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Abstract 

DNA barcoding is a molecular genetics technique commonly applied for species 

identification based on the cytochrome c oxidase subunit I (COI) gene located on the 

mitochondrial DNA genome. Based on our analysis, the DNA barcodes were generated from 

16 specimen of Coccinella (family Coccinellidae). All the samples were collected from diverse 

sites in Egypt and Libya. Morphological traits based on the number of dorsal spots, DNA 

extraction, PCR amplification of COI, sequencing, nucleotide BLAST, and phylogenetics 

analyses were used to classify the specimens. A phylogenetic tree was constructed using the 

maximum likelihood method, including 46 COI sequences (the study and NCBI sequences). 

Three Coccinella clusters were defined and classified as Coccinella septempunctata, 

Coccinella novemnotata, and Coccinella undecimpunctata each species clustered into a unique 

branch. DNA barcodes discriminated clearly against the analyzed species. This study validated 

the COI efficiency as a marker for DNA barcoding of insects (Coccinella, family 

Coccinellidae). 
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1. Introduction  

Ladybird beetles are members of the family Coccinellidae (Coleoptera), one of the 

dominant beetles globally a family of 360 genera that includes over 6000 described species 

[1]. A yellow, orange or red dorsal color is common, along with or without small black spots 

with lengths ranging from 0.8 to 18 mm [2]. They are predator insects and are commonly used 

as biological control agents against other insects in several crops, such as C. septempunctata 

versus Harmonia axyridis [3]. 

The species richness and evolutionary radiations of beetles are extraordinary and have 

been the subject of longstanding ongoing search [4, 5]. The diversity of this family is not 

attributed to a single factor but is mostly related to their specialist phytophagy ability on 

angiosperms [5-7]. Despite the taxonomic attention, the classification of this family below the 

family level has been unsuccessful. The taxonomic validation of Coccinellinae is often fraught 

with contradiction and unsupported morph-traits description [2].  

Morphological identification and taxonomic assessment are challenging because 

characters for identification are dependent on adult reproductive structures and morphology 

[8-9]. The integration of DNA barcoding was a potential solution for morphology-based 

identification challenges. It is a standardized molecular identification protocol that has been 

used to identify animals at different life stages [10-12]. DNA barcodes are mostly suitable for 

taxa identification at the species level. It is considered the most appropriate methodology to 

solve the current issues in global diversity assessment and identification [13]. This 

identification system can provide a decent, timesaving, cost-effective, and accessible solution 

for species identification [10], as a drastic drop in the number of taxonomists and identification 

experts has been observed [14]. Based on several studies, the mitochondrial Cytochrome 

Oxidase Subunit I (COI) region was selected as a standard barcode for the kingdom Animalia, 

including the insects [15]. The effectiveness and practicability of the Molecular identification 

and DNA barcoding technique have been widely recognized among insects and other 

organisms [16-24]. However, barcoding studies on ladybird beetles require additional analysis, 

and the phylogenetic relationships of this family are poorly resolved. The main objectives of 

this study are to barcode species of Coccinella from Egypt and Libya using the mitochondrial 

COI gene, and to identify the ladybird species and diversity distributed along the northern 

coast. 
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2. Material and Methods 

2.1 Sampling and morphological identification 

Ladybird beetle specimens were captured from the agroecosystem in different locations 

in Egypt and Libya from June through Oct 2021 (Table 1). Both sweep-nets and hand-gathering 

were used to collect the ladybird beetles within a range of 100 m2 (plot) for both sampling 

sites. The samples were preserved in 95% ethanol and stored at -20°C. For each specimen, the 

samples were identified to a species level under a stereomicroscope (Stemi 4) based on the 

elytral colour and the number of spots. 

Table 1. Species identification table, including morphological inspection, common name, 

sample collection sites, and samples code. 

Species 
Morphological 

aspect 

Common 

name 

Proposed Scientific 

name 
Location 

Sample 

code 

Sample 01 

Seven black 

dorsal spots 

Seven-spot 

ladybird 

Coccinella 

septempunctata 

Egypt 7S_Eg 

Sample 02 Libya 

7S_li Sample 03 Libya 

Sample 04 Libya 

Sample 05 

Nine black 

dorsal spots 

Nine-

spotted 

ladybird 

Coccinella 

novemnotata 

Egypt 

9S_Eg 

Sample 06 Egypt 

Sample 07 Egypt 

Sample 08 Egypt 

Sample 09 Egypt 

Sample 10 Egypt 

Sample 11 

Eleven black 

dorsal spots 

Eleven-

spot 

ladybird 

Coccinella 

undecimpunctata 

Egypt 

11S_Eg Sample 12 Egypt 

Sample 13 Egypt 

Sample 14 Libya 

11S_li Sample 15 Libya 

Sample 16 Libya 
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2.2 DNA extraction, PCR amplification, and sequencing 

Ethanol-preserved specimens were cleaned with distilled water and then total genomic 

DNA was extracted from small-cut at their abdomen using the WizPrep™ gDNA 

Mini Kit (Cell/Tissue; Korea), according to the manufacturer’s instructions, with a final 

elution volume of 50 ml. The integrity of each DNA was checked by 1% agarose gel 

electrophoresis and visualized under UV light using the Ingenius3 Gel documentation system 

(Syngene, UK). 

Fragments of the mitochondrial COI barcode region (658 bp) were amplified using the 

universal primers HCO2198 and LCO1490 [25] for all samples including a positive sample (P: 

DNA extracted from another beetle sample that was previously amplified using the COI 

primers). Polymerase chain reaction (PCR) amplifications were conducted in a 25 μl volume 

including 12.5 μL of OnePCR™ master mix (Genedirex®, Taiwan), 1 μL of each primer 

(forward and reverse, each of 10 μM), and 1 μL of extracted DNA (~100 ng/μL). The thermal 

profile was as follows: an initial denaturation for 5 min at 95 °C, followed by 35 cycles of 

denaturation for 1 min at 94 °C, annealing for 30 s at 50 °C, extension for 90 s at 72 °C, and a 

final extension step at 72 °C for 10 min. Subsequently, all PCR products were checked using 

gel electrophoresis in 1.5% agarose and the purified fragments were then directly subjected to 

Sanger sequencing (Macrogen Inc., Seoul, South Korea) using the same primers as in PCR. 

2.3 Sequence alignment and data analysis 

DNA fragments in both directions were sequenced with sufficient overlap. After 

sequencing, the chromatograms obtained were evaluated, assembled, and edited using 

Geneious R10 [26]. The generated consensus sequences were identified using the BLAST 

search tool in the NCBI database applying default parameters. The sequences were aligned 

using the MAFFT aligner [27]. Pairwise genetic distance among sequences was calculated 

using maximum likelihood methods implemented in Geneious R10. 

3. Results 

3.1 Species abundance and composition 

Based on the morphological aspect, 16 individual ladybird beetles were sampled from 

both countries. Three different species were recognized based on the number of spots, and two 

types with either melanic (black) or non-melanic (red) base colour of the elytra (Table 1, Fig. 

1). Species were identified as Coccinella septempunctata (Seven-spot ladybird), Coccinella 
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novemnotata (Nine-spotted ladybird), and Coccinella undecimpunctata (Eleven-spot 

ladybird). 

   

Figure 1. The appearance of the three species of Coccinellidae. A) Coccinella 

septempunctata (Seven-spot ladybird), b Coccinella novemnotata (Nine-spotted ladybird), 

and C) Coccinella undecimpunctata (Eleven-spot ladybird) 

 

3.2 DNA extraction  

The collected ladybird beetles were subjected to DNA extraction. All samples were 

successfully extracted with high concentration using 1% agarose gel electrophoresis (Fig. 2). 

  

 

Figure 2. Agarose gel electrophoresis of total DNA isolated from 16 ladybird beetles. 
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3.3 PCR amplification, and sequence analysis 

All COI sequences were amplified and sequenced across all samples representing the 

three identified species of ladybird beetles. The molecular size of the amplified COI sequences 

ranged from 551 to 658 bp (Fig. 3).  

 

Figure 3. Gel electrophoresis of successfully amplified COI gene of 16 ladybird beetles. 

The DNA ladder (M) is shown in the first lane of each comb, and the last sample is a positive 

sample (P). 

The mitochondrial COI sequences were blasted on the NCBI nucleotide database. The 

BLAST results shown by the COI differentiated all the samples down to species level (Table 

2). In detail, samples from 1 to 4 matched C. septempunctata with a pairwise identity of 100%, 

samples from 5 to 10 matched C. novemnotata with a pairwise identity of 100%, and samples 

from 11 to 16 matched C. undecimpunctata with a pairwise identity ranged from 99.60 to 
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100%. Based on the BLAST results in Table (2), the top hit best-matched sequences were 

retrieved from the NCBI database and aligned with our results for all samples. 

 Table 2. Blast results for the COI gene of Coccinellidae. Including sample code, 

percentage of pairwise %, GC content, the accession number, and organism name. 

Sample Pairwise GC Accession Organism 

7S_Eg_01 

100.00% 30.30% GU013586 Coccinella septempunctata 

100.00% 30.80% KR486755 Coccinella septempunctata 

99.40% 30.90% MG847527 Coccinella septempunctata 

99.30% 30.70% OU015577 Coccinella septempunctata 

99.30% 30.30% OU015583 Coccinella septempunctata 

7S_li_02 

100.00% 30.90% HM405499 Coccinella septempunctata 

100.00% 30.90% HQ563281 Coccinella septempunctata 

100.00% 30.90% KJ204125 Coccinella septempunctata 

100.00% 30.90% KJ961952 Coccinella septempunctata 

100.00% 30.90% MZ657700 Coccinella septempunctata 

7S_li_03 

100.00% 31.10% HM405499 Coccinella septempunctata 

100.00% 31.10% HM433745 Coccinella septempunctata 

100.00% 31.10% HQ563281 Coccinella septempunctata 

100.00% 31.10% KJ204125 Coccinella septempunctata 

100.00% 31.10% KM845410 Coccinella septempunctata 

7S_li_04 

100.00% 31.10% HM405499 Coccinella septempunctata 

100.00% 31.10% HM433745 Coccinella septempunctata 

100.00% 31.10% HQ563281 Coccinella septempunctata 

100.00% 31.10% KJ204125 Coccinella septempunctata 

100.00% 31.10% KM845410 Coccinella septempunctata 

9S_Eg_05 

100.00% 30.20% KM844083 Coccinella novemnotata 

99.80% 31.00% KR491458 Coccinella novemnotata 

99.80% 30.60% KR486655 Coccinella novemnotata 

99.00% 30.70% KR481900 Coccinella novemnotata 

9S_Eg_06 

100.00% 31.00% KR481900 Coccinella novemnotata 

99.10% 31.00% KR491458 Coccinella novemnotata 

99.10% 30.60% KR486655 Coccinella novemnotata 

99.00% 30.20% KM844083 Coccinella novemnotata 

9S_Eg_07 100.00% 30.60% KR486655 Coccinella novemnotata 
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100.00% 31.00% KR491458 Coccinella novemnotata 

99.80% 30.40% KM844083 Coccinella novemnotata 

99.10% 30.90% KR481900 Coccinella novemnotata 

9S_Eg_08 

100.00% 31.00% KR486655 Coccinella novemnotata 

100.00% 31.00% KR491458 Coccinella novemnotata 

99.80% 30.80% KM844083 Coccinella novemnotata 

99.10% 31.40% KR481900 Coccinella novemnotata 

 

  

Cont. Table 2 

9S_Eg_09 

100.00% 31.00% KR481900 Coccinella novemnotata 

99.10% 31.00% KR491458 Coccinella novemnotata 

99.10% 30.60% KR486655 Coccinella novemnotata 

99.00% 30.20% KM844083 Coccinella novemnotata 

9S_Eg_10 

100.00% 30.60% KR486655 Coccinella novemnotata 

100.00% 31.00% KR491458 Coccinella novemnotata 

99.80% 30.40% KM844083 Coccinella novemnotata 

99.10% 30.90% KR481900 Coccinella novemnotata 

11S_Eg_11 

99.70% 30.20% JF889781 Coccinella undecimpunctata 

99.70% 30.40% JF889782 Coccinella undecimpunctata 

99.70% 30.40% KJ965514 Coccinella undecimpunctata 

99.70% 30.20% MW551370 Coccinella undecimpunctata 

99.50% 30.10% KJ963757 Coccinella undecimpunctata 

11S_Eg_12 

100.00% 31.00% KY569359 Coccinella undecimpunctata 

100.00% 31.00% KY569360 Coccinella undecimpunctata 

100.00% 31.00% KY838949 Coccinella undecimpunctata 

99.60% 30.60% MW551370 Coccinella undecimpunctata 

99.10% 30.80% KM445476 Coccinella undecimpunctata 

11S_Eg_13 

100.00% 30.60% KM444805 Coccinella undecimpunctata 

100.00% 30.40% KM452280 Coccinella undecimpunctata 

99.90% 30.40% KM443366 Coccinella undecimpunctata 

98.90% 30.20% JF889781 Coccinella undecimpunctata 

98.90% 30.20% MW551370 Coccinella undecimpunctata 

11S_li_14 

100.00% 30.60% KM444805 Coccinella undecimpunctata 

99.90% 30.40% KM443366 Coccinella undecimpunctata 

99.90% 30.40% KM452280 Coccinella undecimpunctata 
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98.80% 30.20% JF889781 Coccinella undecimpunctata 

98.80% 30.20% MW551370 Coccinella undecimpunctata 

11S_li_15 

99.60% 29.90% KM446139 Coccinella undecimpunctata 

99.50% 30.30% KM444805 Coccinella undecimpunctata 

99.50% 30.10% KM452280 Coccinella undecimpunctata 

99.30% 29.80% MW551370 Coccinella undecimpunctata 

99.30% 30.10% KM443366 Coccinella undecimpunctata 

11S_li_16 

100.00% 30.40% JF889782 Coccinella undecimpunctata 

100.00% 30.40% KJ965514 Coccinella undecimpunctata 

99.80% 30.20% MW551370 Coccinella undecimpunctata 

99.70% 30.20% JF889781 Coccinella undecimpunctata 

99.70% 30.10% KJ963757 Coccinella undecimpunctata 

 

3.4 Phylogenetic analysis 

The alignment of the COI gene formed of all Coccinella samples under the study with 

matched sequences in the GenBank database was 557 bp in length, and the percentage of 

pairwise identity was 90.2; while the GC ratio was 31.1%. All the samples were utilized to 

construct a maximum-likelihood phylogenetic tree based on the obtained sequences along with 

the top hit results to infer the Coccinellidae species delimitation. The studied species displayed 

clades of conspecific sequences and showed a match between the present study and the 

GenBank (NCBI) database. Three main clads were produced, these clades were designated as 

C. septempunctata, C. novemnotata, and C. undecimpunctata. Each clade was clustered with 

a high bootstrap value, that showed next to each branch and the tree was rooted based on the 

outgroup of Nephus quadrimaculatus (Fig. 4). 
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Figure 4. The phylogenetic tree between different species of Coccinellidae using the 

maximum-likelihood method based on the COI sequences.  

4. Discussion  

Taxonomic accuracy and species identification are the key factors to study a species 

ecology and evolution. Recently, systematics has exponentially increased by molecular 

phylogenetics due to the increasing ease of sequencing DNA, along with the reduction of 

irreplaceable taxonomical experts who retire with no replacements [28]. In this regard, The 

DNA barcoding technique was proposed for taxonomic classification and identification by 
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sequencing a standardized DNA sequence suitable for a large group of organisms. DNA 

barcoding using a partial sequence of the mitochondrial COI proved its ability for species-level 

identification in many animal groups [16, 29]. The effectiveness of the COI DNA barcoding 

has been applied and validated for species that possess distinct barcode arrays, with high 

divergences and low intraspecies variation [30, 31]. The sequence divergence between species, 

along with sequence conservation within species made the barcode COI sequence very 

specific. 

Despite the Coccinellidae being considered one of a large cosmopolitan insect family, 

only a few formal phylogenetic analyses have been performed on this family. This study has 

validated the efficacy of the use of mitochondrial DNA COI barcodes for the identification of 

Coccinella species and their relationship. The result was in concordance with the work of 

Halim et al. [32], where the COI gene has been very useful in providing positive identification 

of enosepilachna vigintioctopunctata (Coleoptera: Coccinellidae). Additionally, Seago et al. 

[2], used the DNA barcoding technique to identify the major clades within Coccinellidae, 

revisited its classification, and identify the polyphagous diversification within this group. Lin 

et al. [29] explored the quality of DNA barcodes to identify and delimit the species of 

Tanytarsus genus (Diptera: Chironomidae). However, the validity of DNA barcoding mainly 

depends on the established references from taxonomically confirmed samples [33]. Therefore, 

the lack of reference DNA barcodes for 98% of the known insect species is considered one of 

the major limitations of this technique, which requires worldwide effort to enrich the database 

with taxonomically confirmed specimens. 

The relationships identified among Coccinellidae are inconsistent and most nodes are 

poorly supported, thus making the affiliations doubtful [1]. However, in our analysis, the 

phylogenetic tree displayed significant separation between the three species of Coccinellidae 

species (C. septempunctata, C. novemnotata, and C. undecimpunctata); each species clustered 

into a unique branch and confirms its monophyly within the family. 

In Conclusion, the present study highlighted the usefulness of the mitochondrial COI 

gene for Coccinella species identification and estimating genetic relationships, especially 

when the morphological characteristics are unreliability or inaccurate, or subject to ecological 

influences. 
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 الملخص العربي

( باستخدام تقنية تكويد Coccinella: Coccinellidaeالتعريف الجزيئي لخنافس أبو العيد )

 الحمض النووي

، 1أيه محمد عبدالسلام حماد، 1، رمضان محمد علي2، محمد عبدالسلام راشد1,2، ييسر جمال فتيحة1حنان الطيف عبدالله

 2، محمود مجدي3أحمد صابر محمد بريم

 1 قسم علم الحيوان ، كلية البنات ، جامعة عين شمس ، القاهرة ، مصر. 

 2 قسم الوراثة ، كلية الزراعة ، جامعة عين شمس ، القاهرة ، مصر

 قسم الحشرات ، كلية العلوم ، جامعة الأزهر ، القاهرة ، مصر. 3

 العربي الملخص

 I (COI)تكويد الحمض النووي هو تقنية وراثية جزيئية تطُبق عادةً لتحديد الأنواع بناءً على جين السيتوكروم سي أوكسيديز 

 Coccinellaعينة تنمي الى جنس  16من  DNAالموجود على الجينوم الميتوكونديري. بناءً على تحليلنا، تم إنشاء أكواد 

جميع العينات من مواقع مختلفة من مصر وليبيا. تم استخدام الصفات المورفولوجية بناءً  (. جمعتCoccinellidae)عائلة 

(، PCRباستخدام تفاعل البلمرة المتسلسل ) COIعلى عدد البقع الظهرية، واستخراج الحمض النووي، وتضخيم جين الـ 

ء شجرة علاقات القرابة باستخدام طريقة وقراءة تتابعات الجين، ومقارنته بقواعد البيانات لتصنيف العينات. تم إنشا

maximum likelihood عينة شاملة العينات التي تم دراستها واخري مسجلة على قواعد البيانات من  46، باجمالي

 Coccinella septempunctataوتصنيفها على أنها  Coccinellaدراسات سابقة للمقارنة. تم تحديد ثلاث مجموعات من 

كل نوع متجمع في فرع فريد. وقد ميزت اكواد  Coccinella undecimpunctataو  Coccinella novemnotataو 

 ـ كجين يصلح لتكويد الحمض  COIالحمض النووي بشكل واضح الأنواع التي تم تحليلها. أثبتت هذه الدراسة كفاءة تتابعات ال

 (.Coccinellidae، عائلة  Coccinellaالنووي لانواع حشرات أبو العيد )

 حشرات ابو العيد، جين سيتوكروم اوكسيديز، وراثة جزيئية، تعريف الأنواع، علاقات القرابة الكلمات المفتاحية:

 

 

 

 


