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Abstract | Feline coronavirus (FCoV) is a positive-sense single-stranded RNA virus that is widely distributed in the cat 
population of Indonesia. FCoV infection typically produces subclinical or mild gastrointestinal signs; however, high 
mutation rates facilitate systemic dissemination and unpredictable disease progression to feline infectious peritonitis 
(FIP), which posing a significant threat to feline health.This study aimed to perform molecular characterization and 
phylogenetic analysis of FCoV detected in symptomatic cats in Tangerang, Indonesia, based on two structural genes, 
the membrane (M) and nucleocapsid (N) genes. Eleven archived samples previously identified as FCoV-positive based 
on the spike (S) gene were analyzed using reverse transcription-polymerase chain reaction (RT-PCR) followed by 
Sanger sequencing and phylogenetic mapping. Of the 11 archived samples previously identified as FCoV-positive, 
seven (63.6%) were successfully amplified and sequenced for both the N and M genes. BLASTn analysis showed that 
the N gene shared 91.22–94.23% nucleotide identity with the Chinese genotype I reference strain PV246293, whereas 
the M gene exhibited 92.63–94.43% identity with the Chinese genotype I reference strain PP444763. Phylogenetic 
analysis placed all Tangerang sequences within genotype I. The N gene sequences formed a distinct monophyletic 
clade, whereas the M gene sequences were resolved into two closely related lineages. These findings provide baseline 
molecular epidemiological data on FCoV circulating in Tangerang and may support future surveillance and studies of 
its genetic diversity and evolution in Indonesia.

Keywords �|Feline coronavirus (FCoV), Membrane (M) gene, Nucleocapsid (N) gene, Molecular characterization, Phylogenetic 
analysis.
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INTRODUCTION

Feline coronavirus (FCoV) is an enveloped, positive-
sense RNA virus in the family Coronaviridae and genus 

Alphacoronavirus that infects cats worldwide. Pathogenetically, 
FCoV has traditionally been classified into two biotypes: Feline 
enteric coronavirus (FECV), which is generally associated 
with asymptomatic infection or mild enteric disease, and 
Feline infectious peritonitis virus (FIPV), a highly pathogenic 
biotype responsible for an often fatal systemic disease 
(Dong et al., 2024; Shi et al., 2024). Beyond pathogenicity, 
FCoV is genetically distinguished into genotype I, the most 
dominant type in the field, and genotype II, which is a result 
of recombination between genotype I FCoV and Canine 
coronavirus (CCoV) (Delaplace et al., 2021).

FCoV infection exhibits highly efficient transmission and 
high global prevalence, reaching 47.6% in Europe and up 
to 67.9% in Asian regions such as Fujian, China (Marzok et 
al., 2023; Dong et al., 2024). The evolutionary dynamics of 
this virus are heavily influenced by genetic recombination 
and in vivo mutations, such as the emergence of FIPV 
from FECV. Recent epidemiological events, such as 
the 2023 outbreak in Cyprus involving the recombinant 
FCoV-23 variant, demonstrated increased transmission 
efficiency and neurological manifestations (Attipa et al., 
2023). These developments underscore the role of various 
animal species as reservoirs and highlight the necessity of 
molecular studies to understand viral adaptation (He et al., 
2020; Bahoussi et al., 2022).

In Indonesia, studies regarding the prevalence and 
characterization of FCoV variants remain very limited. 
Previous reports indicate FCoV antibody prevalence as 
high as 90% in 10 cats in Yogyakarta, along with molecular 
detection in imported cats (Mulyani et al., 2024; Fitrawati 
et al., 2025). Despite this high prevalence, updated 
information on the genetic variation of local Indonesian 
strains is scarce. Understanding the molecular structure of 
the FCoV genome comprising the spike (S), envelope (E), 
membrane (M), and nucleocapsid (N) genes is essential for 
epidemiological studies (Tasker et al., 2023).

The limited molecular data available for Indonesian FCoV 
strains, particularly for the M and N genes, restrict our 
understanding of their genetic diversity and molecular 
epidemiology. The M protein is an integral membrane 
protein that plays an important role in coronavirus 
assembly, budding, and virion morphogenesis through its 
interactions with other structural proteins. Meanwhile, the 
N protein binds to the viral genomic RNA to form the 
ribonucleoprotein complex and contributes to viral RNA 
replication, transcription, and virion assembly (Li et al., 
2022). Despite their important biological roles, molecular 
information on the M and N genes of Indonesian FCoV 
strains remains limited, particularly for viruses circulating 
in the Tangerang region. Therefore, analysis of partial 
sequences of the M and N genes may provide additional 

information on the genetic characteristics and phylogenetic 
relationships of local FCoV strains.

To address these knowledge gaps, this study aimed to detect 
FCoV in clinical samples collected from cats in Tangerang, 
Indonesia, and to characterize the partial sequences of the 
membrane (M) and nucleocapsid (N) genes of the detected 
viruses. The specific objectives were to evaluate sequence 
variation among the Indonesian strains and determine 
their phylogenetic relationships with representative FCoV 
sequences available in public databases. The findings 
provide baseline molecular epidemiological data on 
FCoV circulating in Tangerang and may support future 
surveillance, research on its genetic diversity and evolution 
in Indonesia, and the selection of locally relevant genomic 
regions for further diagnostic investigation. 

MATERIALS AND METHODS

Archived samples
A total of 11 archived samples, including feces, rectal swabs, 
and ascites fluid, were utilized in this study. The samples 
were originally collected from cats showing clinical signs 
suggestive of feline infectious peritonitis (FIP) and had 
been included in our previous study investigating FCoV 
based on partial spike (S) gene sequences (Poetri et al., 
2026). The present study represents a distinct molecular 
analysis of these archived samples, focusing on the partial 
nucleocapsid (N) and membrane (M) gene sequences. The 
archived samples were maintained at the Immunology 
Laboratory, Division of Medical Microbiology, School 
of Veterinary Medicine and Biomedical Sciences, IPB 
University, and stored frozen at −20 °C until further 
molecular analysis.

Viral rna extraction
Total viral RNA was isolated using the Geneaid Viral 
Nucleic Acid Extraction Kit II (New Taipei City, Taiwan) 
according to the manufacturer’s protocol. Briefly, 200 μL 
of sample was lysed using 400 μL of VB Lysis Buffer and 
incubated for 10 minutes at room temperature. Nucleic 
acid binding was performed by adding 450 μL of AD 
Buffer (pre-mixed with absolute ethanol) and passing the 
mixture through a VB Column via centrifugation at 18,626 
× g. The column was subsequently washed with W1 and 
Wash buffers to remove contaminants. Finally, the RNA 
was eluted into 50 μL of RNase-free water and stored at 
-20 °C until further use. Viral RNA concentration was not 
measured quantitatively in this study.

Synthesis of CDNA
The extracted RNA was converted into complementary 
DNA (cDNA) using the ReverTra Ace-α-™ kit 
(TOYOBO, Osaka, Japan). The cDNA synthesis for the 
partial N and M gene sequences was performed separately 
using their respective gene-specific reverse primers. For 
the nucleocapsid (N) gene, a specific reverse primer FCoV-
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N-R (5′-TGCGTTTAGTTCGTAACCTC-3′) was used, 
while for the membrane (M) gene, the primer FCoV-M-R 
(5′-GGAAGGTTCATCTCCCCAGTTGACG-3′) was 
employed. The reaction mixture consisted of 5x RT buffer, 
a dNTP mixture, an RNase inhibitor, a specific primer, and 
1 μL of ReverTra Ace enzyme. Synthesis was performed at 
42 °C for 20 minutes, followed by enzyme inactivation at 
99 °C for 5 minutes. Viral cDNA concentration was not 
measured quantitatively in this study.

Polymerase chain reaction (PCR) amplification
Amplification was conducted using KOD One™ PCR 
Master Mix -BLUE- (TOYOBO, Osaka, Japan) at a 
25 μL reaction volume. A previously confirmed FCoV-
positive sample from our earlier study (Poetri et al., 2026) 
was included as the positive control, while a no-template 
control (NTC), in which the template was replaced with 
nuclease-free water, was included as the negative control in 
each PCR run. Specific primers were used to amplify partial 
sequences of the N and M genes, with expected amplicon 
sizes of 1202 bp and 880 bp, respectively, as shown in Table 
1. The thermal cycling conditions for the N gene included 
initial denaturation at 95 °C for 3 minutes, followed by 35 
cycles of denaturation (94 °C, 30s), annealing (56 °C, 30s), 
and extension (72 °C, 75s). For the M gene, the annealing 
temperature was adjusted to 58 °C with an extension time 
of 60 seconds. A final extension was performed at 72 °C 
for 10 minutes.

Electrophoresis and sequencing
PCR products were analyzed by 1.5% agarose gel 
electrophoresis (modified from Dong et al., 2025) at 80–
150 V for 35 minutes. Gels were stained with ethidium 
bromide and visualized using a UV transilluminator. PCR 
products showing bands corresponding to the expected 
amplicon sizes for the partial N and M gene sequences 
were selected for bidirectional Sanger sequencing at Apical 
Scientific Sdn. Bhd. (1st BASE), Malaysia, for bidirectional 
Sanger sequencing. The identity of the amplified products 
was subsequently verified through sequence analysis.

Phylogenetic and data analysis
Sequencing data were analyzed using MEGA (Molecular 
Evolutionary Genetics Analysis) version 12.1.1 (Kumar 
et al., 2024). Chromatograms were visually inspected for 
quality, and forward and reverse sequences were assembled 
into a consensus sequence after trimming primer-binding 
regions. Multiple sequence alignment was performed 
using ClustalW alongside global reference sequences from 

GenBank. Two separate phylogenetic trees, one based on 
partial M gene sequences and the other on partial N gene 
sequences, were constructed using the neighbor-joining 
method and the Kimura 2-parameter model with 1,000 
bootstrap replicates. The resulting trees were visualized 
using iTOL (Interactive Tree of Life) (Letunic and 
Bork, 2024). BLASTn (Basic Local Alignment Search 
Tool Nucleotide) analysis was used to assess nucleotide 
sequence similarity between the Indonesian strains and 
FCoV sequences available in GenBank. All samples had 
been previously classified as genotype I based on S gene 
analysis (Poetri et al., 2026). The N and M gene phylogenies 
were used to assess broader genetic relationships, not for 
genotype assignment. 

RESULTS

RT-PCR amplification of N and M genes
Molecular detection of Feline coronavirus (FCoV) was 
conducted on 11 clinical samples using RT-PCR targeting 
both the nucleocapsid (N) and membrane (M) genes. The 
results revealed that seven out of eleven samples (63.6%) 
were positive for both targets. Electrophoresis on a 1.5% 
agarose gel showed distinct bands at 1202 bp for the N 
gene (Figure 1) and 880 bp for the M gene (Figure 2).

The positive samples code were identified as F2 , G2 , I1, 
K , M, U, and V. Conversely, four samples (D, L, O1, and 
S) tested negative. Detailed sample information and RT-
PCR results are summarized in Table 2.

Sequence alignment, variation, and BLASTn 
results
Bidirectional sequencing of the N gene amplicons yielded 
consensus sequences with lengths ranging from 788 to 797 
bp after quality trimming and assembly of the forward and 
reverse reads. The final sequence lengths were 797 bp for 
F2, 794 bp for G2, 788 bp for I1, 796 bp for K, 794 bp 
for M, 789 bp for U, and 797 bp for V. For the M gene, 
analysis and consensus alignment of the chromatograms 
yielded final sequence lengths ranging from 768 to 771 bp 
whereas 771 bp for F2, G2, K, M, and V; 768 bp for I1 and 
U. BLASTn analysis against FCoV reference sequences 
available in GenBank showed nucleotide sequence identity 
values ranging from 91.22% to 94.23% for the N gene 
sequences, and between 92.63% and 94.43% for the M 
gene sequences (Table 2).

Table 1: Specific primers for FCoV N and M gene amplification.
Target Gene Primer Name Sequence (5′→3′)* Fragment Size Reference
N Gene FCoV-N-F GCACGTACTGAYAATTTGAGTGAAC 1202 bp Shi et al., 2024

FCoV-N-R TGCGTTTAGTTCGTAACCTC
M Gene FCoV-M-F CCCGACGAAGCATTYTTGTTTGAACTA 880 bp Shi et al., 2024

FCoV-M-R GGAAGGTTCATCTCCCCAGTTGACG
Footnotes:*Y = C or T according to the IUPAC nucleotide code.
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Table 2: Summary of RT-PCR detection and molecular characteristics of partial N and M gene sequences from archived 
samples.
No. Sample 

code
Sample 
type

Sequence name N gene 
PCR

N sequence 
length (bp)

N nucleotide 
identityᵃ (%)

M gene 
PCR

M sequence 
length (bp)

M nucleotide 
identityᵇ (%)

1 D Feces NA − NA NA − NA NA
2 F2 Feces FCOV/ID-TGR/

F2/2024
+ 797 94.23 + 771 94.43%

3 G2 Feces FCOV/ID-TGR/
G2/2024

+ 794 93.22 + 771 93.65%

4 I1 Rectal 
swab

FCOV/ID-TGR/
I1/2024

+ 788 91.83 + 768 92.63%

5 K Rectal 
swab

FCOV/ID-
TGR/K/2024

+ 796 94.10 + 771 94.43%

6 L Rectal 
swab

NA − NA NA − NA NA

7 M Rectal 
swab

FCOV/ID-
TGR/M/2024

+ 794 93.35 + 771 93.65%

8 U Feces FCOV/ID-
TGR/U/2024

+ 789 91.22 + 768 92.88%

9 O1 Rectal 
swab

NA − NA NA − NA NA

10 V Feces FCOV/ID-
TGR/V/2024

+ 797 93.32 + 771 94.43%

11 S Ascitic 
fluid

NA − NA NA − NA NA

Footnotes: a  Nucleotide sequence identity determined by BLASTn comparison with the FCoV sequence available in GenBank under 
accession number PV246293; b  Nucleotide sequence identity determined by BLASTn comparison with the FCoV sequence available 
in GenBank under accession number PP444763; NA: Not applicable because no PCR product of the expected size was obtained.

Figure 1: Electrophoresis results of RT-PCR FCoV nucleocapsid (N) gene.

Figure 2: Electrophoresis results of RT-PCR FCoV membrane (M) gene.
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Figure 3: Phylogenetic tree based on partial nucleotide sequences of the feline coronavirus (FCoV) nucleocapsid (N) 
gene. The seven FCoV sequences obtained in this study are indicated by red labels and asterisks (★).

Phylogenetic analysis
Separate phylogenetic trees were constructed based on 
the partial N and M gene sequences using the neighbor-
joining method with bootstrap analysis. In the partial N 
gene phylogenetic tree, the seven FCoV sequences from 
Tangerang were positioned among reference FCoV 
sequences from different geographical origins, including 
the United Kingdom, USA, China, and Indonesia (Figure 
3). 

Similarly, phylogenetic analysis based on the complete 
trimmed M gene sequences (768–771 bp) showed that the 
seven Tangerang FCoV sequences were distributed among 
reference sequences from various geographical origins, 
including China, Belgium, the USA, and the Netherlands 
(Figure 4). Reconstruction of the M gene phylogenetic 
tree using the Kimura 2-parameter model was completed 
with full bootstrap support across all 1,000 replicates. The 
Tangerang sequences are indicated by star symbols (★) 
and red font in Figure 4.

DISCUSSION

The molecular detection of Feline coronavirus (FCoV) in 
this study utilized reverse transcription-polymerase chain 

reaction (RT-PCR), this approach is highly effective for 
confirming the presence of viral genetic material, though 
its sensitivity can be influenced by viral load compared to 
nested RT-PCR or RT-qPCR (Kopduang et al., 2025).

From 11 archived samples which were previously found to 
be FCoV-positive based on 3′ UTR and 10 of those samples 
that were confirmed to be FCoV-positive based on the 
spike (S) gene (Poetri et al., 2026), seven samples (63.6%) 
were successfully amplified based on the nucleocapsid (N) 
and membrane (M) genes (Table 2). The presence of specific 
bands at 1202 bp for the N gene and 880 bp for the M 
gene (Figures 1 and 2), indicating successful amplification 
of products corresponding to the expected target sizes 
(Salomonsen et al., 2014; Shi et al., 2024). The identity of 
the amplified products as FCoV N and M gene sequences 
was further supported by sequencing and BLASTn 
analysis, which demonstrated moderate nucleotide 
identity with FCoV reference sequences (Table 2). While 
most positive samples showed robust DNA bands, sample 
K initially exhibited a faint band for the M gene, likely 
due to low target concentration or minor inhibitors (Figure 
2). The electrophoresis was therefore repeated to verify the 
consistency of the observed amplification result.
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Figure 4: Phylogenetic tree based on partial nucleotide sequences of the feline coronavirus (FCoV) membrane (M) gene. 
The seven FCoV sequences obtained in this study are indicated by red labels and asterisks (★)A.

The failure to amplify the N and M genes in four samples 
(D, L, O1, and S), despite their previous positivity for the 
S gene, may be associated with a low concentration or 
reduced integrity of viral RNA in the archived samples. 
Long-term storage, particularly of fecal samples, may 
reduce viral RNA integrity compared with effusion samples 
(Meli et al., 2022). The double bands observed during M 
gene amplification most likely indicate the presence of 
non-specific or multiple amplification products. However, 
the exact nature of these products could not be determined 
because they were not separately excised and sequenced. 
Similarly, overlapping or secondary peaks in some Sanger 
sequencing chromatograms may have resulted from mixed 
amplification products or sequencing-related artifacts. 
These overlapping signals can complicate sequence 
interpretation and reduce the usable sequence length after 
quality trimming (Crossley et al., 2020).

BLASTn analysis showed that the N gene shared 91.22–
94.23% nucleotide identity with the Chinese genotype I 
reference strain PV246293, whereas the M gene exhibited 
92.63–94.43% identity with the Chinese genotype I 
reference strain PP444763. While these values indicate 

moderate sequence divergence from reference strains, 
species demarcation within the family Coronaviridae is 
formally defined by amino acid identity across conserved 
replicase domains rather than nucleotide identity in 
individual structural genes (ICTV, 2025). 

Within individual strains, the M gene consistently 
exhibited slightly higher nucleotide conservation 
compared to the N gene. This difference may reflect 
distinct gene-specific evolutionary constraints and 
structural roles. The coronavirus membrane (M) protein 
is an essential structural component required for virion 
assembly, envelope formation, and interactions with other 
viral proteins, such as the spike protein (de Haan et al., 
1999; de Haan et al., 2000). These vital biological functions 
likely impose functional constraints that limit nucleotide 
mutation accumulation. In contrast, the nucleocapsid (N) 
protein primarily functions in binding and packaging viral 
RNA, virion assembly, and host–virus interactions (Le 
Poder, 2011; Tekes and Thiel, 2016), which may allow for 
greater sequence variability.

Phylogenetic analysis based on the N gene revealed that all 
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seven Tangerang strains (marked ★ in red font) formed a 
distinct monophyletic clade, suggesting localized genetic 
evolution (Figure 3). In contrast, the M gene tree resolved 
the Tangerang sequences into two closely related lineages 
within Genotype I: one comprising strains U and I1 
clustering near European reference strains, and another 
containing the remaining five Tangerang isolates (Figure 
4). Despite these minor topologies, sequences in both targets 
exhibited close relationships with reference strains from 
diverse geographical regions, including China, Europe, 
and the USA. The genetic relatedness between Indonesian 
and foreign strains does not establish the route of viral 
dispersal. While international cat movement has been 
proposed for other feline pathogens (Amalia et al., 2025), 
robust epidemiological and genomic epidemiological 
data are needed to confirm such routes for FCoV.

The N gene’s conservative nature was evident as genotype 
II references did not form a single distinct cluster but 
were scattered (Figure 3), reflecting the gene’s stability 
against mutation (Shi et al., 2024). However, the high 
conservation of the N gene in both FCoV genotypes makes 
the N gene a good target for the development of an FCoV 
vaccine (Brostoff et al., 2024). The M gene phylogeny also 
showed a scattered distribution of genotype II reference 
strains (Figure 4), with some positioned near the CCoV 
outgroups. This pattern is consistent with the previously 
proposed recombinant origin of genotype II FCoV 
involving genotype I FCoV and CCoV (Delaplace et al., 
2021), although recombination cannot be confirmed from 
the M gene phylogeny alone.

This study has several limitations that should be noted. 
First, the sample size was relatively small and restricted to 
archived clinical specimens from a single geographic region 
(Tangerang), which may not fully capture the complete 
genetic diversity of FCoV across Indonesia. Second, 
quantitative assessment of viral RNA concentration 
(e.g., via NanoDrop or RT-qPCR) was not conducted, 
precluding precise correlation between RT-PCR negative 
results and viral load. Finally, although Sanger sequencing 
provided accurate target verification, technical constraints 
such as chromatogram noise, non-specific amplification, 
and overlapping sequencing signals limited the usable 
consensus sequence lengths for some isolates.

CONCLUSION

This study characterized partial membrane (M) and 
nucleocapsid (N) gene sequences of FCoV from Tangerang, 
Indonesia. Both genes were successfully amplified and 
sequenced from seven of the 11 archived FCoV-positive 
samples. BLASTn and phylogenetic analyses showed 
genetic relatedness between the Tangerang sequences and 
genotype I reference strains from different geographical 
regions. The N gene sequences formed a distinct 
monophyletic clade, whereas the M gene sequences were 

resolved into two closely related lineages within genotype I. 
These findings provide baseline molecular epidemiological 
information on FCoV circulating in Tangerang and may 
support continued surveillance and future investigations of 
its genetic diversity and evolution in Indonesia.
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