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Identification and characterization of a novel ulcerative enteritis-associated adenovirus of quail causing cross-species infection in chickens
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MATERIALS AND METHODS
Samples
[bookmark: _Hlk199671613][bookmark: _Hlk199690985][bookmark: _Hlk199691076]In May 2024, six pooled tissue samples from six diseased quail, including small intestines, liver, spleen, heart, and lungs, were collected by a local veterinarian and shipped on ice to our laboratory to screen for possible causative agent(s). The samples were from a quail farm raising 180,000 yellow-feathered quail (Coturnix japonica) in Shaoguan City, Guangdong Province, China, where a disease occurred on that farm with more than 100 quail dying every day. Upon necropsy, oval or elongated ulcerative lesions were observed in various regions of the small intestine. In some individuals, the duodenum or cecum was filled with black contents, and intestinal hemorrhage and congestion were noted; in some birds, the liver appeared yellow with yellowish-brown necrotic areas of varying sizes, the spleen was congested, and the cloaca contained a large number of white contents. Peritonitis, oophoritis, and intestinal distension were also observed in some individuals. Some pathologic changes are shown in Supplementary Fig. S1. After arrival, the samples were stored at −80℃ until use.
Sample processing and nucleic acid extraction
Nucleic acids of the samples were extracted as reported previously (Liao et al., 2023; Liao et al., 2025b). The nucleic acids were stored at −80℃ until use.
PCR and reverse transcription (RT)-PCR for virus detection
[bookmark: _Hlk194305098]Viral cDNA was synthesized using the Revert Aid First Strand cDNA Synthesis Kit (Thermo Scientific). PCR assays were used to detect several common viruses, including Newcastle disease virus (NDV), fowl adenovirus (FAdV), Marek’s disease virus (MDV), infectious bursal disease virus (IBDV), Tembusu virus (TMUV), infectious bronchitis virus (IBV), astrovirus (AstV), avian influenza virus (AIV), circoviruses (CV) and avian reovirus (ARV), as we did previously (Liao et al., 2023; Liao et al., 2025b). The primer information is listed in Supplementary Table S2. PCR-positive samples were sequenced directly via the Sanger dideoxy sequencing method, using the same primers.
Virus isolation
To isolate possible virus in the samples, the supernatants of the centrifuged tissue homogenates were filtered twice, first through 0.45 μm filters, followed by 0.22 μm filters, and 100 μL of the flow-through was mixed with an equal volume of DMEM/F12 (Gibco, ThermoFisher Scientific) and inoculated onto DF-1 cells in a 24-well plate as reported previously (Liao et al., 2025b). In brief, the DF-1 cells were grown in DMEM/F12 supplemented with 100 units/mL penicillin, 100 μg/mL streptomycin and 10% heat-inactivated fetal bovine serum (Gibco, ThermoFisher Scientific). After 1h of incubation at 37℃, the inoculants were discarded, and the cells were washed with sterile 1ⅹphosphate-buffered saline (PBS) three times, and then 500 μL of DMEM/F12 was supplemented and further incubated at 37℃ with 5% CO2. The cells were checked daily for cytopathic effect (CPE). After 3 to 4d, the plates were frozen at −80℃ and subjected to 3 freeze-thaw cycles. A 100 μL aliquot of the freeze-thaw mixture was then inoculated into new cells as described. After 5 passages, if CPE was still observed, the nucleic acids were extracted from the cell cultures to detect the presence of virus via conventional PCR using the primers listed in the Supplementary Table S1.
In addition to DF-1 cells, eight 9-day-old specific-pathogen-free (SPF) chicken embryos, were used to grow the possible virus by inoculating 100 μL of 0.22 μm-filtered freeze-thaw supernatants of the tissue homogenates into the allantoic cavity through standard procedures, including two SPF chicken embryo inoculated with sterile saline as a control. Moreover, 30 commercial quail embryos were also used to grow the possible virus, including 10 eggs inoculated with sterile saline as a control. The eggs were checked daily, and the dead eggs were picked out and put in the refrigerator at 4℃. The allantoic fluids were collected for viral titer assessment, as we did previously (Liao et al., 2023; Liao et al., 2025b). 
Genome sequencing and sequence analyses
As no PCR positive results were obtained, further sequence-independent single primer amplification (SISPA) was performed with the nucleic acids from one pooled samples and the amplified products with size of 300−400 bp were sent to Tsingke Biotech (Beijing) for library preparation and sequencing with an Illumina HiSeqⅹ10 platform as described previously (Liao et al., 2023; Liao et al., 2025b). The clean data with the host genome removed were assembled into contigs and were used to perform a BLAST search (https://blast.ncbi.nlm.nih.gov/Blast.cgi). Primers were designed to amplify regions across gaps between the contigs using the nucleic acids from the same pooled samples as used for NGS (Supplementary Table S1). Moreover, if ambiguous nucleotides were found in the contigs, PCRs with new primers covering the ambiguous regions were carried out, and the PCR products were sequenced by Sanger dideoxy sequencing as described previously (Liao et al., 2023; Liao et al., 2025a; Liao et al., 2025b). Moreover, to investigate whether mutations existed after the animal experiment, the complete genome of QAdV-1 was resequenced via next-generation sequencing using DNA extracted from the kidney tissue with the high CT value of 13.8 as described in the Result section.
The alignments and comparisons of the sequences were performed via DNAMAN (Lynnon Corporation) and MAFFT (https://mafft.cbrc.jp/alignment/software/). The ORFs of the present virus were predicted by the ORFfinder (https://www.ncbi.nlm.nih.gov/orffinder/). Phylogenetic analyses were performed using MEGA7.0 with the Maximum Likelihood method (Kumar et al., 2016). 
[bookmark: _Hlk198320867]Protein expression and mouse polyclonal antibody preparation
To detect the present quail siadenovirus (QAdV-1) antigens in the tissues, the complete hexon and fiber proteins were expressed using the pET30a vector, with the codons both been optimized according to the Escherichia coli expression system. The proteins were checked and purified as described (Liao et al., 2025b). A total of 100 μg of each protein, mixed with Freund’s complete adjuvant (final volume, 0.4 mL), was inoculated subcutaneously into two 8-week-old BALB/c mice. Two additional inoculations were performed by injecting 50 μg of protein mixed with Freund’s incomplete adjuvant (final volume, 0.4 mL) at 2-week intervals. Bloods were collected 2 weeks after the last inoculation, and sera were subsequently obtained via centrifugation, as we did previously (Liao et al., 2023; Liao et al., 2025b).
Real-time PCR
To quantify the virus loads in the samples, a set of Taqman realtime PCR (qPCR) procedures was established with the primers (QAdV-DF/DR) and the probe (QAdV-prob) targeting the sialidase gene designed based on the genome of the present QAdV-1strain. A recombinant plasmid was constructed using the fragment amplified by primer pairs QAdV-1F/568R (Supplementary Table S2), and this plasmid was used as standards to make a standard curve to quantify the virus in the samples following the method described previously (Xiao et al., 2012; Liao et al., 2025b). Amplifications were performed via the Bio-Rad CFX96 Real Time PCR System (Bio-Rad Pacific Ltd.).
Challenge study of quail and chicks
As the attempt to isolate the virus failed, in order to test the pathogenicity of the present QAdV-1, a preliminary infection study was performed. The 0.22 μm filtered tissue homogenates were diluted 1∶1 with sterile saline and used as inoculum for challenge study. Twenty-four 14-day-old commercial quail (Coturnix japonica) were randomly divided into 2 groups. One group with 16 quail was used for virus challenge through both the oral route (0.1 mL) and the subcutaneous (SC) route (0.1 mL), and the other group with 8 individuals served as a negative control inoculated with sterile saline in the same way. The birds were raised in isolators in air-conditioned rooms with a room temperature of 26±2 ℃, provided with water ad libitum, and each was supplied with the same amount of food. The clinical signs were checked daily and any dead bird found was dissected immediately. After infection, the fecal swabs, immersed in 1 mL of sterile saline, were collected every three days. As the virus shed continuously in feces, the experiment was not terminated until 78 DPI. The remaining live quail were quickly euthanized by cervical dislocation. Samples of the heart, liver, spleen, lung, kidney, proventriculus, gizzard, duodenum, jejunum and ileum, cecum, thymus, pancreas, bursa of Fabricius, testes, and brain of each quail were collected and divided into two portions, with one portion used for detecting the virus by qPCR, and the other placed in 10% neutral formalin solution for histochemical analysis as described previously (Liao et al., 2023; Liao et al., 2025b).
In addition to quail, to check if QAdV-1 has the potential for cross-species transmission from quail to chicken, twenty-seven 7-day-old chicks hatched from SPF embryos were randomly divided into two groups, with one group including 18 chicks used for virus infection and the other group including 9 chicks serving as negative control. The inoculum was kidney homogenate originating from the experimentally infected quail described above, which had a high QAdV-1 titer with a CT value of 13.8 (equal to 1010.2 viral genome loads per 0.1 gram of kidney tissue). The inoculation routes and sample collection procedures were the same as those in the quail infection experiment described above.
Histopathology and immunohistochemistry
The tissue sections kept in the formalin were subjected to routine histopathological (H&E) and immunohistochemistry (IHC) staining and imaging, which were carried out by BaiQianDu Biotechnology (Wuhan, China). The QAdV-1 Hexon protein mouse polyclonal antibody made in the present study was used as the first antibody for IHC to detect QAdV-1 antigen in the tissues.
Statistical analysis
The software GraphPad Prism (version 9.5) was used for displaying the virus titers in different tissues of the infected animals, which were presented as means ± standard deviations for each type of tissue.
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Supplementary Fig. S1. The photographs of the sick quail from clinics. A intestinal hemorrhage and congestion. B Yellow liver with brown necrotic areas of different sizes. C Congested spleen and intestinal inflation.
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Supplementary Fig. S2. The photographs of the quail experimentally infected with homogenates containing QAdV-1. A Proventriculus. B Jejunum. C Ileum and cecum. D Rectum and cloaca. E Bursa of Fabricius. F Cecum. G Heart. H Spleen.
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Supplementary Fig. S3. SPF chicken infected with homogenates containing QAdV-1. A Infected chick. B Mock infected chick. C and D The cecum, jejunum and ileum of the infected chickens.
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Supplementary Fig. S4. H&E (A−D) and IHC (E−F) results of representative tissues from quail infected with homogenates containing QAdV-1. A Kidney. B Cecum. C Duodenum. D Ileum. E Kidney. F Cecum. Scale bar, 50 μm (bottom left).
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Supplementary Fig. S5. The predicted 3D structures of DNA polymerase protein (Pol) of QAdV-1-HNU-SGX-2024. A Structure of Pol of QAdV-1-HNU-SGX-2024 from tissues of a clinic sick quail. B Structure of Pol of the same QAdV-1 from the kidney of a quail challenged with the inoculum containing the virus described in (A). C The superposition of the structures of Pol from (A) and (B). The highlighted residues (145Y, 149D, 150I, 151P) before challenge (from clinical samples) and (145N, 149S, 150N, 151S) after challenge are indicated at the upper right window.
[bookmark: _GoBack]


Supplementary Tables
Supplementary Table S1. Primers used for detecting and sequencing of fowl adenovirus (FAdV), Avian influenza virus (AIV), Marek’s disease virus (MDV), infectious bursal disease virus (IBDV), infectious bronchitis virus (IBV), Newcastle disease virus (NDV), circovirus (CV), Tembusu virus (TMUV), astrovirus (AstV) and avian reovirus (ARV).

	Primer
	Sequences (5‘ to 3’)
	Reference

	FAdVs-DF
	CAARTTCAGRCAGACGGT
	For detecting FAdVs (Liu et al., 2016)

	FAdVs-DR
	TAGTGATGMCGSGACATCAT
	For detecting FAdVs (Liu et al., 2016)

	MDV-DF
	ATGCGATGAAAGTGCTATGGAG
	For detecting MDV, this study

	MDV-DR
	ATCCCTATGAGAAAGCGCTTGA-
	For detecting MDV, this study

	IBDV-VP2F
	GCCCAGAGTCTACACCAT
	For detecting IBDV (Michel and Jackwood, 2017)

	IBDV-VP2R
	ATGGCTCCTGGGTCAAATCG
	For detecting IBDV (Michel and Jackwood, 2017)

	IBV-MF
	GAGTTTCCTAAGAACGGTTG
	For detecting IBV, this study

	IBV-MR
	[bookmark: OLE_LINK74]AAATACTCTCTACACACACACAT
	For detecting IBV, this study

	NDVF
	ATGGGCTCCAGAYCTTCTAC
	For detecting NDV, this study

	NDVR
	[bookmark: OLE_LINK34][bookmark: OLE_LINK35]CTGCCACTGCTAGTTGTGATAATC
	For detecting NDV, this study

	ARV-DF
	GCTTTTTCAATCCCTTGTTCGTCGAT
	For detecting ARV, this study

	ARV-DR
	GTGTCGATGCCGGTACGCAC
	For detecting ARV, this study

	CV-F1
	GGIAYICCICAYYTICARGG
	For detecting CV (Li et al., 2010)

	CV-R1
	AWCCAICCRTARAARTCRTC
	For detecting CV (Li et al., 2010)

	CV-F2
	GGIAYICCICAYYTICARGGITT
	For detecting CV (Li et al., 2010)

	CV-R2
	[bookmark: OLE_LINK40][bookmark: OLE_LINK41]TGYTGYTCRTAICCRTCCCACCA
	For detecting CV (Li et al., 2010)

	AIV-MDF
	GAGTCTTCTAACCGAGGTCGAAAC-
	For detecting IV(Zhou et al., 2009)

	AIV-MDR
	GTCCTCGCTCACTGGGCAC
	For detecting IV(Zhou et al., 2009)

	TMUV-9022F
	GATGGGAAARMGMGARAAGAAGAT
	For detecting TMUV, this study

	TMUV-10274R
	GCATRATTGGDGTGTAWATRTTCTC
	For detecting TMUV, this study

	AstVOutF1
	GARTTYGATTGGRCKCGKTAYGA
	For detecting astrovirus (Chu et al., 2008)

	AstVOutF2
	GARTTYGATTGGRCKAGGTAYGA
	For detecting astrovirus (Chu et al., 2008)

	AstVOutR1
	GGYTTKACCCACATNCCRAA
	For detecting astrovirus (Chu et al., 2008)

	AstVInnF1
	CGKTAYGATGGKACKATHCC
	For detecting astrovirus (Chu et al., 2008)



Supplementary Table S2. Primer information for realtime PCR (qPCR) and for PCR to cover the gaps and ambiguous regions of the present quail siadenovirus (QAdV-1) genome. The positions of the primers referred to THEV (AC_000016).

	Primer
	Sequences (5‘ to 3’)

	[bookmark: _Hlk194433266]QAdV-1F
	CAATCAAWATWKATACCGCATG

	QAdV-568R
	5-AATCTACCGCTTCTCAATTGAA

	QAdV-1161F
	TGACTCTTTTCTAGTTAAGCT

	QAdV-3559R
	CTTGGCATGAACCTACTC

	QAdV-3412F
	GAATTCTTCTAGTTCATTATTCATTTTC

	QAdV-4529R
	GGAAGCTTTGCAACAAGAGAAAG

	QAdV-4352F
	CTTTCAAGGTAAATGATAAGTTGTTTAT

	QAdV-6538R
	TTACAATTTGGAAAAAATTAACTGGAT

	QAdV-6321F
	GTCAATGTGGTTATAGTAGTAAGTGGAT

	QAdV-7377R
	GACTAGAACTAACAGAACCTGCTAG

	QAdV-7146F
	ACATATTGCATGTTTACATATCTTC

	QAdV-8879R
	CTGCTTTCATAAAATTCTCTCCTT

	QAdV-9645F
	GACCATACTGACCAATTCCTGATTC

	QAdV-11850R
	GCTACATTTCTAACTAAACCACTATCAT

	QAdV-11691F
	GAGGAAAGATTAATTGGGGCTCTT

	QAdV-15216R
	CCACCACTCATAACTATAAGTTCCAG

	QAdV-15048F
	ATGGATAATGTTAATCCATTTAATCAT

	QAdV-17834R
	GCAGCTTTGTCTATCAAGATAG

	QAdV-17663F
	GCTCTAGTACCTTCATCAGATTG

	QAdV-20161R
	GCTGTGAAACAATTTTAGCATCAC

	QAdV-19905F
	GATTATGGGCTAATAAGTATTTGAAT

	QAdV-21505R
	CATTCTGTCAAATATGAAAACCTATG

	QAdV-21323F
	GGTGCTATTATCTTATCAGGACAG

	QAdV-22772R
	AACTTTATAGCTTATGTCTGATACTGT

	QAdV-22461F
	TTTCATTTATTCTTTTTGGTTTACAAC

	QAdV-26263R
	CAATCAAWATWKATACCGCATGYYYG

	QAdV-DF
	TGAAGCGAAAACGGGTAGATATGGATTATAT

	QAdV-DR
	GAGATATCAAAATGGAGCGGGTATGAAGC

	QAdV-prob
	FAM- CCAGGGTTTTGGGCTTGGCAGTCAGACT -3-BHQ







Supplementary Table S3. Locations and sizes of the predicted ORFs of QAdV-1 and their identities with the reference turkey hemorrhagic enteritis virus (THEV) strain (NC_001958) 
	No.
	ORFs/ITR
	Strand
	Location
	Nucleotide/amino acid
	Identities (%) with THEV strain (NC_001958)

	
	
	
	
	
	Nucleotide (%)
	Length（bp）
	Protein (%)
	Length（aa）

	1
	[bookmark: _Hlk194868213]ITR
	
	1-39
	-
	87.5
	39
	-
	-

	2
	QaVgp01
(ORF1-sialidase)
	+
	325-1956
	1632bp/543aa
	68.7
	1554
	59.4
	517

	3
	QaVgp02（ORF2）
	+
	611-913
	303bp/100
	77.6
	303
	59
	100

	4
	QaVgp04（ORF4）
	+
	1969-2313
	345bp/114aa
	86.4
	348
	86
	115

	5
	Hydrophobic protein 1
（Hyd1)
	+
	2099-2326
	228bp/75aa
	89
	228
	82.7
	75

	6
	Hydrophobic protein 2 (Hyd2)
	+
	4212-4541
	330bp/109aa
	NA*
	NA
	NA
	NA -

	7
	QaVgp07
（ORF5）
	+
	4617-4964
	348bp/115aa
	77.6
	498
	67.3
	165

	8
	Packaging protein 3
52K
	+
	8573-9472
	900bp/299
	86.1
	903
	89.3
	300

	9
	pIIIa
	+
	9462-10976
	1515bp/504aa
	76.2
	1518
	81.7
	505

	10
	Penton base protein
	+
	10998-12344
	1347bp/448aa
	80
	1347
	84.4
	448

	11
	Core protein I（CP I, pVII）
	+
	12344-12703
	360bp/119aa
	88.1
	363
	89.9
	120

	12
	Core protein II（CP II, pX）
	+
	12705-12881
	177bp/58aa
	83.6
	177
	100
	58

	13
	pVI
	+
	12901-13584
	684bp/227aa
	85.2
	696
	81.4
	231

	14
	Hydrophobic protein 3 (Hyd3)
	+
	15041-15346
	306/101aa
	NA
	NA
	NA
	NA

	15
	Hexon
	+
	13594-16314
	2721bp/906aa
	81.1
	2721
	84.7
	906

	16
	Protease
（endoprotease, EP）
	+
	16316-16954
	639bp/212aa
	78.4
	645
	75.5
	214

	17
	Shutoff protein
（100K）
	+
	18221-20221
	2001bp/666aa
	78.1
	1998
	77.1
	665

	18
	22K
	+
	20133-20405
	273bp/90aa
	84.8
	270
	80.02
	89

	19
	pVIII
	+
	20764-21375
	612bp/203aa
	76
	603
	73.1
	200

	20
	E3
	+
	21251-22108
	858bp/285aa
	74.4
	903
	67.3
	300

	21
	Fiber protein
	+
	22371-23819
	1449bp/482aa
	60.1
	1365
	48.8
	454

	22
	QaVgp23
(ORF7, hypothetical protein)
	+
	24362-25024
	663bp/220aa
	72.0
	657
	64.15
	218

	23
	IVa2
	-
	3441-2338
	1104bp/367aa
	80.2
	1104
	86.6
	367

	24
	Pol
	-
	6772-3434
	3339bp /1112aa
	75.3
	3339
	76.3
	1112

	25
	terminal protein（pTP）QaV3gp08
	-
	8624-6765
	1860bp/619aa
	79.7
	1794
	83.3
	597

	26
	DNA-binding protein
(DBP)
	-
	17992-16958
	1035bp/344aa
	81.4
	1041
	84.9
	346

	27
	U exon
	-
	[bookmark: OLE_LINK1]22372-22118
	255bp/84aa
	75
	261
	69.9
	86

	28
	QaVgp24
(ORF8, hypothetical protein)
	-
	25582-25076
	507bp/168aa
	68.1
	507
	64.3
	168

	29
	(QaVgp25.ORF9）
	-
	25836-25552
	285bp/94aa
	65.37
	297
	53.2
	98

	30
	ITR
	
	26075-26113
	
	
	
	
	


*NA: indicates the ORF is not available in the genome
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