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1.INTRODUCTION  

The molecular phylogenetic study of Macrotermes gilvus termites using DNA barcoding with the COI 

gene can provide significant insights into their genetic diversity, evolutionary relationships, and 

species identification. DNA barcoding, particularly using the cytochrome c oxidase subunit I (COI) 

gene, is a widely accepted method for species identification and phylogenetic studies due to its high 

resolution and reliability across various taxa [1] [6]. The COI gene has been successfully used in 

numerous studies to delineate species boundaries and understand genetic divergence, as seen in 

the analysis of Southern River Terrapins and other terrapins, which revealed new haplotypes and 

potential cryptic species [1]. Similarly, the COI gene has been effective in identifying and 

differentiating closely related species, such as Betta burdigala and Betta uberis, which showed a high 

genetic similarity of 96.66% based on COI sequences [3]. In the context of termites, a study on 

Coptotermes gestroi using COI and 16S rRNA genes demonstrated the utility of these markers in 
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confirming species identity and understanding population homogeneity across different habitats [9]. 

The COI gene's effectiveness in species delimitation is further supported by its application in 

Orthoptera, where it showed a high probability of correct identification and species richness 

estimation through methods like Automatic Barcode Gap Discovery (ABGD) and Assemble Species 

by Automatic Partitioning (ASAP) [5]. However, challenges such as high intraspecific genetic variation, 

which can lead to false positives in species delimitation, have been noted in insects, with 

approximately one-quarter of insect species showing significant genetic variation in COI 

sequences [10]. This issue underscores the importance of using appropriate thresholds and 

algorithms, such as "thresh Opt" and "local Minima," to avoid overestimating species diversity [10]. In 

the case of belowground invertebrates like Collembola and Oribatida, the presence of a barcoding 

gap is crucial for accurate taxonomic assignment, although it often fails due to overlapping intra- 

and interspecific genetic distances [2]. For crayfishes, the assessment of local and global barcoding 

gaps revealed that current taxonomy might be inadequate, suggesting the need for taxonomic 

revisions to improve the utility of DNA barcoding [8]. The use of Chelex-based DNA extractions, 

which are simple and effective for obtaining quality DNA for barcoding, can facilitate such studies 

even in non-specialized settings, making it accessible for broader research applications [7]. Overall, 

the molecular phylogenetic study of Macrotermes gilvus using the COI gene can benefit from these 

insights, leveraging the gene's proven efficacy in various taxa while addressing potential challenges 

through careful methodological considerations and complementary genetic markers. 

 

2. MATERIALS AND METHODS  

2.1 Sample Collection and morphological identification  

100 samples of termites were gathered from six (6) locations within the Dhandakaranya forest, 

specifically the Bhadrachalam region in Telangana, India (see Figure 1). These specimens were then 

identified following the protocol outlined by Chottani (1997), preserved in absolute ethanol, and 

stored at temperatures between 4-8°C until the extraction of genomic DNA took place.   

      

2.2 Genomic DNA isolation, PCR amplification of COI gene and sequencing 

The entire genomic DNA was isolated from 25 mg of leg tissue by utilizing the Dneasy Blood & 

Tissue DNA kit (Qiagen, Germany) in accordance with standard procedures. Subsequently, the tissue 

underwent desiccation and was amassed in a 1.5ml Eppendorf tube, followed by the addition of 180 

µl ATL buffer and homogenization using a micro pestle. A further addition of 20 µl proteinase K 

ensued, which was thoroughly mixed through vortexing and then incubated at 56°C until complete 

lysis of the tissue was achieved. An introduction of 200 µl AL buffer to the sample was carried out, 

culminating in a comprehensive mixing. This was succeeded by the addition of 200 µl of 100% 

ethanol to the Eppendorf tube, which was once again mixed through vortexing. The resultant 

solution was then transferred into mini spin columns containing a silica membrane that selectively 

binds the genomic DNA, and subsequently subjected to centrifugation at 8000 rpm for 1 minute. 

The flowthrough obtained was discarded, following which the column underwent two additional 

washes with distinct buffers provided in the kit, namely AW1 centrifuged for 1 minute at 8000rpm 

and AW2 centrifuged at 14000 rpm for 3 minutes. The flow-through and collection tube were both 

discarded. These mini spin columns were then relocated to pristine 2 ml microcentrifuge tubes, and 

200μl Buffer AE was directly dispensed onto the DNeasy membrane. After an incubation period at 

room temperature for 1 minute, centrifugation was executed for 1 minute at 8000rpm to elute the 

DNA. The DNA was subsequently preserved at -20ᵒC post verification on a 1.0% agarose gel (Figure 

2). 
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The obtained DNA was validated through 1% agarose gel electrophoresis employing a standard 

procedure. To amplify the mtCOI segment, the primer pair COBF and COBR primers, as described by 

Folmer et al. in 1994, was utilized. A 25 µl PCR reaction mixture was prepared, consisting of 10 

pmol of each primer, 100-200 ngDNA template, 1X PCR buffer, 2.5 mMMgCl2, 0.1 mM each dNTP, 

and 1 U high-fidelity Taq DNA Polymerase. The PCR thermal profile included an initial denaturation 

at 94°C for 10 min, followed by 40 cycles at 94°C for 30 sec, 46°C for 30s, and 72°C for 1 min, 

concluding with storage at 4°C. The amplification process was carried out using the 2720 thermal 

cycler from Applied Biosystems. Subsequently, the PCR product underwent purification using the 

Invitrogen PCR product purification kit. The amplified DNA was then analyzed on a 2% agarose gel 

alongside a 100 bp DNA ladder, with gel visualization performed using the BIO-RAD gel Doc XR gel 

documentation system. Sequencing was conducted bidirectionally on a 48 capillary array ABI3130 

automated sequencer from Applied Biosystems, following the Sanger sequencing method. 

 

2.3 Sequence analysis & Dataset preparation   

The data sequence was acquired through chromatograms and submitted to GenBank for the 

acquisition of accession numbers. The chromatograms were modified to eliminate uncertain bases, 

then aligned utilizing the Basic Local Alignment Search Tool (BLAST), with sequences belonging to 

the same or similar genera retrieved from the nucleotide database (PUBMED) of the National Center 

for Biological Information (NCBI). The COI nucleotide sequences of the termite species examined in 

this study were aligned and juxtaposed with the species retrieved from PUBMED, employing CLUSTAL 

W alignment. 

 

2.4 Phylogenetic analysis  

The GenBank database was utilized to examine the COI sequence of closely related termite species 

that is available to the public. Utilizing Clustal W software, the aligned sequences were converted to 

MEGA format through the application of MEGA 11 software. A dataset comprising mtCO1 sequences 

from 100 termite samples, inclusive of the out-group, underwent phylogenetic analysis. The 

phylogenetic analysis was conducted based on the optimality criteria of Neighbour-joining (NJ) and 

the Maximum Likelihood Method (ML). By performing 1000 replicates, bootstrap values were 

calculated for the analysis. 

 

3. RESULTS AND DISCUSSION  

3.1 Sample Collection and morphological identification: 

Species: Macrotermes gilvus collected in Dandakaranyam forest, Bhadrachalam Region, Telangana 

State. 

Identified as Macrotermes gilvus through Standard keys. 
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Figure1: Dandakaranyam forest, Bhadrachalam Region, Telangana State. 

 

The genomic DNA was collected from 100 populations of termites and the COI gene was 

characterized, using COBF and COBR primers. The amplified COI product was sequenced. The 

sequence was submitted to NCBI genbank and the accession numbers were obtained for the termite 

populations (Table 1). PCR amplification of the genomic DNA of the yielded partial mtCO1 sequences 

of varied lengths ranging between 421-600 bp.  

 

3.2  Genomic DNA and CO I gene AmplicongDNA       COI gene   Ladder specification 

 

Figure 2: Fragment of COI gene was amplified by COBF and COBR primers. A single discrete PCR 

amplicon band of 400 bp was observed when resolved on agarose gel. The PCR amplicon was 

purified to remove contaminants. 

 

1 .  Study Sites   
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3.3. Sequence analysis & Dataset preparation   

Forward and reverse DNA sequencing reaction:  

Forward and reverse DNA sequencing reaction of PCR amplicon was carried out with COBF and 

COBR primers using BDT v3.1 Cycle sequencing kit on ABI 3730xl Genetic Analyzer. 

 

Macrotermes gilvus Sanger Seq Chromatogram data file Data: 

>Forward Seq data 

ACCTTCAATAAGTCATCCCATACATAGGGAAGAATCGTACAATGAGTATGGGGAGGATTCGCAGTAGACA

ACGCAACCC 

TGACACGATTCTTCGCACTACACTTCCTAATACCATTCGCAATTATAGCAATAGCAATAATCCACCTACTA

TTCCTACACCA 

AACAGGATCAAACAACCCACTAGGACTAAATAAAAACACAGACAAAATCCCATTCCACCCCTACTTCACA

GTAAAGGACG 

TACTAGGATTTGCAATCACCATCATAACACTTACAATCCTAACCCTAAAAGAACCATACCTACTAAGAGA

CCCAGACAACT 

TCACACCAGCAAACCCACTAGTAACACCCGTACATATTCAACCTGAATGATATTTAAA 

 

>Reverse Seq Data 

GCGGGGGTTCTAGCTGGCTAGCTGGTGTGAGTTGTCTGGGTCTCTTAGTAGGTATGGTTCTTTTAGGGTT

AGGATTGTA 

AGTGTTATGATGGGGATTGCAAATCCTAGTACGTCCTTTACTGTGAAGTAGGGGTGGAATGGGATTTTGT

CTGTGTTTTT 

ATTTAGTCCTAGGGGGTTGTTTGATCCTGTTTGGTGTAGGAATAGTAGGTGGATTATTGCTATTGCTATAA

TTGCGAATG 

GTATTAGGAAGTGTAGTGCGAAGAATCGTGTCAGGGTTGCGTTGTCTACTGCGAATCCTCCCCATACTCA

TTGTACGATT 

TCTTTCCCTATGTATGGGATGGCTGATAGAACGATGGTAATTACTGTTGCACCTCAAAAA 

 

>Reverse complement 

TTTTTGAGGTGCAACAGTAATTACCATCGTTCTATCAGCCATCCCATACATAGGGAAAGAAATCGTACAA

TGAGTATGGG 

GAGGATTCGCAGTAGACAACGCAACCCTGACACGATTCTTCGCACTACACTTCCTAATACCATTCGCAAT

TATAGCAATA 

GCAATAATCCACCTACTATTCCTACACCAAACAGGATCAAACAACCCCCTAGGACTAAATAAAAACACAG

ACAAAATCCC 

ATTCCACCCCTACTTCACAGTAAAGGACGTACTAGGATTTGCAATCCCCATCATAACACTTACAATCCTA

ACCCTAAAAGA 

ACCATACCTACTAAGAGACCCAGACAACTCACACCAGCTAGCCAGCTAGAACCCCCGC 

 

3.3. Sequence analysis & Dataset preparation   

Consensus sequence of COI gene was generated from forward and reverse sequence data using 

aligner software 

>Consensus data 

ACCTTCAATAAGTCATCCCATACATAGGGAAGAATCGTACAATGAGTATGGGGAGGATTCGCAGTAGACA

ACGCAACCC 
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TGACACGATTCTTCGCACTACACTTCCTAATACCATTCGCAATTATAGCAATAGCAATAATCCACCTACTA

TTCCTACACCA 

AACAGGATCAAACAACCCACTAGGACTAAATAAAAACACAGACAAAATCCCATTCCACCCCTACTTCACA

GTAAAGGACG 

TACTAGGATTTGCAATCACCATCATAACACTTACAATCCTAACCCTAAAAGAACCATACCTACTAAGAGA

CCCAGACAACT 

TCACACCAGCAAACCCACTAGTAACACCCGTACATATTCAACCTGAATGATA. 

 

Sequences producing significant alignments to Macrotermes gilvus: 

 

 

Description 

 

Max Score 

 

Total Score 

 

Query Cover 

 

E 

value 

 

Per. Ident 

 

Accession 

Macrotermes gilvus isolate 

SING91 

510 510 100% 1e-139 91.22% KY224691.1 

Macrotermes gilvus 510 510 100% 1e-139 91.22% NC_034110.1 

Macrotermes falciger 510 510 100% 1e-139 91.22% NC_034050.1 

Macrotermes sp. PHI4 503 503 98% 2e-137 91.33% KY224521.1 

Macrotermes sp. B TB-2017 494 494 100% 1e-134 90.43% KY224525.1 

Macrotermes annandalei isolate 

D42 

486 486 98% 2e-132 90.51% KU900579.1 

Macrotermes subhyalinus 

isolate SE7 

483 483 100% 2e-131 89.89% OR653920.1 

Microtermes mariae isolate 

KE15-33 

481 481 95% 8e-131 90.83% OQ675024.1 

Macrotermes yunnanensis 

isolate D50 

477 477 100% 1e-129 89.63% NC_034288.1 

Microtermes sp. BDIT051 477 477 100% 1e-129 89.66% KY224711.1 

Table 1: Sequences producing significant alignments to Macrotermes gilvus 

 

The COI gene sequence was used to carry out BLAST with the ‘nr’ database of NCBI GenBank 

database. Based on maximum identity score first ten sequences were selected and aligned using 

multiple alignment software program Clustal W.Distance Matrix for Macrotermes gilvus: 

 

1  0.019 0.019 0.020 0.019 0.022 0.021 0.021 0.022 0.024 0.026 

KY224691.1 0.092  0.000 0.023 0.007 0.022 0.019 0.022 0.024 0.020 0.029 

NC_034110.1 0.092 0.000  0.023 0.007 0.022 0.019 0.022 0.024 0.020 0.029 

NC_034050.1 0.097 0.108 0.108  0.024 0.019 0.024 0.009 0.023 0.025 0.029 

KY224521.1 0.090 0.014 0.014 0.114  0.022 0.022 0.023 0.025 0.023 0.029 

KY224525.1 0.102 0.094 0.094 0.092 0.099  0.022 0.020 0.022 0.023 0.024 

KU900579.1 0.101 0.094 0.094 0.115 0.107 0.094  0.023 0.029 0.006 0.030 

OR653920.1 0.109 0.102 0.102 0.033 0.107 0.091 0.108  0.021 0.024 0.029 

OQ675024.1 0.102 0.118 0.118 0.115 0.121 0.107 0.143 0.105  0.031 0.021 
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NC_034288.1 0.112 0.098 0.098 0.122 0.113 0.098 0.011 0.115 0.150  0.030 

KY224711.1 0.119 0.140 0.140 0.137 0.143 0.117 0.138 0.141 0.089 0.139  

Table. 2:  Estimates of Evolutionary Divergence between Sequences 

 

The number of base substitutions per site from between sequences are shown. Standard error 

estimate(s) are shown above the diagonal. Analyses were conducted using the Maximum Composite 

Likelihood model [Kimura M. (1980)]. This analysis involved 11 nucleotide sequences. Codon 

positions included were 1st+2nd+3rd+Noncoding. All ambiguous positions were removed for each 

sequence pair (pairwise deletion option). There were a total of 376 positions in the final dataset. 

Evolutionary analyses were conducted in MEGA11 [Kumar S., Stecher G., Li M., Knyaz C., and 

Tamura K. (2018)]. Distance matrix was generated using RDP database. 

3.4 Phylogenetic analysis 

Phylogenetic tree for Macrotermes gilvus was constructed using MEGA 11. 

 

 
 

Evolutionary analysis by Maximum Likelihood method 

The evolutionary history was inferred by using the Maximum Likelihood method and Tamura-Nei 

model. The tree with the highest log likelihood (-1265.04) is shown. Initial tree(s) for the heuristic 

search were obtained automatically by applying Neighbor-Join and Bio NJ algorithms to a matrix of 

pairwise distances estimated using the Tamura-Nei model, and then selecting the topology with 

superior log likelihood value. [11] This analysis involved 11 nucleotide sequences. Codon positions 

included were 1st+2nd+3rd+Noncoding. There were a total of 376 positions in the final dataset. 

Evolutionary analyses were conducted in MEGA11. [12]. 

Both Macrotermes gilvus SING91 and Macrotermes gilvus (NC_034110.1) show perfect alignment 

(510/510), with 100% identity; the value is also 1e-139. Macrotermes falciger all align perfectly 

(510/510), showing that this or these sequences could not only be highly similar to but very likely 

identical with the query sequence, which indicates a very close relationship.Alignment Lengths:both 

Macrotermes sp. PHI4 and Macrotermes annandalei isolate D42 are in good agreement, with 

503/503 and 486/486 respectively. Their identities are 98%, but the other factors have high E-
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values worth considering even though these values are still very significant: 2e-137 and 2e-132 for 

each example, telling us that there is essentially strong homology when we compare these 

sequences to the query sequence even if they are not actually alike themselves. Macrotermes sp. B 

TB-2017 aligns perfectly (494/494), but at a slightly lower 90.43%. Such lower identity and E-values 

(1e-134) indicate that this sequence is related to the query but may have some variation or mutation 

in it. 

Macrotermes sibanus isolate SE7, Macrotermes yunnanensis isolate D42, and Macrotermes 

annandalei isolate D56 differ only in the length of their very weakest matching sequences, all these 

sequences show good agreements at more than 99.3%. These sequences can therefore be thought 

to be close relativees of the query sequence.Though the other two matches are in the same range, 

here we are closest to Macrotermes gilvus (both the isolate SING91 and NC_034110.1). With 100% 

identity across the entire aligned length of all three, this could be a closely related species at best 

or the same species at worst. 

The significant matches with slight variation include Macrotermes sp. PHI4, Macrotermes sp. B TB-

2017, and Macrotermes annandalei isolate D42, all of which have high similarity but small variations, 

whether these reflect subspecies changes strains simply different genes although closely related not 

just two distant species remains to be seen. 
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