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ABSTRACT
Skinks are present under the Scincidae family, widely distributed species in Indian subcontinent.
Uttarakhand is one of the hotspot where number of identified and unidentified skink species reported.
Herein, we first time provided the 12S rRNA genetic reference database of four skink species, i.e.
Eutropis macularia, Eutropis carinata, Asymblepharus himalayanus and Lygosoma punctata, in Rajaji Tiger
Reserve (RTR), Uttarakhand (India). The identified four species belong to three different genera, where
Eutropis carinata and Asymblepharus himalayanus listed Least Concern and Vulnerable in IUCN, respect-
ively. Here, we collected tissue samples of four different skink species from Rajaji Tiger Reserve during
field survey. After successful laboratory procedure, we compared obtained sequences with publically
available genetic database and we observed four sequences matched with respective species.
Furthermore, the evolutionary sequence divergence result revealed that the Eutropis carinata and
Eutropis macularia are close to each other with 0.11 genetic distance. The present study indicates that
the exact number and population distribution of skink species are unidentified; therefore, herein we
suggest the proper screening of Uttarakhand population around should be investigated, further genetic
study in combination with a good sampling strategy to investigate species biology and status for con-
servation program.
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Introduction

The family Scincidae (skinks) is the largest from the sixteen
families of lizards with more than 1500 reported species
(Mecke et al. 2013; Uetz et al. 2013). Scincidae (skinks) belong
to the infraorder Scincomorpha, a monophyletic group of
families whose members tend to be elongate and have rela-
tively long-snouted and somewhat flattened skulls, in which
the upper temporal opening is usually reduced or lost. One
of every four species of lizard is a skink, making them a sig-
nificant component of reptile diversity. Skinks are most
diverse group of lizards that contains terrestrial species
(active on the surface of the ground or low perches) a signifi-
cant number are secretive to fossorial (carrying out most
activities within leaf litter or underground) and arboreal spe-
cies (climbers, living in trees or on rocks). Skinks are typically
diurnal but some species are nocturnal. Furthermore, it found
in all types of environments, from tropical forests to desert,
savannas, lowland rainforests, temperate forests and cool
mountain habitats (Daniel 2002). Recently, a seven-family
taxonomic scheme proposed to replace formal and informal
group names for skinks that have become widely used over
the years (Hedges and Conn 2012). However, skinks are usu-
ally placed in a single family, Scincidae (Oppel 1811).

In India, there are several molecular studies that have
been done on different groups of Scincidae family, such as

genus Lygosoma and Eutropis (Venugopal 2010; Dutta-Roy
2012, 2014). According to recent studies, India harbours
diverse faunas of reptiles nearly 518 species which includes 3
species of crocodiles, 34 species of turtles and tortoises, 202
species of lizards and 279 species of snakes belonging to 28
families recorded (Murthy 2010; Aengals et al. 2011).
Approximately 58 species of skinks (family Scincidae) are
widely distributed in Indian subcontinent (Venugopal 2010;
Aengals et al. 2011; Bahuguna 2010).

Currently, the knowledge of distribution and status is
unknown due to lack of research study. Skinks are excellent
dispersers, many having rafted across oceans to colonize
other continents and even remote islands in the Pacific. The
head is usually covered with enlarged plates, termed head
shields, and osteoderms are frequently present in some or all
scales. Typically, skinks are slightly to markedly elongate liz-
ards with moderate to short limbs and glossy cycloid scales,
reinforced by characteristic compound osteoderms. In
Uttarakhand, nine species belonging to five families of lizards
have been reported by Chopra (1995) from Rajaji Tiger
Reserve (RTR) and also reported by many workers from con-
servation areas of the state as well as from various districts of
Uttarakhand.

The present study is a small part of our research con-
ducted in our field area RTR, Uttarakhand (India), in 2017. The
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RTR is an Indian reserve that encompasses the Shivaliks, near
the foothills of the Himalayas and the Indo-Gangetic plains
recently declared as Tiger Reserve and its boundary extend
to 1075 km2 from 820 km2. The RTR is spread over 1075 km2

and three districts of Uttarakhand: Haridwar, Dehradun and
Pauri Garhwal. The vegetation of RTR is broadleaved decidu-
ous forests, riverine vegetation, and scrubland, grasslands
and pine forests. This type of habitat is favourable for mam-
mals, reptiles, insects and plant species. Six skink species
were sited during field survey, i.e. Eutropis macularia or little
skink (Blyth 1854), Eutropis carinata or bronze grass skink
(Schneider 1801), Eutropis dissimilis or striped grass skink
(Hallowell 1857), Asymblepharus himalayanus or Himalayan
ground skink (G€unther 1864), Lygosoma punctata or spotted
supple skink (Gmelin 1799), and Eurylepis taeniolata or yellow
belled Skink (Checklist India Biodiversity Portal 2015).
Although we collected four species out of six remaining two
(Eutropis dissimilis and Eurylepis taeniolata), sample was not
possible due to low abundant. The single species such as
Eutropis carinata and Asymblepharus himalayanus has been
listed as Least Concern and Vulnerable in IUCN (De Silva and
Vyas 2010) and remaining four not evaluated due to lack of
population status and distribution.

Although until there are no any molecular studies con-
ducted on RTR skinks population, therefore here we did pre-
liminary molecular study by using partial fragment of 12S
ribosomal RNA (350 bp) (Kocher et al. 1989) mitochondrial
locus. Mitochondrial 12S rRNA mostly used for the species
identification and deep phylogeny due to highly conserved
characteristic and shows more difference between the inter-
species (Kocher et al. 1989; Kumar et al. 2014; Rajpoot et al.
2016).

Materials and methods

Field survey and sample collection

We collected four different skink species from three different
regions of RTR, during field survey conducted in 20–30
January 2017. During field survey, we sited number of indi-
vidual but only collected the single individual per skink spe-
cies. The flora and fauna of Tiger Reserve protected under
the Indian Wildlife (Protection) Act, 1972; therefore, only col-
lected tail part and species again release in field. To cross-ver-
ify our data, we also blast the quarry sequences by using the
BLAST search tool implemented by National Centre for

Biotechnology Information (NCBI, USAI) (http://blast.ncbi.nlm.
nih.gov/) and also downloaded the same species reference
sequences from the GenBank. Details of samples’ location
and species given in are given in Table 1.

Laboratory procedure

The four tissue samples (tail) undertaken for the study were
subjected before DNA extraction, rinsed these samples two
times in 10�phosphate-buffered saline (PBS) (kept for at
least 20min. on a shaking platform during each wash) and
extracted genomic DNA using DNeasy Blood and Tissue Kit
(Qiagen, Hilden, Germany) following the manufacturer’s
protocol. The DNA concentration was quantified by absorb-
ance measurement at 260 nm. Absorbance measurements at
260 nm were done using NanoDrop ND-1000 (Thermo Fisher
Scientific Inc., Waltham, MA) with 1ll of samples.

We successfully amplified partial fragments of the 12S
rRNA locus (Kocher et al. 1989) in four samples. All PCRs were
carried out on a same condition on Thermal Cycler 3700
(Quanta Biotech, Beverly, MA). Each reaction of 10 ll reaction
contained 1� PCR buffer (50mM KCl, 10mM Tris–HCl and
2.5Mm MgCl2), 200 lM of each dNTP, 1.25 lg of BSA, 4 pM of
each primer (forward and reverse) and 0.5U of Taq DNA poly-
merase (GeNei, Bangalore, India) and approximately 35–45 ng
of genomic DNA. We set up cycling condition according to
previously published condition (Rajpoot et al. 2016). On com-
pletion of PCRs, we electrophoresed PCR product on 1.5%
agarose gel and visualized over transilluminator to detect the
amplification. Positive and negative controls performed
throughout all DNA extraction and PCR amplifications for
monitoring any contamination. The sequencing of amplified
product did thorough commercially available DNA sequenc-
ing facility (Merck, Bengaluru, India).

Sequences cleaning and analysis

Quality of sequences was determined using Sequence
Analysis v5.2 software (Applied Biosystems, Foster City, CA).
Apart from that CLUSTALW algorithm implemented in BioEdit
version 7.0.5.3 (Hall 1999) was used in the multiple sequence
alignments (MSA). The sequences obtained from the four dif-
ferent species were compared with sequences available on
NCBI through a BLAST search (http://blast.ncbi.nlm.nih.gov/)
(Table 1). For the species diagnosis, we considered the per-
centage similarity between query and reference sequence

Table 1. Details of used skink species from present study and other sequences retrieved from GenBank for comparison.

Species Genus Origin Accession no. Conservation status

Eutropis carinata Eutropis RTR MF370879 Least Concern version 3.1
Eutropis macularia Eutrois RTR M MF370880 Not Evaluated
Lygosoma punctata Lygosoma RTR MF370881 Not Evaluated
Asymblepharus himalayanus Asymblepharus RTR MF370882 Vulnerable

Sequences retrieved from GenBank
Eutropis carinata Eutropis GenBank JQ767968.1 Least Concern version 3.1
Eutropis macularia Eutropis GenBank AY070335.1 Not Evaluated
Lygosoma punctata Lygosoma GenBank KF577788.1 Not Evaluated
Asymblepharus himalayanus Asymblepharus GenBank KF514643.1 Vulnerable
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pairs. To confirm MSA result, we compare our data with
phylogenetic analysis conducted using MEGA version 7.0
(Kumar et al. 2016) for 12S rRNA using the neighbor-join-
ing (NJ) method (Saitou and Nei 1987). Estimates of evolu-
tionary divergence over sequence pairs between groups
determined by using the Kimura 2-parameter distance
(Kimura 1980) as implemented in MEGA version 7.0 (Kumar
et al. 2016).

Results and discussion

The obtained genomic DNA concentration in all samples was
good and ranged from 10.90 ng/uL to 12.84 ng/uL. In PCR, a
used mitochondrial locus was successfully amplified in all
four skink species. The sample yielded readable sequences of
length ca 330 bp. The CLUSTALW analysis with our sequences
from present study and four other sequences retrieved from
GenBank revealed that average nucleotide frequencies were
21.7 [T], 25.2 [C], 32.3 [A] and 20.9 [G]. The nucleotide ‘A’
showed the more number of nucleotide frequencies within
four skink species (Table 2). Furthermore, the ca 330 bp 12S
rRNA locus sequences consisted with 224 conserved regions
(C), 107 variable sites (V), 95 parsimony informative sites (Pi)
and 12 singleton sites (S) (Table 3). Furthermore, in four spe-
cies n-81, fixed species-specific single nucleotide polymor-
phisms (SNPs) observed and out of these (n-81) SNPs, 15, 4,
29 and 33 were present in Eutropis carinata, Eutropis macu-
laria, Lygosoma punctata and Asymblepharus himalayanus,
respectively.

Table 2. Nucleotide frequencies in 12S rRNA sequences among four skink spe-
cies. All frequencies are given in percent.

Species T (U) C A G T

Eutropis carinata (RTR) 21.9 25.2 32.5 20.4 329
Eutropis carinata( JQ767968.1) 21.0 25.8 32.8 20.4 329
Eutropis macularia (RTR) 24.3 22.5 33.4 19.8 329
Eutropis macularia (AF153557.1) 23.9 23.9 32.7 19.4 330
Lygosoma punctata (RTR) 23.2 23.5 30.6 22.6 310
Lygosoma punctata (KF577788.1) 22.9 24.2 31.0 21.9 310
Asymblepharus himalayanus (RTR) 17.9 28.0 32.5 21.6 329
Asymblepharus himalayanus (KF514643.1) 18.2 28.3 32.2 21.3 329
Avg. 21.7 25.2 32.3 20.9 324.4

Table 3. Most similarities in the 12S rRNA based on NCBI GenBank BLAST search.

Species Species with the highest similarity Query coverage (%) Similarity (%) Overall

Eutropis carinata Eutropis carinata 100 99 C V Pi S
Eutropis macularia Eutropis macularia 100 95 224 107 95 12
Lygosoma punctata Lygosoma punctata 100 99
Asymblepharus himalayanus Asymblepharus himalayanus 100 99

Eutropis carinata (RTR)

Eutropis carinata (JQ767968.1)

Eutropis macularia (RTR)

Eutropis macularia (AF153557.1)

Lygosoma punctata (RTR)

Lygosoma punctata (KF577788.1)

Asymblepharus himalayanus (RTR)

Asymblepharus himalayanus (KF514643.1)
100

100

93 

100

85 

0.020

Figure 1. 12S rRNA sequence based on neighbor joining relationship among four skink species. The optimal tree with the sum of branch length¼ 0.51519657 is
shown. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) is shown next to the branches. The
evolutionary distances were computed using the Kimura 2-parameter method and are in the units of the number of base substitutions per site. All positions contain-
ing gaps and missing data were eliminated. Evolutionary analyses were conducted in MEGA version 7.0.

Table 4. Estimates of evolutionary divergence over sequence pairs between groups.

Species Eutropis carinata Eutropis macularia Eutropis macularia Asymblepharus himalayanus

Eutropis carinata 0.02 0.03 0.03
Eutropis macularia 0.11 0.03 0.03
Lygosoma punctata 0.26 0.22 0.04
Asymblepharus himalayanus 0.25 0.23 0.30

Standard error estimate(s) are shown above the diagonal and were obtained by a bootstrap procedure (1000 replicates).
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To the species confirmation, sequences obtained were
submitted as individually entries in BLAST analysis, 12S rRNA
mtDNA locus indicated that the all samples were 95–99%
similarity with respective skink species. Further, to cross-verify
our result, analyzed obtained sequences with neighbor-join-
ing topology, the neighbor-joining phylogenetic tree showed
similar result (Figure 1). These four skink species belong to
three different genera and tree topology clearly resolves the
tree according to genus characteristic. The Eutropis carinata
and Eutropis macularia present in same clade with 93% boot-
strap value, while Lygosoma punctata and Asymblepharus
himalayanus present with 85% value. All generated sequences
submitted in GenBank and assigned accession numbers are
given in Table 1 for future use.

The average genetic difference among four species was
0.020 and observed evolutionary divergence over sequence
pairs between four species ranged from 0.011 to 0.30. The
minimum sequence divergences (0.11) observed between
Eutropis carinata and Eutropis macularia, while the maximum
sequence (0.30) divergences observed between Lygosoma
punctata and Asymblepharus himalayanus (Table 4).

Presently, the lizard population is declining due to habitat
fragmentation and habitat loss. Nowadays, natural habitats
are regularly disappearing due to infrastructure development
and human population growth. Remaining habitats are iso-
lated from each other by urban development, roadways and
agricultural fields.

Climate change, including higher temperatures, low soil
moisture, longer dry seasons, and more variability in rainfall,
can also affect the reptile population. Humans have altered
natural disturbance, i.e. suppressing fire, controlling flood lev-
els, and other means. These factors can be detrimental to
amphibian and reptile populations. In many ecosystems,
these disturbances help amphibians and reptiles to provide
their needs of habitat and to maintain the various stages of
vegetative succession (Amphibians and Reptiles 2007). If fire,
flooding, or other natural disturbances are not present, then
natural habitats become degraded and are less capable of
supporting amphibian and reptile populations.

Introduction of invasive species is also a major factor for
the declining population of reptiles. Native species have not
evolved and survived with non-native species in their own
area. For example, fire ants, introduced to the southern
United States around 1918, prey on both the eggs and the
young ones of reptiles. Fire ants are considered to be the pri-
mary cause of the extirpation of the Texas horned lizard from
parts of its historic range. However, in India no such study, so
far, has been done about the impact of non-native species
on the distribution and survival of the herps.

Conclusions

In India, Uttarakhand has the great biodiversity of flora
and fauna. The current study only covers the small areas
of Uttarakhand saurian diversity. During field survey, we
collected the four skink species; after analysis and com-
pression with publically available sequences, we concluded
that the selected skink species 100% matched with
respected species. Here, we trying to give the authentic

genetic 12S rRNA reference database of selected skink
species those highly useful for further study on phylogen-
etic and population genetic level. This study also gives
the preliminary genetic authentication of four skink spe-
cies in RTR, Uttarakhand (India).

It is necessary to establish and promote the use of such
DNA profile database of mitochondrial DNA to other
Uttarakhand population. This study also indicates that the
exact population and species of skink are unidentified; there-
fore, we recommend the Uttarakhand skink population
should be investigated further genetic study in combination
with a good sampling strategy to investigate species biology
(including patterns of genetic diversity, relatedness and popu-
lation connectivity) and status for conservation program.
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