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Supplementary materials
Materials and methods
Sampling
In February 2020, as part of SARS-CoV-2 surveillance, a total of 173 samples were collected from 103 farmed masked palm civets in five cities of Guangdong Province, including 68 anal swab samples and 105 tissue samples. The tissue samples were derived from a farm in Shaoguan City, Guangdong Province, China. Thirty-five female masked palm civets were selected, humanely euthanized, dissected, and then liver, stomach, and intestinal tissues were collected. No standardized clinical examinations or pathological assessments were performed, and detailed individual health records were not collected. No overt abnormalities were noted during visual observation at sampling; therefore, the health status of the animals could not be evaluated beyond this observation.
The protocols for the animal study were reviewed and approved by the Committee on the Ethics of Animal Experiments of the Institute of Animal Health, Guangdong Academy of Agricultural Sciences, China.  
Viral nucleic acid extraction and Illumina sequencing
From each of the 68 anal swab samples containing phosphate-buffered saline (PBS, pH 7.2), 30 μL was extracted and pooled into one sample pool. Approximately a soybean-sized piece was excised from each of the 105 tissue samples, placed into PBS for pooling, and then homogenized and clarified to form another sample pool. These two sample pools were selected for viral metagenomics analysis. Briefly, the above two sample pools were filtered through a 0.45 μm needle-type filter and centrifuged at 12,000 × g for 5 minutes. The supernatant was transferred to a new centrifuge tube and treated with DNase I. Viral nucleic acids were extracted using the RaPure Viral DNA/RNA Extraction Kit (Magen,  R4410-02), and whole genome amplification was performed using the REPLI-g Cell WGA & WTA Kit (Qiagen, Cat. 150054). Amplification products were analyzed via 1.5% agarose gel electrophoresis. Sequencing libraries were prepared using the NEB Next® Ultra™ DNA Library Prep Kit for Illumina® (New England Biolabs, MA, USA) according to the manufacturer’s instructions, with index codes added. Library quality was assessed using the Qubit® dsDNA HS Assay Kit (Invitrogen, Cat. Q32854) and an Agilent 4200 system (Agilent, Santa Clara, CA). The libraries were sequenced on an Illumina NovaSeq 6000 platform to generate 150 bp paired-end reads. Raw reads were filtered using SOAPnuke and trimmed using Trimmomatic. The resulting high-quality reads were assembled de novo using metaSPAdes v3.12 (Nurk et al., 2017). Sequence read classification and assembly followed previously established protocols (Ren et al., 2023).
Discovery and sequencing of the circovirus genome
Based on the results of viral metagenomics sequencing, we identified two sequences similar to circoviruses. Based on two segments of the viral sequence and referring to GenBank accession number LC416390.1, we designed specific PCR primers (PlCV-F: TGGTGGGGATGGGGTATTGTGGTCA, PlCV-R: TGGTGGGTTCCTGGACTTAAAC) to identify circoviruses in masked palm civet samples for the detection of circovirus. The PCR reaction conditions were as follows: 35 cycles of denaturation at 98 ℃ for 10 s, annealing at 57 ℃ for 5 s, and elongation at 72 ℃ for 5 s, followed by a final extension at 72 ℃ for 5 min. The premixed enzyme KeyPo Master Mix (Vazyme, Nanjing, China) was used in the reaction system.
Complete genomes were amplified by inverse PCR. All PCR-positive tissue specimens, including 11 liver and nine intestinal specimens, were subjected to complete-genome amplification. Positive anal-swab specimens were also examined when sufficient residual material was available. Despite these attempts, complete genomes were successfully recovered from only four specimens, including three liver specimens collected from three individual civets and one anal-swab specimen. Viral nucleic acids from the masked palm civet tissue specimens and anal-swab specimens were used as templates for PCR amplification using 2× KeyPo Master Mix (Vazyme, Nanjing, China) with the following thermal cycling conditions: 98 °C for 10 s, 57 °C for 5 s, 72 °C for 10 s, for a total of 35 cycles. The PCR-amplified products were identified on a 1.5% agarose gel and purified using the FastPure® Gel DNA Extraction Mini Kit (Vazyme, Nanjing, China). The purified products were cloned into the TOPO vector (Vazyme, Nanjing, China) and transformed into DH5α competent cells (Beijing Tsingke Biotech Co., Ltd.) following the manufacturer’s instructions. Positive clones were sequenced by Beijing Tsingke Biotech Co. The amplified sequences were edited and assembled using SeqMan NGen®, version 7.1 (DNASTAR, Madison, WI).
Genome analysis and annotation
The circovirus genome was characterized using ORF Finder (https://www.ncbi.nlm.nih.gov/orffinder/) and annotated using BLASTx based on similarity to protein sequences. Stem-loop structures were analyzed using the Zuker mfold program (http://www.unafold.org/mfold/applications/rna-folding-form.php). The presence of RCR motifs and SF3 helicase motifs in the Rep amino acid sequences was analyzed using GeneDoc version 2.7. Pairwise identities of the full-length genomic nucleotides, Rep, and Cap amino acid sequences were determined using Megalign (Lasergene, version 7.1).
Phylogenetic analysis
The whole genome, Rep amino acids, and Cap amino acids were aligned with reference sequences of 28 circoviruses and 26 cycloviruses (Supplementary Table S3) from the GenBank database using MAFFT (Katoh et al., 2002). Phylogenetic trees were constructed using the maximum likelihood method in IQ-TREE (Minh et al., 2020). The best-fitting model was determined by ModelFinder (Kalyaanamoorthy et al., 2017), using the TIM3e+R5 model for the whole genome, LG+R5 for Rep amino acids, and VT+F+G4 for Cap amino acids. Bootstrap support was assessed using 1,000 bootstrap replicates.
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Supplementary Fig. S1. Alignment of the amino acid sequence of the Rep protein in four Pl-CV strains and 18 representative sequences from the family Circoviridae (Circovirus, n=15; Cyclovirus, n=3). Identical and highly conserved residues are shown on black and gray backgrounds, respectively. Red boxes indicate rolling circle replication (RCR) motifs I−III, whereas green boxes indicate the superfamily 3 (SF3) helicase motifs Walker A, Walker B, and motif C.
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Supplementary Fig. S2. Pairwise nucleotide identities (%) between the complete genomes of the four Pl-CV strains and 28 representative circovirus sequences. Red boxes indicate the four sequences obtained in this study.
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Supplementary Fig. S3. Maximum-likelihood phylogenetic trees based on the amino acid sequences of Rep and Cap proteins. A Phylogenetic tree based on Rep amino acid sequences, constructed under the LG+R5 substitution model. B Phylogenetic tree based on Cap amino acid sequences, constructed under the VT+F+G4 substitution model. Both trees were constructed using the maximum-likelihood method with 1000 bootstrap replicates. The sequences obtained in this study are indicated by red squares. Bootstrap values are shown at the nodes, and the scale bars represent the number of substitutions per site.



Supplementary Table S1. Pairwise Rep amino acid identities (%) among the four Pl-CV strains and 28 representative circovirus sequences.
	Viruses
	Rep amino acid identities (%)

	
	PQ808883
	PP723130
	PQ808884
	OQ685899

	PQ808883-Paguma larvata circovirus PlCV-GD/N1110
	100
	100
	100
	99.6

	PP723130-Paguma larvata circovirus PlCV-GD/N1111
	100
	100
	100
	99.6

	PQ808884-Paguma larvata circovirus PlCV-GD/N1135
	100
	100
	100
	99.6

	OQ685899-Paguma larvata circovirus GD-PlCV-1
	99.6 
	99.6 
	99.6
	100

	GQ404852-Porcine circovirus 2
	41.1 
	41.1 
	41.1
	41.1 

	LC416390-Paguma larvata circovirus Pl-CV8
	94.5 
	94.5 
	94.5
	94.1 

	LC416391-Paguma larvata circovirus Pl-CV9 
	90.5 
	90.5 
	90.5
	90.1 

	MH445394-Porcine circovirus 3
	56.9 
	56.9 
	56.9
	57.3 

	MH760365-Bat circovirus
	41.9 
	41.9 
	41.9
	41.9 

	MK178285-Porcine circovirus 3 
	57.3 
	57.3 
	57.3 
	57.7 

	MN371255-Ursus americanus circovirus
	72.7 
	72.7 
	72.7 
	72.3 

	MZ556112-Giant panda associated circovirus panda384
	87.4 
	87.4 
	87.4 
	87.7 

	MZ556113-Giant panda associated circovirus GPCV
	87.4 
	87.4 
	87.4 
	87.7 

	NC_001792-Porcine circovirus 1
	41.9 
	41.9 
	41.9 
	41.9 

	NC_001944-Beak and feather disease virus
	39.1 
	39.1 
	39.1 
	39.1 

	NC_003054-Goose circovirus
	39.1 
	39.1 
	39.1 
	39.1 

	NC_005148-Porcine circovirus 2
	40.7 
	40.7 
	40.7 
	40.7 

	NC_008033-Starling circovirus
	41.5 
	41.5 
	41.5 
	41.5 

	NC_008522-Finch circovirus
	41.5 
	41.5 
	41.5 
	41.5 

	NC_015399-Barbel circovirus
	46.2 
	46.2 
	46.2 
	45.8 

	NC_020904-Canine circovirus
	43.5 
	43.5 
	43.5 
	43.9 

	NC_023885-Mink circovirus
	42.7 
	42.7 
	42.7 
	42.7 

	NC_025246-Silurus glanis circovirus
	48.2 
	48.2 
	48.2 
	48.2 

	NC_025247-Cygnus olor circovirus
	39.5 
	39.5 
	39.5 
	39.5 

	NC_026945-Zebra finch circovirus
	40.3 
	40.3 
	40.3 
	40.3 

	NC_028045-Tadarida brasiliensis circovirus 1
	41.9 
	41.9 
	41.9 
	41.9 

	NC_035799-Bat circovirus
	41.5 
	41.5 
	41.5 
	41.5 

	NC_038391-Chimpanzee stool avian-like circovirus Chimp17
	41.9 
	41.9 
	41.9 
	41.9 

	NC_040679-Paguma larvata circovirus Pl-CV3
	94.9 
	94.9 
	94.9 
	94.5 

	NC_055122-Bat associated circovirus 11 
	41.1 
	41.1 
	41.1 
	41.1 

	NC_055580-Porcine circovirus 4 
	43.9 
	43.9 
	43.9 
	43.9 

	NC_055590-Penguin circovirus 
	43.5 
	43.5 
	43.5 
	43.5 





Supplementary Table S2. Pairwise Cap amino acid identities (%) among the four Pl-CV strains and 28 representative circovirus sequences.
	Viruses
	Cap amino acid identities (%)

	
	PQ808883
	PP723130
	PQ808884
	OQ685899

	PQ808883-Paguma larvata circovirus PlCV-GD/N1110
	100
	100
	100
	88.1 

	PP723130-Paguma larvata circovirus PlCV-GD/N1111
	100
	100
	100
	88.1 

	PQ808884-Paguma larvata circovirus PlCV-GD/N1135
	100
	100
	100
	88.1 

	OQ685899-Paguma larvata circovirus GD-PlCV-1
	88.1 
	88.1 
	88.1 
	100

	GQ404852-Porcine circovirus 2
	23.7 
	23.7 
	23.7 
	22.9 

	LC416390-Paguma larvata circovirus Pl-CV8
	94.1 
	94.1 
	94.1 
	83.1 

	LC416391-Paguma larvata circovirus Pl-CV9 
	93.2 
	93.2 
	93.2 
	83.1 

	MH445394-Porcine circovirus 3
	30.5 
	30.5 
	30.5 
	28.8 

	MH760365-Bat circovirus
	22.9 
	22.9 
	22.9 
	21.2 

	MK178285-Porcine circovirus 3 
	30.5 
	30.5 
	30.5 
	28.8 

	MN371255-Ursus americanus circovirus
	83.1 
	83.1 
	83.1 
	74.6 

	MZ556112-Giant panda associated circovirus panda384
	81.4 
	81.4 
	81.4 
	72.0 

	MZ556113-Giant panda associated circovirus GPCV
	81.4 
	81.4 
	81.4 
	72.0 

	NC_001792-Porcine circovirus 1
	25.4 
	25.4 
	25.4 
	24.6 

	NC_001944-Beak and feather disease virus
	16.9 
	16.9 
	16.9 
	16.1 

	NC_003054-Goose circovirus
	16.9 
	16.9 
	16.9 
	16.1 

	NC_005148-Porcine circovirus 2
	22.9 
	22.9 
	22.9 
	22.0 

	NC_008033-Starling circovirus
	19.5 
	19.5 
	19.5 
	19.5 

	NC_008522-Finch circovirus
	17.8 
	17.8 
	17.8 
	17.8 

	NC_015399-Barbel circovirus
	20.3 
	20.3 
	20.3 
	18.6 

	NC_020904-Canine circovirus
	17.8 
	17.8 
	17.8 
	19.5 

	NC_023885-Mink circovirus
	27.1 
	27.1 
	27.1 
	27.1 

	NC_025246-Silurus glanis circovirus
	11.0 
	11.0 
	11.0 
	10.2 

	NC_025247-Cygnus olor circovirus
	16.9 
	16.9 
	16.9 
	16.9 

	NC_026945-Zebra finch circovirus
	19.5 
	19.5 
	19.5 
	19.5 

	NC_028045-Tadarida brasiliensis circovirus 1
	21.2 
	21.2 
	21.2 
	20.3 

	NC_035799-Bat circovirus
	20.3 
	20.3 
	20.3 
	20.3 

	NC_038391-Chimpanzee stool avian-like circovirus Chimp17
	18.6 
	18.6 
	18.6 
	17.8 

	NC_040679-Paguma larvata circovirus Pl-CV3
	93.2 
	93.2 
	93.2 
	83.1 

	NC_055122-Bat associated circovirus 11 
	27.1 
	27.1 
	27.1 
	26.3 

	NC_055580-Porcine circovirus 4 
	25.4 
	25.4 
	25.4 
	25.4 

	NC_055590-Penguin circovirus 
	13.6 
	13.6 
	13.6 
	12.7 





Supplementary Table S3. A list of the circovirus and cyclovirus strains used as references in the present study.
	Genus
	Name
	Accession no.
	Host
	Source
	Country

	Circovirus
	Porcine circovirus 2
	GQ404852
	Homo sapiens
	stool
	-

	
	Paguma larvata circovirus Pl-CV8
	LC416390
	Paguma larvata
	serum
	Japan

	
	Paguma larvata circovirus Pl-CV9
	LC416391
	Paguma larvata
	serum
	Japan

	
	Porcine circovirus 3
	MH445394
	mouse
	-
	China

	
	Bat circovirus
	MH760365
	Rhinolophus ferrumequinum
	-
	China

	
	Porcine circovirus 3
	MK178285
	swine
	-
	China

	
	Ursus americanus circovirus
	MN371255
	Ursus americanus americanus
	liver, kidney
	USA

	
	Giant panda associated circovirus panda384
	MZ556112
	Ailuropoda melanoleuca
	environmental sample
	China

	
	Giant panda associated circovirus/GPCV
	MZ556113
	Ailuropoda melanoleuca
	blood
	China

	
	Porcine circovirus 1
	NC_001792
	-
	-
	-

	
	Beak and feather disease virus
	NC_001944
	-
	-
	-

	
	Goose circovirus
	NC_003054
	Anser sp.
	-
	Germany

	
	Porcine circovirus 2
	NC_005148
	-
	-
	-

	
	Starling circovirus
	NC_008033
	European Starling (Sturnus vulgaris)
	-
	-

	
	Finch circovirus
	NC_008522
	finch
	-
	-

	
	Barbel circovirus
	NC_015399
	Barbus barbus (barbel)
	-
	Hungary

	
	Canine circovirus
	NC_020904
	Canis lupus familiaris
	liver tissue
	USA

	
	Mink circovirus
	NC_023885
	mink
	gut
	China

	
	Silurus glanis circovirus
	NC_025246
	Silurus glanis
	-
	Hungary

	
	Cygnus olor circovirus
	NC_025247
	mute swan (Cygnus olor)
	-
	Germany

	
	Zebra finch circovirus
	NC_026945
	Taeniopygia guttata
	-
	Germany

	
	Tadarida brasiliensis circovirus 1
	NC_028045
	Tadarida brasiliensis (bat)
	oropharyngeal swabs
	Brazil

	
	Bat circovirus
	NC_035799
	Vespertilio sinensis
	-
	China

	
	Chimpanzee stool avian-like circovirus Chimp17
	NC_038391
	chimpanzee
	stool
	Rwanda

	
	Paguma larvata circovirus Pl-CV3
	NC_040679
	Paguma larvata
	serum
	Japan

	
	Bat associated circovirus 11
	NC_055122
	Hipposideros armiger
	-
	China

	
	Porcine circovirus 4
	NC_055580
	pig
	serum
	China

	
	Penguin circovirus
	NC_055590
	Pygoscelis adeliae
	adeliae nest
	Antarctica

	Cyclovirus
	Cyclovirus NG14
	GQ404855
	Homo sapiens
	stool
	Nigeria

	
	Swine cyclovirus
	KM392285
	Sus scrofa
	stool
	Cameroon

	
	Werosea cyclovirus
	MN176052
	Leptonychotes weddellii
	feces
	Antarctica

	
	Chicken cyclovirus
	MN379599
	Gallus gallus
	tracheal swab
	USA

	
	Florida woods cockroach-associated cyclovirus
	NC_020206
	palmetto bug
	-
	USA

	
	Human associated cyclovirus
	NC_023874
	Homo sapiens
	Respiratory secretion
	Chile

	
	Feline cyclovirus
	NC_024700
	Felis catus
	feces
	USA

	
	Cyclovirus TsCyV-1
	NC_027530
	Callosciurus erythraeus thaiwanensis
	contents of Taiwan squirrels
	Japan

	
	Indian encephalitis associated cyclovirus
	NC_032682
	Homo sapiens
	cerebrospinal fluid
	India

	
	Duck associated cyclovirus 1
	NC_034977
	Anas platyrhynchos
	cloacal swab
	Hungary

	
	Bat associated cyclovirus 2
	NC_038393
	bat
	bat feces
	China

	
	Bat associated cyclovirus 3
	NC_038394
	bat
	bat feces
	China

	
	Bat associated cyclovirus 4
	NC_038395
	bat
	bat feces
	China

	
	Pacific flying fox associated cyclovirus-1
	NC_038402
	Pteropus tonganus
	feces
	Tonga

	
	Pacific flying fox associated cyclovirus-3
	NC_038404
	Pteropus tonganus
	feces
	Tonga

	
	Cyclovirus PKbeef23/PAK/2009
	NC_038405
	cow
	muscle
	Pakistan

	
	Cyclovirus NGchicken8/NGA/2009
	NC_038406
	chicken
	muscle
	Nigeria

	
	Cyclovirus Chimp11
	NC_038407
	chimpanzee
	stool in Africa
	-

	
	Dragonfly cyclovirus 6
	NC_038408
	Aeshna multicolor
	-
	USA

	
	Dragonfly cyclovirus 8
	NC_038410
	Orthetrum sabina
	-
	Australia

	
	Cyclovirus Equ1
	NC_038411
	Equus caballus
	-
	USA

	
	Cyclovirus TN25
	NC_038414
	Homo sapiens
	-
	Tunisia

	
	Cyclovirus SL-108277
	NC_038418
	Homo sapiens
	cerebrospinal fluid
	Sri Lanka

	
	Soft spider associated circular virus 1
	NC_040324
	Soft spider (Family Cybaeidae)
	-
	Canada

	
	Arboreal ant associated circular virus 1
	NC_040325
	Arboreal ants (Crematogaster nigriceps)
	-
	Kenya

	
	Dragonfly associated cyclovirus
	NC_040826
	dragonfly (Odonata: Epiprocta)
	abdomen
	China
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NC 023674-Human associated cyclovius
NC 040625-Dragonty assocated cyclovius
NC 024700 Feine cyclovirus
o V178052 Werosea cyclovirus
NC 034977-Duck associated cyclovirus 1
700! MN570509-Chicken cyclovirus
100 NC 038411-Cyclowirus Equt
% NG 032682-Incian encepnals associaled cyclovius
60404852-Porcine cicovirus 2
NC 005148-Porcine circovirus 2
0L, nc a01792-porcine crcourus 1
MH760365-Bat circovius
"00L g 055122 Bat associated circovirus 11
00| NC 035700 Bat ircovirus
95— NC 020004-Canine circovirus
NC 055560-Porcine cicovirus 4
0L nC oz2085 Mikcroune
NC 003054-Goose cicovus
1001 nC 025247-Cygnus oor crcovius
NC 026945-Zebra finch circovinus
NC 008522 Finch circorus

NC 008033-Starling circovirus
NC 038391-Chimpanzee stool avian-like circovirus Chimp17.

NC 001044-Beak and feather disease virus
NC 035500-Penguin circovirus
NC 028045-Tadarida brasiliens's circovirus 1
NC 015399 Barbel circovirus
NC 025246-Silurus glanis circovirus

MH445394-Porcine circovinus 3

100! MK178285-Porcine circovirus 3
MIN371255-Ursus americanus circovirus
112556112-Giant panda assoclated circovius pandassd
11Z556113-Gian! panda associaled circovirus GPCY
LC416391-Paguma larvata circovirus PLCVO.
LC416300-Paguma larvata circovirus PLCVE
NC 040679-Paguma larvata circovius P-CV3
M 0Q685699-Paguma larvata Gircovirus GD-PICV-1
I PP723130-Paguma larvaia circovirus PICV-GDN1111
W PQ808883-Paguma larvata clrcovirus PICV-GDN1110.
I PQ808884-Paguma larvata circovirus PICV-GDNT135
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GQ404855-Cycloviius NG 14
NC_036305-Bat associated cyclovirus 4
NC_027530-Cyclovirus TsCyv-1

'NC_038408-Dragonfly cyclovirus 6

NC_038418-Cyclovirus SL-108277

NC_038304-Bat associated cyclovinus 3
NC_040325-Arboreal ant associated circular virus 1
NC_038303.Bat assocated cyclovirus 2
NC_038406-Cyclovirus NGchicken8INGA2009
NC_038407-Cyclovirus Chimp11

NC_020206-Florida woods cockroach-associated cyclovirus
NC_038410-Dragonfy cyclovirus &

NC_023674-Human associated cyclovirus.
NC_040826-Dragonfly associated cyclovirus
NG_038404-Pacific lying fox associated cyclovirus-3

NC_038414-Cyclovirus TN25.

Saol s

99— NC_038405-Cyclovirus PKbeef23/PAKI2009
NC_032682-Indian cyclovirus
MN176052-Werosea cyclovirus.
NC_024700-Feine cyclovirus
'NC_038411-Cyclovirus Equt
NC_034977-Duck associated cyclovirus 1

100! MN378599-Chicken cyciovirus
NC_040324-Soft spider associated circular virus 1

NC_038402-Pacifc ying fox associaled cyciovirus-1
NG_025246-Silurus glanis circovirus.
NC_015300-Barbel circovinus
NC_020904-Canine ciicovirus
NC_035799-Bat circovirus
NC_001044-Beak and feather disease vius
NC_055590-Penguin circovirus
NC_008033-Starting circovirus
1001 NC_038391-Chimpanzee stool avian-ike circovirus Chimp17
NC_008522-Finch circovitus
1001 NC_026945 Zebra finch circovirus.
NC_003054-Goose circovius
NC_025247-Cygnus olor circovirus
NC_028045-Tadarida brasilensis circovirus 1
NC_023885-Mink circovrus
NC_055580-Porcine circovirus 4
WH750365-Bat circovirus
NC_055122-Bat assoclated circovrus 11
NG_001792-Porcine circovirus 1
0oL GQ404852-Porcine circovirus 2

100! NC_005148-Porcine circovirus 2
WIK176285-Porcine circovirus 3
100! MH445304-Porcine circovirus 3
MZ556112-Giant panda associated circovirus pandaded
MZ556113-Giant panda associated circovinus GPCV.
MN71255-Ursus amenicanus circovirus.
LG416391-Paguma larvata Circoviius PLCVS
NC_040679-Paguma larvata circovirus PI-CV3
LC416300-Paguma larvata Circovinus PI-CVS
W 0Q683699-Paguma larvata circovirus GD-PICY-1
W PP723130-Paguma larvata circovirus PICV-GDN1111
Il PQE08883-Paguma larvata circovirus PICV-GDINT110
M PQ608564-Paguma larvata circovirus PICV-GDIN1135.
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