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Abstract

Entomopathogenic fungi play a crucial role in natural pest control and have received significant attention in the field of biological
control. The application of metabarcoding and metagenomic techniques has revolutionized the study of microbial communities in
various ecosystems by identifying and characterizing many microorganisms at once. These methods improve soil fungal community
assessments for entomopathogenic fungi. These studies require fungal DNA extraction from complex environmental samples like
soil. These methods improve soil fungal community assessments for entomopathogenic fungi. These studies require fungal DNA
extraction from complex environmental samples like soil. Bead-beating, chemical extraction, and commercial kits extract fungal
DNA while minimizing environmental DNA contamination. Shotgun sequencing for metagenomics can sequence all genetic
material in a sample without targeting specific genes. This method shows the microbial community, including entomopathogenic
fungi. Metagenomic data can reveal the soil microbiome's functional potential and interactions. Shotgun sequencing and ITS
barcoding for fungal metabarcoding are popular. The ITS region of the fungal genome is variable, making it a good marker for
species identification. Researchers can assess soil entomopathogenic fungi diversity and abundance by amplifying and sequencing
the ITS region. In this review, the utility of these approaches for the identification and characterization of entomopathogenic fungi
in soil samples was assessed. This review focused on the extraction of soil DNA, shotgun sequencing for metagenomics, and the
use of Internal Transcribed Spacer (ITS) as a barcode for fungal metabarcoding. Insights into the potential applications and future
directions in the study of entomopathogenic fungi were given. These insights were provided by highlighting the benefits and

limitations of these methodologies.
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Introduction

Entomopathogenic fungi are naturally occurring pathogens that
infect and Kkill insects, making them valuable in pest
management strategies (Vega et al., 2009) 2, These fungi are
commonly found in soil samples, where they form part of
diverse fungal communities (Sanchez-Pefia et al., 2011) 24,
However, traditional isolation and identification methods for
entomopathogenic fungi are laborious and time-consuming,
which limits our understanding of their ecological role and
diversity (Vega et al., 2009) [,

The emergence of metabarcoding and metagenomics has
revolutionized the field by enabling high-throughput and
culture-independent approaches for studying microbial
communities (Vega et al., 2009) 3. These techniques have
been applied specifically for studying entomopathogenic fungi
in soil samples. For example, shotgun metagenomic
sequencing has been used to characterize the microbiota of
mosquitoes (Chandler et al., 2015) [, This approach allows for
discovering unknown members of the microbiota and provides
insights into the composition and dynamics of
entomopathogenic fungal communities.

Soil samples are an excellent environmental shelter for
entomopathogenic fungi (Sanchez-Pefia et al., 2011) 4. The
soil protects from UV radiation and other adverse abiotic and
biotic influences, allowing these fungi to thrive (Sanchez-Pefia
etal., 2011) 4, Studies have found entomopathogenic fungi in
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the genera Beauveria, Conidiobolus, Metarhizium, and lIsaria
commonly found in soil (Sanchez-Pefa et al., 2011) 24l These
fungi have been isolated from various agricultural and natural
ecosystems, highlighting their wide distribution (Sanchez-Pefia
et al., 2011; Asensio et al., 2003; Safitri et al., 2018; Suwandi,
2020; Budiarti & Nuryanti, 2022; Ramos et al., 2022) 24 1.2,
30, 2, 21].

Understanding  the  diversity and communities  of
entomopathogenic fungi in different ecosystems is essential for
their management and conservation (Sevim et al., 2009) [?71,
Native populations of entomopathogenic fungi in soil can be
managed to facilitate the control of pest insect populations
within agroecosystems (Sevim et al., 2009) 71, Isolating and
characterizing indigenous entomopathogenic fungi also
provides insights into the naturally occurring fungal
biodiversity and offers a pool of potential biological control
agents for pest control (Sevim et al., 2009) ?71. The ecological
role of entomopathogenic fungi in semi-natural habitats and
communities is still poorly understood (Hesketh et al., 2009)
121, The spatiotemporal distribution patterns of these pathogens
may create selective pressures on the ecological traits of
herbivorous insects (Gielen et al., 2022) 1,

In addition to their role in pest management, entomopathogenic
fungi have been found to have non-entomopathogenic roles in
promoting plant health and growth (Dara, 2019) 1. Several
studies have provided insights into the relationship between
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entomopathogenic fungi and plants, soil, and plant pathogens
(Dara, 2019) ., These fungi can contribute to integrated pest
management strategies and offer environmentally sustainable
pest suppression (Dara, 2019) . Meta barcoding and
metagenomic methods are crucial in assessing the abundance
and discovery of entomopathogenic fungi in soil habitats.

Soil DNA extraction techniques

Accurate identification of entomopathogenic fungi from soil
samples is crucial for studying these organisms and their
potential applications in pest control. However, the efficient
extraction of high-quality DNA from soil can be challenging
due to the complex nature of soil matrices and various
inhibitors. Several DNA extraction methods have been
developed and used for this purpose, including the CTAB-
based method, bead-beating, and commercial kits (Feinstein et
al., 2009; Sarkinen et al., 2012; Yeates et al., 1998) [7: 25351,
Figure 1 shows the genomic DNA of the soil visualized in 1.2%
agarose gel.

Fig 1: Visualization of genomic DNA extracted from soil samples
using DNeasy PowerMax soil kit

The CTAB-based method is a commonly used DNA extraction
method  for  soil samples. It involves  using
cetyltrimethylammonium bromide (CTAB) to lyse cells and
remove contaminants. This method effectively extracts DNA
from different types of soils, including clay, sand, and organic
soils (Feinstein et al., 2009) 1. However, it is essential to note
that the CTAB-based method may have limitations in terms of
DNA yield and purity and potential extraction biases (Feinstein
etal., 2009) [,

Bead-beating is another DNA extraction method that has been
used for soil samples. This method involves the mechanical
disruption of cells using beads and a bead-beating device. It
effectively extracts DNA from soil samples, with higher DNA
yields than other methods (Yeates et al., 1998) 51, However,
bead-beating efficiency can vary depending on the soil
composition and the type of beads used (Yeates et al., 1998)
[35]

Commercial DNA extraction kits are also commonly used for
soil DNA extraction. These kits provide standardized protocols
and reagents for efficient DNA extraction. They are designed
to overcome the challenges associated with soil DNA
extraction, such as removing inhibitors and isolating high-
quality DNA (Sarkinen et al., 2012; Mahmoudi et al., 2011) 2>
171, However, it is essential to choose the appropriate kit based
on the study's specific requirements and the soil samples'
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characteristics.

Each DNA extraction method has its advantages and
limitations. The choice of method depends on various factors,
including the type of soil, the desired DNA yield and purity,
and the downstream applications. It is essential to consider
these factors when selecting a DNA extraction method for
studying entomopathogenic fungi in soil samples.

Shotgun sequencing for metagenomics

Shotgun metagenomics is a powerful approach that provides a
comprehensive view of the genetic diversity within a microbial
community, including entomopathogenic fungi. This method
involves sequencing all the DNA present in a sample, allowing
for the identification of known and novel taxa, functional gene
analysis, and community profiling (Kang et al., 2015)1*4, The
workflow of shotgun metagenomics includes several steps,
such as sample collection, library preparation, sequencing
platforms, and bioinformatics analysis (Kang et al., 2015) [l
(Figure 2).

Sample collection is a critical step in shotgun metagenomics. It
involves obtaining a representative sample from the
environment of interest, such as soil samples, for studying
entomopathogenic fungi. The samples should be collected
using appropriate techniques to minimize contamination and

preserve the microbial community structure (Kang et al., 2015)
[14]

Fig 2: Process flow of soil metagenomics and metabarcoding

Library preparation is the next step in the workflow. It involves
extracting DNA from the sample and preparing it for
sequencing. DNA extraction kits and enrichment procedures
can be used to obtain high-quality DNA for shotgun
metagenomics (Buytaers et al., 2020) Bl Once the DNA is
extracted, it is fragmented into smaller pieces, and adapters are
added to facilitate sequencing (Kang et al., 2015) [,

Sequencing platforms play a crucial role in shotgun
metagenomics. High-throughput sequencing technologies,
such as Illumina and PacBio, are commonly used. Depending
on the technology used, these platforms generate millions of
short or long DNA reads (Kang et al., 2015) [, The choice of
sequencing platform depends on factors such as the desired
sequencing depth, read length, and cost (Kang et al., 2015) [*4],
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After sequencing, the generated reads are subjected to
bioinformatics analysis. This involves several steps, including
quality control, read assembly and metagenome binning.
Quality control ensures that only high-quality reads are used
for downstream analysis (Shay et al., 2023) 281, Read assembly
involves merging overlapping reads to reconstruct longer DNA
fragments called contigs (Kang et al., 2015) 4. Metagenome
binning is a process that groups contigs into individual
genomes, allowing the study of particular organisms within the
microbial community (Kang et al., 2015) 14,

Shotgun metagenomics has been wused to explore
entomopathogenic fungi's diversity and functional potential in
soil samples. Studies have employed this approach to identify
known and novel taxa, analyze active genes, and characterize
the community structure of entomopathogenic fungi (Kang et
al., 2015) (14,

Shotgun metagenomics is a valuable tool for studying the
genetic diversity within microbial communities, including
entomopathogenic fungi. It allows identifying known and
novel taxa, functional gene analysis, and community profiling.
The workflow of shotgun metagenomics involves sample
collection, library preparation, sequencing platforms, and
bioinformatics analysis. This approach has been successfully
employed in various studies to explore the diversity and
functional potential of entomopathogenic fungi and other
microbial communities in different environments.

Sequence analysis for shotgun metagenomics

Shotgun metagenomics is a powerful approach for studying
microbial communities and generating vast sequence data.
However, analysing this data requires robust bioinformatics
tools and pipelines to extract meaningful insights (Pasolli et al.,
2016) 24, The typical sequence analysis pipeline for shotgun
metagenomics includes several steps: quality control and
preprocessing, read assembly or mapping, taxonomic and
functional annotation, comparative analysis, and integration
with other omics data (Pasolli et al., 2016) 211,

Quality control and preprocessing are essential steps in shotgun
metagenomic analysis to ensure the accuracy and reliability of
the data. This includes removing low-quality reads, adapter
trimming, and filtering out contaminants (Pasolli et al., 2016)
(21 After preprocessing, the reads can be assembled into
contigs or mapped to a reference genome for further analysis
(Sczyrba et al., 2017) %81, Assembly and mapping methods are
crucial for reconstructing the genomes of individual
microorganisms present in the metagenomic sample (Sczyrba
et al., 2017) 281, However, the performance of these methods
can be affected by the presence of related strains and the
parameter settings used (Sczyrba et al., 2017) (281,

Taxonomic and functional annotation can be performed once
the reads are assembled or mapped. Taxonomic annotation
involves assigning taxonomic labels to the assembled contigs
or mapped reads, which helps identify the microorganisms
present in the sample (Sczyrba et al., 2017) 281, Functional
annotation involves predicting the functions of genes and gene
products in the metagenomic data, which provides insights into
the functional diversity of the microbial community (Pasolli et
al., 2016) 1. These annotations can be performed using
various bioinformatics tools and databases (Gupta et al., 2022)
1. Figure 3 presents a taxonomic profiling result from shotgun
metagenomics.
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Fig 3: Shotgun metagenomic result of soil DNA

Comparative analysis is another critical step in the shotgun
metagenomic analysis. It involves comparing different
samples’ taxonomic and functional profiles to identify
differences and similarities between microbial communities
(Nayfach & Pollard, 2016) 9. This analysis can provide
insights into the ecological roles of microorganisms and their
functional diversity within the soil microbiome (Pasolli et al.,
2016) 24, Comparative metagenomics requires accurate and
quantitative data summaries comparable across samples and
studies (Nayfach & Pollard, 2016) % However, using
abundance statistics and biases introduced by experimental
protocols and data-cleaning approaches can hamper
comparability (Nayfach & Pollard, 2016) (20,

Integration with other omics data is a valuable approach to
comprehensively understanding microbial communities.
Shotgun metagenomics can be combined with other omics
techniques, such as meta transcriptomics, metaproteomic, and
metabolomics, to study the gene expression, protein
composition, and metabolite profiles of microbial communities
(Pasolli et al., 2016) 4. This integration allows for a more
holistic analysis of microorganisms' functional potential and
activity in their environment.

Shotgun metagenomics generates vast sequence data that
require robust bioinformatics analysis to extract meaningful
insights. The typical sequence analysis pipeline includes
quality control and preprocessing, read assembly or mapping,
taxonomic and functional annotation, comparative analysis,
and integration with other omics data. These analyses provide
insights into microorganisms' ecological roles and functional
diversity within microbial communities. However, challenges
such as benchmarking datasets, parameter settings, and
comparability of data need to be addressed to improve the
accuracy and reproducibility of shotgun metagenomic analysis
(Sczyrba et al., 2017; Nayfach & Pollard, 2016) [26. 201,

Using ITS as barcode for fungi metabarcoding

Metabarcoding is a powerful technique that utilizes short DNA
markers, such as the Internal Transcribed Spacer (ITS) region,
to identify and quantify multiple fungal taxa simultaneously
(Tedersoo et al., 2014) B4, The ITS region is highly variable
and widely used for fungal identification (Tedersoo et al.,

Page | 3


http://www.dzarc.com/entomology

Journal of Applied Entomologist, 2023; 3(3):01-07

2014) B4, 1t has been shown that fungal richness is decoupled
from plant diversity, and climatic factors, followed by edaphic
and spatial variables, constitute the best predictors of fungal
richness and community composition globally (Tedersoo et al.,
2014) B,

ITS metabarcoding involves several steps, including PCR
amplification, library preparation, sequencing platforms, and
bioinformatics analysis (Tedersoo et al., 2015) 21, The choice
of primer pairs in PCR amplification can affect the taxonomic
resolution and richness of operational taxonomic units (OTUs)
(Tedersoo et al., 2015) 2. It has been recommended to use
ITS2 or the whole ITS region for metabarcoding and to
carefully choose primer pairs based on the relative proportion
of fungal DNA and expected dominant groups (Tedersoo et al.,
2015) ¥,

PCR-based methods, including metabarcoding, have been
widely used to quickly characterize microbial communities in
complex environmental samples (Sun et al., 2021) @
However, these methods can exhibit technical shortcomings
that may introduce biases in the analysis (Tedersoo et al., 2015)
2 For example, the choice of forward primer in ITS
metabarcoding can explain a significant amount of variation in
OTU-level analysis (Tedersoo et al., 2015) 2, It is essential to
consider these biases and limitations when interpreting
metabarcoding data.

Case studies have applied ITS metabarcoding to uncover
entomopathogenic fungi's diversity and distribution patterns in
soil ecosystems (Majchrowska-Safaryan et al., 2017) [8],
Entomopathogenic fungi infect and kill insects, playing an
essential role in the biological control of insect pests
(Majchrowska-Safaryan et al., 2017) 8. The use of
metabarcoding has allowed researchers to identify and quantify
entomopathogenic fungi in soil samples, providing insights
into their diversity and distribution (Hallouti et al., 2017;
Majchrowska-Safaryan et al., 2017) (10 18],

In addition to ITS metabarcoding, other DNA regions, such as
the 16S region for bacteria, have also been used in
metabarcoding studies (Sun et al., 2021) °1. The choice of
marker region depends on the target organisms and research
objectives (Sun et al., 2021) 9. Long-read sequencing
technologies, such as those offered by Pacific Biosciences and
Oxford Nanopore Technologies, have also been used in fungal
identification (Hoang et al., 2022) 23, These technologies
generate ultra-long reads and can provide a promising approach
for accurately identifying and diagnosing fungal species
(Hoang et al., 2022) (131,

ITS metabarcoding is a valuable tool for studying
entomopathogenic fungi's diversity and distribution patterns in
soil samples. It allows for the simultaneous identification and
quantification of multiple fungal taxa, providing insights into
their ecological roles and potential applications in the
biological control of insect pests. However, it is essential to
consider the biases and limitations associated with PCR-based
methods and to carefully choose primer pairs to optimize the
taxonomic resolution and richness of the analysis. Future
research should continue to explore the use of metabarcoding
in uncovering the hidden diversity of entomopathogenic fungi
and improving our understanding of their ecological functions
in soil ecosystems.
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Sequence processing for metabarcoding

Metabarcoding studies utilize high-throughput sequencing
technologies to generate large volumes of short DNA
sequences from multiple samples simultaneously. This
approach has proven to be a powerful tool for assessing
biodiversity and community structures in various ecosystems,
including aquatic environments (Yamamoto et al., 2017; Lobo
et al., 2017) 3% 51, The sequence processing workflow for
metabarcoding typically involves several steps, which we will
discuss in the context of QIIME 2, a widely used bioinformatics
tool (Curd et al., 2019) B,

The first step in the sequence processing workflow is quality
control and denoising. This involves removing low-quality
reads, trimming adapter sequences, and filtering out
contaminants to ensure the accuracy and reliability of the data
(Curd et al., 2019) 1, QIIME 2 provides various methods and
algorithms for quality control and denoising, such as DADAZ2,
a widely used tool for error correction and denoising of
amplicon sequence data (Curd et al., 2019) %,

The next step is sequence alignment and clustering. In this step,
the processed reads are aligned to a reference database to
identify similar sequences and group them into operational
taxonomic units (OTUs) or amplicon sequence variants (ASVSs)
(Curd et al., 2019) Bl. QIIME 2 offers several sequence
alignment and clustering algorithms, including VSEARCH and
Deblur, which can handle large datasets efficiently (Curd et al.,
2019) b1,

After sequence alignment and clustering, taxonomic
classification is performed to assign taxonomic labels to the
OTUs or ASVs. This step involves comparing the sequences
against a reference database containing known taxonomic
information (Curd et al., 2019) Bl QIIME 2 integrates with
various taxonomic classification tools, such as SILVA and
Greengenes, to provide accurate taxonomic assignments (Curd
etal., 2019) I,

Abundance filtering and rarefaction are essential steps to
normalize the data and account for differences in sequencing
depth between samples. Abundance filtering removes low-
abundance OTUs or ASVs that may be noise or artifacts. At the
same time, rarefaction subsamples the data to an even
sequencing depth to ensure comparability between samples
(Curd et al., 2019) Bl. These steps help to reduce biases
introduced by variations in sequencing depth and improve the
accuracy of downstream analyses.

Diversity analysis is a crucial step in metabarcoding studies, as
it provides insights into the composition and structure of the
microbial or organismal communities. Various diversity
metrics, such as alpha diversity (within-sample diversity) and
beta diversity (between-sample diversity), can be calculated to
assess the richness, evenness, and similarity of the
communities (Curd et al., 2019) Bl. QIIME 2 offers a range of
diversity analysis tools, including alpha rarefaction, beta
diversity metrics (e.g., Bray-Curtis dissimilarity), and
visualization techniques (e.g., principal coordinate analysis)
(Curd et al., 2019) 51,

Visualization is an essential component of the sequence
processing workflow, as it allows for the exploration and
interpretation of the results. QIIME 2 provides interactive and
customizable visualization tools, such as Emperor, which
enables the visualization of beta diversity results in three-
dimensional space (Curd et al., 2019) I, These visualization
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techniques aid in identifying and characterizing
entomopathogenic fungi in soil samples, as they allow for the
visual representation of community structures and patterns.
Figure 4 shows a taxonomic abundance profile from a soil
sample resolved from metabarcoding.

The sequence processing workflow for metabarcoding studies
using QIIME 2 involves quality control and denoising,
sequence alignment and clustering, taxonomic classification,

ISSN NO: 2583-1917

abundance filtering and rarefaction, diversity analysis, and
visualization. These steps enable the identification and
characterization of entomopathogenic fungi in soil samples and
the assessment of biodiversity and community structures in
various ecosystems. QIIME 2 provides a comprehensive suite
of tools and algorithms to facilitate each workflow step,
ensuring accurate and reliable analysis of metabarcoding data
(Curd et al., 2019) I,
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Fig 4: Metabarcoding result of the fungal community from a pasture and forest soil sample

Conclusions

Metabarcoding and  metagenomics techniques have
revolutionized the study of entomopathogenic fungi in soil
samples. Soil DNA extraction techniques enable efficient
recovery of high-quality DNA, while shotgun metagenomics
provides a comprehensive view of microbial communities,
including entomopathogenic fungi. ITS, a barcode for
metabarcoding, offers a powerful tool for identifying and
quantifying fungal taxa in diverse environments. These
approaches and robust sequence analysis pipelines have
improved our understanding of the diversity, ecology, and
potential applications of entomopathogenic fungi. Future
advancements in these methodologies hold great promise for
further unravelling the complex dynamics and interactions
involving entomopathogenic fungi in soil ecosystems.
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