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Abstract
Civet coffee and perfume are premium products in demand worldwide. Consequently, the civet population is threatened 
by several factors (e.g., the rapidly growing trend of civets being removed from the wild and held in captivity), raising 
concerns about civet welfare and conservation. In light of this, our aim was to develop a molecular sex identification 
method for the Asian palm civet (Paradoxurus Hermaphroditus) and the Small Indian civet (Viverricula Indica). We collected 
five Asian palm civet tissue samples (two male, one female, and two of unknown sex) and one female Small Indian civet 
from the repository, Advanced Institute for Wildlife Conservation (AIWC). DNA was extracted from all tissue samples using 
the DNeasy Blood and Tissue Kit. For sex identification, we optimized the PCR conditions to amplify partial fragments 
of sex-determining region Y (Sry) and the zinc finger X (Zfx) genes using DNA from two male Asian palm civet samples. 
The PCR amplicons were examined on a 2% agarose gel, and two male civets showed one distinct band at 250 bp (for 
Sry) and another at 120 bp (for Zfx). To confirm this finding, the PCR amplicons (Sry and Zfx genes) from one male sample 
were sequenced and % similarity and nucleotide pairwise analysis were calculated. The Sry and Zfx sequences showed 
96.99% (for Sry) and 97.78% (Zfx) similarity to the masked palm civet, the only species in the families Paradoxurinae or 
Viverridae for which sequence data was publicly available. These results confirmed that the optimized PCR conditions 
are suitable for amplifying the Sry and Zfx genes in the Asian palm civet, which will be helpful for sex identification. 
Subsequently, we used this optimized method for the sex identification of three Asian palm civets and one Small Indian 
civet sample obtained from the repository, AIWC. Additionally, we used the method for identification of sex in a seized 
civet tissue sample received for forensic analysis. This report is the first to focus on developing a method for identifying 
the sex of Asian palm civets and Small Indian civets. This method will be helpful for researchers working on the ecology 
and conservation of civet population.
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1  Introduction

Civets (Viverridae) are small carnivores characterized by a long slender body with an elongated head, and they are 
mostly nocturnal animals. In India, there are eight species of wild civets i.e., Asian palm civets, Small Indian civets, 
Large Indian civets, Malabar civets, Small-toothed palm civets, Masked palm civets (also known as Himalayan palm 
civets), and Brown palm civets [1, 2]. The Small Indian civet (Viverricula indica) is a member of the subfamily Viverrinae 
of the family Viverridae. Small Indian civet has been recorded in a wide range of habitats, including degraded and 
fragmented landscapes (i.e., rainforest fragments, tea and coffee plantations) [2–4]. The Asian palm civet (Paradoxurus 
hermaphroditus) is a member of the subfamily Paradoxurinae. Asian palm civets (also known as common palm civets) 
can live in various habitat types, i.e., forests, plantations, dense vegetation areas, grasslands, agricultural land, open 
land, vacant land, and residential areas [5]. Studies have reported that both civet species are found in Southeast 
Asia, namely Burma, Cambodia, China, India, Indonesia, Malaysia, Nepal, Sri Lanka, Thailand, and Vietnam, and have 
a scattered distribution in other parts of Southeast Asian islands [5–8].

Animals from the family Viverridae have perineal scent glands (not anal), that secrete a strong-smelling substance 
known as musk used in the perfume industry and medicine [9, 10]. Additionally, civets ingest coffee beans which 
go through a fermentation process within the digestive tract of the animals. The excreted coffee beans are believed 
to have enhanced taste [11]. The International Union for Conservation of Nature (IUCN) listed the Malabar civets as 
Critically Endangered, while the rest are listed as ’Least Concern’ (LC) [12]. In India, all the civet species are protected 
under the Wildlife Protection Act of 1972 and listed as ’Schedule—I species [13]. However, considering the increasing 
demand for civet products, civet populations will likely become more vulnerable, raising concerns about its long-
term conservation.

Forensic researchers use DNA-based methodology (e.g., PCR amplification of mitochondrial genes) to identify spe-
cies from suspected samples (including civet samples) [14]. However, with the increasing demand for civet products 
and the chance of overexploitation, there is an urgent need to develop molecular methods for sex identification. 
Furthermore, individual sex identification is essential for wild animal conservation [15] as it will help to understand 
whether trading is biased towards males or females; if so, conservation efforts can be strengthened to safeguard 
the targeted sex. Three nuclear genes are commonly used for molecular sex identification [16–18], namely (1) sex-
determining region Y (Sry), (2) Zinc finger protein gene (ZF), and (3) Amelogenin gene (AMEL). In connection with 
civet sex identification, Zhang et al. [19] reported the sex identification of the masked palm civet (Paguma larvata) 
using non-invasive sampling; apart from this, there are no other reports.

The present study aimed to develop a molecular sex identification method for Asian palm civets and Small Indian 
civets. These two species are often found close to human proximity and, therefore, likely to be used in civet-related 
product preparation [20–22]. Additionally, we demonstrated the identification of sex in a seized civet tissue sample 
received for forensic analysis at our institute using the newly developed molecular sex identification method. 

2 � Materials and method

2.1 � Sample collection

To establish the molecular sex identification method for the Asian palm civet and the Small Indian civet, we obtained 
a total of six civet tissue samples from the repository of the Centre for Wildlife Forensic Sciences, Advanced Institute 
for Wildlife Conservation, Chennai, India (Table 1). All the tissue samples were preserved in 70% ethanol at −4 °C. 

2.2 � DNA extraction and NanoDrop examination

About 25 mg of tissue samples were taken from all the samples using a sterile blade and forceps and used for DNA 
extraction using the QIAamp blood and tissue kit as per the manufacturer’s protocol with slight modifications. These 
modifications were as follows: cell lysis was carried out at 56 °C in a ThermoMixer (Eppendorf, Germany) for 60 min; 
to remove residual material, we centrifuged at 10,000 rpm for 3 min at room temperature; and before the DNA 
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elution, we incubated the collection tube with spin column at 56 °C in a ThermoMixer for 5 min). DNA concentration 
was estimated using NanoDrop (Thermo Fisher, Massachusetts, United States), and the extracted DNA was stored 
at − 20 °C until downstream analysis.

2.3 � Polymerase chain reaction (PCR) optimization

To optimize the sex identification method, two sets of primers (i.e.,Zfx: F: 5’-TTG​GCG​GTC​CAC​AGC​AAG​AAC-3’; R: 
5’-CTG​GCA​CTG​GTA​TGG​CTT​CTC-3’ and Sry: F: 5’-ATT​CTT​CGA​GGA​GGC​ACA​-3’; R: 5’-GGG​TTC​TGA​GGA​GGA​GTT​T-3’) were 
adapted from a previous study where they were used in the sex identification of the masked palm civet (Paguma 
larvata) [19]. The DNA extracts from two male Asian palm civets (Samples 1 & 2) were used as positive control as the 
sex was known. PCR amplification of Zfx and Sry genes was carried out in 25 µl reaction mix containing 1 × Taq DNA 
Polymerase Master Mix RED (25 mM MgCl2, Tris–HCl pH 8.5, 0.4 mM of each dNTPs) -, (Ampliqon, Denmark) and 5 pM 
of each primer -; 120 ng of genomic DNA diluted with Nuclease-Free Water (Thermo Fisher, Massachusetts, United 
States) to make up the final volume to 25 µl. The thermocycling programme consisted of pre-denaturation at 94 °C 
for 3 min, followed by 40 cycles of 94 °C for 30 s, annealing at 52.9 °C, 54.2 °C, 55.4 °C, 56.1 °C and 57 °C (with the 
interval of 0.5 °C; each annealing temperature was tested in three PCR runs with different concentrations of primers); 
extension at 72 °C for 20 s and final extension at 72 °C for 10 min. PCR amplicons were examined on a 2% agarose 
gel, and the annealing temperature that showed no non-specific amplifications and the expected size of Zfx and Sry 
amplicons was chosen (52.9 °C) for subsequent analysis. 

2.4 � Sanger Sequencing and validation

To ensure the primers correctly amplified the specific Zfx and Sry gene regions, the amplicons from one male Asian 
palm civet were selected for Sanger sequencing. About 50 µl of each PCR amplicon was purified using the QIAquick 
PCR Purification Kit (Qiagen, Hilden, Germany) and eluted with 15 μl nuclease-free water (NFW). The purified PCR 
products were sequenced bidirectionally in 25-μl reactions containing 100 ng/µl of purified PCR product and 10 pmol 
of primer, following the instructions of the BigDye™ Terminator v3.1 Kit (Thermo Fisher Scientific Inc, Waltham, Massa-
chusetts, United States) using an Applied Biosystems 3500 Genetic Analyzer(Thermo Fisher Scientific, Massachusetts, 
United States). The sequences were analysed for quality, errors, miscalls, and noise, and the concatenated sequence 
was generated and aligned with BioEdit v7.2 [23]. Then, the concatenated Zfx and Sry sequences were compared 
with sequences on the NCBI database using the Basic Local Alignment Search Tool (BLAST).

2.5 � Sex identification through standardized method

The sex identification of the unknown sex samples (Samples 4 and 5) and the known sex samples (Samples 3 and 6) 
were performed using the method described above. The PCR amplicons were examined on 2% agarose gel with 2.5 µl 

Table 1   Details of the samples 
used in this study

# Asian palm civet samples were taken for protocol optimization
$ Hereafter, sample number will be used throughout the manuscript

Sample no$ Repository ID Species name Sex

Sample-1 AIWC/RES/04/22/0051 Asian palm civet Male#

Sample-2 AIWC/RES/11/23/0296- AAZP Asian palm civet Male#

Sample-3 AIWC/RES/07/23/0178 Asian palm civet Female
Sample-4 AIWC/RES/08/19/011 Asian palm civet Not known
Sample-5 AIWC/RES/05/20/0013 Asian palm civet Not known
Sample-6 AIWC/RES/11/22/0143 Small Indian civet Female
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of the PCR products and 2 µl of Novel Juice Stain (GeneDireX, Inc, USA) Subsequently, the agarose gel was imaged 
using the Gel Doc XR + Gel Documentation System (Bio-Rad Laboratories, Bio-Rad Ltd, US).

2.6 � Species and sex identification of the seized tissue sample

2.6.1 � Case study

The Advanced Institute for Wildlife Conservation, Chennai, India, received a suspected civet tissue sample from the Tamil 
Nadu Forest Department to identify the species and the sex of the sample.

2.6.2 � Species and sex identification

DNA was extracted from the suspected civet tissue sample using the method described above. Species identification 
was carried out by amplification of the partial mitochondrial cytochrome-b gene (Cyt-b) using a universal primer [14]. 
Briefly, the PCR reaction was carried out in 25 µl containing 1 × Taq DNA Polymerase Master Mix RED (25 mM MgCl2, 
Tris–HCl pH 8.5, 0.4 mM of each dNTPs) (Ampliqon, Denmark) and 10 pmol forward and reverse primer; 40–50 ng of 
genomic DNA and the final volume achieved using Nuclease-Free Water (Thermo Fisher, Massachusetts, United States). 
The thermocycling programme was as follows: pre-denaturation at 95 °C for 5 min followed by 35 cycles of 94 °C for 40 s, 
annealing at 51 °C for 1 min, and extension at 72 °C for 1 min, and final extension at 72 °C for 10 min. The PCR amplicons 
were analysed on a 2% agarose gel, and the PCR amplicons were purified and sequenced, and the sequences were ana-
lysed as explained above.

The sequences from the suspected civet tissue sample and other civet species sequences were used to construct a 
phylogenetic tree using the best-fit model of Tamura-Nei, 93 + G, (on the basis of Bayesian information criterion (BIC) 
score) by bootstrapping 1000 replications in MEGA 11 [24]. Additionally, for sex identification the experiments were 
carried out as described above.

3 � Results

The present study aimed to establish the molecular sex identification method for Asian palm civets and Small Indian 
civets. In light of this, we adopted a primer set from Zhang et al. [19], which was used for the sex identification of masked 
palm civets. However, no single set of conditions is optimal for all PCR experiments. Therefore, each PCR experiment 
requires a specific optimization of the template/primer pairs chosen for the study. If PCR optimization is not done cor-
rectly, the result can be low amplification efficiency for the chosen DNA template, undetectable PCR products, nonspecific 
bands, a smeary background, and forming ‘primer-dimers’ [25]. Therefore, we initially performed experiments to optimize 

Fig. 1   PCR amplification was 
performed at different anneal-
ing temperatures to optimize 
the PCR conditions, using 
DNA extracted from two male 
Asian palm civet samples 
(Sample-1 (S1) & Sample-2 
(S2)). L1- 100 bp DNA ladder; 
L2, L3-S1 & S2 at 52.9 °C; L4, 
L5-S1 & S2 at 54.2 °C; L6, L7-S1 
& S2 at 55.4 °C; L8, L9-S1 & S2 
at 56.1 °C; L10, L11-S1 & S2 at 
57 °C; L12-Negative control 
(without DNA template); 
L13-50 bp DNA ladder. Two 
distinct bands were showed 
at 250 bp (for Sry) and 120 bp 
(for Zfx), which confirms the 
samples as male
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the PCR annealing temperature using DNA extracted from two male Asian palm civet samples. The results showed that 
at all annealing temperatures, the zinc finger (Zfx) and Sry genes were amplified (no non-specific amplifications were 
observed) and PCR bands were observed at 250 bp for Sry and 120 bp for Zfx (Fig. 1). These results advocated that the Sry 
gene is male-specific; therefore, the Sry gene amplified in both male samples were used in PCR optimization. To confirm 
these findings, we further sequenced the Sry and Zfx PCR amplicons and performed BLAST analysis. The results were 
shown 96.99% (for Sry) and 97.78% (Zfx) similarity to the masked palm civet (accession no: KY649282.1) with query cover 
of 97% (for Sry) and 100% (Zfx), respectively. Unfortunately, other than masked palm civet sequences, there was no data 
in GenBank for other species of the families Paradoxurinae or Viverridae.

Further, to understand the nucleotide similarity between the masked palm civet (accession no: KY649282.1) and the 
Asian palm civet (the DNA sequences generated from this study), we performed a pairwise alignment. The results showed 
distinguishable nucleotide differences in the Zfx and Sry genes of the masked palm civet and Asian palm civet (Fig. 2). 
Therefore, we confirmed that the primers amplified in the specific region of the zinc finger (Zfx) and Sry genes in known 
male Asian palm civet samples and can be used for sex identification of the Asian palm civet.

Furthermore, we used this established method for the sex identification of other civet tissue samples were collected 
from our institute repository with samples 4 & 5 (unknown sex; Asian palm civet), sample 3 (Asian palm civet female) and 
sample 6 (Small Indian civet female) (Table 1). The results showed two bands at 250 bp (for Sry) and 120 bp (for Zfx) for 
sample 4; while sample 5 showed a band at 120 bp (Zfx) only. It indicated that sample 4 is male and sample 5 is female 
Asian palm civets, respectively. Additionally, there were bands at 120 bp (Zfx) for samples 3 & 6 and no amplification for 
the Sry gene. It is clear that the samples are female and this experiment again reconfirmed the sex of samples 3 & 6 (sex 
already known) (Fig. 3).

The results of the current study confirmed that the partial fragments of the sex determining region Y (Sry) and the zinc 
finger x (Zfx) were amplified from DNA extracted from the Asian palm civet and the Small Indian civet using the set of 
primers adapted from Zhang et al. [19]. The PCR amplicons were examined on agarose gel and two distinct bands were 
observed for male (Sry and Zfx) and one band for female (Zfx). These results were further confirmed by DNA sequencing 
to determine whether the PCR conditions amplified specific regions of the Sry and Zfx genes. The results confirmed that 
the established method is suitable for identifying the sex of Asian palm civets and Small Indian civets. These findings 
have given us confidence in implementing this method for identifying the sex of seized civet tissue samples received 
for forensic analysis.

Fig. 2   Sanger sequencing was used to verify that the primers amplified the specific region of the Sry and Zfx genes from Asian palm civet 
male samples used for the optimization of the PCR conditions. a Sry sequences, and b Zfx sequences, respectively. The dotted line repre-
sents nucleotide similarity to the masked palm civet (accession no: KY649282.1). The results indicated distinguishable nucleotide differences 
in Zfx and Sry genes between the Asian palm civet and the masked palm civet. The primer amplified 250 bp for Sry and 120 bp for Zfx (see 
gel). However, after sequencing, we were able to get 170 bp for Sry and 45 bp for Zfx. Thus, we used the same length of nucleotide for com-
parison and identified the nucleotide similarity and dissimilarity
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Recently, we received one seized civet tissue sample for species and sex identification. As a result, we amplified a 
partial mitochondrial cytochrome b gene from the sample, and NCBI-BLAST analysis was performed to determine the 
percentage of similarity. The results showed 99.49% similarity to Paradoxurus hermaphroditus (Asian palm civet), and 
phylogenetic analysis further confirmed the seized tissue sample was of Asian palm civet origin (Fig. 4). Furthermore, 
the pairwise alignment advocated the nucleotide similarity to the Asian palm civet (FJ881632.1) (Fig. 5). These results 
confirmed that the seized tissue sample is from Asian palm civet origin.

Fig. 3   PCR experiments were performed for sex identification. L1-100 bp DNA ladder; L2, L3: Sample-1; L4, L5: Sample-3; L6, L7: Sample-6; 
L8, L9: Sample-5; L10, L11: Sample-4; L12-negative control (without DNA template); L13-50 bp DNA ladder. Sample-1:-Male (two bands at 
250 bp for Sry and 120 bp for Zfx) [severed as positive control for this experiment]; Samples: 3, 5 & 6—Female (one band at 120 bp for Zfx 
and no amplification for Sry); Sample 4:-Male (two bands at 250 bp for Sry and 120 bp for Zfx). The experiments were performed in duplicate

Fig. 4   The Maximum Likeli-
hood (ML) phylogenetic 
tree was constructed using 
a partial mitochondrial 
cytochrome-b gene amplified 
from the seized tissue sample 
along with other civet species 
for species identification. 
The Pavo cristatus was used 
as an outgroup. The cliparts 
used in the phylogenetic tree 
were collected from various 
online tools. Background was 
removed using an online tool 
(https://​www.​remove.​bg), and 
cliparts were appended using 
Microsoft PowerPoint. The 
phylogenetic tree confirmed 
that seized tissue sample 
received for analysis belongs 
to the Asian palm civet origin

https://www.remove.bg
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Fig. 5   Comparison of the nucleotide variable position of the mtDNA cytochrome-b sequences from the seized tissue sample received for 
analysis (case sample AIWC 67) with known sequences of civet species (here, we present a representative image of nucleotide comparison 
up to 199 bp). The highest similarity to the Asian palm civet was observed for the AIWC 67 case sample represented as ’dots’ without any 
gap or transition/transversion
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Fig. 6   PCR experiments 
were performed to identify 
the sex of the seized tissue 
sample received for analysis. 
L1-100 bp DNA ladder; L2–L4: 
Seized tissue sample; L5, L6: 
Sample-1 (positive male con-
trol); L7, L8: Sample-3 (positive 
female control), [both samples 
served as positive controls]; 
L9-negative control (no DNA 
template); L10-50 bp DNA lad-
der. The seized tissue sample 
and male positive control 
showed bands at 250 bp 
for Sry and 120 bp for Zfx; 
confirming that the suspected 
sample is a male Asian palm 
civet

Fig. 7   DNA sequencing was 
carried out to confirm that the 
primers amplified the specific 
region of the Sry (a) and Zfx 
(b) genes from the seized 
tissue sample. To compare 
nucleotide similarity and 
dissimilarity, we have used Sry 
and Zfx sequences generated 
from the seized tissue sample, 
the male Asian palm civet 
(from sample 1, which is used 
for PCR optimization; refer 
to Fig. 2), and masked palm 
civet sequences. The results 
indicated a higher similarity 
(dotted lines) with male Asian 
palm civet (the result of the 
present study) and distin-
guishable nucleotide differ-
ences in the Zfx and Sry genes 
with the masked palm civet
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Based on the result of the species identification, we used the optimized method for the sex identification of the 
seized civet tissue sample. We observed two bands at 250 bp and 120 bp corresponding to the amplification of Zfx 
and Sry and confirmed that the sample is ‘male’ (Fig. 6). To confirm these results, we sequenced the Zfx and Sry ampli-
cons and analysed the NCBI-BLAST and nucleotide similarity. The results confirmed that the seized tissue samples 
were from male Asian palm civet origin (Fig. 7). Overall, these results confirmed that the seized tissue sample was of 
male Asian palm civet origin.

4 � Discussion

In this study, we have established an optimized PCR method for the sex identification of Asian palm civets and Small 
Indian civets. Our findings play an important role in identifying the sex of Asian palm civets and Small Indian civets 
and extend the elegant work reported by Zhang et al. [19]. They described a method for molecular sex identification of 
masked palm civets through PCR amplification of the zinc finger protein gene (Zfx) and the sex-determining region Y 
(Sry) followed by the PCR products examined on agarose gel. We found that the sex identification primers (Zfx and Sry) 
described by Zhang et al. [19] can be employed for sex identification of Asian palm civets and Small Indian civets through 
an optimized PCR protocol. The research approach we describe in this study allows other researchers to develop sex 
identification methods for other civets such as Brown palm civet (Paradoxurus jerdoni), Malabar civet (Viverra civettina), 
Large Indian civet (Viverra zibetha), Malayan civet (Viverra tangalunga), and Large spotted civet (Viverra megaspila).

Recently, the social and print media have paid increased attention to the issue of civet poaching in India. For instance, 
villagers in Assam have been found poaching civets for bushmeat [26], and in Nagpur, India, forest officials have con-
fiscated two civets from a poacher [27]. Additionally, a study has revealed that civets in India are under threat due to 
habitat loss, degradation, fragmentation, and pollution from insecticides and pesticides. Besides, there needs to be more 
concern for long-term conservation efforts for civets [28].

This study aims to identify the sex of Asian palm civets and Small Indian civets. Currently, it’s unclear whether the 
trading of civet products is biased towards males or females, and there are no existing methods for civet sex identifica-
tion. Therefore, we optimized a molecular sex identification method for Asian palm civets and Small Indian civets and 
demonstrated the implication of this method for the sex identification of seized civet tissue samples received for forensic 
analysis. Moreover, the optimized sex identification method will provide information about the sex of confiscated civet 
samples and understand whether trading is biased towards a particular sex. Furthermore, this method has been proven 
simple, cost-effective, rapid, sensitive, and reliable in sex identification and can be considered for forensic applications. 
Additionally, this sex identification method will provide new information for researchers working on the ecology and 
conservation of the Asian palm civet population and the Small Indian civet.
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