
Bangladesh J. Zool. 48(2): 399-411, 2020 ISSN: 0304-9027 
 eISSN: 2408-8455 
 

 

DIAGNOSIS OF THREE PUMKIN LEAF BEETLE (AULACOPHORA SPP.: 

CHRYSOMELIDAE; COLEOPTERA) PESTS THROUGH MOLECULAR 

mtDNA-COI BARCODE APPROACH 

Sumita Rani Das, Jannatul Ferdous Tithi, Susmita Sarker, Faria Farhana Rain 

and Abu Faiz Md. Aslam* 

 
Molecular Entomology Laboratory, Department of Zoology, Jahangirnagar 

University, Savar, Dhaka, Bangladesh 

 

Abstract: Pest management relies on proper identification of insect species, which 

usually depends on morphological keys. In this research, DNA barcoding was 

used to identify three pest species of genus Aulacophora (A. foveicollis, A. lewisii 

and A. indica) attacking horticultural crops in Bangladesh. Accurate phylogenetic 

information and evolutionary divergence data were supported and evidenced by 

various parameters, including the rates of substitution, nucleotide composition 

and genetic divergence. The nucleotide composition of these three species 

indicates that the total adenine and thiamine content (A+T, 67.3%) was higher 

than the guanine and cytosine content (G+C, 32.87%). Intraspecific genetic 

divergence ranged from 0.0158-0.1415. To confirm the origin and evolution, 

phylogenetic tree and haplotype network was drawn. Both the maximum 

likelihood and neighbor joining analyses showed that A. indica and A. foveicollis 

were clustered in one group, and A. lewisii was originated from another group. 

Haplotype showed that A. lewisii has the highest amount of mutational steps 

among the sequenced pests and genetically distant species from its common 

ancestors by 78 mutational numbers. Present investigation can be reliably treated 

for developing reference libraries for species identification via sequence matches 

and designing specific pest management approach.  

Key words: Aulacophora, COI gene, phylogenetic analysis, genetic distance, 

haplotype network. 

INTRODUCTION 

        The genus Aulacophora (Coleoptera: Chrysomelidae) are mostly known as 

plant pests which attack a wide variety of mono and dicotyledonous families. 

Many species of this genus are severe pests of economic value which cause 

damage by feeding and transmit viruses (Aslan et al. 2000, Gillespie et al. 2008). 

In Bangladesh, the pumpkin beetle or cucurbit beetle namely Aulacophora 

foveicollis, A. lewisii and A. indica are the major pests of cucurbitaceous 
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vegetables (Reeta and Johri 2003). These beetles attack more than 81 plant 

species specially cucumber, white gourd, sweet gourd, bottle gourd, watermelon 

and muskmelon which may reach upto 35-100% (Butani and Jotwani 1984, 

Kamal et al. 2014, Rashid et al. 2014). Both the adults and the grubs of these 

beetles cause considerable damage to cucurbits during all stages of plant 

growth. Adults feed on the leaves, flowers and in some cases on fruits, while the 

grubs attack the roots, underground stem and leaves closely in touch with soil, 

thereby lowering the yield substantially (Uddin 1996, Begum 2002, Hassan et al. 

2012). The beetles also injure fruit producing characteristic circular bands of 

injury which help in rotting and subsequent attack of diseases of the fruits 

(Azim 1966).  

        Accurate taxonomic identification is the pivotal issue in biological research 

in order to allow the implementation of adequate measures to contend with 

species of medical or agricultural importance (Miller and Rossman 1995). 

Identification based on morphology has some limitation, for instance it is 

difficult even for specialist to accurately identify female and immature stages 

which is extremely important for pest management (Wallman and Donnellan 

2001). In addition to morphological keys, molecular markers specifically DNA 

based molecular markers are widely being used to resolve the systematic issues 

in different organisms including coleopteran pests (Mukha et al. 2001, Pechal et 

al. 2008, Hashemi-Aghdam et al. 2017).  

        Mitochondrial (Mt) DNA has been used as molecular markers for 

phylogenetic studies in animals because of its simple genome structure. The 

commonly adopted standard 658bp COI segment has proven to be highly 

informative and useful for species level identification (Yang and Rannala 2010, 

Bergsten et al. 2012). The DNA barcoding of any pests may be challenging but is 

extremely worthwhile, as it possibly reflects several evolutionary processes. The 

present study aims to conduct molecular characterization of three Aulacophora 

pests based on Mt DNA barcode of COI gene. This information will help the 

researchers to know the efficiency of the barcoding of pest species and indicate a 

guideline for future research. The overall goal is to avail tools that will contribute 

timely and accurate identification of these pests from any life stage which would 

in turn facilitate quicker and effective implementation of pest management 

system in areas affected by this pest. 

 

MATERIAL AND METHODS 

    Sample collection and genomic DNA extraction: The pest specimens (Fig. 1) 

were collected with the help of sweeping net from various regions of Bangladesh. 

Somatic tissue rich in mitochondria (e.g., leg or elytra) were separated carefully 
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from the specimens, cleaned by ethanol and kept for molecular analysis. The 

rest of the body of each sample was stored in     -20⁰C freezer as a voucher 

specimen.  

The genomic DNA was extracted from leg or wing tissue using Wizard® Genomic 

DNA Purification Kit, USA, following the manufacturer’s protocol after slight 

modification as mentioned in Aslam et al. 2019a and 2019b. The yield of 

extracted DNA was measured using NanoDrop™ 2000 spectrophotometer 

(Thermo Fisher Scientific, USA).  

 

  

 

Fig.1. Photographic representation of a. A. foveicollis (blackish pygidium), b. A. lewisii (black elytra) 
and c. A. indica (yellowish brown pygidium)             

      

       PCR amplification and gel documentation: The genomic DNA extracts were 

subjected to PCR amplification of a 658 bp region near the 5′ terminus of the 

CO1 gene following standard protocols. Primers used were forward primer: (LCO 

1490 5′-GGTCAACAAATCATAAAGATATTG G-3′) and reverse primer: (HCO 2198 

5′-TAAACTTCAGGGTGACCAAAAAATCA-3′) (Folmer et al. 1994). PCR reactions 

were carried out with 20 µl reaction volume containing Promega Gotaq® G2 

Green Master Mix 10 μl, (that contained DNA Polymerase, dNTPs, MgCl2 and 

reaction buffers); forward and reverse primers - 1 μl each (10 pmol/μl); template 

DNA and nuclease free water (adjustable). Thermo cycling consisted of an initial 

denaturation of 94 °C for 3 min, followed by 30 cycles of denaturation at 94°C 

for 30 sec, annealing at 49°C for 30 sec, extension at 72 °C for 1 min, final 

extension: 72⁰C for 10 min and hold: 4⁰C. PCR was performed using a 

Veriti®Thermal Cycler from Thermo Fisher Scientific, USA. The amplified product 

b c 
a 
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was analyzed on a 1.5% agarose gel electrophoresis. The DNA was then 

visualized under gel documentation system – BioDoc Analyzer of Biometra, 

Germany. 

     DNA sequencing and Bioinformatic analysis: The PCR products were purified 

using Promega Wizard® SV Gel and PCR clean up system manufactured by 

Promega Corporation, USA. The quantity and purity of PCR purified products 

was measured by using NanoDrop 2000 spectrophotometer. Big Dye® 

Terminator v3.1 cycle sequencing kit was used to sequence the desired region of 

gene. Each species was bi-directionally sequenced to get sequence of both (5′ 

and 3′) the DNA strands. After proper editing of the gene using FinchTV software 

all the sequences were deposited in the NCBI GenBank (BankIt) to obtain 

accession numbers. 

 COI sequences were aligned using ClustalW algorithm with the help of MEGA 

X. Multiple sequence alignment images were prepared using Jalview, version 

2.8. Nucleotide frequencies and genetic distances among sequences were 

calculated using Kimura’s two parameter model (K2P) of base substitution in 

MEGA X (Kumar et al. 2018). Haplotypes were constructed using the program 

Pop art 1.7 based on TCS network (Clement et al. 2000). Phylogenetic trees were 

reconstructed using two different reconstruction methods, maximum likelihood 

(ML) and neighbor joining (NJ) based on MEGA X software. The percentage of 

replicate trees in which the associated taxa clustered together in the bootstrap 

test (1000 replicates) are shown next to the branches. 

 

RESULTS AND DISCUSSION 

Species of Aulacophora caused taxonomic confusion because of their same 

size and color and same host plants. Among three studied species, A. lewisii was 

separated from A. foveicollis and A. indica by their shiny black elytra (Fig. 1). 

Both the A. foveicollis and A. indica had reddish brown color elytra and 

distinguished from one another by their pygidium color (Fig. 1). The pygidium 

was blackish in A. foveicollis and yellowish brown in A. indica (Lee and Beenen 

2015). For accurate identification, COI gene of Aulacophora species were 

sequenced. The desired PCR amplified COI gene was visualized under gel 

documentation system. All the samples showed (Figure not shown) single and 

desired band between 500-700bp which indicated confirmation of desired gene 

amplification. 

 

    Sequence result and BLAST analysis: The Mt-COI barcode region from four 

samples were sequenced and BLAST (Basic Local Alignment Search Tool) was 

used to check sequence identity between the retrieved sequences and GenBank 
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library or database of sequences from NCBI GenBank. A total of four samples 

were sequenced that belonged to three species (A. foveicollis, A. lewisii and A. 

indica). Obtained GenBank accession numbers for Aulacophora foveicollis, A. 

lewisii, A. indica (1) and A. indica (2) are MH423247.1, MG587922.1, 

MK029357.1 and MH748452.1 respectively. BLAST analysis result (Table 1) 

revealed that all the obtained sequences shared 99% similarity with gene from 

GenBank. Results indicated that species could be differentiated by COI 

barcoding.   

 

Table 1.  BLAST analysis results of sequenced Aulacophora pests 

 

Species A. foveicollis A. lewisii A. indica (1) A. indica (2) 

BLAST 

Accession No. 

KP898252.1 KC185696.1 KC845871.1 KY836017.1 

Homology 99 % 99 % 99 % 99 % 
Query cover 100% 100% 84% 85% 
Total score 1186 1206 1027 1016 

E value 0.0 0.0 0.0 0.0 

    

 Alignment of COI sequence: The alignment of COI gene was performed among 3 
Aulacophora pest species (Fig. 2). Non-conserved regions (110) were presented by 
letter and identical or conserved regions (560) were indicated by dot (Fig. 2). All 
the species showed 83.58% similarity among them. 

 

        Nucleotide base contents: Retrieved sequences were subjected to analysis of 

nucleotide composition which showed percentage of base contents in COI region. 

Total nucleotide base composition of the COI fragment varied among the 
specimens with an expected AT bias (Table 2). The total adenine and thiamine 

content (A+T, 67.3%) was higher than the guanine and cytosine content (G+C, 

32.87%). The average largest number of nucleotide was thiamine (T, 38.2%) and 

lowest was guanine (C, 16.1%).  

      Genetic distance analysis: Genetic distance denotes the mutation among 

individuals which are shown in the Table 3. Codon positions included were 

1st+2nd+3rd+Noncoding. There were a total of 643 nucleotide base in the final 

dataset. Intraspecific genetic divergence ranged from 0.0158-0.1415 (Table 3). 

The lowest genetic distance (0.0158) was found between A. foveicollis and A. 

indica (1) and the highest genetic distance (0.1415) was found between A. 

foveicollis and A. lewisii. 
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Fig. 2. Multiple sequence alignment based on COI gene, the dots indicate the conserved and the 

base pairs indicate the non- conserved region. 
 
Table 2.  Nucleotide base contents in three Aulacophora pests 

 

Species name T(U)% C% A% G% (A+T)% (G+C)% 

Aulacophora foveicollis 38.3 16.3 28.8 16.6 67.1 32.9 

Aulacophora lewisii 38.0 15.8 29.6 16.6 67.6 32.4 

Aulacophora  indica (1) 38.3 16.1 28.4 17.2 67.1 33.3 

Average 38.2 16.1 28.9 16.8 67.3 32.87 

 
 
Table 3. Intraspecific K2P divergence at the COI gene region among three Aulacophora 

species 
 

 Species name 1 2 3 

Aulacophora foveicollis -   
Aulacophora lewisii 0.1415 -  
Aulacophora  indica (1) 0.0158 0.1406 - 

 

    Phylogenetic tree analysis: Both the maximum likelihood and neighbor joining 

tree were constructed to realize the phylogenetic relationship using four 

sequences (marked with Bangladesh*) and other sequences of Aulacophora 

species from different country available in the NCBI GenBank were used for a 

proper comparison among the Coleopteran pests. Fig. 3 and Fig. 4 indicated that 

A. indica (1), A. indica (2), A. foveicollis were clustered in one group while A. 

lewisii was in another group. A. indica (1), A. indica (2) and A. foveicollis also 
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formed sub-branched with identical species from different country. In maximum 

likelihood tree, A. foveicollis showed highest 92% similarity with another A. 

foveicollis species having accession KP898252.1 and KU557524.1 from India. 

The bar at the bottom provides a scale for the genetic distance.  

 

 
Fig. 3. The evolutionary history was inferred by using the Maximum Likelihood method based on the 
Kimura 2-parameter model. The tree with the highest log likelihood (-864.3941) is shown. The 
analysis involved 16 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. 

All positions containing gaps and missing data were eliminated.  
 

         Relative synonymous codon use: From the table 4 it was revealed that 

highest number of codon usage frequency is 4.21 and obtained from the codon 

UUA and the lowest codon frequency 0 found in codon CUC, UCG, CCG, UAG, 

CAG, AAG, GAG, UGU, UGC, UGG, CGC, CGG and AGG that means they were 
not active.  
 

       Haplotype: Statistical parsimony (TCS) haplotype network (Fig. 5) was 
constructed based on COI gene sequences of coleopteran pests. Haplotype  

network analysis with mitochondrial COI gene of three Aulacophora pests 

showed high genetic diversity among them. A. indica (1), A. indica (2) and A. 
foveicollis were separated from an immediate common ancestor by 5, 4 and 5 

mutational steps, respectively. Again, A. lewisii was separated by 78 mutational 
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Fig. 4. The evolutionary history was inferred using the Neighbor-Joining method. The optimal tree 
with the sum of branch length = 0.21070616 is shown. The evolutionary distances were computed 

using the Tajima-Nei method and are in the units of the number of base substitutions per site. The 
analysis involved 16 nucleotide sequences. All ambiguous positions were removed for each sequence 
pair.  
 

Table 4. Relative synonymous codon usage patterns among three coleopteran pests 
 

Codon RSCU Codon RSCU Codon RSCU Codon RSCU 

UUU 1.62 UCU 2.77 UAU 1.5 UGU 0 
UUC 0.38 UCC 0.96 UAC 0.5 UGC 0 
UUA 4.21 UCA 1.07 UAA 2 UGA 2 

UUG 0.05 UCG 0 UAG 0 UGG 0 
CUU 0.41 CCU 2.64 CAU 1.68 CGU 1.4 
CUC 0 CCC 0.36 CAC 0.32 CGC 0 
CUA 1.28 CCA 1 CAA 2 CGA 2.6 

CUG 0.05 CCG 0 CAG 0 CGG 0 
AUU 1.88 ACU 1.42 AAU 1.85 AGU 1.07 
AUC 0.12 ACC 0.58 AAC 0.15 AGC 0.43 
AUA 1.71 ACA 1.92 AAA 2 AGA 1.71 

AUG 0.29 ACG 0.08 AAG 0 AGG 0 
GUU 2.19 GCU 1.64 GAU 1.64 GGU 0.61 

GUC 0.44 GCC 0.92 GAC 0.36 GGC 0.26 
GUA 1.31 GCA 1.38 GAA 2 GGA 2.48 

GUG 0.06 GCG 0.07 GAG 0 GGG 0.65 

 

steps from the common ancestors. A. lewisii showed the highest amount of 

mutational steps among all the coleopteran pests and genetically distant species 

from its common ancestors by 78 mutational numbers. 
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Fig. 5. Haplotype analysis was constructed by Popart 1.7 software based on TCS network. Large 
black circles represent the haplotype and small circles, the immediate common ancestors. 
Mutational steps are presented by hatch marks and numbers. 
 

Molecular ecology research on insect pests of agricultural importance may 

lead to identifying new species, biotypes (Perring 2001), cryptic species (Hebert 

et al. 2004) and haplotypes (Toda and Murai 2007), which are difficult to study 

relying only on morphological characters. In this scenario, while classical 

taxonomy has its own strengths, molecular identification employing COI 

barcoding has the added advantage of not being limited by polymorphism, 

sexual form (asexual/sexual) and life stages of the target species (Asokan et al. 

2011). COI gene sequences have turned into a vital and increasingly used tool as 

part of an integrative taxonomy in recent species descriptions (Hendrich and 

Balke 2011, Butcher et al. 2012). The present study was based on the molecular 

identification of three Aulacophora pests in economically important vegetable 

crops which were identified by COI.  

The COI gene of all the specimens exhibited a high proportion of AT 

nucleotides, which was in agreement with previous findings made in Coleoptera 

and other insects (Simon et al. 1994, Daniel 1999, Bajpai and Tewari 2010, 

Zhuang et al. 2011, Zhang et al. 2007, Aslam et al. 2019a and 2019b, Rain et al. 

2019). This was caused by A-T bond, which has a noncoding region that has 

faster evolution rate compared to the coding region. The AT richness increases 

the amount of potential transversions and led to a low proportion within the ts: 

tv ratio.  
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Genetic distance analysis revealed that intraspecific genetic divergence 

ranged between 0.0158 and 0.1415. In 96.4% of the cases, analysis of 

evolutionary divergence using the K2P model and the 3% cut-off criteria 

suggested for species level divergence (Hebert et al. 2003). DNA barcoding 

studies on insects and invertebrates have shown maximum intraspecific 

variation ranging from 3 to 3.9% (Carew et al. 2007). Zhuang et al. (2011) 

performed phenogram analysis using UPGMA tree to examine the ability of the 

COI region to resolve the Coleopteran species identities and taxonomic 

relationships between species of six genera owing to every species forming its 

own group with very high similarity respectively. The phylogenetic relationships 

of the three major species groups of Coleopteran were inferred using the 

simultaneous analysis of 642 bp of the most conserved part of mitochondrial 

DNA cytochrome oxidase I (COI) (Bernhard et al. 2009). Maximum likelihood 

analysis of the present study indicated that A. indica (1), A. indica (2), A. 

foveicollis were clustered in one group and A. lewisii was another group. 

Haplotype analysis of mitochondrial COI gene of Coleopteran pests also 

described that A. indica, A. lewisii and A. foveicollis are separated from their 

common ancestors by different number of mutational steps. 

In conclusion, results indicated that the COI-based pest identification was 

extremely effective for insects because all the species were accurately and 

successfully identified based on the COI marker profile. The current study 

provides a useful reference backbone for research on pest based on MT-COI gene 

sequence through establishing DNA barcode dataset. This information might 

facilitate in implementation of pest management program. 
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