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Abstract

Objective To improve the understanding of the virome and bacterial microbiome in the wildlife rescue
station of Poyang Lake, China.

Methods Ten smear samples were collected in March 2019. Metagenomic sequencing was performed
to delineate bacterial and viral diversity. Taxonomic analysis was performed using the Kraken2 and
Bracken methods. A maximume-likelihood tree was constructed based on the RNA-dependent RNA
polymerase (RdRp) region of picornavirus.

Results We identified 363 bacterial and 6 viral families. A significant difference in microbial and viral
abundance was found between samples S01-S09 and S10. In S01-S09, members of Flavobacteriia and
Gammaproteobacteria were the most prevalent, while in S10, the most prevalent bacteria class was
Actinomycetia. Among S01-S09, members of Myoviridae and Herelleviridae were the most prevalent,
while the dominant virus family of S10 was Picornaviridae. The full genome of the pigeon mesivirus-like
virus (NC-BM-233) was recovered from S10 and contained an open reading frame of 8,124 nt. It showed
the best hit to the pigeon mesivirus 2 polyprotein, with 84.10% amino acid identity. Phylogenetic
analysis showed that RdRp clustered into Megrivirus B.

Conclusion This study provides an initial assessment of the bacteria and viruses in the cage-smeared
samples, broadens our knowledge of viral and bacterial diversity, and is a way to discover potential
pathogens in wild birds
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INTRODUCTION species, from Siberia, Mongolia, Japan, and
northeastern and northwestern China overwinter at

Poyang Lake annuallym. Bird monitoring showed that

wintering sites for waterfowl along the
migration route from East Asia to
Australia. This area is a Ramsar site, a wetland site
designated internationally important under the
Ramsar Convention'. Hundreds of thousands of
migratory birds, including rare and endangered

P oyang Lake is one of the most important

over 98% of the global population of Siberian cranes,
50% of swan geese, and 50% of white-napped cranes
overwinter at Poyang Lake. In addition, 80% of the
global population of oriental white storks is also
found here in winter™".

Wild waterfowl hosts a vast diversity of well-
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known and many potential pathogens[S’G]. Farmers

raise poultry in the water system of the Poyang Lake
area’. Thus, migratory birds may share food, water,
and even habitats with domestic poultry, creating
opportunities for pathogen transmission'”.
Specifically, the effective habitat area for migratory
birds to forage in dry seasons (autumn and winter) is
greatly reduced®™, resulting in significantly more
waterfowl foraging on farmland around the lake
than in wet seasons, exacerbating the spread of
pathogens between domestic and wild birds'”.

The emergence of new infections poses a threat
to both animal and human health. To gain a better
understanding of newly emerging pathogens at
Poyang Lake, we characterized the bacterial
microbiome and virome diversity of samples through
metagenomic analysis in the Duchang Tangkou
Wildlife Rescue Station and identified a complete

genome of new pigeon mesivirus-like virus.

MATERIALS AND METHODS

Sample Collection

A total of ten specimens, one surface-smearing
swab per cage, were collected at the Duchang
Tangkou Wildlife Rescue Station (29.209982 N,
116.463861 E) on March 10, 2019, named S01-S10.
The caged bird species of S01-S08 are unknown. The
species of S09 and S10 were a skylark and a red
turtle dove, respectively. The swabs were
immediately placed in sterile tubes at 4 °C until
transported to the laboratory for storage at -75 °C.

Nucleic Acid Extraction

Total RNA was extracted from each sample using
the MagMAX CORE Nucleic Acid Purification Kit
(Applied Biosystems, Shanghai, China, Cat# A32702)
according to the manufacturer’s instructions. RNA
was eluted in a final volume of 85 pL.

Library Preparation

An RNA reverse transcription kit (MatriDx
Biotech Corp., Hangzhou, China, Cat# MD017) was
used for library preparation. For each sample, 14
pL of RNA was mixed with 2 pL of the enzyme
mixture in buffer in a 0.2 mL tube of as the first
step. The total reaction volume was 20 plL. PCR
using Bio-Rad T-100 cycler (Hercules, CA, USA) was
conducted. The reaction conditions were as
follows: 25 °C for 10 min, 50 °C for 30 min, 75 °C for
10 min, and held at 4 °C. The chain synthesis
products (20 pL) were added to 2 pulL of the enzyme

mixture in the buffer and 18 pL nuclease-free
ddH,0 in the second step. A total volume of 40 pL
was used in the PCR reaction. The reaction
conditions were as follows: 16 °C for 15 min and
stored at 4 °C. DNA purification was performed
using a DNA purification kit (magnetic bead
method) (Matridx Biotech Corp., Hangzhou, China,
Cat# MDO012T). The 35 puL purification solution was
prepared for the follow-up experiments. The cDNA
concentrations were determined using a Qubit X-
Green |l dsDNA Quantitation Kit (Yuheng Biotech
Corp., Suzhou, China, Cat# Q2038). All cDNA was
diluted 1:200 with dsDNA HS Buffer.

Metagenome Sequencing

Libraries were constructed according to the
manufacturer’s protocol using the Metagenomic
DNA Library Preparation Kit (MatriDx Biotech Corp.,
Hangzhou, China, Cat# MDO0O0O1T). The DNA was
fragmented using an enzyme. The reaction (50 pL)
was incubated at 37 °C for 10 min, 75 °C for 10 min,
and held at 4 °C. The adaptors were added to the
fragmented DNA solution. The reaction conditions
were set at 20 °C for 15 min and 75 °C for 5 min.
The solutions containing adaptors were purified
again. DNA was quantified using a Magic dsDNA HS
Assay Kit (magic-bio, Cat #VG00537). The
thermocycling conditions were 98 °C for 45 s,
followed by 13 cycles of denaturation (98 °C for
15 s), annealing (60 °C for 30 s), and extension
(72 °C for 30 s). Equal concentrations of the
samples were added to the final pool. Libraries
were pooled and sequenced (75 bp single end)
using a NextSeq500 sequencer. The clean raw reads
were retained by removing low-quality and low-
complexity reads. All sequencing was performed by
MatriDx Biotech (Hangzhou, China).

Bioinformatic Analysis and Phylogenetic Analysis

For each library, sequencing reads were trimmed
using Trimomatic v0.33"%. The obtained reads were
used to perform taxonomic analysis using the
Kraken2 program with default parameter settings
using the Standard PlusPF database (https://benlang
mead.github.io/aws-indexes/k2, 5/17/2021)[”].
Species abundance after classification with Kraken2
was re-estimated using Bracken™. No filtering of the
host/bacterial reads was performed before
taxonomic analysis. For sample comparison,
principal coordinate analysis (PCoA) based on
Jaccard distance was performed on the bacterial
microbiome or virome counts of the Bracken
outputs.
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The trimmed reads of each sample were
individually assembled using MEGAHIT v1.2.9
(default parameter)™. Prodigal V2.6.3 was used to
perform gene prediction on the de novo results and
extract the complete genes (“partial=00")"". The
predicted complete genes were searched against the
nucleotide sequence database from the National
Center for Biotechnology Information (NCBI) with e-
values of 1le™ using BLAST [https://blast.ncbi.nim.
nih.gov/Blast.cgi]. The hypothetical cleavage map of
the picornavirus polyprotein was derived from
alignment with the closest picornaviruses.

The RNA-dependent RNA polymerase (RdRp)
region of the viral gene and closely related amino
acid sequences were aligned using MAFFT v7.222",
A phylogenetic tree was constructed using MEGA 7
based on the maximume-likelihood method, and the
bootstrap  value was tested with 1,000
replications[m. The tree was edited and visualized
using Interactive Tree of Life (iToL)™.

Nucleotide Sequence Accession Numbers

Clean data and bio-samples can be found in NCBI
BioProject PRJNA862611. The complete genome
sequence of NC-BM-233 was submitted to GenBank
and assigned the accession number OP169446.

RESULTS

Metagenomic Sequencing Overview

Ten libraries were constructed, and 120,085,728
clean sequence reads were generated. Using the
Standard PlusPF database, 7,507 reads (0.06%. of
the total reads) were assigned to Viruses by Kraken2
and Bracken, and 45,871,237 reads (38% of the total

reads) were assigned to Bacteria (Table 1).
Rarefaction Analysis

We examined the species richness of the
identified taxa in ten samples. The number of
observed species in S10 was the highest, followed by
that in SO06 and S04. In contrast, we identified a
relatively low species abundance in SO8 (Figure 1).

Bacterial Microbiome Diversity

Taxonomic analysis of the bacterial microbiome
in ten samples was performed using Kraken2 and
Bracken, and the visualization of classification results
is shown as Sankey diagrams (Supplementary
Figure S1, available in www.besjournal.com). A total
of 1,223 bacterial genera from 34 phyla, 71 classes,
162 orders, and 363 families were identified. The
Bacteroidetes phylum comprised most of the
bacterial microbiome, with an abundance of 58.52%,
followed by Proteobacteria (34.53%), Firmicutes
(3.28%), Actinobacteria (1.94%), and Fusobacteria
(1.59%). The class Flavobacteriia was the most
abundant (52.59%), followed by
Gammaproteobacteria (32.40%), Sphingobacteriia
(5.28%), Bacilli (2.66%), Actinomycetia (1.92%),
Betaproteobacteria (1.71%), Fusobacteriia (1.59%),
Clostridia  (0.50%), Bacteroidia (0.29%), and
Alphaproteobacteria (0.22%) (Figure 2A,
Supplementary Table S1, available in  www.
besjournal.com).

We examined the bacterial composition of each
sample at the class, order, and family levels. Among SO1
to S09, Flavobacteriia and Gammaproteobacteria classes
were the most abundant, while Actinomycetia
accounted for the largest proportion in S10 (Figure 2B).
Among S01-S09, orders Flavobacteriales,

Table 1. Overview of reads of samples

Sample Reads count Viruses reads (%o) Bacteria reads (%) Unclassified reads (%)
so1 14,189,681 638 (0.04) 5,592,952 (39.42) 8,594,075 (60.57)
S02 12,396,722 139 (0.01) 5,895,415 (47.56) 6,499,171 (52.43)
503 12,665,698 891 (0.07) 5,171,548 (40.83) 7,487,318 (59.11)
S04 12,730,271 696 (0.05) 4,067,597 (31.95) 8,634,041 (67.82)
S05 12,628,298 2,237 (0.18) 5,446,785 (43.13) 7,162,035 (56.71)
S06 12,671,688 612 (0.05) 4,943,276 (39.01) 7,692,390 (60.71)
s07 12,451,945 168 (0.01) 5,156,039 (41.41) 7,288,344 (58.53)
S08 11,379,174 754 (0.07) 4,527,355 (39.79) 6,836,391 (60.08)
S09 10,539,865 420 (0.04) 4,189,283 (39.75) 6,348,867 (60.24)
S10 8,432,386 952 (0.11) 880,987 (10.45) 7,473,206 (88.63)
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Enterobacterales, and Pseudomonadales were the most
abundant, and at the family level, Flavobacteriaceae and
Enterobacteriaceae  were the most abundant
(Figure 2A, Supplementary Figure S1). In S10,
Actinomycetales and Micrococcales accounted for the
largest proportion, and at the family level,
Actinomycetaceae and Microbacteriaceae accounted for
the largest proportion (Figure 2C-D, Supplementary
Figure S1).

We used the Shannon and Simpson indices to
illustrate bacterial microbiome diversity based on
the Bracken output (Supplementary Figure S2A-B,
available in www.besjournal.com). S10 was the only
outlier of the bacterial microbiome Shannon index
and had the highest Simpson index value among all
samples. To further assess the differences between
samples, PCoA results revealed that S10 differed
from the other samples in the bacterial microbiome
component (Supplementary Figure S2C).

Viral Diversity

Taxonomic analysis of the virus results is shown
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in Sankey diagrams (Supplementary Figure S3,
available in www.besjournal.com). A total of 38 virus
species from 2 orders, 6 families, and 13 genera
were identified. These two orders, Picornavirales
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Figure 1. Rarefaction  curve analysis  of

observed species on each sample.
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Figure 2. Identification of bacterial microbiome in environmental samples taken at Poyang Lake Animal
Rescue Center using Kraken2 and Bracken. (A) The top 10 taxa at the class level of total relative
abundance of identified bacterial sequence reads. The composition and diversity of bacterial microbiome
identified in ten samples of (B) the group-mean pie plot of the top 6 taxa at the class level, (C) heatmap of
the top 15 taxa at the order level and (D) bar plot of the top 10 taxa at the family level.
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and Caudovirales were from the phyla Pisuviricota
(only in S10) and Uroviricota (S1-510), respectively
(Figure 3A, Supplementary Table S1). Six virus

families, Autographiviridae, Chaseviridae,
Herelleviridae, Mlyoviridae, Picornaviridae, and
Siphoviridae, were involved; only the family

Picornaviridae belonged to the order Picornavirales.
Myoviridae was the most abundant family (47.29 %),
followed by Herelleviridae (28.87%) according to the
taxonomic analysis results. (Figure 3A and
Supplementary Figure S3).

The proportion of Picornaviridae in S10’s virome
was 98.11%, while there were no Picornaviridae in
the other samples (Figure 3B). Megrivurus was the
most abundant genus in S10, and was only found in
$10 (Figure 3C). Unclassified species were observed
in SO1, SO5, and SO9 (Figure 3D).

We used the Shannon and Simpson indices to
illustrate viral diversity based on the Bracken output
(Supplementary Figure S2D-F). S10 had the lowest
Shannon and Simpson index values of all samples.
PCoA analysis showed that S10 were far removed
from the other samples in the viral component.
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Novel Positive-Sense Single-Strand RNA Viruses of
Megrivirus

Picornaviridae is a small, non-enveloped, single-
stranded RNA virus that infects a wide range of
hosts. We found Megrivirus in S10 and assembled a
full-length genome of 9,184 nucleotides.

After mapping of the trimmed reads, 99,110
reads were mapped with 100% coverage and an
average depth of 809.37-fold. This genome includes
an open reading frame (ORF) of 8,124 nt and
encodes 2,707 amino acids. The 5’'UTR contained a
highly conserved nucleotide motif
‘TGGTGCTGAAATATTGCAAG’ (with unknown
function), which was also observed in Picornaviridae
of avian origin, including turkey hepatitis virus
(genus Megrivirus), duck hepatitis A virus-1 (genus
Avihepatovirus), quail picornavirus (unassigned
genus), pigeon picornavirus B (unassigned genus),
and Anativirus (genus Anativirus)”s’m. The BLAST
result of the ORF showed the best hit to the
polyprotein of pigeon mesivirus 2 (AGS15016.1),
which belongs to Mesivirus with 84.10% amino acid
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Figure 3. Identification of viruses in environmental samples taken at Poyang Lake Duchang Tangkou
Wildlife Rescue Station using Kraken2 and Bracken. (A) The top 6 taxa at the family level of total relative
abundance of identified virus sequence reads. The composition and diversity of viruses identified in the
ten samples of (B) the group-mean pie plot of the top 6 taxa at the family level, (C) heatmap of the top 6
taxa at the genus level, and (D) bar plot of the top 10 taxa at the species level.
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identity. This virus was named NC-BM-233 pigeon
mesivirus-like virus (NC-BM-233). The hypothetical
cleavage map of the polyproteins of Mesiviruses was
derived from alignments with other known
picornaviruses. However, we could not determine
the potential cleavage site of VP1/2A1 (Table 2).

Based on the amino acid sequence of RdRp,
phylogenetic analysis showed that NC-BM-233
clustered with viruses from pigeons (Figure 4).
Sequences of NC-BM-233 and pigeon mesivirus
clustered into Megrivirus B.

In addition, we found that 36 of the 39 host
contigs in S10 belonged to the family Columbidae.
This result was consistent with that of the caged
turtle dove host.

DISCUSSION

The ecology of waterfowl is rich in
microorganisms and viruses, which may cause cross-
species transmission'??. Poyang Lake is an important
relay station for migratory birds, with many
migratory birds stopping during the annual migration
season. A few birds were injured for various reasons
and could not survive independently. Migratory birds
in need of rescue in the Poyang Lake District were
rescued by volunteers and taken to the rescue
station for treatment. There were many injured
migratory birds in the limited space of the rescue
station, which could have increased the risk of
pathogen transmission. Therefore, it is particularly
important to understand pathogenic pathogens by
analyzing the diversity of bacteria and viruses in the

living environment of birds at animal rescue stations.
In this study, we used ten surface-smearing samples
from rescue station cages to perform a metagenomic
analysis of the high diversity of microorganisms and
viruses.

Among the ten samples, the bacterial
microbiome analysis results showed that the class
Flavobacteriia was the most abundant, followed by
Gammaproteobacteria and Actinomycetia. The
proportion of class Actinomycetia in S10 was much
higher than that in samples S01-S09, which mainly
comprised Gammaproteobacteria and
Flavobacteriia. Bacterial microbiome analysis results
showed that the abundance of bacteria in cage-
smearing samples was inconsistent with that of the
Poyang Lake water body at the class level*?.

The class Actinomycetia is one of the largest
lineages in the domain Bacteria. Actinomycetaceae,
Microbacteriacea, Corynebacteriaceae, and
Mycobacteriaceae were the top four of the most
abundant families of Actinomycetia in S10. They
were also the common families in avian-associated
metagenomes[23’24]. A greater abundance of the
family Actinomycetaceae was associated with
obesity in humans™.. However, the samples in this
study were collected from the surface of the cages,
and no host weight data were available.
Microbacteriacea is a gram-positive bacteria
common in bird droppings and soil
environments"”**°. Corynebacteriaceae and
Mycobacteriaceae are collectively known as
Corynebacterium-Mycobacterium-Nocardia  (CMN)
bacteria. The cell walls of CMN bacteria contain

Table 2. Coding potential/putative proteins of the genome of NC-BM-233_pigeon_mesivirus_like

Putative protein Proteinase Location Length (aa)
P1 VPO M1-Q390 390
VP3 T391-Q558 168
VP1 G559-D807* 249
P2 2A1 E808'-51097 290
2A2 R1098-E1290 193
2B A1291-E1480 190
2C A1481-E1826 346
P3 3A $1827-E2008 182
3B A2009-E2036 28
3C G2037-Q2233 197
3D G2234-12707 474

Note. 'The cleavage site of VP1/2A1 has not been fully predicted.
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mycolic acid, which renders them less susceptible to
a wide variety of antimicrobials®.
The class Flavobacteria widely exists in fresh

water, seawater, soil, and plantsm’m.
Gammaproteobacteria  in  S01-S09  included
Salmonella enterica, Pseudomonas aeruginosa,
Yersinia pestis and Acinetobacter baumannii.

Salmonella enterica is a type of intestinal bacteria,
which is often caused by ingesting unclean food,
leading to severe diarrhea in infected individuals,
and is one of the main pathogens of human food
poisoningm]. Salmonella pullorum mainly affects
young chickens and causes septicemia and mass
death. Salmonella pullorum causes brooding nest
inflammation in adult hens and infected adult hens,
carrying bacteria in the yolk and passing it to the
chicks®.  Pseudomonas aeruginosa is widely
distributed in natural and normal skin, intestinal
tract, and respiratory tract and is a common
opportunistic pathogen in clinical practicem].

Yersinia pestis is a vector of bubonic, pneumonic,

and septicemic plague. Acinetobacter baumannii is a
common nosocomial infection and pathogen in
aquaculture animals, and it usually leads to
bacteremia, pneumonia, meningitis, peritonitis,
endocarditis, urinary tract, and skin infections®".

The virus analysis results showed that
Myoviridae, Herelleviridae, and Siphoviridae families
were the dominant virus families of S01-S09, which
is similar to the virome components of a freshwater
Amazonian lake at the family level®?, Myoviridae
and Siphoviridae can infect Cyanobacteria, which are
also known as cyanophages and are well-known
phage families prevalent in multiple poultry feces™.
An imbalance in phage diversity and abundance can
lead to changes in poultry ecosystems.

The dominant virus family in S10 was
Picornaviridae. Picornaviridae is a single-stranded
RNA virus that is common in avians and can infect
many types of avian-causing duck viral hepatitis,
turkey viral hepatitis, and avian
encephaIomyelitis[18’34'39]. In S10, Megrivirus is the

Sub
. Genus Genus Subfamily
Treescale:0.1— QX014874.1 Megrivirus sp.
—————— QX014871.1 Megrivirus sp. |:| ivil D
—————— AHN10844.1 Chicken megrivirus ) )
—————— YP 009513232.1 Chicken megrivirus [ unciassified [0 undefined
—————— AVN87681.1 megrivirus C3 [ Rosavirus [ ensavirinae
—————— AVN87679.1 Chicken megrivirus
—————— AVN87680.1 Chicken megrivirus . Dicipivirus D Heptrevirinae
—————— QBZ68787.1 Chicken megrivirus Megivirus C . Oscivirus . Caphthovirinae
—————— ULF99717.1 Picornavirales sp.
—————— ULF99668.1 Picornavirales sp. |:| Gallivirus W Paavivirinae
—————— AIK23443.1 Chicken picornavirus 4 )
————— AYH53256.1 Chicken megrivirus - Passerivirus
—————— ADN94256.1 Turkey hepatitis virus W Kobuvirus
—————— QKE55039.1 Picornaviridae sp.
————— QQG31481.1 Penguin megrivirus - Salivirus
————— YP 009508462.1 Penguin megrivirus - o
————— QQG31480.1 Penguin megrivirus Megivirus E [ Anatiirus
————— QQG31482.1 Penguin megrivirus [ enterovirus
— — — — YP009345890.1 megrivirus B3CP-APO o )
— — — — QDY92330.1 Red-capped plover megrivirus |  Megrivirus A Wl rremovirus
— — — ULF99620.1 Megrivirus sp. D Hepatovirus
— — — YP009508290.1 pigeon mesivirus 1 »
— — — AGS15016.1 Pigeon mesivirus 2 Megrivirus B [ 7eschovirus
- o NeBwv233 ) ) W Aphthovirus
————— YP009362314.1 Harrier picornavirus 1 | Megrivirus D i
————— ARR73563.1 Harrier picornavirus 1 W cordiovirus
— — — — AFO66657.1 gallivirus A1
————— ADL38957.1 Passerivirus A1 [ cosovirus
7777777 BAC23066.1 Aichivirus B [ Hunnivirus
—| ~ — ACS32214.2 Salivirus NG-/1 )
——————— ADL38959.1 Oscivirus A1 W vosavirus
—————— AEMO5832.2 Rosavirus M-7 [ Aquamavirus
— — — AFB77697.1 Canine picodicistrovirus
——————————— AEMO5833.1 mosavirus Al W rasivirus
CAB40546.1 teschovirus A1 W Forechovinus
ADO85550.2 Ovine hungarovirus OHUV1/2009/HUN
CAA65615.1 Equine rhinitis B virus 1 [ virepatovirus
ACL15185.1 cosavirus A1
AAA43037.1 cardiovirus A1 [ visivirus

CAA25416.1 Foot-and-mouth disease virus
AXF38655.1 Avocet picornavirus B
€BY02483.1 Pigeon picornavirus B
AEP16571.1 Quail picornavirus QPV1/HUN/2010
CAA26181.1 rhinovirusA2
AAT67220.1 anativirusAl

77777 AAA72291.1 Human parechovirus 1
’—*7 fffffffffff ABB22724.1 Duck hepatitisA virus 1
— ABV57376.1 aquamavirus A1
] l 7777777777 AGF33849.1 Turkey avisivirus
L O O O O O O O OO AFN70966.1 Pasivirus A1
77777777777777 CAA12416.1 tremovirus A1

777777777777777777 AAA45465.1 Hepatovirus A

Figure 4. Phylogenetic analysis of viruses RdRps belonging to family Picornaviridae. The phylogenetic tree
was constructed using the maximum-likelihood method with 1,000 bootstrap replicates. The branch
widths are calculated from the bootstrap values. The virus sequence identified in this study is showed in
red. Taxon information of genus and subfamily is shown as colored strips. The branch color was

consistent with the subfamily information.
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main component of the family Picornaviridae, which
is widespread in healthy and diseased chickens and
could lead to infectious viral gastritis in chickens®®.
We identified a new virus belonging to Megrivirus B,
named NC-BM-233. A highly conserved 20
nucleotide motif was common in small RNA viruses
of avian origin“g'm]. The genus Megrivirus can infect
many avian species and cause diseases, indicating a
potential threat to wild birds. Moreover, wild birds
at Poyang Lake migrate hundreds of kilometers from
Siberia to Australia, visiting many water bodies along
the migration route, which enhances the chance of
infection and transmission of multiple regions and
hosts.

We must admit that the data results based on
these reads have limitations. It is easy to misjudge
the reads of low-abundance species in a taxon
analysis, which may lead to inaccurate results. As
metagenomics is developing rapidly, new
classification technologies may provide new
knowledge from our data in the future. The virome
and bacterial microbiomes of S10 were different
from those of the rest of the samples in this study,
which might be caused by the presence of the
virus NC-BM-233. Whether there is a correlation
between the virome and the bacterial microbiome
is worthy of further study. The hydrolysis site of
VP1/2A1 in NC-BM-233 also needs further
investigation.

In summary, these results indicate diverse
bacterial microbiomes and viral communities in the
Poyang Lake wildlife rescue station and provide a fresh
perspective on the bacterial microbiome and virome
diversity related to birds, and a new viral genome was
discovered. Continuing to investigate bird-relative
samples at Poyang Lake will provide more information
about the microbiome and virome, especially for
discovering potential pathogens.

AUTHOR CONTRIBUTIONS

JL, LY, and DW designed the study. JL, XZ, XL, WS,
and HL compiled and curated the data, performed
bioinformatics analysis, and interpreted the results.
DW and YL supervised and administered the project
and provided funding. JL, LY, and DW wrote the
original draft and manuscript with inputs from Xz,
XL, WS, and HL. All authors critically reviewed and
approved the final version of the manuscript.

DATA AVAILABILITY STATEMENT

The datasets presented in this study can be

found in the following online
https://www.ncbi.nlm.nih.gov/;
nlm.nih.gov/sra/PRINA862611;
nim.nih.gov/nuccore/OP169446.

repositories:
https://www.ncbi.
https://www.ncbi.

CONFLICTS OF INTEREST

The authors declare that the research was
conducted in the absence of any commercial or
financial relationships that could be construed as
potential conflicts of interest.

Received: November 28, 2022;
Accepted: February 15, 2023

REFERENCES

1. D Xie, G lin, Y Zhou, et al. Ecological function zoning of Poyang
Lake wetland: a RAMSAR site in China. Water Policy, 2013; 15,
922.

2. Mu S, Li B, Yao J, et al. Monitoring the spatio-temporal
dynamics of the wetland vegetation in Poyang Lake by Landsat
and MODIS observations. Sci Total Environ, 2020; 725, 138096.

3. Wei ZH, Li YK, Xu P, et al. Patterns of change in the population
and spatial distribution of oriental white storks (Ciconia
boyciana) wintering in Poyang Lake. Zool Res, 2016; 37,
338-46.

4. Wu Y, Ji W. Study on lJiangxi Poyang Lake national nature
reserve. Forest, 2002. (In Chinese)

5. Wan Z, Kan Q, Zhao Z, et al. Characterization of subtype H6
avian influenza a viruses isolated from wild birds in Poyang
Lake, China Front Vet Sci, 2021; 8, 685399.

6. Takekawa JY, Newman SH, Xiao X, et al. Migration of
waterfowl in the East Asian flyway and spatial relationship to
HPAI H5N1 outbreaks. Avian Dis, 2010; 54, 466-76.

7. Wang, Jiang Z, Jin Z, et al. Risk factors for infectious diseases
in backyard poultry farms in the Poyang Lake area, China. PLoS
One, 2013; 8, e67366.

8. Shen G, Fu W, Guo H, et al. Water body mapping using long
time series sentinel-1 SAR data in Poyang Lake. Water, 2022;
14, 1902.

9. Li Q, Lai G, Devlin AT. A review on the driving forces of water
decline and its impacts on the environment in Poyang Lake,
China. J Water Clim Chang, 2020; 12, 1370-91.

10. Bolger AM, Lohse M, Usadel B. Trimmomatic: a flexible
trimmer for lllumina sequence data. Bioinformatics, 2014; 30,
2114-20.

11. Wood DE, Lu J, Langmead B. Improved metagenomic analysis
with Kraken 2. Genome Biol, 2019; 20, 257.

12. Lu J, Breitwieser FP, Thielen P, et al. Bracken: estimating
species abundance in metagenomics data. Peer) Comput Sci,
2017; 3, e104.

13.Li D, Liu CM, Luo R, et al. MEGAHIT: an ultra-fast single-node
solution for large and complex metagenomics assembly via
succinct de Bruijn graph. Bioinformatics, 2015; 31, 1674-6.

14. Hyatt D, Chen GL, LoCascio PF, et al. Prodigal: prokaryotic gene
recognition and translation initiation site identification. BMC
Bioinformatics, 2010; 11, 119.

15. Katoh K, Standley DM. MAFFT multiple sequence alignment
software version 7: improvements in performance and
usability. Mol Biol Evol, 2013; 30, 772-80.

16. Kumar S, Stecher G, Tamura K. MEGA7: molecular


https://www.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/sra/PRJNA862611
https://www.ncbi.nlm.nih.gov/sra/PRJNA862611
https://www.ncbi.nlm.nih.gov/nuccore/OP169446
https://www.ncbi.nlm.nih.gov/nuccore/OP169446
http://dx.doi.org/10.2166/wp.2013.181
http://dx.doi.org/10.1016/j.scitotenv.2020.138096
http://dx.doi.org/10.1637/8914-043009-Reg.1
http://dx.doi.org/10.1371/journal.pone.0067366
http://dx.doi.org/10.1371/journal.pone.0067366
http://dx.doi.org/10.3390/w14121902
http://dx.doi.org/10.1093/bioinformatics/btu170
http://dx.doi.org/10.1186/s13059-019-1891-0
http://dx.doi.org/10.7717/peerj-cs.104
http://dx.doi.org/10.1093/bioinformatics/btv033
http://dx.doi.org/10.1186/1471-2105-11-119
http://dx.doi.org/10.1186/1471-2105-11-119
http://dx.doi.org/10.1093/molbev/mst010

Environmental metagenomic poyang rescue station

603

17.

18.

19.

20.

21.

22

23.

24,

25.

26.

27.

28.

evolutionary genetics analysis version 7.0 for bigger datasets.
Mol Biol Evol, 2016; 33, 1870-4.

Letunic I, Bork P. Interactive Tree of Life (iTOL) v5: an online
tool for phylogenetic tree display and annotation. Nucleic
Acids Res, 2021; 49, W293-w6.

Honkavuori KS, Shivaprasad HL, Briese T, et al. Novel
picornavirus in Turkey poults with hepatitis, California, USA.
Emerg Infect Dis, 2011; 17, 480-7.

Wei CY, Su S, Huang Z, et al. Complete genome sequence of a
novel duck hepatitis A virus discovered in southern China. J
Virol, 2012; 86, 10247.

Pankovics P, Boros A, Reuter G. Novel picornavirus in
domesticated common quail (Coturnix coturnix) in Hungary.
Arch Virol, 2012; 157, 525-30.

Phan TG, Vo NP, Boros A, et al. The viruses of wild pigeon
droppings. PLoS One, 2013; 8, e72787.

.Wu L, Ge G, zhu G, et al. Diversity and composition of the

bacterial community of Poyang Lake (China) as determined by
16S rRNA gene sequence analysis. World J Microbiol
Biotechnol, 2012; 28, 233-44.

Smith KF, Oram DM. Corynebacteria (including diphtheria). In:
M. Schaechter (Ed.), Encyclopedia of Microbiology (Third
edition). Academic Press, Oxford, pp. 94-106.

Zhao G, Zhou L, Dong Y, et al. The gut microbiome of hooded
cranes (Grus monacha) wintering at Shengjin Lake, China.
Microbiologyopen, 2017; 6, e00447.

Peters BA, Shapiro JA, Church TR, et al. A taxonomic signature
of obesity in a large study of American adults. Sci Rep, 2018; 8,
9749.

Pacwa M-Ptociniczak, Biniecka P, Bondarczuk K, et al.
Metagenomic functional profiling reveals differences in
bacterial composition and function during bioaugmentation of
aged petroleum-contaminated soil. Front Microbiol, 2020; 11,
2106.

Shenderov BA, Serkova GP. Nonfermenting gram-negative
bacteria-flavobacteria. Zh Mikrobiol Epidemiol Immunobiol,
1984; 85-90.

Foley SL, Johnson TJ, Ricke SC, et al. Salmonella pathogenicity

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

and host adaptation in chicken-associated serovars. Microbiol
Mol Biol Rev, 2013; 77, 582-607.

More S, Bptner A, Butterworth A, et al. Assessment of listing
and categorisation of animal diseases within the framework of
the Animal Health Law (Regulation (EU) No 2016/429):
anthrax. EFSA J, 2017; 15, e04958.

De T Sousa, Hébraud M, MDapkevicius LE, et al. Genomic and
metabolic characteristics of the pathogenicity in Pseudomonas
aeruginosa. Int J Mol Sci, 2021; 22, 12892.

C-Lee R, Lee JH, Park M, et al. Biology of Acinetobacter
baumannii: pathogenesis, antibiotic resistance mechanisms,
and prospective treatment options. Front Cell Infect Microbiol,
2017; 7, 55.

Nogueira WG, BGois VA, KPinheiro DC, et al. Viral
metagenomics reveals widely diverse viral community of
Freshwater Amazonian Lake. Front Public Health, 2022; 10,
869886.

Sgrensen PE, Van W Den Broeck, Kiil K, et al. New insights into
the biodiversity of coliphages in the intestine of poultry. Sci
Rep, 2020; 10, 15220.

Yinda CK, Esefeld J, Peter HU, et al. Penguin megrivirus, a
novel picornavirus from an Adélie penguin (Pygoscelis
adeliae). Arch Virol, 2019; 164, 2887-90.

Gerber PF, Shen H, Zheng Y, et al. Genomic sequence of a
Megrivirus strain identified in Laying Hens in Brazil. Microbiol
Resour Announc, 2019; 8.

KKwok TT, Mde MT Rooij, Messink AB, et al. Genome
sequences of seven Megrivirus strains from Chickens in The
Netherlands. Microbiol Resour Announc, 2020; 9.

Boros A, Pankovics P, Matics R, et al. Genome characterization
of a novel megrivirus-related avian picornavirus from a
carnivorous wild bird, western marsh harrier (Circus
aeruginosus). Arch Virol, 2017; 162, 2781-9.

Vibin J, Chamings A, Klaassen M, et al. Metagenomic
characterisation of avian parvoviruses and picornaviruses from
Australian wild ducks. Sci Rep, 2020; 10, 12800.

Zell R, Delwart E, Gorbalenya AE, et al. ICTV virus taxonomy
profile: Picornaviridae. ) Gen Virol, 2017; 98, 2421-2.


http://dx.doi.org/10.1093/molbev/msw054
http://dx.doi.org/10.1093/nar/gkab301
http://dx.doi.org/10.1093/nar/gkab301
http://dx.doi.org/10.3201/eid1703.101410
http://dx.doi.org/10.1128/JVI.01643-12
http://dx.doi.org/10.1128/JVI.01643-12
http://dx.doi.org/10.1007/s00705-011-1192-8
http://dx.doi.org/10.1371/journal.pone.0072787
http://dx.doi.org/10.1007/s11274-011-0812-5
http://dx.doi.org/10.1007/s11274-011-0812-5
http://dx.doi.org/10.1002/mbo3.447
http://dx.doi.org/10.1038/s41598-018-28126-1
http://dx.doi.org/10.3389/fmicb.2020.02106
http://dx.doi.org/10.1128/MMBR.00015-13
http://dx.doi.org/10.1128/MMBR.00015-13
http://dx.doi.org/10.3390/ijms222312892
http://dx.doi.org/10.3389/fpubh.2022.869886
http://dx.doi.org/10.1038/s41598-020-72177-2
http://dx.doi.org/10.1038/s41598-020-72177-2
http://dx.doi.org/10.1007/s00705-019-04404-9
http://dx.doi.org/10.1007/s00705-017-3403-4
http://dx.doi.org/10.1038/s41598-020-69557-z
http://dx.doi.org/10.1099/jgv.0.000911

	INTRODUCTION
	MATERIALS AND METHODS
	Sample Collection
	Nucleic Acid Extraction
	Library Preparation
	Metagenome Sequencing
	Bioinformatic Analysis and Phylogenetic Analysis
	Nucleotide Sequence Accession Numbers

	RESULTS
	Metagenomic Sequencing Overview
	Rarefaction Analysis
	Bacterial Microbiome Diversity
	Viral Diversity
	&nbsp;Novel Positive-Sense Single-Strand RNA Viruses of Megrivirus

	DISCUSSION
	AUTHOR CONTRIBUTIONS
	DATA AVAILABILITY STATEMENT
	CONFLICTS OF INTEREST
	REFERENCES



