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Abstract
[bookmark: _GoBack]The Avipoxvirus infection continues to be a serious threat to the poultry production and avain biodiversity across the globe. The present study was undertaken to characterize Avipoxvirus isolates from fowl, pigeon, and duck origin from Assam, India, and to assess their genetic stability following adaptation in chicken embryo fibroblast (CEF) cell culture. The isolates were revived through chorioallantoic membrane (CAM) route in embryonated chicken eggs and confirmed by PCR of the highly conserved 4b gene. Nucleotide and amino acid differences between revived and CEF-adapted isolates were determined through sequencing and bioinformatic analysis. The comparison of the nucleotide sequences of isolates by pair wise analysis showed that there was high identity between the corresponding isolates suggesting a low variation in the cell culture adaptation process. Multiple alignment of deduced amino acid sequences revealed few substitutions with more being diverged in duck and pigeon isolates than the reference fowl pox strain (HP444). Host-associated clustering of isolates was indicated by phylogenetic analysis. The results have shown that the Avipoxvirus isolates are relatively stable in terms of genetic changes over a short period of in vitro adaptation but also host-specific differences exist. On-going genomic monitoring and prolonged passage experiments are required in order to be in a better position to comprehend the viral evolution and host adaptation.
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1. Introduction
Indian poultry sector has been growing significantly in the past decades and is one of the sectors of the agricultural sector that is developing at a high rate. India is one of the largest egg and poultry meat producers in the world reflecting growing demand driven by population increase, urbanization, and shifts in dietary practices (FAOSTAT, 2023). In regions such as Assam, India where poultry is one of the main parts of livelihood and nutrition, infectious diseases are an important limitation to sustainable production. 
Avian pox is one of the oldest well-known and well distributed viral diseases that is known to affect poultry. It is caued by Avipoxviruses (APVs) which are of the genus Avipoxvirus and subfamily Chordopoxvirinae of the family Poxviridae (Carulei et al., 2017). The viruses infect a wide variety of avian hosts, such as domestic birds and wild birds, and they are distributed worldwide (Gyuranecz et al., 2013). The disease has cutaneous and diphtheritic forms and results in low productivity, retarded growth, low egg production, and occasional mortalities, thus resulting in massive losses to the economy (Tripathy and Reed, 2020). 
The Avipoxvirus infections have been reported in various avian species in various geographical locations including backyard poultry system and commercial poultry system in India. Other researchers have reported the presence of Avipoxvirus in fowl, pigeons, and ducks in Assam and other regions of the country, indicating the endemicity of the disease (Gawande et al., 2007; Pathak et al., 2017). Cases of Avipoxviruses infecting a wide range of hosts and their host range expansion have led to the concern regarding their epidemiology and evolutionary processes (Lawson et al., 2012). 
Molecular characterization of Avipoxviruses especially through the study of conserved gene i.e. 4b core protein gene has become a key to comprehend genetic diversity, host specificity and evolutionary connection. The 4b gene is much preserved and can be extensively applied to the detection, phylogenetic and classification of Avipoxvirus strains (Lee and Lee, 1997; Jarmin et al., 2006). Past research has shown that Avipoxvirus strains are divided into different lineages by host origin (fowlpox, canarypox and psittacinepox viruses), where each virus is classified into one of three clades (Manarolla et al., 2010). 
Besides molecular characterization, viral adaptation in cell culture systems is also essential in the study of the viral replication, attenuation, and vaccines. Chicken embryo fibroblast (CEF) cultures are usually used to propagate Avipoxviruses. Although short-term passaging has been regarded to be associated with less genetic changes, long-term adaptation can cause major genomic changes such as mutations and deletions that have the potential to affect virulence and host adaptation (Cottingham et al., 2006). 
Considering the facts above, the current study was conducted with the aim to characterize Avipoxvirus isolates of fowl, pigeon, and duck origin and assessing the genetic changes following a serial passage in CEF culture. The paper also aimed at studying the differences in nucleotide and amino acid sequences and evaluation of phylogenetic relationship with reference strains to gain an improved understanding of host-related diversity and evolutionary patterns. 
2. Materials And Methods 
2.1 Source of the virus
The Avipoxvirus isolates of fowl {FP/As- K(R)}, pigeon {P2/ As- K9(R)} and duck (D2/ As- N) origin, preserved in the virus repository of the Department of Microbiology, C.V.Sc, A.A.U, Khanapara were selected for the study. The NCBI GenBank accession numbers of FP/As- K(R), P2/ As-K9(R) and MT877437.1 are MT877439.1, MT877436.1 and MT877437.1, respectively. These isolates were obtained from outbreaks in different parts of Assam and were confirmed by PCR analysis in a previous study (Pathak et al., 2017). The Avipoxvirus isolates were revived in 10-12 day old embryonated chicken eggs (ECE) employing the chorioallantoic membrane (CAM) route of inoculation (Roy et al., 2013; Sherpa et al., 2023). The revival of the virus was demonstrated by appearance of lesions on the CAM post inoculation and further confirmed by polymerase chain reaction (PCR). The revived isolates of fowl, pigeon, and duck origin were respectively designated as Fowl/RV, Pigeon/RV and Duck/RV for further studies.
2.2 Detection of Avipoxvirus nucleic acid by PCR
The presence of the viral nucleic acid was confirmed by performing PCR analysis as described by Lee and Lee (1997) based on 4b gene of Avipoxvirus. DNA extraction was carried out using Trizol method following manufacturer’s protocol. The reaction was carried out in a 25 µl volume containing 14.5µl of nuclease free water (Thermo Scientific), 2.5µl of 10X buffer, 1.5µl of 25mmol Mgcl2, 1µl of 10mmol dNTP, 1µl each of forward pimer (10pmol) and reverse primer (10pmol), 0.5µl of Taq polymerase (5 unit/1µl) and 3µl of DNA template. The forward primer 5´- AGCAGGTGCTAAACAACAA-3´ and reverse primer 5´-CGGTAGCTTAACGCCGAATA-3´ were used to amplify a product of 578 bp. The thermal cycling conditions consisted of an initial denaturation at 94⁰C for 5 minutes, followed by 35 cycles of 94⁰C for 30 seconds, 57⁰C for 1 minute, and 72⁰C for 1 minute, with a final extension at 72⁰C for 8 minutes. The products were stored in 4⁰C until use. The amplified PCR products of 4b core gene were visualized by agarose gel electrophoresis in 1× Tris Acetate EDTA (TAE) buffer with 1.2% agarose containing ethidium bromide.
2.3 Sequencing and bioinformatic Analysis
2.3.1 Sequence analysis of PCR products
PCR amplicons were commercially sequenced at 1st BASE DNA Sequencing Services (Singapore). The obtained sequences were edited using BioEdit software and aligned using the ClustalW algorithm implemented in MEGA version 6.0. Sequence similarity searches were performed using the NCBI BLAST tool, and comparisons were made with corresponding sequences available in the GenBank database. For phylogenetic analysis, representative Avipoxvirus 4b gene sequences were retrieved from the NCBI GenBank database viz. chicken (KU956052, KF548037, KM974727), silver pheasant (HM481406), turkey (DQ873808), pigeon (DQ873811), and domestic mallard duck (KJ192191). These sequences originated from India, Portugal, and China and were used for phylogenetic analysis. A phylogenetic tree was constructed using the Neighbor-Joining method in MEGA version 6.0. The robustness of tree topology was assessed using bootstrap analysis with 1,000 replicates. A percent identity matrix was generated using the ClustalW algorithm.
2.3.2 PCR amplification, sequencing and sequence analysis of Avipoxvirus isolates
PCR amplification was performed using the 20th passage of the CEF-adapted Avipoxvirus isolates, namely Fowl/RV/CEF P-20, Pigeon/RV/CEF P-20, and Duck/RV/CEF P-20. The reaction was carried out following the protocol described previously in section 2.3, targeting the conserved 4b gene for molecular characterization. The amplified PCR products were subjected to direct sequencing without prior purification. Sequencing was carried out commercially at 1st BASE DNA Sequencing Services, Singapore. The obtained nucleotide sequences were edited and analyzed using the BioEdit software package.
Pairwise alignment of nucleotide sequences was performed to assess sequence identity and variation between the revived isolates and their corresponding cell culture-adapted counterparts. Further, the deduced amino acid sequences of the 4b gene were obtained and subjected to multiple sequence alignment using the CLUSTAL W algorithm implemented in BioEdit software. The sequences generated in the present study were compared with the reference fowlpox virus strain HP444 (GenBank accession number M25781.1) to identify amino acid substitutions and evaluate sequence conservation
3. Results and Discussion
3.1 Revival and confirmation of Avipoxvirus isolates
In the present study, Avipoxvirus isolates preserved in the repository of the Department of Microbiology, CVSc, AAU were successfully revived using the CAM route in 10–12-day-old embryonated chicken eggs. Following incubation for 4–5 days, characteristic changes were observed in the infected CAMs, including opacity, thickening, edema, and occasional haemorrhagic areas. Similar observations have been reported earlier, where CAM lesions appeared as grayish-white pock lesions of varying sizes depending on viral virulence (Holt and Krogsrud, 1973; Cox, 1980; Haligur et al., 2009). 
The confirmation of APV in infected CAMs was achieved through PCR targeting the conserved 4b gene following DNA extraction using the Trizol method (Fig 1). PCR-based detection of Avipoxvirus is widely regarded as a sensitive and reliable diagnostic approach (Luschow et al., 2004). The amplification of a 578 bp fragment of the 4b gene has been extensively used for rapid detection and confirmation of Avipoxvirus infections (Lee and Lee, 1997; Smits et al., 2005; Rampin et al., 2006; Manarolla et al., 2010). Nucleotide sequence analysis (Fig 2) based on the 4b  gene showed that all the fowl isolate shared a close relationship with other gene sequences of fowlpox virus isolated from India (KU956052, KF548037) and other parts of the world (KM974727). Interestingly, the duck and the pigeon isolate showed distinct divergence from the Fowlpox isolates used for the analysis. The Percent identity matrix substantiated the findings of the phylogenetic tree created using the Neighbour-joining method as maximum identity was observed between the isolates from a common host. Similar host-associated clustering has been reported in earlier studies, where Avipoxvirus isolates grouped into major clades such as Fowlpox virus, Canarypox virus, and Psittacinepox virus (Manarolla et al., 2010).






[image: ][image: ]   Fig. 1. Gel confirmation of PCR amplicons of Avipoxvirus isolates revived in embryoted chicken eggs. L1: FP/As- K(R), Fowl isolate, L2: D2/ As- N, Duck isolate, L3: P2/ As- K9(R), Pigeon isolate, L4: Commercial vaccine, L5: Negative control, L6: 100 bp ladder

Fig. 2. Phylogenetic tree based on nucleotide sequences of the 4b gene of Avipoxvirus. The tree is constructed by neighbor joining method using mega-6 program. 













3.2 Molecular characterization of Avipoxvirus
3.2.1 Pairwise nucleotide sequence analysis
Comparison of the nucleotide sequences of each of the revived isolates (Fowl/RV, Pigeon/RV and Duck/RV) with that of the CEF passaged isolates (Fowl/RV/CEF P-20, Pigeon/RV/CEF P-20 and Duck/RV/CEF P-20) was done to analyse any variation due to cell culture adaptation. Substitution of nucleotides was observed only at few positions in case of all the isolates. Pairwise alignment of the revived Fowl/RV isolate and the CEF adapted Fowl/RV/CEF P-20 isolate showed identities of 0.98886792 (Fig. 3). In the same manner, in case of the Duck and Pigeon isolates identities of 0.9678571 (Fig. 4) and 0.9927536 (Fig. 5) were observed respectively.
3.2.2 Multiple alignment of deduced amino acid sequences
The deduced amino acid sequences of the isolates were compared to that of the HP444 strain of fowl pox. As expected, variations were observed while comparing the sequences of the Duck and Pigeon origin isolates with that of the HP444 strain of fowl pox (Fig. 6).  It was observed that the revived Duck/RV isolate and the CEF adapted (Duck/RV/CEF P-20) isolate showed substitution of amino acid at position 4, 7, 9, 12, 13 and 111 when aligned with the HP444 strain.  Both the revived (Pigeon/RV) and cell culture adapted (Pigeon/RV/CEF P-20) isolates exhibited substitution of amino acid at position 9 and 12 while the sequence of the revived fowl isolate differed from the HP444 strain only at position 144. 
Molecular and phylogenetic studies have concluded that the vast majority of avian poxvirus isolates clustered into three major clades, represented by the Fowlpox virus (clade A), the Canarypox virus (clade B), and the Psittacinepox virus (clade C) (Jarmin et al, 2006). The present classification of Avipoxviruses does not include ‘Duckpox’ and in this context Gyuranecz et al (2013) opined that the exact number of existing Avipoxvirus species, strains, and variants is unknown, since new isolates continue to be identified from a wide variety of avian species.
The findings of the multiple alignment showed little deviation between the sequences of the revived isolates and the cell culture adapted isolates as they shared the same origin. Similar results were evident from the Pairwise alignment of the nucleotide sequences of each of the isolates. In another study, Mayr and Malicki (1966) subjected a field isolate known as HP-1 Munich to 438 blind passages in chicken embryo fibroblasts (CEFs), after which it was found that the virus retained no pathogenicity. Again, other workers have described the FP9 strain which was derived by plaque purification of the highly tissue culture-adapted HP strain. When the genome of FP9 was sequenced and compared to the genome of a North American strain (FPV-US) described as pathogenic, it was revealed that it had accumulated numerous mutations, including deletions totalling 25 kb (8.5% of the genome) during its extensive adaptation to growth in culture (Cottingham et al., 2006). 

[image: ][image: ]Fig. 3.: Pairwise alignment based on Avipoxvirus  4b gene comparing the nucleotide sequences of the Fowl/RV isolate and Fowl/RV/CEF P-20 isolate. 

Fig. 4.: Pairwise alignment of nucleotide sequences of Avipoxvirus 4b gene  of the Duck/RV isolate  and Duck/RV/CEF P-20  isolates. 




[image: ]
[image: ]
Fig. 5.: Pairwise alignment based on Avipoxvirus 4b gene comparing the nucleotide sequences of the  Pigeon/RV isolate  and Pigeon/RV/CEF P-20 isolates. 

Fig. 6.: Multiple alignment of the deduced amino acid sequences of 4b region of Avipoxvirus isolates Fowl/RV, Pigeon/RV and Duck/RV and Fowl/RV/CEF P-20, Pigeon/RV/CEF P-20 and Duck/RV / CEF P-20 along with  HP444 strain (M25781.1)  of fowl pox. Variations in amino acids are specifically shown while identities to the standard are represented as dots.








Conclusion
These findings suggest that while these regional strains remain relatively stable during short-term adaptation in CEFs, the inherent variations in non-fowl hosts like ducks and pigeons necessitate continued genomic surveillance to better understand host adaptability and virus evolution. Furthermore, extended passaging may induce significant genetic changes, which would require validation through in vivo studies to assess their impact on pathogenicity and other biological characteristics.
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