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ABSTRACT: The widespread use of the mitochondrial gene, Cytochrome c oxidase
subunit I (COI), for molecular identification of moth species is both reliable and
time-efficient. In the present study, a total of 26 moths from various regions of
Bangladesh were collected, and their COI gene was sequenced. Subsequently,
homology searches of these species at NCBI's GenBank revealed significant
similarity across diverse countries of origin except for, Fodina oriolus and Micronia
aculeata. We then submitted all COI gene sequences to Genbank, with the
exception of two sequences, F. oriolus and M. aculeata, which marked the first
submission in the Genbank database. We then used BioEdit and MEGA10 to
identify a 582 bp COI gene fragment, which included 353 conserved sites, 229
variable sites, and 180 parsimony-informative sites. In the analysis, the average
nucleotide composition showed 29.04% A, 41.06% T, 14.43% G, and 15.46% C,
respectively. The value of A+T (70.10%) was greater than G+C (29.90%). On the
other hand, the Kimura 2-Parameter algorithm calculated the genetic distances
between the 26 moth species, revealing variations ranging from 0.051 to 0.197%.
This result showed evidence of interspecies hybridization due to the low levels of
interspecies divergence (0.051 to 0.197%). However, the DNA barcode dataset
serves as a foundation for identifying moth species and establishing a
comprehensive barcode reference library for moth pests in Bangladesh and
neighbouring countries. Additionally, it supports integrated pest control efforts

and contributes to larger ecological studies.
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INTRODUCTION
One of the most diverse and well-known insect order is Lepidoptera, which
comprises butterflies and moths (Elanchezhian et al., 2014). There are an
estimated 174250 species of moths worldwide, belonging to 46 superfamilies
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and 126 families (Elanchezhian et al.,, 2014). Moth’s prime role as a pest is to
cause damage to crops and forests. Besides, it is essential for their role in
pollination (Hahn and Brihl 2016). The existence of food webs relies on the
presence of this insect, which serves as a source of sustenance for birds,
animals, and other insects (Mwansat et al., 2015). They damage annual and
perennial food and fiber crops, forest products, and stored food the most (Bibi et
al., 2022).

Bangladesh is home to a diverse and thriving population of moth species,
and so far, over 200 species of moths have been reported (Ahmad et al., 2009,
Islam et al., 2013, Neogi et al., 2016, Mahadi et al., 2021, Razzak et al., 2022).
The most authentic information comes from the Encyclopedia of Flora and
Fauna of Bangladesh, where it mentions 74 species of moths from 53 genera
and their geographical distribution in Bangladesh (Ahmad et al., 2009). Moths
inhabit all parts of Bangladesh, and the Sylhet and Chittagong divisions' mixed
evergreen forest habitats exhibit the highest density and diversity (Neogi et al.,
2016). Industrialization and a growing population are creating rapid
environmental change in Bangladesh. Invasive species, pesticide use, and
urbanisation also affect Lepidopteran populations locally (Dar et al., 2021). We
must conduct surveys and studies to assess the current population state and
habitats of these species to understand how human activity affects them and
create effective management plans. An important limitation in controlling these
pests involves species identification (Sethusa et al., 2014). Insect identification
relies on traditional taxonomy, which is primarily based on external morphology
(Rebijith et al., 2012). The taxonomic study revealed that there exists a huge
morphological variation within the species that leads to a huge dilemma in
identifying insects, especially moth pests (Ball et al., 2006, Singh et al., 2014).
To address the difficulties associated with insect pest identification, a novel
technique called DNA barcoding utilising the COI gene may be applicable in this
situation (Hebert et al., 2003, Hanner et al., 2009, Rugman-Jones et al., 2009,
Quicke et al, 2012, Sethusa et al.,, 2014). Furthermore, DNA barcoding is
gaining broad application in integrated pest management (IPM) programmes as
the standard method for species identification (Ball et al., 2006, Etzler et al.,
2014).

Several studies have been conducted on the molecular identification of
moths from neighbouring countries (Kumar et al., 2019, Yaakop et al., 2020,
Kalawate et al., 2022), but Bangladesh has not yet seen any significant research,
with the exception of a few instances (Ghosh et al., 2018, Borsha et al., 2019,
2021). This study was therefore aimed at investigating the molecular
characterization and identification of 26 moth pests in Bangladesh through the
establishment of a DNA barcode dataset.
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MATERIAL AND METHODS

Field Collection and Preliminary Identification of Specimens: 26 moth
specimens were collected from various parts of Bangladesh during the years
2017 to 2023 (Table 1). Detailed information on these collected moth specimens,
along with the geographical coordinates of the different locations depicted in
Table 1. Using an insect net, the insects were gently taken away from their wild
environment and then preserved by desiccation in a small box. Then prepared
voucher specimens were stored in the museum collection at DNA Barcoding
Laboratory in the Department of Zoology at Jahangirnagar University campus.
Further, we excised the hind legs of each specimen and subsequently preserved
them in ethanol at -20 °C for molecular laboratory analyses at the DNA
Barcoding Laboratory. Preliminary identification of moth species was carried out
with the help of faunal reference works and online taxonomy resources
(Hampson 1892-1896, Bell and Scott 1937, Robinson et al., 1994, Kononenko
and Pinratana 2005, Shubhalaxmi 2018 and Moths of India
(https:/ /www.mothsofindia.org/).

DNA extraction, amplification and sequencing: Genomic DNA from these
moths was isolated from the legs of adult moths’ specimens according to the
procedure of the Wizard Genomic DNA Purification Kit (Promega, Madison, WI,
USA). Using the primers LCO 1490 (5'- GGTCAACAAATCATAAAGATATTGG-3)
and HCO 2198 (5- TAAACTTCAGGGTGACCAAAAAATCA-3'), the mitochondrial
cytochrome c oxidase 1 (COI) gene area was amplified using PCR in 20 ul of Q2
Green PCR Master Mix (Promega, Madison, WI, USA) in a thermal cycler
(Veriti™, USA). The cycle parameters are as follows: an initial denaturation at 95
°C for 4 min, followed by 35 cycles of denaturation at 95 °C for 30 sec, primer
annealing at 49 °C for 30 sec, primer extension at 72 °C for 45 sec, and a final
extension at 72 °C for 5 min. Electrophoresis on 1% agarose gel in the presence
of UV light was used to determine whether the amplification was successful
(BioDoc Analyze). The final PCR product was then cleanup by the Wizard SV Gel
and PCR Clean-Up Kit (Promega, Madison, WI, USA). The amplification result
was sequenced using an ABI 3500 sequencer. All sequences generated in this
study are now available on GenBank (Table 1).

RESULTS AND DISCUSSION

The current study involved the generation and submission of
mitochondrial COI gene sequences (mtCOI) for 26 moth species belonging to 10
different families. The scientific names, geographical origin, accession number
obtained from GenBank, and additional relevant information are detailed in
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Table 1. The very first inclusion of Fodina oriolus and Micronia aculeata in the
NCBI's GenBank was highlighted by the submission of these sequences. The 26
species belonged to 10 different Lepidopteran families. The Erebidae family
comprises 14 species, the Crambidae, Saturniidae, and Sphingidae families each
consist of two species, and the Noctuidae, Uraniidae, Geometridae, Nolidae,
Eupterotidae, and Drepanidae families each comprise 1 species (Table 1).

Table. 1: List of 26 moth taxa and their relevant information

Scientific Voucher Geo Accession AT GC Base pair
name Location No. Content Content (bp)
(%) (%)

Family: Erebidae

Achaea janata ~ MBV 0012 21°50'50.4"N MN186874 70.1% 29.9% 658 bp
89°49'27.0"E

Achaea serva MBV 0016 23°52'57.6"N  0Q660464 70.6% 29.4% 677 bp
90°15'51.3"E

Plecoptera MBV 0015 23°52'39.4"N 0Q660462 70.1% 29.9% 668 bp

reflexa 90°15'54.9"E

Spirama retorta  MBV 0014 23°52'31.9"N  0Q660319 70.9% 29.1% 684 bp
90°15'55.2"E

Eudocima MBV 0013 23°48'18.5"N MT626859 70.6% 29.4% 632 bp

materna 90°22'32.9"E

Creatonotos MBV 0007 23°50'47.3"N MK348954 69.5% 30.5% 649 bp

transiens 90°14'37.3"E

Nyctemera MBV 0009 25°17'06.0"N MK719692 66.4% 33.6% 601 bp

coleta 89°55'22.1"E

Erebus MBV 0001 23°54'24.0'N MH019973 71.5% 28.5% 618 bp

macrops 90°15'53.0"E

Fodina oriolus MBV0O008  24°19'40.1"N PP101020 69.4% 30.6% 624 bp
91°46'59.9"E

Lymantria MBV0024  23°52'32.9"N PP100124 67.3% 32.7% 648 bp

atemeles 90°15'54.0"E

Argina astrea MBV0025 21°51'18.7"N PP100148 69.7% 30.3% 657 bp
89°46'54.5"E

Neochera MBV0028 25°18'01.0"N PP104398 68.5% 31.5% 660 bp

dominia 89°55'20.1"E

Episparis MBV0026  22°30'34.3"N  PP100529 70.3% 29.7% 666 bp

tortuosalis 92°12'30.0"E

Ophiusa MBV0021  23°53'07.6"N OR915447 70.3% 29.7% 650 bp

coronata 90°16'09.6"E

Family: Noctuidae

Episteme sp. MBV 0010 24°19'31.1"N MK719693 69.8% 30.2% 646 bp
91°47'13.6"E

Family: Uraniidae

Micronia MBV0023 22°41'24.1"N  PP106428 69.5% 30.5% 660 bp

aculeata 91°38'20.4"E

Family: Geometridae

Cleora sp. MBV0019 23°52'39.4"N 0Q672753 68.3% 31.7% 659 bp
90°15'54.9"E

Family: Crambidae
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Scientific Voucher Geo Accession AT GC Base pair
name Location No. Content Content (bp)
(%) (%)
Parotis atlitalis ~ MBV0017  23°52'57.6"N 0Q660436 69.4% 30.6% 677 bp
90°15'51.3"E
Glyphodes MBV0027 22°30'34.3"N  PP100720 69% 31% 664 bp
bivitralis 92°12'30.0"E
Family: Saturniidae
Attacus atlas MBV0002 21°51'18.0"N MKO014747 67.3% 32.7% 640 bp
89°46'54.8"E
Actias maenas MBV0004 22°57'00.0"N MH807560 67.1% 32.9% 630 bp
92°09'00.1"E

Family: Sphingidae

Pergesa acteus MBV0020 23°53'07.9"N OR915444 68.2% 31.8% 635 bp
90°16'11.9"E

Eupanacra MBV0022 22°30'34.2"N  PP099868 68.9% 31.1% 666 bp

poulardi 92°12'30.4"E

Family: Nolidae

Westermannia MBV0018 23°52'39.4"N 0Q660441 71.1% 28.9% 619 bp

superba 90°15'54.9"'E

Family: Eupterotidae

Eupterote MBV0006 23°50'47.1"'N MK348955 65.4% 34.6% 654 bp

undata 90°14'37.0"E

Family: Drepanidae

Cyclidia MBV0011 24°19'37.9"N MK719691 69.6% 30.4% 626 bp

substigmaria 91°47'05.6"E

The species of an unknown moth specimen can be identified by
comparing its COI gene sequences to a database of known moth COI sequences.
This can be particularly useful in cases where the morphological features of the
moth are not sufficient for identification, or when dealing with species complexes
that are difficult to distinguish based on morphology alone (Liu et al., 2014). In
the present study, 26 moth species were submitted to NCBI’s Genbank where
two new sequences Fodina oriolus and Micronia aculeata will enhance the
repository of NCBI’'s GenBank and will be valuable data for other researchers
(Table.1, 3). We previously identified F. oriolus and M. aculeata based on their
morphology and, after generating their COI genes, submitted them to Genbank
(Fig. 1A,B). The morpho-taxonomical characteristics of these two species are as
follows:

F. oriolus: The colour of the head and thorax is black; the shaft of the
antennae and a band between their bases is white; abdomen orange. The black
forewing possesses broad oblique medial white band, and the outer margin and
cilia are grey. The hind wing is orange, the apical area is black, and there is an
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elongate black patch near anal angle, as well as a black streak at anal angle.
The wing expanse is 48 mm (Hampson, 1894).

C D

Fig. 1. GenBank received the first COI gene sequences data from F. oriolus (A) and M. aculeata (B); A.
janata (C) and A. serva (D) show very close genetic makeup (0.051%).

M. aculeata: The adult is whitish, with darker striae on its wings. Forewing
with three oblique bands. The hindwing is characterized by a tail on vein M3, a
dark spot at its base, and a black margin dotted with small spots along the
marginal line. The male genitalia have a strongly bifurcated uncus, a slightly
bulbous tegumen at the base of the uncus, a vinculum that forms a small flat
saccus, a very long juxta, valvae with a triangular costal edge, and a long,
narrow aedeagus (Guenee 1857, Hampson, 1895).

Researchers can effectively use this dataset to identify moth pests that are
currently significant in cultivated land and commercial food markets. COI gene
can help in identifying pests at any stage of life, making it easier to control them
and saving farmers from cost of billion dollars from pest damage (Kaur 2015,
Sarvananda 2018). In addition to species identification, DNA barcoding can also
be used for revealing cryptic species (i.e., species that are morphologically
similar but genetically distinct), tracking the spread of invasive species, and
monitoring changes in biodiversity over time (Lopez-Vaamonde et al., 2021).

Nucleotide analysis of COI gene: The COI gene sequences were analyzed
using BioEdit and MEGA10, and the result showed a 582 bp COI gene fragment
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with 229 variable sites and 180 parsimony informative sites (Table 2). Most
variations occurred at the second and third codon positions. Among informative
sites, 48 were in the first position, 67 were in the second, and 65 were in the
third position (Table 2). The mean base compositions of the COI sequences were
41.06% T, 15.46% C, 29.04% A, and 14.43% G, respectively. There was a strong
AT bias (70.10%). The AT content of the first, second, and third codon positions
of the COI fragment was 58.23%, 95.35% and 56.69% respectively (Table 2).
Like other genes that code for proteins, most of the alterations were found at the
third position of the codon, which is not supported by our current results (Table
2) (Win et al.,, 2015). Nonetheless, the most of the alterations at the third
position of the codon are not universal and hence, in the present study, most of
the alterations were found at 274 codon position (Phillips and Penny 2003,
Simmons et al, 2006). These findings highlight the intricate relationship
between nucleotide composition, codon usage, protein function, and
evolutionary dynamics in mitochondrial genomes. However, the parsimony
informative is employed in molecular phylogenetic and evolutionary studies to
elucidate diverse relationships among organisms.

Table 2. Basic statistics of the COI gene sequences among 26 moth species

Position No. of No. of Parsimony- No. Average base frequencies (%)
sites variable mfor'matlve Con'served T C A G AT %
sites sites

All

i 582 229 180 353 41.06 15.46 29.04 14.43 70.10
Positions
First

i 194 73 48 121 43.29 25.25 14.94 16.49 58.23
Position
Second 194 76 67 118 55.15 4.63 4020 00.00 95.35
Position
Third 194 80 65 114 24.74 1649 31.95 26.80 56.69
Position

Analysis of genetic divergence: Using the Kimura-2 parameter (K2-P) model
in MEGA, pairwise gene distances among 26 species of moths based on COI
nucleotide sequences were estimated (Table. 3). After evaluating the sequences
to determine genetic divergence and phylogenetic affinities, the interspecific
genetic divergence among 26 species of moth ranged from 0.051 to 0.197%. The
current research reveals a genetic difference of 0.051% between Achaea janata
and Achaea serva, suggesting a close genetic makeup between these two species
(Fig. 1 C,D). On the other hand, Eupterote undata and Glyphodes bivitralis had
the greatest distance, 0.197%, and may have separated from a common ancestor
further in the past (Table 3). This study found evidence of interspecies
hybridization due to the low levels of interspecies divergence (0.051 to 0.197%)
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Table 3: Percentage pairwise distances among 26 moth species

9 0.143 0.123 0.125 0.160 0.131 0.127 0.115 0.162

(Win et al., 2015). Many insects are known to undergo interspecies hybridization

(Zhao et al., 2005, Wu et al., 2021). In this connection, two Danaied species, D.
chrysippus and D. genutia are reported for interspecific mating (Baidya et al.,
2018). However, it's important to note that successful mating and production of
viable offspring may not always happen, as there can be genetic and behavioral
barriers to interbreeding (Singh et al., 2020).

There has not been much research done on moth species in Bangladesh,
and so far 200 species have been documented by researchers (Ahmad et al.,
2009, Islam et al., 2013, Neogi et al.,, 2016, Mahadi et al.,, 2021, Razzak et al.,
2022). In Bangladesh, the process of COI gene-based identification of butterflies
has already commenced, resulting in the collection of more than 100 species of
gene sequences (Ghosh et al.,, 2018, Hossain et al, 2022, Akter et al,. 2023,
Meem et al., 2023). However, the identification of moths using the COI gene is
still relatively limited (Borsha et al., 2019, 2021). In the present study, we
collected moths during 2017-2023 from different areas of Bangladesh to identify
moth species based on COI gene sequences. Among them, Attacus atlas and
Achaea janata were collected from the Sundarbans mangrove forest, which is a
popular Ramsar site of Bangladesh. The A. atlasis one of the largest
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Lepidopteran with a wingspan measuring up to 24 cm and a wing surface area of
about 160 cm? (Holloway 1987). Moreover, the silks that were produced by A.
atlas larvae were alternatively severed for commercial silk production (Reddy
et al., 2013). These species share a number of traits, seasonal variations and
numerous abundances. Because of this, it may be difficult and time-consuming
to identify them morphologically, and hence COI gene based identification is
more precise in this case.

The moth species, their larval stage, and in some cases adults are
destructive to forest plants, causing damage by boring stems, fruits, seeds, roots
and defoliating and mining leaves of forest trees (Sathe and Pandharbale 2006).
To effectively manage pests in the forest and minimize crop damage, it is
essential to identify possible pest species. Moths and other pests destroy
millions of tons of crops every year (Jacobs and DeJong 2014). The present
studies could aid in the creation of more efficient pest management techniques
by precisely identifying moth species using DNA barcoding. Also, identifying
beneficial moth species can help guide conservation initiatives designed to
maintain biodiversity and the health of ecosystems. This study demonstrates the
importance of utilizing molecular techniques for identifying moths and
emphasizes the need to comprehend the range of moth species in Bangladesh
for effective pest control and conservation initiatives. Additionally, it establishes
baseline molecular data for the COI gene for future research, which is an
important step in this field.

CONCLUSION

This study generated and submitted 26 COI gene sequences from 26 moth
species to Genbank, with the exception of F. oriolus and M. aculeata, which were
the first submissions to Genbank. BIOEdit and MEGA10 were used to find a 582
bp COI gene fragment and describe its nucleotide composition. As for the
genetic distances between the 26 moth species, the K2-P analysis found
variances from 0.0517 to 0.1979%. This low genetic divergence suggests that
these species are closely related and can interbreed, leading to interspecies
hybridization. This hybridization results in genetic exchange and affects the
evolutionary dynamics and classification of these moth species. Finally, the DNA
barcode information from the current research assists in identifying moth
species and establishing a reference library for moth pests in Bangladesh.
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