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Integrative Taxonomic Confirmation of Coccinella septempunctata with Elytral Spot Variation from Berberis lycium in Himachal Pradesh, Northwestern Himalaya




ABSTRACT
Coccinella septempunctata, commonly called as the 7-spot ladybird beetle, belongs to the order Coleoptera and family Coccinellidae. It is a widely distributed species known for its predatory behaviour against agricultural pests like aphids. C. septempunctata is a highly beneficial biological control agent essential for sustainable agriculture and ecosystem balance. The present study provides morphological and molecular confirmation of C. septempunctata collected from the flowers of Berberis lycium, an important medicinal plant, in Himachal Pradesh, Northwestern Himalaya. Active pollen feeding behaviour of C. septempunctata was observed on B. lycium flowers, indicating that the plant serves as a seasonal nutritional resource to the species. During the study, three polymorphic forms were collected with elytral spot variation. Specimens were identified based on morphology and detailed examination of the genitalia. A 638bp fragment of the mtCOI gene was successfully amplified and sequenced from a representative morph and submitted to GenBank for accession number. This integration of morphological, molecular and ecological studies provides baseline data for polymorphism and floral association of C. septempunctata in the Northwestern Himalayan Region and contributes to regional DNA barcode database for ladybird beetles.
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1. INTRODUCTION
The order Coleoptera accounts for approximately 25% of all described species (Stork et al., 2015). The family Coccinellidae, commonly called as ladybugs or ladybird beetles, is the largest family in the superfamily Coccinelloidea, with almost 6000 species and 360 genera classified and described worldwide, including a diverse Indian fauna with about 550 species (Robertson et al., 2015; Kundoo & Khan, 2017; Poorani, 2019). The genus Coccinella belongs to the tribe Coccinellini within the subfamily Coccinellinae, originally established by Linnaeus in 1758. Coccinella septempunctata is a widely distributed species of the genus Coccinella with high phenotypic plasticity. It is a highly adaptable predatory ladybird beetle that inhabits diverse agricultural and grassland habitats and exhibits migratory and overwintering behaviours (Duan et al., 2021; Ricci et al., 2005; Maredia et al., 1992). It is an important biological pest control agent with variable voltinism and diapause period, making it efficient against aphids in late summer and autumn (Suleman, 2015; Ghosh et al., 2012; Sattar et al., 2008). Though it is euryphagous, it is not as widely polyphagous compared to other coccinellids and even feeds on pollen, moth eggs and bee powder (Triltsch, 2013). They act as accidental pollinators for different plants while searching for pollen, nectar and resting sites (Kamel et al., 2015; Stalažs & Dreimanis, 2016). C. septempunctata exhibits polymorphic forms that arise due to the aggregated effect of genetic variation, environmental factors and adaptive strategies (Bouanani et al., 2015). This population plasticity provides ecological resilience and broad adaptability in diverse environments without compromising species integrity (Hodek & Michaud, 2013). Morphological variation is not sufficient to categorise it as multiple species, as elytral spot size varies considerably among populations. The presence of polymorphic forms in coccinellid beetles can result in the misidentification of species, which can be resolved by studying male genitalia and siphonal structures along with external morphological studies. Male genitalia provide a more species-specific and distinctive feature for accurate species identification. It also becomes crucial to incorporate integrative taxonomic techniques, combining molecular tools with traditional taxonomy to resolve species boundaries (Marin et al., 2010). Mitochondrial COI-based DNA barcoding is used globally for species validation. The COI gene exhibits a relatively rapid rate of evolution, particularly at its third codon position, generating high variability among species, while remaining conserved within species (Hebert et al., 2003). Hence, it has become a widely accepted standardised marker for molecular characterisation of insects (Watanabe et al., 2024). In the present study, C. septempunctata was collected from flowers of Berberis lycium Royle from Himachal Pradesh. B. lycium is an important medicinal shrub of the region, which provides floral resources to many insects. There are limited integrated taxonomic studies from Himachal Pradesh, underscoring the need for regional validation of species identity using COI barcode data. The present paper discusses the integrative morphological and molecular confirmation of Coccinella septempunctata collected from B. lycium flowers in Himachal Pradesh, Northwestern Himalayan Region and documents its pollen feeding association.

2. METHODOLOGY
2.1 Sample collection 
Adult specimens of Coccinella septempunctata were collected from the flowers of B. lycium from different locations in Himachal Pradesh. The collection was conducted during the flowering months of April and May, 2024. Beetles were collected using forceps and placed in glass vials. The samples for taxonomic studies were pinned, labelled and preserved in insect boxes. The samples for molecular analysis were stored in a -80°C ultra freezer in the laboratory.
2.2 Taxonomic studies
Samples were visualised under a stereomicroscope for morphological characterisation, followed by the extraction of the genitalia (Majerus & Kearns, 1989). The abdomen was detached and kept in 10% KOH solution overnight at room temperature for clearing and removal of extra tissues was done with the help of needles and camel brush.  The genital structures were rinsed in distilled water, visualised and photographed using a Nikon digital camera attached to a stereomicroscope (SMZ1270). Species identification and morphological terminologies were based on relevant taxonomic literature (Poorani, 2023; Ślipiński et al., 2019).
2.3 Molecular Analysis
The genomic DNA was extracted from the leg and thorax region of the representative morph (M2) using the Dneasy blood and tissue kit from Qiagen, following standard protocols by manufacturers. The concentration and quality of extracted DNA were verified using the Nanodrop 2000c spectrophotometer. The extracted DNA was stored at -20°C for further use. The genomic DNA was used as a template in PCR to amplify the mitochondrial cytochrome oxidase I (mtCO1) gene region with Folmer primers, forward primer LCO 1490 5’- GGTCAACAAATCATAAAGATATTGG-3’ and reverse primer HCO 2198 5’- TAAACTTCAGGGTGACCAAAAAATCA-3’ (Folmer et al., 1994). The PCR amplification was achieved in VeritiPro Thermal Cycler by using a reaction volume of 25 µL following standard thermal cycling conditions. The amplified DNA was analysed with 1.5 agarose gel electrophoresis and visualised under UV and documented using Gel Proccd916 Zenith gel documentation system. The desired PCR product was purified using the Qiagen DNA purification kit. The sequencing was achieved with Big dye termination kit 3.1 by using forward LCO primer in ABI 3500xL Genetic analyser based on Sanger Sequencing. The Fast format files were subjected to BLAST search in NCBI to check the homology of sequences. The sequence was edited and aligned using Bioedit sequence alignment software, and submitted to GenBank for an accession number. The nucleotide content was calculated using MEGA12.

3. RESULTS AND DISCUSSION
During the flowering period, adult individuals of C. septempunctata were consistently observed on fully open flowers of B. lycium (Fig.1). Individuals remained on a single inflorescence for extended periods and were observed foraging on pollen from dehisced anthers, indicating that the plant served as a food resource for the species. Triltsch (1997) also observed the species feeding on pollen of different plants and identified pollen as one of the food remains in the gut dissection of C. septempunctata.  A noticeable accumulation of yellow pollen grains was observed on the thoracic and leg region, suggesting potential incidental pollen transfer. During the present investigation, morphological variations were observed in Coccinella septempunctata. Three morphs (M1, M2, M3) of the species based on elytral variations were identified (Fig. 2a,2b,2c). Among these morphs, M1 was the most abundant and widespread form. Majumder et al. (2025) documented 6 morphs of the species from West Bengal, and Thamseer et al. (2022) documented 5 morphs.


[image: ]  [image: ]Fig 1. Adult Coccinella septempunctata visiting the flowers of Berberis lycium.

              
Morphological features
Coccinella septempunctata Linnaeus, 1758
1758. Coccinella septempunctata Linnaeus, Syst. Nat., 10th ed.: 365.
Material Examined: 3ex., 6.iv.24, Darlaghat (31.2359°N, 76.9271°E); 5ex., 11.iv.24, Rajgarh (30.8500°N, 77.2994°E); 3ex., 16.iv.24, Namhol (31.2541°N, 76.8592°E); 3ex., 20.iv.24, Dharamshala (32.2065°N, 76.3653°E); 4ex., 25.iv.24, Anni (31.4030°N, 77.4023°E); 4ex., 30.iv.19, Chail (30.9676°N, 77.1916°E); 4ex., 1.v.24 Taradevi (31.0490°N, 77.1480°E); 3ex., 2.v.25, Naldehra (31.1733°N, 77.2048°E); 3ex., 4.v.24, Theog (31.1270°N, 77.3430°E); 2ex., 5.v.24, Churag (31.3581°N, 77.1575°E) Coll. Monika Kaundal.
The body is roundly oval, strongly convex dorsally and nearly hemispherical. Body bright-red to orange-red, punctuated with 7 spots -three on each side of the elytra and one scutellar spot behind the thorax. Elytra is the hard wing casing, spots on the elytra can vary, giving a patched appearance. The head is black and triangular with spots on frons and antenna that is 11-segmented with a longer basal segment and nearly clubbed at apex. Eyes are small and finely faceted. Clypeus is short and truncated with robust mandibles. Pronotum is black in colour and densely punctuated, with white spots and a broad appearance. Scutellum is triangular, small, and brown-black (Fig.2d). Ventral surface is black with dark brown, short legs appearing to be three-segmented (pseudotetramerous). Similar observations were presented by Bhatnagar (2016).
Genitalia studies
Male genitalia: The tegmen is symmetrical with slender and elongated paramers that are curved inwards apically with fine setae on the dorsal side. Median lobe is elongate and tubular, and longer than the parameres. It is broad at the base and tapering gradually beyond the middle to the apex, ending in a triangular structure with a slightly ventral curve. Basal lobe is well developed and elongated. Trabes is short and thick. The siphonal capsule is thick, slender, curved and Y-shaped. It is thin near the apex and thick and bent towards the base. The distal end carries a sac-like structure (Fig. 2e, 2f). Similarly, Dhanapati et al. (2024) examined the male genitalia and siphonal structures in coccinellid beetles and emphasised the importance of male genitalia to mitigate misidentification issues in polymorphic forms. Singh and Malik (2018) also provided a taxonomic description of the male genitalia, noting a bulging and thick siphonal capsule. Female genitalia: Coxites is clubbed, elongate and tubular. The genital plate is broad with short setae at base and rounded apex. Spermatheca is semicircular and C-shaped. Bursa is membranous and well-developed (Fig. 2g). In a similar study by Kumar and Thakur (2025), the morphotaxonomy of C. septempunctata was studied, describing male and female genitalia as significant structures for species identification. Manoj et al. (2025) described the coxites as club handle-like with a prominent stylus. Similar findings were reported by El-Saeady et al. (2020), Ali et al. (2018), and Ashfaque (2013). All three morphs collected showed a similar structural arrangement of male and female genitalia.
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Fig 2. Coccinella septempunctata Linnaeus: 2a, 2b, 2c polymorphs (M1, M2, M3), 2d. head, 2e. tegmen ventral view, 2f. sipho, 2g. female genitalia with spermatheca.




Molecular identification and GenBank accession
The mitochondrial cytochrome oxidase subunit I (COI) gene was successfully amplified and sequenced from a representative morph (M2). The obtained sequence was edited, and a partial fragment of 638bp was submitted to the NCBI GenBank database under accession number PQ289165. BLAST analysis showed 99.22% sequence similarity with the already published sequence (OR185609) of C. septempunctata, available in the GenBank, confirming species identity. The final edited sequence exhibited a GC and AT content of 31.9% and 68.1%, respectively, indicating clear AT bias. Zhang et al. (2025) studied the mitochondrial genome of four dung beetles and observed a higher AT content commonly found in insect mitochondrial genomes. A similar high AT bias of 74.4% and 73.5% was observed in scarab beetles Dicronocephalus adamsi and Amphimallon sp., respectively (Guo et al., 2022).

4. CONCLUSION







The present study provides integrative morphological and molecular confirmation of Coccinella septempunctata collected from the flowering shrubs of Berberis lycium in Himachal Pradesh, a highly important medicinal plant of the Northwestern Himalayan region. The active pollen feeding behaviour of C. septempunctata was observed with significant visible pollen accumulation on adults, suggesting that B. lycium flowers serve as an important seasonal nutritional source to the species. During the collection, three polymorphic forms, based on elytral spot patterning, were identified on the plant, indicating phenotypic variation in the species. Taxonomic study of diagnostic features, including male and female genitalia, confirmed species identification, which was further corroborated by mitochondrial sequence analysis for a representative morph.  All forms shared similarities in the male and female genitalia structures, confirming intraspecific phenotypic variation within the studied population
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