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ABSTRACT

Brinjal (Solanum melongena L.) is a major vegetable crop in South Asia, where its productivity is severely
constrained by the brinjal fruit and shoot borer, Leucinodes orbonalis (Guenée) (Lepidoptera: Crambidae).
The concealed feeding behavior of the larvae and increasing resistance to insecticides make effective management
of this pest particularly challenging. In the present study, we report the molecular characterization of the
gametocyte-specific factor 1 (GTSF1) gene and evaluate its potential as a molecular target for sustainable pest
management. A ~1500 bp fragment of the GTSF1 gene was successfully amplified and characterized, revealing
a gene structure comprising three exons and encoding a 239 amino acid protein associated with germline
development and fertility. Comparative sequence analysis and phylogenetic reconstruction demonstrated a high
degree of evolutionary conservation of GTSF1 among lepidopteran pests, highlighting its functional importance.
The essential reproductive role and conserved nature of GTSF1 suggest that it represents a promising candidate
for advanced gene-based control approaches, including RNA interference and CRISPR/Cas-mediated genome
editing. Overall, the findings provide molecular evidence supporting GTSF1 as a novel, species-specific target
for environmentally benign pest management, offering a viable alternative to conventional chemical control
strategies in brinjal production systems.
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INTRODUCTION

Brinjal (Solanum melongena) is a widely consumed
vegetable grown throughout the year in tropical
climates. Beyond its nutritional importance, it holds
cultural significance in many South Asian
communities, often being served to guests as a gesture
of hospitality (Zakka et al., 2018). As a major crop
within the Solanaceae family, brinjal is extensively
cultivated across South Asia, particularly in India,
Bangladesh, and Pakistan (Alam et al., 2003).
However, its production is severely challenged by a
diverse array of pests over 26 insect species along with
several non-insect pests. Among the key insect pests
are the brinjal fruit and shoot borer (Leucinodes
orbonalis), whitefly (Bemisia tabaci), leafhopper
(Amrasca devastans), epilachna beetle
(Henosepilachna vigintioctopunctata), aphid

(Aphis gossypii), mealybug (Centroccocus insolitus),
and lace wing bug (Urentius hystricellus).

Among these, L. orbonalis Guenée commonly referred
to as the brinjal fruit and shoot borer (EFSB) stands
out as the most destructive pest. The larvae bore into
young shoots, causing wilting, and infest the fruits
from within, severely compromising their market
value. This internal feeding behavior can lead to
devastating yield losses, with some Indian reports
estimating reductions of up to 90% (Kalloo, 1988).
Given its widespread occurrence and impact, EFSB
remains a primary target of pest management research
across South Asia (Mainali, 2014; Ashok et al., 2025).
Its presence has also been documented in other brinjal
growing regions, including parts of Southeast Asia and
sub-Saharan Africa, such as China and the Philippines
(CABI, 2007).
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Sex determination is a fundamental biological process
in sexually reproducing organisms, yet it exhibits
remarkable diversity in its underlying mechanisms
across taxa (Chen et al., 2020). The GTSF1 gene,
encoding a protein with two CHHC-type zinc finger
motifs, is a highly conserved component of the piRNA
pathway. In Drosophila, GTSF1 is indispensable for
fertility due to its direct interaction with Piwi proteins
(Dönertas et al., 2013). In the silkworm Bombyx mori,
the Gtsf1 gene (BmGtsf1) has been identified as a key
factor in female sex determination. Disruption of this
gene impairs the piRNA pathway and can cause partial
masculinization in females, highlighting its pivotal role
in sexual development (Chen et al., 2020). Prolonged
reliance on synthetic chemicals has led to both control
failures and significant ecological harm. This
underscores the need to develop environmentally
friendly and effective alternatives for sustainable pest
management (Ashok et al., 2023).

Given the economic significance of brinjal and the
severe losses inflicted by L. orbonalis, there is an
urgent need for sustainable and targeted pest
management strategies. Traditional control methods,
primarily reliant on chemical pesticides, have proven
inadequate due to resistance development, high
application frequency, and associated environmental
and health risks. As molecular approaches to pest
control gain prominence, identifying essential genes
involved in insect development and reproduction has
become a promising avenue. The Gtsf1 gene, due to
its critical role in fertility and sex determination in
insects, presents a potential molecular target for RNA
interference (RNAi) based control strategies. This
study was therefore undertaken to investigate the
seasonal incidence of L. orbonalis in brinjal and to
characterize the Gtsf1 gene at the molecular level.
Understanding pest population dynamics alongside
molecular insights into key regulatory genes could
pave the way for innovative, species-specific control
methods that are both environmentally safe and
economically viable.

MATERIALS AND METHODS

Insect culture

A laboratory maintained, taxonomically confirmed
stock culture of L. orbonalis was reared at the
Division of Basic Sciences, ICAR–Indian Institute of
Horticultural Research, Bengaluru, India. From the
field infested brinjal fruits were collected and confined

to plastic trays (Fig. 1). After adult emergence, males
and females were kept together in plastic containers
(22 × 16 cm) and provided with a 10% honey solution
soaked in cotton as a food source. Egg laying was
done by placing black cotton cloth inside the
containers, on which gravid females deposited their
eggs. The collected eggs from the cloth were placed
on potato tubers (Solanum tuberosum) covered with
black cloth under controlled environmental conditions
(26±1°C, 60-70% relative humidity, and a 14 h
light:10 h dark photoperiod). The pupa will be
collected in the black cloth and taken for next
generation (Fig. 2) (Ashok et al., 2023).

Fig. 1 : Damage symptoms of L. orbonalis
(a) boreholes fed by the larvae collected from the field
(b) tunnels and frass damaged by the larvae inside the

brinjal fruit

Fig. 2 : Culturing of L. orbonalis in potato a) larval
boring symptoms on potato, b) pupae pupated in cloth

Cloning and characterization

Genomic DNA was extracted from ethanol-preserved
larval tissues using the QIAamp® DNA Mini Kit
(QIAGEN, Cat. No. 51304), following the
manufacturer’s instructions. Polymerase chain reaction
(PCR) amplification was performed using a Veriti
thermal cycler (Applied Biosystems, USA) to target
the Gtsf1  gene. Specific primers for Gtsf1
amplification were designed using the Primer3web tool
(v4.1.0) (Table 1). For cloning, the purified PCR
product was ligated into a pTZ57R/T cloning vector,
a commonly used plasmid for TA cloning.
Transformed plates were screened using blue-white
colony selection, indicating the disruption of the lacZα
gene to distinguish recombinant (white) colonies from
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non-recombinant (blue) ones. Positive colonies were
selected and sequenced. The obtained sequence data
were analyzed via NCBI BLASTn to confirm the
identity of the insert. The results revealed a 97.88%
sequence similarity to the reference Gtsf1 gene,
confirming both the successful amplification and
accurate cloning of the gene.

Table 1 : Primers used in the study

Primer Sequence Primer
(5’-3’) details

LOGTSF1 FP1 GAGCAGTACAA Template
TGGCGGAAG generation

LOGTSF1 RP1 TAATGTCCGG
AAACCTCCTG

Phylogenetic analysis

To understand the evolutionary relationships of Gtsf1,
homologous gene sequences from other lepidopteran
species were retrieved from the NCBI database.
Sequence alignment was carried out using ClustalW
within the BioEdit software (v7.7.1) with default
parameters. A phylogenetic tree was constructed in
MEGA 11 using the maximum likelihood method,
incorporating 1,000 bootstrap replications and
complete gap deletion to ensure reliability.
Additionally, a sequence similarity matrix was
generated using Python, calculating the percentage
similarity by dividing the number of identical
nucleotides by the total compared, then multiplying by
100.

RESULTS AND DISCUSSION

Molecular characterization of GTSF1 gene in
L. orbonalis

The GTSF1 gene, a key regulator in the piRNA
pathway and germline development, was identified and
annotated from L. orbonalis larval samples. PCR
primers were designed to amplify a 1500 bp segment
of the gene (Table 2). The full genomic structure of
GTSF1 spans approximately 2700 base pairs,
including a 742 bp open reading frame (ORF)
encoding a predicted protein of 239 amino acids with
an estimated molecular mass of 26.3 kDa. The gene
comprises three exons and two introns, displaying a
classical eukaryotic gene architecture. This genomic
organization indicates its involvement in critical
regulatory functions, consistent with findings in other
insect systems.

Table 2 : GTSF1 gene structure

Particular Structure

Gene length 2700 bp

ORF length 742 bp

No. of exons Three

No. of introns Two

Protein length (approx.) 239 amino acids

Molecular weight (approx.) 26.3 kDa

Conserved domains CCCH zinc finger, PHD-like

Phylogenetic insights into GTSF1 evolution

To explore the evolutionary relationship of GTSF1 in
L. orbonalis, a phylogenetic tree was generated using
the maximum likelihood method under the Kimura
two-parameter model, incorporating a gamma
distribution and a proportion of invariable sites
(GTR + G + I), with 2000 bootstrap replications to
ensure robustness (Fig. 3).

Fig. 3 : The molecular phylogenetic tree generated
using GTSF1 nucleotide sequences compared with other

lepidopterans based on an alignment of amino acids

The phylogenetic analysis of the GTSF1 gene
sequences across selected lepidopteran species revealed
that L. orbonalis clusters within a clade that includes
Plutella xylostella (NC_063991.1), supported by a
bootstrap value of 21%. This grouping indicates a
modest degree of sequence similarity in the GTSF1
gene between these two species. The clade further
associates with Helicoverpa armigera (NC_087150.1)
and H. zea (NC_061481.1), forming a moderately
supported branch (bootstrap values ranging from
12% to 27%). The broader phylogenetic tree shows a
well-defined separation of L. orbonalis and its
associated clade from other lepidopteran species such



as Spodoptera frugiperda  (NC_064230.1,
NC_064212.1), Bombyx mori (NC_085117.1), and
Cydia pomonella (NC_084729.1), which grouped into
a distinct lineage with higher bootstrap support values
(35–37%). These findings suggest that GTSF1 in
L. orbonalis may have close relationship significantly
with the members of other families such as Crambidae,
Bombycidae, and Tortricidae. It’s clustering with
P. xylostella and species of Helicoverpa highlights
potential functional similarities in germline
development and reproductive biology. GTSF1 is
known to play a key role in the piRNA pathway and
germline-specific transcriptional regulation, and its
conservation among these phytophagous pests may

reflect common selective pressures associated with
reproductive success under intensive host-plant
interactions. The relatively low bootstrap values
(12–27%) indicate that while some sequence homology
exists, GTSF1 in L. orbonalis may be undergoing
lineage-specific diversification. The observed
divergence from other species such as S. frugiperda,
Bombyx mori, and Cydia pomonella, supported by
stronger bootstrap values (35–37%), further supports
the uniqueness of the GTSF1 gene structure or
regulation in L. orbonalis.

These findings contribute to our understanding of
reproductive gene evolution in lepidopteran pests and
highlight the potential of GTSF1 as a candidate gene

Fig. 4 : Heatmap representing genetic distances between L. orbonalis and other insect species. Light colour
represents more similar (lower distance) and dark colour represents more divergent (higher distance)
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for targeted pest management. Further functional
validation of GTSF1 in L. orbonalis could provide
insights into its role in fertility regulation, thereby
offering novel avenues for genetic pest control in
brinjal ecosystems.

Genetic distance and conservation

A heatmap of pairwise genetic distances further
corroborated the phylogenetic findings (Fig. 4,
Table 3). L. orbonalis displayed high sequence
similarity with noctuid moths such as M. sexta (0.011),
S. litura (0.015), and both H. zea and H. armigera
(0.017 each). In contrast, more distantly related
species like Papilio machaon (0.034) and P. polytes
(0.044) showed wider genetic divergence. These results
imply a strong conservation of the GTSF1 gene among
noctuid pests, highlighting its evolutionary stability
and functional importance.

Implications for pest management

This study, integrating seasonal monitoring and
molecular analysis, provides a dual perspective on the
management of L. orbonalis. The pronounced
infestation during the humid months underlines the
necessity for time-specific pest control interventions.
On the molecular front, the conserved nature of
GTSF1 across key pest species suggests that it holds
promise as a target for gene-based pest management
approaches, including RNA interference (RNAi) and
genome editing. Given the gene’s established role in
reproductive development and its evolutionary
conservation, targeting GTSF1 could offer a novel,
selective, and sustainable strategy to suppress
L. orbonalis populations without adversely affecting
non-target organisms. Such an approach would reduce
dependency on conventional insecticides and contribute

to environmentally sound integrated pest management
practices.

CONCLUSION

The present study provides a comprehensive molecular
characterization of the GTSF1 gene in L. orbonalis,
highlighting its structural features and evolutionary
conservation among lepidopteran pests. Successful
amplification, sequencing, and annotation confirmed
a conserved gene architecture and a putative protein
associated with germline development and
reproductive function. Phylogenetic and sequence
similarity analyses revealed a close evolutionary
relationship of GTSF1 with homologs from other
economically important noctuid species, underscoring
its functional importance and stability. The conserved
nature and reproductive relevance of GTSF1 suggest
its suitability as a potential molecular target for
advanced gene-based pest management strategies,
including RNA interference and CRISPR/Cas-
mediated approaches. Overall, these findings
strengthen the molecular foundation for exploring
GTSF1 as a species-specific and environmentally
sustainable alternative to conventional chemical
control in the management of L. orbonalis.
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Table 3 : Genetic distance matrix based on nuclear sequences

Closest genetic neighbours to L. orbonalis Distant genetic species to L. orbonalis

Species Genetic distance Species Genetic distance

Manduca sexta 0.011 Papilio machaon 0.034

Spodoptera litura 0.015 Papailio polytes 0.044

Helicoverpa zea 0.017 Pieris rapae 0.041

Helicoverpa armigera 0.017 Cydia pomonella 0.035

Spodoptera frugiperda 0.018
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