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	 Dung beetles (Coleoptera: Scarabaeidae) play a crucial role in ecosystem functioning, 
yet their molecular taxonomy and phylogenetic relationships remain underexplored in tropical 
regions. India has almost 400 species of dung beetle representing 30 genera, even though 
genetic data on much of the taxa are still scarce in the global repositories. This paper used the 
methodology of mitochondrial cytochrome c oxidase subunit I (COI) DNA barcoding to determine 
the identification of Catharsius molossus specimens that were taken in Tiruchirappalli in Tamil 
Nadu. Amplification of genomic DNA was done using universal COI primers and sequencing 
produced 19 good quality barcode sequences. The sequences were uploaded to the BOLD Systems 
v3 and NCBI GenBank (Accession No. PP396739). Phylogenetic analysis using the Neighbor-
Joining (NJ) method in MEGA11 was done to verify morphological identifications, which 
supported clustering at a species level. These findings validate that COI is a good molecular 
identification marker of dung beetles and they can be useful in future biodiversity survey and 
phylogenetic studies in India.
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	 Dung beetles are a group of ecologically 
important insects, which plays an important role in 
the provision of key ecosystem services including 
nutrient recycling, soil aeration, and secondary 
seed dispersal.1,2,3.  It is well known that dung 
beetles are great bioindicators of biodiversity and 
ecological impact assessment because they are 
sensitive to changes in the environment in terms of 
the community structure.4-6  Among them, the genus 
Onthophagus is one of the most divergent lineages, 

with over 2100 described species belonging to the 
subfamily Scarabaeinae, including 16 known tribes 
at the moment.7,8 
	 There exists a rich dung beetle fauna 
in India, containing almost 400 species spread 
in 30 genera and 9 tribes. The Western Ghats 
are biodiversity hot spots of the country and 
particularly known to hold the richness and 
endemism of the species.9  Taxonomic resolution 
of dung beetles is difficult because of phenotypic 
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plasticity, convergent morphology and the 
existence of cryptic species complexes even 
though they have environmental significance.6,8 
Thus, the interdisciplinary methods that include 
the application of molecular tools have become 
critical in solving the boundaries of species and 
enhancing phylogenetic hypotheses.
	 DNA barcoding, specifically the 
mitochondrial cytochrome c oxidase subunit I 
(COI) gene, has been found to be very useful 
in enhancing species delimitation, uncovering 
latent diversity, and expediting the process of 
identifying Scarabaeinae globally.10,11,12 However, 
Indian dung beetle, Catharsius molossus from 
the Tiruchirappalli region remain severely 
underrepresented in global reference databases 
such as BOLD and GenBank, limiting their use in 
ecological monitoring, evolutionary studies, and 
conservation planning.   

MATERIALS AND METHODS

MATERIALS 
Specimens: Adult Catharsius molossus collected 
from agricultural fields in Woraiyur, Tiruchirappalli, 
India.
Preservation: Specimens stored in sterile jars 
containing 100% molecular-grade ethanol and 
maintained at “20 °C.
Tissue: Hind leg muscle tissues (~20–25 mg) 
dissected under sterile conditions using autoclaved 
tools.
DNA Extraction Kit: HiPure Multi-Sample DNA 
Purification Kit (HiMedia, India).
DNA Quality Assessment: 0.8% agarose 
gel electrophoresis and NanoDrop 2000 
spectrophotometer (Thermo Scientific).
PCR Primers: LCO1490: 5'-GGTCAACAAAT 
CATAAAGATATTGG-3'
HCO2192: 5'-TAAACTTCAGGGTGACCAAA 
AAATCA-3' 
PCR Product Purification: GeneJET PCR 
Purification Kit (Thermo Scientific).
Sequencing Platform: ABI 3500 Genetic 
Analyzer using BigDye Terminator v3.1 Kit 
(Applied Biosystems).
Sequence Editing Software: CodonCode Aligner 
v9.0.
Databases for Validation: NCBI GenBank 
(BLASTn) and BOLD v3.

Phylogenetic Tools: MEGA v11 with MUSCLE 
alignment; NJ method with 500 bootstrap replicates.
Methods
Study area and Specimen Collection
	 Adult dung beetles (C. molossus) were 
captured in agricultural fields at Woraiyur, 
Tiruchirappalli, southern India (10.813° N, 78.685° 
E). The sampling took place through the use of 
standard entomological sweep nets as well as hand 
collection. The specimens were shifted into the 
sterile insect jar and stored instantly in 100 percent 
molecular-grade ethanol to avoid degradation of 
DNA. Samples were kept at -20° C until further 
treatment.
Tissue preparation and DNA isolation
	 Hind leg muscle tissues were carefully 
excised from each specimen under sterile 
conditions. Approximately 20–25 mg of muscle 
tissue was placed in sterile 1.5 mL microcentrifuge 
tubes for DNA extraction. Genomic DNA was 
isolated using the HiPure Multi-Sample DNA 
Purification Kit with slight adjustments to the 
manufacturer’s instructions. Initially, the tissues 
were rinsed twice with wash buffer to remove 
residual ethanol. Samples were then digested in 
a mixture of 20 ìL Proteinase K and 200 ìL lysis 
buffer at 55°C for one hour. Following the addition 
of 200 ìL ethanol, the lysates were transferred onto 
silica spin columns. Bound DNA was washed 
sequentially with pre-wash and wash buffers 
before being eluted in 100 ìL of elution buffer. 
DNA integrity was examined on a 0.8% agarose 
gel, while yield and purity were quantified using a 
NanoDrop 2000 spectrophotometer.
PCR Amplification of Mitochondrial COI Gene
	 The 658 bp barcode fragment of the 
mitochondrial cytochrome oxidase I (COI) gene 
was amplified using the universal primers viz., 
LCO1490 and HCO2192
	 Isolated DNA samples were arranged 
in 96-well plates, with corresponding sample 
information recorded for reference. Polymerase 
chain reaction (PCR) was carried out for all 
specimens using the above primers, and the target 
fragment was successfully amplified in each 
case. The PCR products were purified with the 
GeneJET PCR Purification Kit (Thermo Scientific, 
EU-Lithuania) to eliminate primer dimers and 
other residual contaminants. Product quality was 
evaluated on a 1.8% agarose gel with a 100 bp 
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DNA ladder as the size marker, confirming that the 
amplified fragments were suitable for sequencing.
Purification and sequencing
	 The GeneJET PCR Purification Kit was 
used to purify the PCR products to eliminate any 
remaining primers and other reagents. The purified 
amplicons were sequenced in both directions in 
an ABI 3500 Genetic Analyzer using ABI Prism 
BigDye, Terminator v3.1 Cycle Sequencing Kit. 
After sequencing, the products were purified 
by ethanol/EDTA precipitation method and 
resuspended in 12 mL of Hi-Di formamide. Two 
ml of the samples were then incubated at 95 °C in 
5 minutes before being separated using capillary 
electrophoresis.
Sequence edit and alignment
	 Obtained sequences were then checked in 
codon code aligner v9.0 to check the ambiguities 
within the sequence. Ambiguous bases were 
trimmed, and consensus sequences were generated 
from forward and reverse reads. Final sequences 
were exported in FASTA format and validated by 
BLASTn searches against the NCBI GenBank 
database.
DNA Barcode generation and Data submission
	 The Confirmed COI sequences were 
uploaded to the NCBI (National Centre of 

Biotechnology Information with the accession 
number of PP396739 and also to the BOLD v3 
(Barcode of Life Data Systems). A DNA barcode 
record was developed as per BOLD conventions 
that included the information about the voucher 
specimens, collection data and trace files.
Phylogenetic analysis
	 Multiple sequence alignments were 
performed with MUSCLE implemented in MEGA 
v11.13 Evolutionary relationships were inferred 
using the Neighbor-Joining (NJ) method14 with 
500 bootstrap replications.15 Evolutionary distances 
were calculated using the Maximum Composite 
Likelihood (MCL) model.16 The analysis included 
13 representative sequences from GenBank for 
related Scarabaeinae taxa (e.g., Onthophagus, 
Dichotomius spp.). Ambiguous positions were 
removed by pairwise deletion, resulting in a final 
alignment of 573 positions.

OBSERVATION AND RESULTS

Isolation of genomic DNA of C. molossus
	 Genomic DNA of C molossus was 
successfully isolated from leg tissue using 

Fig. 1. Agarose gel electrophoresis of genomic DNA 
isolated from C. molossus (DNA quality checking).

Fig. 2. PCR amplification of the COI gene in C. 
molossus. Lane 1: 100 bp DNA ladder; Lane 2: 

negative control; Lane 3: genomic DNA sample; Lane 
4: positive control.
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Fig. 3. DNA barcode generated for C. molossus in the BOLD Systems v3 database.

Fig. 4. Neighbor-Joining phylogenetic tree of C. molossus (highlighted) and related Scarabaeinae taxa based on 
COI sequences. Bootstrap values (>50%) are indicated at nodes.

standardized method.  Agarose gel electrophoresis 
showed intact high-molecular-weight DNA with no 
evidence of degradation, indicating good-quality 
DNA to perform PCR amplification (Figure 1).
PCR amplification and purification of COI gene
	 The mitochondrial COI bar code region 
(~658 bp) was amplified successfully using the 
universal primers LCO1490 and HCO2198. The 
presence of a distinct band with an appropriate size 
was detected by agarose gel electrophoresis and 
no observable nonspecific products were detected. 
There was no amplification with negative controls, 
and this confirms that there was no contamination 
(Figure 2). PCR products were then purified with 
GeneJET PCR purification kit. Electrophoresis 
showed a sharp and strong band of expected size, 
after purification indicating the elimination of 
primer dimers and residual reagents.

Sequence generation and submission
	 Purified PCR products of C. molossus 
were sequenced bidirectionally. Consensus 
sequences were assembled and manually curated 
in CodonCode Aligner. The presence of species-
level identification with C. molossus was confirmed 
by BLASTn searches into the NCBI database 
indicating more than 99 percent identity with 
consensus sequence. This curated COI sequence 
was deposited in NCBI (Genbank) with the 
accession number of PP396739. Metadata voucher 
ID, collecting locality and the details of the 
specimen were also documented through Barcode 
of Life Data Systems (BOLD v3).
	 Following FASTA file of published COI 
gene nucleotide sequences of the C. molossus 
submitted to the NCBI
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Origin
1 acatctttaa gaattttaat tcgaatagaa ttagggtctc 
ctggaacctt aattggtgat
61 gatcaaattt ataatgtaat tgtaactgca catgcattta 
ttataatttt ttttatagtt
121 atacctattt taattggtgg atttggaaat tgacttgttc 
cattaatatt aggggcccca
181 gatatagcat ttccacgaat aaataatata agattttgac 
ttttacctcc atctttaact
241 cttttattaa taagaagaat agtaraaaag ggggcaggta 
caggatgaac agtatacccc
301 cctctttctt caaatattgc tcatggaggg gcatctgtag 
atttagctat ttttaractt
361 catcttgcag gaatttcttc aattttaggt gctattaatt 
ttattactac agttattaat
421 atacgatcaa caggaataac atttgatcga ataccattat 
ttgcttgagc tgttgctatt
481 actgcattac tacttttact ttctttacct gtattagcag 
gcgctattac tatacttcta
541 acagatcgaa atttaaatac ttcctttttt gatcctatag 
gaggtggaga tccaatttta
601 taccaacatt tattttgatt ttttgg
//
DNA barcode generation
	 A DNA barcode was generated for C. 
molossus using the BOLD Systems v3 platform 
(Figure 3).  Barcode Index Number (BIN) was 
assigned for the sequence and digitally archived, 
offering permanent molecular identifier for the 
species. The barcode record contained sequence 
data, voucher information, raw trace files and 
metadata of collection.
Phylogenetic analysis
	 The  resu l t ing  Neighbor-Jo in ing 
(NJ) tree of MEGA11 grouped C. molossus 
(PP396739) together with conspecific sequences 
retrieved via the GenBank (e.g., JQ855867, 
JQ855861). The bootstrap values were very 
high, C. molossus clade was strongly supported 
(>90).  At elevated taxonomic ranks, C. molossus 
was found to be clustered with other species of 
Scarabaeinae such as Dichotomius mamillatus, 
Onthophagus ovatus and Onthophagus turbatus. 
The topology was compatible with classical 
morphological segregations of Scarabaeinae. 
Divergence of sequences between C. molossus 
and its nearest relatives was 0.811.4 percent, and 
species divergence over genera was more than 
8 percent, which reinforces the power of COI 
as a discriminative marker.  The results of the 

phylogenetic analysis of the dung beetle are shown 
in figure 4.

DISCUSSION

	 DNA barcoding has emerged as an 
important approach for the bio-surveillance of 
insect pests, enabling the quick identification of 
specimens irrespective of their developmental 
stage or preservation state. One of its most 
promising applications, especially when combined 
with sequence databases and cost-effective 
high-throughput sequencing, lies in biodiversity 
assessment. This approach can enhance the 
efficiency and standardization of ecological 
surveys, particularly for taxa that are diverse 
and challenging to identify using traditional 
morphological methods. 
DNA quality and amplification success
	 Isolation of pure genomic DNA of C. 
molossus and reproducible amplification of COI 
barcode region show the strength of molecular 
methods in identifying species in Scarabaeinae 
beetles. The amplification of the isolated DNA 
using the universal primers LCO1490 and 
HCO219817 was clear and consistent with the 
primers used in other insect taxa.10,12 The same 
success rate has been observed with scarabaeids 
in the Western Ghats, where the success rate also 
corroborates the consistency of COI primers in 
different genera of dung beetles.6

	 A lack of nonspecific products or 
contamination of PCR reactions also highlights the 
reliability of the method and is essential in areas 
such as India where dung beetle molecular data 
are sparse. Sulistyani et al.18 also introduced recent 
research on Helopeltis spp., which identified the 
efficiency of COI in sorting closely related species, 
and indicated that the marker can be used across 
taxonomically diverse insect groups.
Sequence identity and species confirmation
	 The generated sequence of the COI (626 
bp) was found to be more than 99% similar to C. 
molossus sequences found in Genbank, which 
validated correct species identification. This 
sequence identity is comparable to the thresholds 
typically employed in insect DNA barcoding, 
at which >98% similarity usually indicates 
conspecificity.10,19

	 Similar results were also observed in 
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Bangladesh by Das et al,20 who were able to prove 
that COI was a reliable discriminative factor 
among cryptic Aulacophora species. Similarly, 
Tahir et al21 confirmed COI as an accurate tool 
in identifying pests in rice eco systems. This 
combination of findings confirms that COI could be 
effectively used in Indian dung beetle fauna, where 
morphological traditional taxonomy frequently 
fails to sort out species delimits.
DNA barcode generation and submission to 
global repositories
	 The submission of DNA sequences of C. 
molossus to both NCBI (Accession PP396739) and 
BOLD Systems strengthen the molecular database 
of Indian Scarabaeinae. Existing coverage of Indian 
dung beetles in world repositories is poor, and less 
than 10 percent of described species are publicly 
available with barcodes.5,6 Having a barcode 
record, which is standardized, this study will be 
used to make a reference point in future ecological 
observation and species discovery.
	 Insect monitoring worldwide has 
already been sped up through BOLD-based 
barcoding.18,22 As an example, metabarcoding work 
has demonstrated that dung beetles can serve as 
an iDNA sampler of mammalian biodiversity.21 
Inclusion of C. molossus sequences, therefore, does 
not only confirm the taxonomy of insects, but can 
also indirectly reinforce biodiversity measuring 
tools in tropical ecosystems.
Phylogenetic analysis
	 The phylogenetic tree positioned C. 
molossus in a highly supported clade with 
conspecific sequences (JQ855867, JQ855861) 
and a bootstrap of more than 90. The observation 
indicates a high rate of genetic cohesion in the 
species, which is similar to previous morphological 
classification.8

	 In addition, Onthophagus and Dichotomius 
spp. are clustered and there is a tribal relationship 
established within Scarabaeinae.8 The intergeneric 
divergence was observed to be greater than 
8% which is consistent with the values in other 
scarabaeids6,23 and shows that using the marker to 
determine genus-level taxonomy is informative. 
More recent phylogenomic studies have established 
that COI topologies tend to show consistent results 
with multi-gene datasets,24 which point to its 
continued use in single-marker barcoding studies.

Ecological and taxonomical implications
	 Dung beetles contribute to the important 
functions of nutrient cycling, secondary seed 
dispersal, and soil aeration.24 This is more 
important to evaluate their ecological functions 
and conservation status, as well as to infer their 
ecological roles. Nevertheless, the morphological 
diagnosis is often obstructed due to phenotypic 
plasticity and cryptic diversity.6,25 DNA barcoding 
overcomes these difficulties and offers a unifying 
structure to the species delimitation, ecological 
scanning and conservation planning.
	 Having C. molossus in the global 
barcode databases guarantees the ability of future 
biodiversity studies in India to depend on molecular 
reference data. This is especially applicable in the 
face of the increasing focus on metabarcoding 
methods of community-level monitoring.21,26

Limitations and future directions
	 Although the present study provides 
a first DNA-barcode reference for C. molossus 
from Southern India, some limitations have to 
be acknowledged.  First, only the COI gene 
was analyzed even if it is effective, that may 
not be enough to resolve deeper phylogenetic 
relationships because of incomplete lineage sorting 
or mitochondrial introgression.27  More resolution 
may be achieved via multi-gene approaches 
that use nuclear loci (e.g., ITS, 28S rDNA) or 
mitogenomic data.27

	 Second, the study only used one 
geographic population. A more extensive sampling 
program over the range of the species is required to 
evaluate intraspecific variation and potential cryptic 
diversity. In order to obtain a more comprehensive 
picture of the diversity of C. molossus, DNA 
barcoding should in future be combined with 
morphometric analysis and ecological niche 
modelling.  

CONCLUSION

	 In conclusion, this study demonstrates 
that COI-based DNA barcoding provides a reliable, 
efficient, and scalable tool for the molecular 
identification of C. molossus. The findings 
contribute valuable genetic data to the existing 
reference library for Indian dung beetles. The 
inferred phylogenetic placement is consistent 



1634 Siddhaiyan et al., Biosci., Biotech. Res. Asia,  Vol. 22(4), 1628-1635 (2025)

with established taxonomic classifications, further 
validating the utility of the COI marker. Overall, 
the expanded barcode dataset strengthens ongoing 
efforts in biodiversity assessment, monitoring, and 
conservation.
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