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ABSTRACT

10.18805/LR-5432

Background: Four different pod borers species viz., Spotted pod borer (Maruca vitrata), Tobacco cutworm (Spodoptera litura),
Gram blue butterfly (Euchrysops cnejus) and Banner moth (Eublemma dimidialis) were collected from black gram fields of Tirupati

district, Andhra Pradesh.

Methods: Molecular characterization of mtCO/ sequences of the four black gram pod borer species were deposited in NCBI and
accession numbers were allotted, M. vitrata (PP938848), S. liftura (PP938758), E. cnejus (PP938841) and E. dimidialis (PP938850)
respectively. DNA barcodes were generated and BINs were allotted for four different pod borers and available at BOLD public database.
Result: The phylogenetic analysis of all the pod borers together revealed that the pod borer species were distinctly separated at
genus level and were grouped into congeneric clusters. The DNA barcode of E. dimidialis (BOLD:AAB6502) was generated for the
first time from India and the DNA barcode of E. cnejus (BOLD:AAD0845) was generated for the first time from Andhra Pradesh, India.
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INTRODUCTION

Pulses are protein rich seeds of legumes and are often
referred as poor man’s meat due to their high nutritional
value and low price (Umbarkar et al., 2010). Black gram
[Vigna mungo (L.) Hepper] is one of the important pulse
crops having considerable importance in food and
nutritional security in the world. Black gram productivity is
constrained by various biotic and abiotic stresses. Insect
pests and diseases ranks first among the biotic stresses
that have a significant impact on crop yield and productivity.
Among the numerous insect pests, the pod borers are very
important causing heavy yield loss. The grain yield loss by
M. vitrata alone ranges between 2 to 84 per cent and
economic loss between 20 to 25 per cent (Naik and Mallapur,
2019). The larvae of M. vitrata hides inside the webbings
made of flowers and pods and feeds from the inside
(Kavitha and Vijayaraghavan, 2023). This hiding behaviour
of the pod borer protects the larvae from its natural
enemies (Singh and Singh, 2021) and also makes it
difficult to manage the insect with insecticides
(Sambathkumar et al., 2015).

Changing cropping systems, reduction of interval between
harvesting of black gram and sowing of next crop and increased
mechanization might have resulted in the variations in
species composition of black gram pod borers. The continuous
food availability due to growing of multiple pulse crops in the
surrounding fields results in severe outbreaks of pod borers
across different pulse crops because of their polyphagous
nature. Continuous cropping and sowing of black gram in
summer months as rice fallow pulse have favoured the
survival of pod borers in irrigated areas of Andhra Pradesh.

Advancements in the study of insect population
genetics, particularly through molecular markers and
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phylogeographical approaches, play a crucial role in
elucidating the population structure and gene flow which
aids in devising effective strategies for pest control (Behura,
2006, Zimmer et al., 2014). The mtCOI gene sequence,
characterized by low variability, is widely used for
distinguishing insect species and studying phylogenetic
evolution, especially regarding inter-specific and intra-
specific population differentiation and the extent of gene
flow (Hurst and Jiggins, 2005; Behura, 2006). The genetic
diversity within populations offers insights into both
historical and contemporary demographic aspects,
contributing to the characterization of the demographic
history of crop pests (Ouvrard et al., 2016). Additionally,
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DNA barcoding has been used extensively to identify
immature life stages of insects. The use of Barcode Index
Numbers (BINs) in DNA barcoding offers enhanced
taxonomic resolution compared to traditional methods,
aiding in the identification of insect specimens up to the
species level (Hebert et al., 2003). Understanding the
genetic diversity of the pod borer species will aid in the
development of effective pest management strategies.

MATERIALS AND METHODS
Sample collection

Larvae and adults of black gram pod borers viz., Spotted
pod borer (Maruca vitrata), Tobacco cutworm (Spodoptera
litura), Gram blue butterfly (Euchrysops cnejus) and Banner
moth (Eublemma dimidialis) were collected from black
gram fields in Tirupati of Andhra Pradesh during 2023-24
and were identified based on the taxonomic keys.
The collected specimens were preserved in 95 per cent ethanol,
labelled and kept in deep freezer (-20°C). For each species,
genomic DNA was extracted from an individual larva separately
except E. cnejus, where adult moth legs were used.

Extraction of DNA

DNA was extracted separately from each larva and adult of
the four different pod borer species following modified
CTAB method (Murray and Thomson, 1980). DNA samples
were quantified by Nanodrop® 2000 and quality was
checked on 1 per cent (w/v) agarose gel.

PCR amplification and sequencing of CO/

About 100 ng genomic DNA was used for PCR analysis
using universal CO/ primers (LCO1490: 5'-GTCAAC
AAATCATAAAGATATTGG-3' and HCO2198: 5'-TAAACTTCA
GGGTGACCAAAAAATCA-3’) (Folmer et al.,, 1994). PCR
reactions were performed in 25 pl volume of mix containing
the components of 10X PCR reaction buffer, 2.5 mM of
MgCl,, 10 mM of dNTPs, 10 pM of each primer, 2.5 units of
Taq DNA polymerase and 100 ng of DNA template. The
program of PCR cycles for COl was performed as follows:
94°C for initial denaturation for 4 min followed by 35 cycles
of 94°C for 30 sec, annealing at 54.2°C, 53.6°C, 55.1°C and
52.4°C for 45 sec for M. vitrata, S. litura, E. cnejus and
E. dimidialis, respectively, extension at 72°C for 1 min
followed by a final extension of 72°C for 10 min using
Eppendorf thermal cycler (Eppendorf, Germany). Agarose
gel electrophoresis of PCR amplified DNA was performed
as described by Sambrook and Russell (2001) in one per
cent agarose gel (w/v) and the migration pattern of the DNA
fragments in the gel was recorded using gel documentation
system (Alpha Innotech, USA) in an auto exposure mode.
Sequencing was performed at automated DNA sequencing
facility (Eurofin Genomics India Pvt. Ltd., Bengaluru).

Data analysis

The sequences of each pod borer species were compared
with sequences on GenBank using nBLAST for homologs
of the gene, to match with the sequence similarity for correct

identification of species based on total score, expected
value, maximum identical query coverage and maximum
score (Altschul et al,, 1990). The trimmed sequences were
submitted to NCBI GenBank for acquiring accession
numbers. The sequences present in NCBI database were
retrieved in FASTA format for comparative genetic study.
Sequence assembling, nucleotide alignment and per cent
identity matrix were done with Bio Edit 7.0 (Hall, 1999).
Phylogenetic trees were constructed using pod borer
nucleotide sequences obtained from current study along
with the pod borer sequences of same genus and species
retrieved from the NCBI and BOLD databases. Additionally
diverse pod borer species were included as an outgroup
in the construction of the phylogenetic tree. The Maximum
Likelihood (ML) tree was constructed with 1000 bootstrap
replications under distance model Tamura 3-parameter
using Molecular Evolutionary Genetic Analysis 11.0
(MEGA11) (Tamura et al., 2021).

DNA barcodes were generated using mtCO/
sequences of different black gram pod borers viz., M. vitrata,
S. litura, E. cnejus and E. dimidialis and deposited in
Barcode of Life Data Systems (BOLD).

RESULTS AND DISCUSSION

A total of four mtCOI gene sequences of four different black
gram pod borers species identified from black gram fields
in Tirupati, Andhra Pradesh viz., Spotted pod borer (M. vitrata),
Tobacco cutworm (S. litura), Gram blue butterfly (E. cnejus)
and Banner moth (E. dimidialis) have been generated.

The PCR amplification of mtCO/ gene with universal
primers (LCO1490 and HCO2198) resulted in 700 bp
amplicons among the four pod borer populations as shown
in Fig 1. The trimmed sequences produced using mtCO/
primers were submitted to NCBI and accession numbers
were obtained for four black gram pod borers viz., M. vitrata
(PP938848), S. litura (PP938758), E. cnejus (PP938841)
and E. dimidialis (PP938850). The sequences were also
compared with available sequences in the data base from
India and other parts of the world mined from public
databases of NCBI and BOLD.

The homology search of mtCO/ sequences of pod
borer species under study using nBLAST analysis showed
97-100% similarity in GenBank. Analysis of the average
nucleotide composition of the mtCO/ gene fragments of
M. vitrata, S. litura, E. cnejus and E. dimidialis showed
high A+T content viz., 69.6%, 70.4%, 69.8% and 70.8%
respectively and low G+C content viz., 30.4%, 29.6%, 30.2%
and 29.2% respectively (Table 1). The COI region in

Table 1: Mean ATGC content of different black gram pod borer
sequences from Andhra Pradesh, India.

Black gram pod borers AT (%) GC (%)
Spotted pod borer, M. vitrata 69.6 30.4
Tobacco cutworm, S. litura 70.4 29.6
Gram blue butterfly, E. cnejus 69.8 30.2
Banner moth, E. dimidialis 70.8 29.2
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arthropods is frequently characterized by a high content of
AT and a low GC composition (Lunt et al,, 1996; Navajas et al.,
1996; Shashank et al., 2018) which confirms that COI gene
of pod borers is AT rich in nature as in other insect
populations. The multiple sequence alignments of the four
pod borer species shared high similarities with their

1 2 3 4 M

. 800 bp
700 bp
600 bp

M: 1000 bp ladder; 1: Spotted pod borer, M. vitrata;
2: Tobacco cutworm, S. litura; 3: Gram blue butterfly,
E. cnejus; 4: Banner moth, E. dimidialis.

Fig 1: PCR amplification of mtCOI/ of four different pod borers
(700 bp).

consensus sequences i.e., M. vitrata (95%), S. litura (99%),
E. cnejus (100%) and E. dimidialis (99%). A total of 29
mutations were predicted in M. vitrata with 20 being
transitional mutations and 9 transversional mutations,
whereas, in S. litura only two transitional mutations were
predicted. Similarly, 12 mutations were predicted in
E. dimidialis with ten being transitional mutations and
two transversional mutations.

Sequence Similarity Identity Matrix (SSIM) analysis of
the mtCO/ gene sequence of the pod borer population
from Tirupati, Andhra Pradesh along with other pod borer
sequences retrieved from NCBI and BOLD databases
showed less genetic distances among the species.

Phylogenetic relationships were analysed using four
mtCO/ sequences of black gram pod borers obtained from
the current study along with 80 other pod borer sequences
retrieved from NCBI and BOLD databases (Fig 2).
Additionally, H. armigera pod borer sequence was included
as an outgroup in the construction of the phylogenetic tree.
Phylogenetic tree revealed that the four pod borers were
distinctly separated at genus level based on the nucleotide
divergence among the species. The pod borers, M. vitrata,
S. litura, E. cnejus and E. dimidialis were grouped typically
into distinct congeneric clusters and H. armigera was highly
diverse and distinctly out grouped.

DNA barcoding of black gram pod borers

DNA Barcodes were generated for all the four black gram
pod borers (M. vitrata, S. litura, E. cnejus and E. dimidialis)

Bl - A7 virrara from Tirupati. Andhra Pradesh. India
M - S Jlitwra from Tirupati. Andhra Pradesh. India

’ = E. cneius from Tirupati. Andhra Pradesh. India
. = FE. dimidialis from Tirupati. Andhra Pradesh. India

Enblemma dimidialis

Fig 2: Maximum likelihood phylogenetic tree illustrating the relationships of mtCO/ sequence of black gram pod borers viz.,

M. vitrata, S. litura, E. cnejus and E. dimidialis collected from Tirupati, Andhra Pradesh, India in comparison with other black gram

pod borer sequences mined from NCBI and BOLD databases using Tamura 3-prameter model and 1000 bootstrap replicates.
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a. Maruca vitrata from Tirupati Andhra Pradesh, India. Sample code: MVTPT, NCBI Accession no:
PP938848, Process ID: MVTPT001-24, BIN: BOLD: AAB2756
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b. Spodoptera litura from Tirupati Andhra Pradesh, India. Sample code: SLTPT, NCBI
Accession no: PP938758, Process ID: SLTPT001-24, BIN: BOLD: AAA8626
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c. Euchrysops cnejus from Tirupati Andhra Pradesh, India. Sample code: ECTPT, NCBI Accession
no: PP938841, Process ID: ECTPT001-24, BIN: BOLD: AAD0845
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d. Eublemma dimidialis from Tirupati Andhra Pradesh, India. Sample code: EDTPT, NCBI
Accession no: PP938850, Process ID: EDTPT001-24, BIN: BOLD: AAB6502

sa1

665

Fig 3: DNA barcodes generated for black gram pod borers from Andhra Pradesh, India.

and were allotted with BINs and Process IDs when submitted
to Barcode of Life Data (BOLD). All the four pod borers under
study were allotted with BINs viz., M. vitrata (BOLD:AAB2756),
S. litura (BOLD:AAA8626), E. cnejus (BOLD:AAD0845) and
E. dimidialis (BOLD:AAB6502) (Fig 3). The DNA barcode of
E. cnejus (BOLD:AADO0845) have been generated for the first
time from the state of Andhra Pradesh, South India. Similarly,
the DNA barcode of E. dimidialis (BOLD:AAB6502) have been
generated for the first time from India as the second country
to report in addition to Australia.

CONCLUSION

This study reports four different pod borer species from
black gram in Tirupati, Andhra Pradesh viz., M. vitrata,
S. litura, E. cnejus and E. dimidialis. Phylogenetic analysis
of the four pod borer species revealed that the populations
have some degree of differentiation. There is a high genetic
variation among the pod borer populations grouping them
at genus level and low genetic variation between the pod
borer populations. The data generated from this study will
act as a valuable genomic resource in the population and
will also aid in predicting migration pattern of the four pod
borer species. However, more taxonomic and molecular
studies are required, incorporating whole genome
sequence of different pod borers to understand the
population dynamics, pest shifts due to environmental

changes and subsequent spread of the pod borers in black
gram ecosystem that needs to be documented.
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