain
150-nt-long single reads.

FastQ files collected from the four flow cell lanes were
used to assemble the adenoviral genome sequence, using
Genious v 9.1.8 (https://www.geneious.com). A combi-
nation of de novo sequencing and reference mapping was
used to obtain the consensus genome sequence (accession
number: MT500572). Genome annotation was carried out
as implemented in Geneious v 9.1.8 using the genome
sequence of the FAdV-B strain 40440-M/2015 (accession
no. MG953201). The genome of the Ukrainian FAdV-B iso-
late D2453/1 was sequenced at an average depth of ~1175X
(358,847 of 1,550,667 sequence reads mapped on the final
consensus genome sequence). The length of the nearly
complete genome sequence was 45,762 bp, corresponding
to 99.98% coverage, with only five nucleotides missing in
the inverted terminal repeat sequences. The GC content of
the newly sequenced genomic DNA of the Ukrainian FAdV
isolate was 56.3%. It shared 98.4% genome-wide sequence
identity with a Hungarian FAdV-B strain (40440-M/2015)
whose genome sequence was published recently [4], and
97.2% identity with a prototype strain (340) of FAdV-B
[7]. The genome of D2453/1 was found to contain 37 ORFs
(Fig. 1A). A range of 0 to 5.6% and 0 to 20% pairwise nucle-
otide sequence divergence was seen between D2453/1 and
40440-M/2015 and between D2453/1 and 340, respectively
(data not shown).

To further analyze the genome of D2453/1, we performed
Simplot analysis [8] using a genome sequence alignment of
the three FAdV-B isolates (Fig. 1B). We observed genomic
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regions where mutations tended to be more frequent. These
regions included, but were not limited to, the hexon gene, the
fiber gene, and the putative ORF19 coding region. Next, we
performed phylogenetic analysis based on these individual
genes as well as another region with lower sequence diver-
gence (ORF14A). Neighbor-joining (NJ) trees were gener-
ated using the p-distance method to calculate gene-specific
distance matrices [7]. The phylogenetic relationships in the
highlighted genomic regions gave intriguing results that
were consistent with Simplot analysis and permitted us to
conclude that the three FAdV-B strains had a peculiar pat-
tern of recombination events. The Ukrainian FAdV-B strain
shared a closer relationship with strain 340 in the fiber gene
and with 40440-M/2015 in ORF19. In the hexon gene, it
differed significantly for both of the other strains (94.2%
and 94.4% nt sequence identity to 340 and 40440-M/2015,
respectively) (Fig. 1C).

A closer look at the hexon gene revealed intriguing
genetic relationships among FAdV-B strains. A distance
matrix (and an NJ phylogenetic tree) prepared from a
405-nt-long fragment within the loop-1 region of the hexon
gene (corresponding to nt 417 to 821 of the hexon gene of
D2453/1) showed that the Ukrainian FAdV-B isolate was
more similar to the homologous sequence of a West African
chicken-origin FAdV (99.5% nt sequence identity) detected
in 2012 [9] than to the prototype FAdV-B strain 340 (79.8%
nt sequence identity) or the variant FAdV-B strain 40440-
M/2015 (80.7% nt sequence identity) (data not shown) [3,
4]. Interestingly, recombination analysis suggested that the
breakpoints within the hexon gene involved the loop region
where the major antigenic epitopes are located; there-
fore, changes affecting this region may result in altered
antigenicity.

Altogether, the pattern of recombination distribution
shows a mosaicism affecting a small fraction of the genome.
Although the recombination landscape may become more
complex once additional full-length FAdV-B genome
sequences become available, the findings of the present
study are consistent with a recently published work on the
analysis of FAdV-D and FAdV-E genome sequences [10].
Schachner and co-workers analyzed numerous FAdV-A, -C,
-D and -E genomes and identified mosaicism in the patterns
of recombination in FAdV-D and -E genomes, mainly affect-
ing the hexon gene, the fiber gene, and ORF19. As we iden-
tified major recombination breakpoints in the same regions
of the few FAdV-B genomes currently available, our study
supplements these recent observations, demonstrating that
similar selection processes may act on the key neutralization
antigens and epitopes within FAdV-B. Because the present
study implies greater genetic variation among FAdV-B iso-
lates than previously thought, a more complete picture of the
genetic diversity of FAdV-B requires additional sequence
data to be analyzed.
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Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00705-021-04972-9.
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