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Abstract: Trichoderma species are widely used as
biological agents to control plant diseases. Chitinases
are crucial in mycoparasitism and defense against
other fungi or arthropods. In this study, we evaluated
41 amino acid sequences related to the Chit18-5 gene
from four sections and 15 Trichoderma species. The
conserved domains, motifs, and phylogenetic tree
were analyzed using the InterProScan database,
COBALT tool, MEME V5.5.1 software, ClustalW
algorithm, and MEGA1l software. The results
showed that the gene region under investigation can
effectively distinguish different Trichoderma species
and is an effective tool for optimizing biocontrol
strategies. This study highlights the potential of
exploring genetic diversity as a means of identifying
new solutions for managing pests and diseases in
agriculture. The putative motifs of chitinase proteins
identified in this study may participate in
Trichoderma antagonistic activities.
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INTRODUCTION

Biological agents such as Trichoderma species are
frequently employed to manage plant diseases
(Mukherjee et al. 2022). By combining
mycoparasitism, antibiosis, induced defense response
(IDR), and competition, Trichoderma spp. aid in the
disease's suppression (Sharma et al. 2017). The
capacity of some species to parasitize other plant-
pathogenic fungi sparked the initial investigation into
the potential use of Trichoderma in biological control
(Weindling 1932). Glucanases, chitinases, and
proteases are recognized as important enzymes in
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mycoparasitism (Cortes et al. 1998, Vazquez-
Garciduenas et al. 1998, Carsolio et al. 1999),
because the cell wall of true fungi is made up of
glucans, chitin, and proteins (Gow et al. 2017, Ruiz-
Herrera & Ortiz-Castellanos 2019, Garcia-Rubio et al.
2020).  Furthermore, p-1,4-linked  N-acetyl-D-
glucosamine  (GIcNAc) monomers form the
renewable polymer known as chitin, which is the
second most prevalent polysaccharide in nature. It is
an important part of the exoskeleton of arthropods
and the cell walls of fungi. Enzymes called chitinases
(EC 3.2.1.14) hydrolyze the bonds that hold GIcCNAc
residues together. According to Karlsson & Stenlid
(2008), they are essential for a variety of biological
processes, such as autolysis, hyphal development,
branching, and cell wall remodeling during spore
germination and constriction. In order to supply
nutrients and engage in an aggressive pattern of
competition and defense against other fungi or
arthropods, they also break down exogenous chitin
found in the hyphal cell wall or the exoskeleton of
arthropods. They accomplish this by Kkilling their
fungal prey and then feeding on the contents of the
dead cells (Karlsson & Stenlid, 2008, Seidl-Seiboth et
al. 2014, Seidl 2008). Because chitinases are involved
in defense responses against infections, previous
research on them has mostly concentrated on gene
cloning and transformation, particularly with regard
to the ech-42 gene (Bolar et al. 2000, De La Cruz et
al. 1992, Emani et al. 2003, Garcia et al. 1994,
Gentile et al. 2007). However, recent advances in
genomic analyses have expanded our understanding
of chitinase genes and their classification models for
filamentous fungi. For instance, Seidl et al. (2005)
used the T. reesei QM6a genome as a reference to
describe the first genome-wide investigation of fungal
chitinase genes. They identified eighteen chitinases
that were phylogenetically categorized into A, B, and
C, each of which was further subdivided into many
subgroups. Among fungal taxa, the size of the
chitinase gene family varies significantly. For
instance, while Schizosaccharomyces pombe has only
one chitinase gene, Trichoderma virens has as many
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as 36 (Karlsson & Stenlid 2008, Kubicek et al. 2011).
It is noteworthy that every fungal chitinase that has
been identified solely falls under the glycoside
hydrolase (GH) family 18 (Seidl et al. 2005). Each
year, insect pests and plant-pathogenic fungi seriously
harm crops. Fortunately, genera in the order
Hypocreales, including Beauveria, Metarhizium, and
Trichoderma, are effective mycoparasites that inhibit
these pests (Shah & Pell 2003, Woo et al. 2014).
Alternatives to fungicides that are safe, long-lasting,
effective, and environmentally friendly are becoming
more and more necessary in modern agriculture. In
order to fulfill this requirement, these biological
resources have been used as biocontrol agents in
agriculture (Wang & Zhuang 2019, Wang & Zhuang
2020). Chitinases play a crucial role in the initial
stage of mycoparasitic infections, which involves the
lysis of the host cell wall (Herrera-Estrella & Chet
2003, Howell 2003, Druzhinina et al. 2011).
Interesting concerns about the evolution of this
significant gene family are raised by the expansion
and contraction of the chitinase gene family as well as
the molecular mechanisms underpinning these
changes. Recent research has shown that
mycoparasitic fungal species have higher levels of
group B and group C chitinases, although their amino
acid sequences have a low degree of conservation.
According to these results, evolutionary paths should
become more diverse (Seidl-Seiboth et al. 2014,
Ihrmark et al. 2010). Through a bioinformatics
analysis of the amino acid sequences of the Chit18-5
protein, this study intends to use genomic information
to analyze the relationship between chitinases and the
mycoparasitic lifestyle of Trichoderma species.

MATERIALS AND METHODS

In this study, were evaluated 41 amino acid sequences
related to the Chit18-5 gene from four sections and 15
Trichoderma species (Table 1S). Sequences of 100-
400 amino acids were received in FASTA file format
from the UniProtKB protein bank (Coudert et al.
2023). The conserved domains in this gene region
were checked by using the InterProScan database and
COBALT tool in the NCBI database (Papadopoulos
& Agarwala 2007, Jones et al. 2014). Identifying
protected motifs and determining the position of these
motifs in domains, using MEME V5.5.1 software
with default parameters, including choosing motifs
regardless of the frequency of repetition, identifying a
maximum of 10 motifs and the lowest and the
analysis focused on the maximum length of motifs,
which were between 6 and 50 amino acids long
(Bailey et al. 2015). The amino acid sequences were
aligned using the Clustalw algorithm and the
Neighbor-Joining tree was drawn with MEGA11l
software (Tamura et al. 2021). The strength of the
internal branches of the resulting trees was tested with
bootstrap (BS) analysis using 1000 replications
(Felsenstein  1985). In addition, the amino acid
sequences were translated into nucleotide sequences
using the tblastn tool in the NCBI gene bank, and the

nucleotide sequences with the highest percentage of
similarity were received in FASTA file format. The
nucleotide sequences were aligned using the
Clustalw algorithm and the phylogeny tree was
drawn as above mentioned. To root the phylogenetic
tree, the amino acid and nucleotide sequence of
Trichoderma atroviride related to the Chitl18-3 gene
was used as the outgroup taxa.

RESULTS AND DISCUSSION

Assessing the gene region related to Chitl8-5 by
using the InterProScan database showed that there are
three to five conserved domains in the amino acid
sequences associated with this gene region (Table 1),
and these domains were confirmed in the sequences
that were evaluated (Fig. 1). Furthermore, the
presence of domains was confirmed using the
COBALT tool in the NCBI database (Fig. 2). The
results of the assessment of sequences with MEME
V5.5.1 software revealed two to nine different motifs
in all the amino acid sequences that were evaluated.
The differences in the positions of these motifs led to
the separation of the sequences. The identified motifs
and their distribution in the amino acid sequences
investigated in this research are shown in Fig.s 3 and
4. The abundance of each amino acid indicates its
prevalence in the related motif. Our results reveal the
presence of diverse domains and motifs within the
gene region associated with chitinase enzymes across
Trichoderma species, both intra- and inter-species.
Two phylogenetic trees were constructed using amino
acid (Fig. 5) and nucleotide (Fig. 6) sequences.
Examining of both trees demonstrated a clear
separation of species, with those sharing the same
name clustering (Fig. 5). Furthermore, the evaluated
species in this study were classified into four sections
of the Trichoderma genus, namely Harzianum and
Virens,  Longibrachiatum,  Pachybasium, and
Trichoderma, based on their placement in the
respective sections. The findings suggest that the gene
region under investigation can effectively distinguish
these sections.

Trichoderma atroviride, related to the Chit18-3 gene,
was assigned as the outgroup taxa. The results
showed that the separation was done correctly due to
the difference between these two gene regions, and
the tree was rooted accordingly. The alignment of
chitinase proteins indicated that this gene region is
highly conserved, particularly in its domains, and has
a relatively similar structure across different
Trichoderma  species. Upon examining both
phylogenetic trees, it was observed that, in most
cases, the order of species placement was consistent
between the two trees.

Trichoderma species are notoriously difficult to
identify morphologically due to their high diversity.
As a result, molecular methods have been employed
in various studies for species identification
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In this research, two phylogenetic trees were
compared, revealing that chitinase proteins-
specifically the Chit18-5 gene region - exhibit greater
inter-species diversity than intra-species diversity.
This can be attributed to the presence of conserved
domains within the protein. The results suggest that
the gene region studied is an effective tool for
distinguishing  between different  Trichoderma
species.

The results of this study highlighting the diversity in
amino acid sequences of the Chitl8-5 gene region
among many Trichoderma species may have
significant practical implications for the agricultural
sector. One of the most significant biopolymers found
in nature is chitin, which is mostly produced by
nematodes, arthropods, and fungi. It serves as a
scaffold in insects, supporting the peritrophic
matrices that line the intestinal epithelium as well as
the cuticles of the trachea and epidermis. Growth and
morphogenesis in insects are exclusively dependent
on their ability to reorganize structures that include
chitin. In several tissues, insects continuously
manufacture chitin  synthases and chitinolytic

Table 1. The list of identified domains by using InterProScan

enzymes for this reason. Strict control of the involved
enzymes is necessary for the coordination of chitin
synthesis and degradation during development
(Merzendorfer & Zimoch 2003). In true fungi such as
Ascomycota, Basidiomycota, and Chytridiomycota
cell walls are usually based on glucans and chitin, and
also the fibers are chitin microfibrils, i.e. bundles of
linear b-(1,4)-linked N-acetylglucosamine chains
(Webster & Weber 2007). There is strong evidence
that wall-lytic enzymes like chitinases and glucanases
have an impact on the softness of the apical cell wall
(Fontaine et al. 1997, Horsch et al. 1997). It has been
demonstrated that the wall of resting spores contains
chitin and is notably thick (Moxham & Buczacki
1983). The enzyme EC 3.2.1.14 - chitinase binds to
chitin. It randomly cleaves glycosidic linkages in
chitin and chitodextrins in a non-processive mode,
generating chitooligosaccharides and free ends on
which exo-chitinases and exo-chitodextrinases can act
(Rottloff et al. 2011). Not all Trichoderma strains can
exhibit strong antagonistic effects against pathogens
(Liu et al. 2022).
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All sequences
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Fig. 1. The structure of identified domains by using InterProScan
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NCBI Multiple Sequence Alignment Viewer, Version 1.23.1
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Fig. 2. The structure of identified domains by using the COBALT tool
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Fig. 3. Motif logo in amino acid sequences by MEME software; the size of each amino acid in a motif indicates its

relative abundance.
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Name
AOA024HW81
AOA024HWCE
AOA024HWC2
AO0A024HWBS
AOA024HVJ3
AOA024HWB6
AOA024HW54
AOA024HVT7
AO0A024HVI2
AOA024HW52
E5F5K9
E5F5L3
E5F5L4
G9FLF9
GYFLG2
GOFLG6
G9FLG8
GYFLC5
E5F5NO
G9FLD8
G9FLEO
AQA024HVI4
AQA024HVI7
AOA024HVI9
AO0A024HVU1
B8X9T5
GO0ZPCO
AOAOB5ABQO
AOAOB5AFG4
K4GDR2
K4GJCO
K4GFO7
K4GFZ8
D2DPP2
D2DPQ6
D2DPP3
AOAOB5AEMS8
AOAOB5AGS0O
AQA024HVS7
AOA024HVH8
AO0A024HVT2
Q2Y0V8

p-value
4.73e-257
3.56e-257
2.73e-259
1.33e-276
2.56e-216
3.91e-202
5.01e-287
2.74e-301
5.44e-276
6.76e-249
5.31e-289
2.97e-292
8.38e-287
6.82e-228
2.53e-293
1.59e-294
2.65e-254
9.71e-286

5.51e-39
1.77e-227
1.35e-264
1.03e-272
2.72e-278
7.94e-168
1.19e-220
1.54e-274
1.88e-274
2.53e-277
1.38e-259
2.41e-279
3.82e-264
1.22e-278
1.17e-278
1.04e-277
1.13e-277
1.04e-277
9.63e-264
1.13e-263
5.50e-262
1.21e-236
1.77e-262

5.23e-23
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Fig. 4. Analysis of motifs in amino acid sequences and distribution of identified motifs by MEME software
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83 — AOA024HW81 Trichoderma bissettii
AO0A024HWCG6 Trichoderma bissettii
AOA024HWC2 Trichoderma bissettii
AO0A024HWBS8 Trichoderma longibrachiatum
AO0AQ024HVJ3 Trichoderma longibrachiatum
AO0A024HWBS6 Trichoderma longibrachiatum
AO0A024HWS54 Trichoderma orientale

— AOAQ024HVT7 Trichoderma orientale
66 AO0A024HVI2 Trichoderma orientale
72 { A0A024HWS2 Trichoderma orientale
— E5F5K9 Trichoderma parareesei

o7 { E5F5L3 Trichoderma parareesei

95 E5F5L4 Trichoderma parareesei

G9FLF9 Trichoderma ghanense
G9FLG2 Trichoderma ghanense
o 04 G9FLG6 Trichoderma ghanense
G9FLGB8 Trichoderma ghanense

86 G9FLC5 Trichoderma saturnisporum

E5F5NO Trichoderma saturnisporum

95 G9FLD8 Trichoderma pseudokoningii
G9FLEO Trichoderma pseudokoningii
m AOA024HVI4 Trichoderma citrinoviride
AO0A024HVI7 Trichoderma citrinoviride
AO0A024HVI9 Trichoderma citrinoviride
98 AO0AQ024HVU1 Trichoderma citrinoviride
99 B8X9TS Trichoderma parapiluliferum
GOZPCO Trichoderma parapiluliferum

190 AOAOB5ABQO Trichoderma viridescens

% AOAOBS5AFG4 Trichoderma viridescens

K4GDR2 Trichoderma strigosum
92

—

K4GJCO Trichoderma strigosum
99 K4GFO07 Trichoderma strigosellum

{ K4GFZ8 Trichoderma strigosellum
{ D2DPP2 Trichoderma lixii

D2DPQ6 Trichoderma lixii

L— D2DPP3 Trichoderma lixii
9 AOAOB5AEMS8 Trichoderma velutinum
* AOAOBS5AGSO0 Trichoderma velutinum
AOA024HVS7 Trichoderma harzianum
4& AOA024HVHS8 Trichoderma harzianum
AOA024HVT2 Trichoderma harzianum

Q2Y0V8 Trichoderma atroviride chi18-3

Fig. 5. Phylogenetic tree of 41 amino acid sequences in different Trichoderma species by using MEGA11 software,
Neighbor-Joining method, and Bootstrap analysis with 1000 replications
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98

86

EU401543.1/A0A024HWB6 Trichoderma longibrachiatum
64 HG931306.1/A0A024HVJ3 Trichoderma longibrachiatum
99 HG931304.1/A0A024HWBS Trichoderma longibrachiatum
HG931328.1/A0A024HWC2 Trichoderma bissettii
10010 HG931330.1/A0A024HW81 Trichoderma bissettii
HG931324.1/A0A024HWC6 Trichoderma bissettii

HG931286.1/A0A024HVI2 Hypocrea orientalis

HG931285.1/A0A024HWS52 Trichoderma orientale
+-|7: HG931287.1/A0A024HVT7 Trichoderma orientale
6

HG931290.1/A0A024HW54 Trichoderma orientale

HM182992.1/E5F5K9 Trichoderma parareesei
- i HM182989.1/E5F5L3 Trichoderma parareesei
100 HM182993.1/E5F5L4 Trichoderma parareesei

98 JN175462.1/GOFLCS Trichoderma saturnisporum

HM183009.1/E5F5NO0 Trichoderma saturnisporum

100 HM183010.1/G9FLD8 Trichoderma pseudokoningii
JN175477.1/GOFLEOQ Trichoderma pseudokoningii

% HG931292.1/A0A024HVU1 Trichoderma citrinoviride
HG931301.1/A0A024HVI9 Trichoderma citrinoviride

& HG931295.1/A0A024HVI14 Trichoderma citrinoviride

74 HG931296.1/A0A024HVI7 Trichoderma citrinoviride

JN175505.1/GOFLG8 Trichoderma ghanense

JN175500.1/GOFLG6 Trichoderma ghanense
JN175497.1/GOFLF9 Trichoderma ghanense

65 JN175506.1/GOFLG2 Trichoderma ghanense
JF317561.1/B8X9T5 Trichoderma parapiluliferum
FJ179594.1/GOZPCO0 Trichoderma parapiluliferum
KP009520.1/AOAOB5ABQO Trichoderma viridescens
KP009522.1/AOAOB5AFG4 Trichoderma viridescens
JQ425736.1/K4AGDR2 Trichoderma strigosum
JQ425730.1/K4GJCO Trichoderma strigosum
JQ425735.1/K4GF07 Trichoderma strigosellum
JQ425733.1/KAGFZ8 Trichoderma strigosellum
KP009456.1/AOAOBSAEMS Trichoderma velutinum
KP009458.1/AOAOB5AGSO0 Trichoderma velutinum
HG931276.1/A0A024HVHS8 Trichoderma harzianum
HG931282.1/A0A024HVT2 Trichoderma harzianum
HG931277.1/A0A024HVS7 Trichoderma harzianum
FJ623082.1/D2DPP3 Trichoderma lixii
FJ623081.1/D2DPP2 Trichoderma lixii
FJ623099.1/D2DPQ6 Trichoderma lixii

XM 014082658.1 Trichoderma atroviride CHI18-3

Fig. 6. Phylogenetic tree of 41 nucleotide sequences resulting from tblastn chitinase protein sequences in different

Trichoderma spp. by using MEGAL11 software, Neighbor-Joining method, and Bootstrap analysis with 1000

replications
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The ability to distinguish between other
Trichoderma species using this gene region
could be a valuable tool for the identification of
strong species optimizing biocontrol strategies
and selecting the most effective Trichoderma
strains for specific crop pests and diseases.
Furthermore, these findings could also lead to
further research exploring the evolutionary
mechanisms behind the diversification of the
Chit18-5 gene family and their relationship with
mycoparasitism and other biological processes.
The putative motifs of chitinase proteins
identified in this study may participate in
Trichoderma antagonistic activities. It has been
shown that some proteins participate in plant
defense pathways related to Trichoderma
effector functions. In maize and cotton, for
example, reactive oxygen species buildup and
pathogen-related gene expression responses are
induced by cerato-platanin proteins Sm1 from T.
virens and its homolog Epll from T. atroviride
(Seidl et al. 2006). This could shed light on new
approaches for developing more effective
biocontrol agents against plant pathogens and
insect pests. Overall, this study highlights the
potential of exploring genetic diversity as a
means of identifying new solutions for managing
pests and diseases in agriculture. By
understanding the genetic mechanisms behind
biocontrol agents like Trichoderma, we can
develop targeted and sustainable strategies for
enhancing crop Yields and protecting the
environment by reducing the usage of chemical
fungicides and pesticides. As stated by Bononi et
al. (2020), the biological control strategy
primarily consists of the synthesis of particular
chemicals and the wuptake of specific
micronutrients to plants in order to enhance
defense and improve plant growth.
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