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Abstract
Viruses are believed to be ubiquitous; however, the diversity of viruses is largely unknown because of the bias of previous 
research toward pathogenic viruses. Deep sequencing is a promising and unbiased approach to detect viruses from animal-
derived materials. Although cranes are known to be infected by several viruses such as influenza A viruses, previous studies 
targeted limited species of viruses, and thus viruses that infect cranes have not been extensively studied. In this study, we 
collected crane fecal samples in the Izumi plain in Japan, which is an overwintering site for cranes, and performed metagen-
omic shotgun sequencing analyses. We detected aviadenovirus-like sequences in the fecal samples and tentatively named the 
discovered virus crane-associated adenovirus 1 (CrAdV-1). We determined that our sequence accounted for approximately 
three-fourths of the estimated CrAdV-1 genome size (33,245 bp). The GC content of CrAdV-1 genome is 34.1%, which is 
considerably lower than that of other aviadenoviruses. Phylogenetic analyses revealed that CrAdV-1 clusters with members of 
the genus Aviadenovirus, but is distantly related to the previously identified aviadenoviruses. The protein sequence divergence 
between the DNA polymerase of CrAdV-1 and those of other aviadenoviruses is 45.2–46.8%. Based on these results and 
the species demarcation for the family Adenoviridae, we propose that CrAdV-1 be classified as a new species in the genus 
Aviadenovirus. Results of this study contribute to a deeper understanding of the diversity and evolution of viruses and pro-
vide additional information on viruses that infect cranes, which might lead to protection of the endangered species of cranes.
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Introduction

Virus research has long focused mainly on viruses that cause 
disease in humans, as well as those that are economically 
important to animals and plants, and thus a large number of 
viruses that do not cause disease or cause mild symptoms 
in hosts have been overlooked. Considering the entire viro-
sphere, presently identified viruses are believed to be just the 
tip of the iceberg: for example, a previous study estimated 

that only 0.005% of viruses have been discovered thus far 
[1]. Therefore, for a deeper understanding of the diversity 
and evolution of viruses, it is important to continue search-
ing for unidentified viruses.

Unbiased detection is important for exploring the viro-
sphere. Deep sequencing is a promising and unbiased 
approach to detect novel viruses in organisms or from envi-
ronmental samples [2]. Several reports have shown that 
this approach is also useful for noninvasive investigation 
of viruses in animal-derived samples such as fecal speci-
mens from wild animals [3]. Indeed, many viruses that are 
probably non-pathogenic or mildly pathogenic have been 
detected in animal samples by deep sequencing [2].

The Izumi plain (Fig. 1) is an overwintering site for 
many birds, including cranes and ducks. Over 10,000 
cranes spend the winter in this plain, including the hooded 
crane (Grus monacha), white-naped crane (G. vipio), 
sandhill crane (G. canadensis), common crane (G. grus), 
Siberian crane (G. leucogeranus), and demoiselle crane 
(G. virgo) [4]. G. monacha and G. vipio, which are the 
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major crane species in the plain, are also listed as vulner-
able species in the International Union for Conservation 
of Nature (IUCN) Red List (https​://www.iucnr​edlis​t.org).

Although surveillance of cranes for known viruses such 
as influenza A viruses [5–8] has been conducted at this 
site, the viruses targeted have been limited. Thus, unbiased 
virus surveillance in this site could lead to the discovery 
of novel viruses.

In this study, to identify novel viruses, we collected 
crane fecal samples from this site and analyzed them by 
deep sequencing. We found a novel adenovirus and ten-
tatively named it crane-associated adenovirus 1 (CrAdV-
1). CrAdV-1 clusters phylogenetically with members of 
the genus Aviadenovirus, but is distantly related to known 
viruses in the genus. We propose that this virus be consid-
ered a novel species in the genus Aviadenovirus. Results 
of this study can aid in our understanding of the diversity 
and evolution of viruses.

Materials and methods

Sample collection

On 20 November 2016, six fecal samples were collected in 
the Izumi plain, Japan. Feces were obtained with dispos-
able plastic spoons and introduced into sterile 2-ml sample 
tubes, which were placed on ice. The fecal samples were 
transported to the laboratory in a cooler with ice packs for 
storage at – 80 °C.

Metagenomic analysis of fecal samples

DNA was extracted from fecal samples using QIAamp 
DNA Stool Mini Kit (Qiagen, Germany) according to the 
manufacturer’s protocol. Library construction and deep 
sequencing were performed on the paired-end Illumina 
HiSeq sequencing platform (HiSeq 2500, 2 × 150 bp) by 
GENEWIZ (USA). The obtained sequences were registered 
in the DDBJ Sequence Read Archive (DRA) (accession 
numbers DRR173096-DRR173101).

Identification of the host species

To identify the host origin of the fecal samples, 34,400 bird 
barcode sequences of the mitochondrial gene, cytochrome 
oxidase subunit 1 (COI), were downloaded from the Bar-
code of Life Data (BOLD) System [9]. Using the entire 
sequence from each sample, a BLASTn search [10] was 
performed against the downloaded sequences. The sensitiv-
ity parameters used were as follows: -evalue 1e−10 -dbsize 
3,200,000,000. The hits were then filtered to retain only 
those with a bit score of at least 210, and species associated 
with sequences showing the highest bit score were assumed 
to be the host species from which each feces sample was 
obtained.

Identification of virus‑like sequences in the deep 
sequencing data

The sequence reads were individually preprocessed using 
fastp [11] and then co-assembled using metaSPAdes 3.11.1 
[12] with multiple k-mers (55, 65, and 77). The resultant 
contigs were used for the downstream analyses. The result-
ant contigs with equal to or greater than 1000 nucleotides 
were extracted using SeqKit [13], which were used for the 
following three-step virus-like sequence similarity searches. 
First, using the extracted contigs as queries, an MMseqs2 
search [14] was performed with the RefSeq viral protein 
database as a target database (downloaded from NCBI Viral 
Genomes, https​://www.ncbi.nlm.nih.gov/genom​e/virus​es/). 

Fig. 1   Location of the Izumi plain. The location of the Izumi plain is 
indicated by the black circle

https://www.iucnredlist.org
https://www.ncbi.nlm.nih.gov/genome/viruses/
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In response to the sequence similarity search results, the 
second MMseqs2 search was conducted against the RefSeq 
protein database. Finally, a BLASTx [10] search was per-
formed against the NCBI nr database using sequences with 
the best hits for viral sequences in the second MMseqs2 
searches as queries. The query sequences with the best hits 
for viral proteins were regarded as virus-like contigs and 
analyzed in detail manually.

Amplicon‑seq

PCR and amplicon sequencing were conducted to determine 
the CrAdV-1 genome sequence. PCR was performed with 
30 ng of DNA using Phusion Green Hot Start II High-Fidel-
ity DNA Polymerase (Thermo Fisher Scientific, F537S) and 
the primers listed in Table 1. The PCR conditions were as 
follows: an initial denaturation at 98 °C for 30 s; 30 cycles of 
98 °C for 10 s, 66 °C for 30 s, and 72 °C for 2 min 30 s; and 
a final extension at 72 °C for 10 min. The bands obtained 

with expected sizes were purified and then mixed. A library 
was then prepared from the mixed amplicons using a NEB-
Next Ultra II DNA Library Prep Kit (NEB, E7645S) and 
sequenced on the Illumina NextSeq platform.

The obtained sequence reads were preprocessed using 
fastp [11], and then 1% of the preprocessed reads were 
extracted in SeqKit [13]. The extracted reads were assem-
bled using SPAdes [15], and the resulting contigs were 
analyzed by BLASTn searching against the adenovirus-like 
contigs identified in the first metagenomic analysis. The 
obtained amplicon-seq data and final contig were deposited 
in DDBJ (accession numbers DRR173095 and LC469780, 
respectively).

Gene annotation

A BLASTx search was performed against RefSeq protein 
sequences of viruses in the genus Aviadenovirus (taxid: 
10552) using the partial genome sequence of CrAdV-1 as 
a query with the options word size 2 and e-value threshold 
1e−4. The results of the BLASTx analysis were used for 
manual annotations. Splicing sites were deduced from those 
present in the genomes of other aviadenoviruses.

Mapping metagenomic reads to the CrAdV‑1 contig

The preprocessed reads were individually mapped to the 
CrAdV-1 contig using Bowtie 2 version 2.3.4.3 [16], and 
the numbers of mapped reads were counted in BamTools 
2.5.1 [17].

Nested‑PCR for detection of crane‑associated 
adenovirus 1

The first PCR was carried out using 120 ng of DNA as a tem-
plate with Phusion Green Hot Start II High-Fidelity DNA 
Polymerase and primers HKB212 and HKB213 (Table 1). 
The PCR conditions were as follows: a first denaturation at 
98 °C for 30 s; 30 cycles of 98 °C for 10 s, 61 °C for 30 s, 
and 72 °C for 40 s; and a final extension at 72 °C for 10 min. 
The PCR products were purified using innuPREP PCRpure 
Kit (Analytik Jena). The second PCR was performed using 1 
out of 50 µl of each eluate as a template with Green Hot Start 
II High-Fidelity DNA Polymerase and primers HKB214 and 
HKB215 (Table 1). The PCR products were analyzed in a 
MultiNA DNA 1000 (Shimadzu, Japan) microchip electro-
phoresis system.

Molecular evolutionary analyses

Phylogenetic analyses were performed using DNA poly-
merase or hexon gene sequences obtained in this study and 
those listed in Supplementary Table 1. The deduced amino 

Table 1   Primers used in this study

Name Sequence (5′ to 3′) Note

YM_ta_1 CTC​TCC​AGT​TCT​CAT​TGG​TCT​TGT​
TG

Amplicon-seq

YM_ta_2 GGT​GCA​AGA​TCG​GTT​GCT​CC Amplicon-seq
YM_ta_3 GGG​TGG​TAG​TGG​TGC​ATT​TGC​ Amplicon-seq
YM_ta_4 GCT​ACT​GGA​GCT​GCA​CGT​G Amplicon-seq
YM_ta_5 AGA​TCA​GCT​TAA​TCT​ACT​CAG​GTA​

CCTG​
Amplicon-seq

YM_ta_6 TCC​CAT​ATC​TAA​CAC​CCA​ACT​GTC​
TC

Amplicon-seq

YM_ta_7 CGC​CCA​GCA​AAT​TGG​AGA​AAT​AGA​ Amplicon-seq
YM_ta_8 GAA​GCT​TGC​GAG​GAT​GTC​TCC​ Amplicon-seq
YM_ta_9 CCT​CCA​CCT​TCA​ACA​CCA​TCC​ Amplicon-seq
YM_ta_10 GTC​TGG​AAC​TTC​TAC​ATG​TGA​AGG​

TG
Amplicon-seq

YM_ta_11 AAA​ATG​GTG​GTC​CAA​TAG​ATA​GTG​
ATGC​

Amplicon-seq

YM_ta_12 GGT​TAT​TCA​TGG​CTG​GCA​TGG​ATT​
AC

Amplicon-seq

YM_ta_13 CCA​ACT​GCA​GGA​CAT​GCT​TCAC​ Amplicon-seq
YM_ta_14 CTA​CGT​CAG​TCA​GTG​GGT​GTA​TAC​

TC
Amplicon-seq

YM_ta_15 TCC​CAC​AAT​TTC​ATT​TGA​ATG​TTG​
CAAC​

Amplicon-seq

YM_ta_16 AGC​ACA​TCC​AAA​CCC​AAG​AACAG​ Amplicon-seq
YM_ta_17 ATG​TGT​GTT​AAC​CCA​AAC​ATC​ACC​

AC
Amplicon-seq

YM_ta_18 GGT​TGT​GGA​CTT​GAA​GGA​AGAGG​ Amplicon-seq
HKB212 GGT​CAT​TGT​CCT​TTT​GCA​GC Nested-PCR
HKB213 TCT​GCT​AAT​GCT​TCC​ACG​TC Nested-PCR
HKB214 CCA​CAG​TAC​TTG​GGC​CTT​AC Nested-PCR
HKB215 GTC​CAC​ACT​AAT​CTG​CCA​CC Nested-PCR
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acid sequences were aligned using the L-INS-i algorithm in 
MAFFT v7.407 [18] and then phylogenetically analyzed. 
The multiple alignment files are available in Supplemen-
tary Materials. Phylogenetic relationships of the DNA poly-
merase and hexon genes were inferred using the maximum 
likelihood method with LG + G + I and LG + G + F models, 
respectively, that were determined by the Find DNA/Protein 
models function in MEGA X [19]. The reliabilities of the 
trees were assessed by 100 bootstrap replicates.

Pairwise distances between the DNA polymerase 
sequence of CrAdV-1 and other aviadenoviruses were com-
puted in MEGA X using the p-distance model.

Results

Determination of the origins of samples from deep 
sequencing reads

To explore viruses that infect cranes, we collected six sam-
ples that were visually identified as crane feces in the Izumi 
plane in Japan (Fig. 1). We extracted DNA from the samples 
and performed deep sequencing on an Illumina HiSeq plat-
form. We obtained approximately 30.5–40.5 M read pairs 
for each sample.

To investigate the host species from which each fecal 
sample was obtained, we compared the sequence reads of 
each sample with bird barcodes (the cytochrome oxidase 
subunit 1 gene in the BLOD database). The results of this 
analysis are summarized in Supplementary Table 2. The 
most common BLAST hit from sequence reads of the six 
samples (S85, S86, S87, S89, S90, and S91) was G. mona-
cha (hooded crane), which is the predominant crane species 
in the Izumi plain [4]. Although G. grus was the second 
most common species identified from the six samples, only 
a few common cranes were observed in the Izumi plain [4]. 
Therefore, we assumed that each of the six fecal samples was 
obtained from the Grus genus and likely all were obtained 
from G. monacha.

Detection of adenoviral sequences in crane fecal 
samples by deep sequencing

To detect viral sequences in the fecal samples, we performed 
DNA-seq analyses (Fig. 2a). We first co-assembled all the 
sequence reads. We extracted the resulting cross-contigs that 
were greater than or equal to 1,000 nucleotides in length 
and performed homology search-based analyses using these 
contig sequences. We found that the best BLASTx hits for 
the four contigs were for aviadenovirus proteins (data not 

shown), suggesting that these contigs were derived from 
aviadenoviruses in the crane feces. Interestingly, the ten-
tatively annotated DNA polymerase of the detected virus-
like sequences showed relatively low amino acid identities 
(approximately 46–52%) with sequences of known adeno-
viruses, strongly suggesting that these sequences may be 
derived from a novel adenovirus. We tentatively named this 
virus CrAdV-1 and further analyzed the sequence.

Determination and analysis of the crane‑associated 
adenovirus 1 genome sequence

Next, we attempted to fill the gaps between the contigs to 
determine the CrAdV-1 genome sequence (Fig. 2a). To do 
so, we designed primers that bound to the identified contigs 
and performed PCR and an amplicon-seq analysis using one 
of the CrAdV-1 positive samples (sample ID 293; Table 2) as 
a template. We assembled 1% of the preprocessed sequence 
reads, which was optimal for assembly (data not shown), 
and obtained an adenovirus contig of 33,245 nucleotides 
in length with an average coverage of approximately 292 ×. 
Based on genome sizes of other aviadenoviruses (about 
41–45 kb), this contig probably covers approximately three-
fourths of the CrAdV-1 genome.

We next analyzed the features of the CrAdV-1 genome. 
The GC content of the genome is very low (34.1%) com-
pared to that of other aviadenoviruses (44.7–66.9%) 
(Table 3). CrAdV-1 genome contains at least 25 open read-
ing frames homologous to those in other aviadenoviruses 
(Fig. 2b), and the central region of the CrAdV-1 genome is 
almost identical to those of other aviadenoviruses (Fig. 2b). 
Some aviadenoviruses have been reported to encode only 
one fiber gene, whereas others encode two fiber genes [20]. 
CrAdV-1 apparently encodes one fiber gene (Fig. 2b). We 
detected a tandem repeat at the right end of the identified 
contig (Fig. 2b). To exclude the possibility of misassembly, 
we also performed PCR and direct Sanger sequencing for 
this region, and confirmed that the repeats are indeed pre-
sent in the CrAdV-1 genome (data not shown). This repeat 
consists of 297-bp repetition units showing 98.7% nucleotide 
identity.

Molecular evolutionary analyses of CrAdV‑1

To gain insights into evolutionary relationships among 
adenoviruses, we performed phylogenetic analyses of DNA 
polymerase and hexon genes. The DNA polymerase tree 
showed that CrAdV-1 clusters with members of the genus 
Aviadenovirus but is distantly related to known aviadeno-
viruses (Fig. 3a). The hexon gene tree showed a topology 
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similar to that of the DNA polymerase tree (Fig. 3b). We 
also calculated pairwise distances between CrAdV-1 and 

other aviadenovirus sequences, and showed that these dis-
tance ranged approximately 45–47% (Table 4). These results 
revealed that CrAdV-1 is an aviadenovirus distantly related 
to known aviadenoviruses.

Prevalence of crane‑associated adenovirus 1 
in the collected fecal samples

To investigate the prevalence of CrAdV-1 in the six fecal 
samples collected, we first mapped the metagenomic 
sequence reads from each sample to the CrAdV-1 genome. 
We found that two of the six samples (samples 293 and 346) 
contained many sequence reads that mapped to the CrAdV-1 
genome (Table 2), suggesting that they were derived from 
CrAdV-1-infected individuals. Another two samples (sam-
ples 302 and 332) did not contain any reads that mapped to 

a 

b 

Contigs

Short reads

CrAdV-1 contigs

Final CrAdV-1 contig

De novo assembly 

Homology searches

PCR and amplicon-seq 

Fig. 2   Genome organization of CrAdV-1. a Strategy to determine the 
CrAdV-1 genome. b CrAdV-1 genome organization. The numbers 
show nucleotide positions in the CrAdV-1 contig (accession number 

LC469780). The boxes indicate open reading frames, and the thin 
lines show putative introns. TR tandem repeat

Table 2   Crane fecal samples used in this study

ND not done

Sample ID DRA accession number Number of 
mapped read pairs

PCR

293 DRR173095 174  + 
302 DRR173096 0  − 
331 DRR173097 4  + 
332 DRR173098 0  − 
345 DRR173099 4  + 
346 DRR173100 2016 ND
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the CrAdV-1 genome. The remaining two samples (331 and 
345) contained two read pairs that mapped to the CrAdV-1 
genome.

To clarify whether the samples really contained CrAdV-1 
DNA, we performed a nested-PCR analysis on five of the 
six samples, with primers targeting the CrAdV-1 DNA poly-
merase gene (Due to a shortage of the sample, 346 was not 
included in this analysis). We detected bands of the expected 
size from three samples: 293, 331, and 345 (Fig. 4). These 
results revealed that at least four samples, 293, 331, 345, and 
346, were positive for CrAdV-1 DNA.

Discussion

In this study, we analyzed fecal samples from cranes in the 
Izumi plain of Japan and discovered a novel adenovirus 
distantly related to known adenoviruses. To the best of our 
knowledge, this study is the first to detect an adenovirus in 
crane-related samples. Importantly, the DNA polymerase 
gene of CrAdV-1 is distantly related to other aviadenovi-
ruses: the pairwise distances of DNA polymerase amino 
acid sequences from CrAdV-1 and other aviadenoviruses 
are 45.2–46.8% (Table 4), meeting the species demarca-
tion criterion for adenoviruses [21] (also available at https​
://talk.ictvo​nline​.org/ictv-repor​ts/ictv_9th_repor​t/dsdna​ 
virus​es-2011/w/dsdna​_virus​es/93/adeno​virid​ae). In addi-
tion, the nucleotide composition of CrAdV-1 (34.2% G+C) 
is drastically different from that of other aviadenoviruses 
(44.7–66.9% G+C) (Table 3). Thus, CrAdV-1 is an aviad-
enovirus that is distinct from other aviadenoviruses. Based 

on these data, CrAdV-1 is a novel species in the genus 
Aviadenovirus.

The discovery of CrAdV-1 indicates the existence of 
unidentified aviadenoviruses. The phylogenetic distances 
between CrAdV-1 and other aviadenoviruses are large rela-
tive to those between known aviadenoviruses (Fig. 3), sug-
gesting that viruses that fill the phylogenetic gaps between 
them may exist, as previously proposed [2]. Therefore, fur-
ther studies should be undertaken to discover novel virus 
species in the genus Aviadenovirus.

CrAdV-1 showed extremely low GC content (34.2% 
G+C) compared to the other aviadenoviruses (44.7–66.9% 
G+C). A previous study has shown that GC content is 
positively correlated with the genome size of adenoviruses 
[22]. Although genome sizes do not vary extensively among 
members of the genus Aviadenovirus, it would be still inter-
esting to identify the whole genome sequence of this virus.

There is a tandem repeat sequence at the right end of the 
identified contig (Fig. 2b). Tandem repeats are also present 
in the genomes of several other aviadenoviruses [23–26]. 
Interestingly, the tandem repeats are all located in a similar 
region: they are present at the right side of the genomes. The 
biological roles of these tandem repeats are so far unknown 
[27]. Unfortunately, we could not determine the genome 
ends, and therefore were not able to assess the coding capac-
ity of this region. Further sequencing and molecular biologi-
cal analyses are needed to understand the biological function 
of the tandem repeat.

Here, we showed the effectiveness of using deep 
sequencing to identify the origins of fecal samples. In the 
Izumi plain, several species of cranes and ducks are liv-
ing together [5]. We collected presumed crane feces based 
on their sizes, but this presumption may have been inac-
curate. However, our deep sequencing analyses showed 
that the samples were indeed derived from cranes, and 
probably from G. monacha specifically (Supplementary 
Table 2). Although we cannot completely exclude the pos-
sibility that the viral nucleic acids were contaminants from 
other sources, our data strongly suggest that CrAdV-1 was 
present in the feces of G. monacha. Note that G. mona-
cha might not be a host for CrAdV-1 because we cannot 
completely exclude the possibility that the virus merely 
infected the diet of the cranes. However, considering 
the small genomic size of aviadenoviruses (~ 46 kb) and 
the presence of tremendous amounts of bacterial DNA, 
which are much larger than viral DNA, the proportion 
of CrAdV-1 reads in sample 346 was considerably high 

Table 3   G+C contents of aviadenoviruses

Virus name Accession number GC%

Crane-associated adenovirus 1 LC469780 34.2
Goose adenovirus 4 NC_017979.1 44.7
Duck adenovirus 2 NC_024486.1 46.1
Turkey adenovirus 4 NC_022612.1 48.5
Pigeon adenovirus 2 NC_031503.1 48.6
Turkey adenovirus 5 NC_022613.1 51.6
Psittacine aviadenovirus B NC_039032.1 52.0
Fowl adenovirus D AC_000013.1 53.8
Fowl adenovirus D NC_000899.1 53.8
Fowl adenovirus A AC_000014.1 54.3
Fowl adenovirus A NC_001720.1 54.3
Fowl adenovirus C NC_015323.1 54.6
Fowl adenovirus 5 NC_021221.1 56.5
Fowl adenovirus 6 NC_038332.1 57.9
Fowl adenovirus E NC_014969.1 57.9
Pigeon adenovirus 1 NC_024474.1 63.8
Turkey adenovirus 1 NC_014564.2 66.9

Fig. 3   Phylogenetic tree of adenoviruses. Maximum likelihood trees 
were reconstructed using amino acid sequences deduced from the 
adenovirus DNA polymerase (a) and hexon (b) genes. The black cir-
cles indicate CrAdV-1. Bootstrap values less than 70% were omitted. 
Scale bars indicate amino acid substitutions per site

◂

https://talk.ictvonline.org/ictv-reports/ictv_9th_report/dsdna-viruses-2011/w/dsdna_viruses/93/adenoviridae
https://talk.ictvonline.org/ictv-reports/ictv_9th_report/dsdna-viruses-2011/w/dsdna_viruses/93/adenoviridae
https://talk.ictvonline.org/ictv-reports/ictv_9th_report/dsdna-viruses-2011/w/dsdna_viruses/93/adenoviridae
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a
YP_004191813.1 Fowl aviadenovirus E
NP_050281.1 Fowl aviadenovirus D
YP_008719820.1 Turkey aviadenovirus 4

YP_007985646.1 Fowl aviadenovirus 5
YP_004346921.1 Fowl aviadenovirus C

YP_008719852.1 Turkey aviadenovirus 5
NP_043878.1 Fowl aviadenovirus A
YP_003933581.1 Turkey adenovirus 1

AGH58206.1 Gull adenovirus
YP_009508600.1 Psittacine aviadenovirus B

ASP44405.1 Marten adenovirus type 1
YP_009047094.1 Pigeon adenovirus 1

YP_009310429.1 Pigeon adenovirus 2
YP_009047155.1 Duck adenovirus 2

YP_006383556.1 Goose adenovirus 4
Crane-associated adenovirus 1

YP_009252208.1 Penguin siadenovirus A
NP_047384.1 Turkey adenovirus 3

YP_004935931.1 Skua adenovirus 1
NP_062435.1 Frog adenovirus 1

YP_002213842.1 Human mastadenovirus B
YP_009246380.1 Bat mastadenovirus WIV10

YP_009553556.1 Polar bear mastadenovirus 1
YP_009112716.1 Psittacine adenovirus 3

YP_009051654.1 Lizard adenovirus 2
YP_001552247.1 Snake adenovirus 1

NP_044702.1 Duck atadenovirus A
YP_009414575.1 Odocoileus adenovirus 1

NP_659515.1 Ovine adenovirus 7
NP_077389.1 Bovine atadenovirus D

YP_007346998.1 Bovine adenovirus 6

100

100

100

95

90

100

100

100

100

100
100

100
100

100

100

100

89

100

100

0.2

DNA polymerase

Aviadenovirus

Siadenovirus

Mastadenovirus

Atadenovirus

YP_004191821.1 Fowl aviadenovirus E
NP_050287.1 Fowl aviadenovirus D

YP_008719828.1 Turkey aviadenovirus 4
YP_007985654.1 Fowl aviadenovirus 5

YP_003933589.2 Turkey adenovirus 1
YP_008719860.1 Turkey aviadenovirus 5

NP_043886.1 Fowl aviadenovirus A
YP_004346929.1 Fowl aviadenovirus C

YP_009508608.1 Psittacine aviadenovirus B
ASP44404.1 Marten adenovirus type 1
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(2016 reads were mapped to the CrAdV-1 contig, which 
accounts for approximately 0.0054% of the total reads; 
Table 2). Additionally, previous studies have shown no 
evidence that G. monacha eats small birds at the sampling 
site [28–30]. Finally, CrAdV-1 DNA is also detected in 
conjunctival swabs of G. monacha (Ozawa et al., unpub-
lished data). These data suggest that CrAdV-1 infected G. 
monacha. However, further studies, using other samples 
such as those from several organs, are needed to confirm 
the hosts of CrAdV-1.

Assuming that CrAdV-1 infects G. monacha, our analy-
ses also suggest that CrAdV-1 is circulating in the crane 

population. Although the sample size was small, our 
analyses revealed that at least four of the six crane fecal 
samples contained CrAdV-1 DNA (Fig. 4; Table 2). These 
data suggest that multiple individuals were infected with 
CrAdV-1. Further molecular epidemiological studies are 
needed to understand the biology of CrAdV-1.

The discovery of CrAdV-1 might be also important 
from the perspective of protecting threatened species. In 
this study, we detected CrAdV-1 in cranes, probably G. 
monacha, which is listed as a vulnerable species in the 
IUCN Red List (https​://www.iucnr​edlis​t.org). Addition-
ally, the Izumi plane is an overwintering site for several 
other species of cranes, including G. vipio, which is also 
an IUCN vulnerable species. Some adenoviruses, such 
as fowl adenoviruses, are known to be pathogenic [31]. 
Although it remains unclear whether CrAdV-1 causes dis-
ease, these baseline data may be important for the protec-
tion of cranes. Further studies are needed to address this 
issue.

Taken together, results from this study contribute to 
a deeper understanding of the diversity and evolution of 
viruses, and may contribute to the conservation of threat-
ened species. We focused only on eukaryotic DNA viruses 
and not on others such as bacteriophages and RNA viruses. 
Therefore, further analyses may reveal additional novel 
viruses in cranes.
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Table 4   Pairwise distance between crane adenovirus 1 and other avi-
adenoviruses

Virus (species) name Accession number aa pairwise 
distance

Psittacine aviadenovirus B YP 009508600.1 0.468
Pigeon adenovirus 1 YP 009047094.1 0.468
Pigeon adenovirus 2 YP 009310429.1 0.468
Turkey adenovirus 1 YP 003933581.1 0.468
Marten adenovirus type 1 ASP44405.1 0.466
Turkey aviadenovirus 5 YP 008719852.1 0.465
Goose adenovirus 4 YP 006383556.1 0.464
Fowl aviadenovirus D NP 050281.1 0.458
Turkey aviadenovirus 4 YP 008719820.1 0.456
Fowl aviadenovirus A NP 043878.1 0.456
Fowl aviadenovirus 5 YP 007985646.1 0.455
Duck adenovirus 2 YP 009047155.1 0.455
Fowl aviadenovirus E YP 004191813.1 0.454
Gull adenovirus AGH58206.1 0.454
Fowl aviadenovirus C YP 004346921.1 0.452

Fig. 4   Detection of CrAdV-1 DNA in fecal samples. A nested-PCR 
analysis was performed using primers targeting the CrAdV-1 DNA 
polymerase gene. The PCR products were analyzed using the Mul-
tiNA DNA 1000 microchip electrophoresis system, and the pseudo 
gel image is shown. Sample numbers are provided above the image. 
M DNA ladder
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