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Abstract
Comparative genomics of 12S and 16S rRNAs, cytochrome b (Cyt b) and the control region (CR) of mtDNA genome are commonly used 
in phylogenetics and wildlife forensics. We document the genetic characteristics and sequence variations of 12S rRNA (384 bp) in Indian 
civets, viz., the common palm civet (Paradoxurus hermaphroditus) (n=9), small Indian civet (Viverricula indica) (n=7) and Himalayan 
palm civet (Paguma larvata) (n=5). The nucleotide compositions vary from 17.6% to 36.3%, and found one to two haplotypes in all three 
civet species. Observed sequence divergence was 0.001 to 0.002 and 0.057 to 0.110 within and between species respectively. The nucleotide 
diversity was 0.00102 to 0.00184. Tajima’s D value was negative (-0.097256 to -1.36240) but statistically non-significant in all three species. 
Based on genetic characteristics, we discuss the use of observed forensically informative nucleotide sequencing (FINS) and topology in 
species identification for forensic purposes among these three civet species. 
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Introduction
Family Viverridae (Order: Carnivora; Suborder: Feliformia) are cat – like animals and consists of 18 genera and 34 species [1]. 
These species display greater ecological diversification regarding trophic specialization and substrate use than any other family of 
carnivore [2]. Therefore, they are considered as an important keystone species because of their position in the food chain as they 
feed on a variety of invertebrates, small vertebrates, and plant part [2-5]. 

Although viverrid species have a wide distribution across the Old World tropics, the basic biology/ecology of most of the species 
has so far not been studied except few studies on phylogenetics and biogeography [6,7]. Whatever is known has been learned mostly 
from limited field observations and captive studies, except for a few quantitative ecological studies that have been undertaken 
on Asian civets [3,4,8,9]. Among the species of the family Viverridae found in India: the common palm civet (Paradoxurus 
hermaphroditus), commonly called the toddy cat is distributed throughout the India including the other regions of Asia [10]. Small 
Indian civet (Viverricula indica) is a tawny gray or grayish-brown viverrid found in forests and in hilly areas covered with scrub and 
tall grasses where there is sufficient cover to provide refuge during the day time [11]. The masked palm civet or Himalayan palm 
civet, (Paguma larvata) is a medium-sized mammal, and it is native to a regions extending throughout the Himalayas and from 
Assam southward to Myanmar, Thailand, Laos, Vietnam, the Malay Peninsula Borneo, Sumatra, and the Andaman Islands [12-14].

Species of Viverrids are being threatened by habitat degradation, various anthropogenic activities and poaching. Civets are 
being hunted for meat, civet oil, fur and body parts, which are sometimes used in folk medicine in Southeast Asia [15-19]. The 
extent of the trade is such that the collection of civet oil, from the anal glands, has impacted the conservation of at least three 
genera (Civettictis, Viverra, and Viverricula) [20]. Because hunting is known to reduce the size of a population and may affect the 
demography by altering age and sex structures and disrupt social systems [21-26]. Thus may have an impact on in situ conservation 
in general [21,22]. Therefore, such studies have identified a need for monitoring and understanding genetic changes in populations 
that are vulnerable to hunting as well as other anthropogenic drivers. Moreover, information on genetic characterization has also 
widely been used in wildlife forensic for identifying species because most of the parts traded are difficult to identify based on 
morphological characters.
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In the absence of ecological/biological information, understanding the genetic variation/divergence among species/populations 
that have provided insight into the trend of evolutionary pattern/population demography. Such information is always useful for 
developing effective management measures for conserving species in changing land use pattern [27-29]. Different genes of the 
mitochondrial genome (12S & 16S rRNAs, Cyt b, and CR) have been used in characterizing genetic diversity and subsequent use in 
wildlife forensics. However, for using, fast-evolving genetic markers such as Cyt b, CR, and cytochrome Oxidase Subunit I (COI), 
information on DNA sequence variation across intra and inter-species are needed to decide threshold level as a percent similarity 
for species identification [30]. In the absence of such information, use of highly conserved genes (12S &16S rRNAs) across species 
is much safer to avoid any false identification as suggested for use in wildlife forensics [31]. Because of highly conserved genes of 
mtDNA genome, molecular identification of species based on 12S and 16S rRNAs genes have widely been used in phylogenetic 
and species identification and for the analysis of degraded biological materials that are often found in wildlife offense cases [32-
36]. Therefore we describe genetic characteristics and forensically informative nucleotide sequencing (FINS) in 12S rRNA in these 
three civet species in India for dealing with wildlife offenses.  

Skin samples of the common palm civet (n=9), small Indian civet (n=7) and Himalayan palm civet (n=5) collected from different 
parts of India (during 2007-2011) were provided by the Wildlife Forensics Cell, Wildlife Institute of India, Dehradun, India  in 
2011 (Table 1). Genomic DNA was obtained from the skins and purified using a QIAamp Blood and Tissue Kit according to the 
manufacturer’s protocol (Qiagen, Germany). A fragment of the DNA (384 bp) was amplified using the mitochondrial 12S rRNA 
primers L1091 (5ʹ-AAA AAG CTT CAA ACT GGG ATT AGA TAC CCC ACT AT-3ʹ) and H1478 (5ʹ-TGA CTG CAG AGG GTG 
ACG GGC GGT GTG T-3ʹ) [37]. Polymerase chain reaction (PCR) was carried with the 10 µl of the PCR master mix contained 
1× PCR buffer, 2 mM MgCl2, 200 µM dNTP, 0.4 µM of each primer, 0.5 U Taq gold polymerase (MBI Fermantas) and 40 ng of 
genomic DNA. The PCR thermal cycling parameters included initial denaturation at 94˚C for 2 minutes, followed by 45 cycles of 
denaturation at 94˚C for 45 seconds, annealing at 55˚C for 1 minute and extension at 72˚C for 1 minute, with a final extension for 
20 minutes at 72˚C. The amplification was checked by loading 4 μl of the reaction mixture on a 2% (w/v) agarose gel. The amplified 
PCR products were subjected to ExoSAP (Exonuclease I-Shrimp Alkaline Phosphatase). Cycle sequencing PCR was performed for 
these purified PCR products using the respective forward and reverse primers with a master mixture of the composition suggested 
by Applied Biosystems. These products were then subjected to DNA sequencing in an ABI 3130 Genetic Analyzer.

Materials and Methods

GACT

17.836.322.123.7Common palm civet (n=9)

18.135.523.922.5Small Indian civet (n=7)

18.336.122.722.9Himalayan palm civet (n=5)

n=number of individuals
Table 1: Nucleotide composition in civet species

All sequences were cleaned, and examined for quality of data and edited using Sequencher 4.7 (Gene Codes, USA) using the 
forward and reverse primers. We used 384 bp of the consensus sequence for ClustalW multiple alignments (CMA) in BioEdit v. 
7.0.9.0 for further analysis [38]. The fixed-state FINS (only those nucleotides were noted which varied at single positions in all 
three species) was identified through manual visualization using the software BioEdit and MEGA v.6 and, nucleotide positions 
were provided based on the complete mitochondrial genome (GenBank no. CFU9663) of dog (Canis familiaris) [38-39]. The 
each peak was checked on Sequencher 4.7 to avoid any ambiguity to consider a mutation and only sharp peaks were considered 
(Figure 1).  All generated sequences of 12S rRNA in the present study were submitted to National Center for Biotechnology 
Information (NCBI; Accession Nos HQ634947-HQ634968). The nucleotide composition and sequence divergence were calculated 
using Kimura’s two-parameter (K2P) in the MEGA v. 6. The genetic diversity indices and Tajima’s test were assessed using DnaSP 
v. 5.10 to infer the demographic history [40]. The phylogenetic relationships with other groups such as the families Herpestidae, 
Mustelidae, and Felidae were also analyzed. Phylogenetic trees (gene tree) were constructed using different statistical methods, e.g., 
neighbour-joining (NJ), maximum likelihood (ML), and maximum parsimony (MP) using the bootstrap value of 1000 irritations 
implemented in the MEGA v. 6 [39]. The best-fit model for nucleotide substitution was tested for a hierarchical likelihood ratio 
using log-likelihood scores and applied in jModeltest v. 1.0 [41]. We use Hasegawa-Kishino-Yano + Gama nucleotide substation 
model (HKY+G) to construct the tree. Also, Bayesian inference (BI) phylogenetic tree was constructed using the BEAST v. 2 [42]. 

Data analysis

The average nucleotide composition of the three viverrid species was T, 26.7%; C, 24.5%; A, 32.5%; G, 15.5% (Table 1). In all civet 
species, the A–T content (59.2%) was greater than that of G–C (40%). Fixed-state FINS were identified specifically for the family 
and species level, and these nucleotides were found at the positions of 535 and 545 (Table 2) according to complete genome of the 
dog and peaks were unambiguous (Figure 1). 

Results 
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The sequence divergence of 12S rRNA among all the civet species was from 0.057 to 0.110. The maximum divergence of 0.110, 
was between the common palm civet and, small Indian civet whereas 0.086 between the small Indian civet and the Himalayan 
palm civet. The least divergence of 0.057 was between the common palm civet and Himalayan palm civet (Table 3). The sequence 
divergence within Viverridae groups was 0.049 which was higher than the most of the mammal’s groups such as Perissodactyl 
(0.034), Lagomorpha (0.045), Marsupial (0.044) and Proboscidea (0.006) (Table 4). 

Figure 1:  Observed peaks of FINS for the each civets species highlighted in black

Observed fixed-state nucleotide

Family levelSpecies levelFamily/species

5
4
5

5
3
5

TViverridae

TAP. hermaphroditus

TCV. indica

TGP. larvata

CHerpestidae

AMustelidae/ 
Felidae/ Canidae

Table 2: Family- and species-specific nucleotide positions in the 12S rRNA gene of 
mtDNA in three civet species and four other carnivore groups

HPCSICCPC

CPC

0.105SIC

0.0860.057HPC

Table 3: Sequence divergence of mitochondrial 12S rRNA among the civet species of India

The observed nucleotide diversity (π) was 0.00102, 0.00066 and 0.00184 in the common palm civet, small Indian civet, and 
Himalayan palm civet, respectively (Table 5). Tajima’s D is a statistic that is widely used in determining whether or not genes are 
evolved randomly (neutral evolution) or regions are under selection (non-neutral evolution) by using DNA polymorphisms within 
species. It is based on estimates of genetic variation that can be calculated from the number of segregation sites and the nucleotide 
diversity [43]. We observed negative values of Tajima’s D in the common palm civet (-1.36240), small Indian civet (-1.00623) and 
Himalayan palm civet (-0.97256), and these were not significant at the P < 0.05 level (Table 5). 
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Divergence 
within groupGroupS.no.

0.045Lagomorpha1

0.046Cetartiodactyla2

0.057Chiroptera3

0.006Proboscidea4

0.066Insectivora5

0.034Perissodactyl6

0.056Primates7

0.039Carnivora8

0.041Macroscelidia9

0.074Rodentia10

0.044Marsupial11

0.027Monotremes12

0.049Viverridae*13
* Present study
Table 4: Reported sequence divergence of 12srRNA gene from mitochondrial DNA 
in different groups of mammals in relation to Viverridae. (Source: Tondon (2007)

Tajima’s Dπ (%)SNhIINhINhap NPopulation

-1.36240
-1.00623
-0.97256

 0.00102
0.00066
0.00184

2
1
2

1
-
1

1
1
1

2
1
2

9
7
5

PC
SIC

HPC
N, number of individuals; Nhap, number of haplotypes; NhI, number of haplotype 1; NhII, number of haplotype II; S, number of variable sites; π, 
nucleotide diversity; p > 0.10, not significant; PC, common palm civet; SIC, small Indian civet; HPC, Himalayan palm civet
Table 5: Observed mtDNA diversity based on 12S rRNA in three civet species of India

All phylogenetic tree topology constructed using different statistical methods were identical and maximum likelihood tree of three 
civet species is shown in (Figure 2). 

Figure 2: Phylogenetic analysis: ML tree constructed with a bootstrap value of 1000 with the families Felidae, Mustelidae, 
Herpestidae, and Viverridae, with Canis familiaris as the outgroup, using the MEGA v. 6 software package
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In the present study, we describe the genetic characteristics and sequence variation in the 12S rRNA and their applicability in 
wildlife forensics and conservation. Observed fixed state FINS and genetic distance based topology of the mitochondrial genome 
of 12S, 16S, and Cyt b have widely been used in identifying species as large data sets of different species are available at NCBI, USA 
[44,45]. Hence, these genes have been found suitable than the recently suggested cytochrome oxidase subunit I (COI) gene where 
available data sets of COI gene at present are not adequate for avoiding misidentification of species [30]. In contrast, use of the 
fast evolving genes such as Cyt b, CR, and COI of mtDNA genome required information on inter and intra-species variation to 
determine the threshold level of sequence similarity which varies 1.5-2.5% for identification of species [30]. Comprehensive such 
database across the species range lack for South and Southeast Asian species. Moreover, the use of 12S and 16S rRNAs will have a 
very low possibility of having mutations at identified FINS due to highly conserved genes and therefore often been used across the 
taxa for molecular categorization [46]. Guha et al., (2006) reported that 16S rRNA contains a larger number of conserved species-
specific mutation sites than does the Cyt b gene [31]. Thus, it would be useful to identify such fixed-state FINS across taxa in these 
conserved genes (12S and 16S rRNAs), and the probability of misidentification of species will be very low as there is a high level of 
divergence between species and across families [47]. Our analysis of 12S rRNA reveals the presence of two highly conserved fixed-
state FINS at position 535 and 545, and these discriminate the three species of civet from each other as well as family Viverridae 
(Table 2). BLAST search at NCBI has been a common practice for identifying species where the chances of misidentification have 
been increased due to the absence of DNA profile database of species [48]. Therefore, use of FINS than the other approaches would 
minimize chances of false identification and have been suggested in wildlife forensics [44,45,30].

Discussion

The nucleotide diversity was found similar (0.001-0.006) to other mammals [49]. The Tajima’s D values are negative in all three 
species in civets and were not statistically significant which may indicate a possible sudden population expansion [50]. 

Understanding and quantifying the level of sequence divergence across species is crucial in forensics, especially if the species are 
phylogenetically close [51,52]. The sequence divergence of 12S rRNA for different groups of mammals is mostly between 0.027 
and 0.074, except for Proboscidea [53]. The observed sequence divergence of 0.049 in the family Viverridae is within the range for 
most mammals (Table 4). Tondon, (2007) observed the greatest divergence (0.112) in the Monotremes and Proboscidea, whereas 
the least divergence (0.053) was in Carnivora and Perissodactyla [53]. 

Comparison of the civet sequences with those of three other carnivores groups, i.e. the families Herpestidae, Felidae, and 
Mustelidae, indicates that the divergence between the families Felidae and Mustelidae (0.131) is greater than that between the 
families Viverridae and Felidae (0.081) (Table 6). Our results are also in agreement with the findings of Veron and Heard, (2000) 
based on the Cyt b gene that the family Herpestidae is a sister group of both the families Viverridae and Felidae [54]. Besides, our 
finding also corroborates using 12S rRNA, that the family Felidae is close to the family Viverridae compared with the families 
Mustelidae and Herpestidae, with a higher bootstrap supports (Figure 2). Two subfamilies of the family Viverridae (Viverrinae 
and Paradoxurinae) are paraphyletic [55,56]. Within the clade of family Viverridae, the Himalayan palm civet is much closer to 
the common palm civet, with a higher bootstrap value of 96 (Figure 2). Hence, the obtained higher bootstrap values at the nodes 
of each species indicate that the observed variability within the species is adequate to assign any sample with a high probability to 
a particular species. Therefore, suggested topology based species identification may also enhance correct identification of species 
using the 12S rRNA [57].

FelidaeMustelidaeHerpestidaeViverridae

Viverridae

0.111Herpestidae

0.1110.127Mustelidae

0.0000.1310.1190.081Felidae

Table 6: Sequence divergence of mitochondrial 12S rRNA among 
species of four families of carnivores

The sequence divergence and presence of species-specific FINS provided an understanding and the level of genetic divergence, 
phylogeny and dealing with wildlife offenses across various taxa. Besides, use of fixed-state FINS and topology with a node 
having high bootstrap values have been the powerful tool in classifying the samples of unknown species in wildlife forensics [57]. 
Therefore, we describe first time the use of sequence variation and genetic characteristic of conserved 12S rRNA of mtDNA genes 
in three Indian civet species of the family Viverridae.  Observed haplotype and sequence variation of 12S rRNA in these civet 
species are comparable with other species of mammals. We report fixed-state FINS for species and family-level identification. 
Civets being keystone species in the food chain, we suggest a need of maintaining diverse niches of these species for achieving 
long-term conservation under changing land use pattern. 

Conclusion
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