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produce bioactive secondary metabolites, the Sordariomycetes—a diverse and
expansive class of filamentous Ascomycota—are of great interest. This class
exhibits significant taxonomic diversity, encompassing a diversity of ecological
roles, such as plant pathogenicity, endophytic association, saprophytic
decomposition, and symbiotic interactions, all of which play key roles in
nutrient cycling and ecosystem dynamics. Taxonomically, perithecial ascomata
and unitunicate asci constitute the primary diagnostic traits of the
Sordariomycetes, with recent molecular phylogenetic studies refining their
classification and revealing evolutionary relationships among genera and
families. Many members of this class are prolific producers of secondary
metabolites with applications in industry, agriculture, and medicine. Extensive
research has been conducted on genera such as Fusarium, Hypoxylon,
Chaetomium, and Xylaria for their ability to synthesize bioactive compounds,
including antibiotics, antifungals, anticancer agents, and immunosuppressants.
Therefore, this review underscores the importance of further investigation into
understudied taxa to discover novel bioactive compounds for future applications
while also highlighting the taxonomic framework, ecological roles, and
biotechnological potential of selected Sordariomycetes taxa.

Published by Arab Society for Fungal Conservation

Introduction

termed unitunicate (Lumbsch 2000,
Maharachchikumbura et al. 2016).

Sordariomycetes is a significant class within the phylum
Ascomycota, distinguished by its non-lichen-forming
nature and the presence of flask-shaped fruiting bodies,
known as perithecia. In some cases, cleistothecia, which
are closed, spherical fruiting bodies, also be observed
(Zhang et al. 2006). The asci, structures that contain the
sexual spores, are characterized by a single wall, a feature

The Sordariomycetes are globally distributed, with a
significant prevalence in terrestrial habitats. Despite their
terrestrial prevalence, a discernible proportion of
sordariomycetes are also observed to flourish in aquatic
habitats (Cai et al. 2000, Jones et al. 2015a, Tsui & Hyde
2004). Recent advancements in genome sequencing
technologies and the sophisticated analysis of omics data
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have significantly empowered comparative studies
among fungi. These advancements have subsequently
provided novel perspectives on the evolutionary of these
organisms (Nagy et al. 2016, Blanchette et al. 2017,
Amrani et al. 2019, Sagita et al. 2021).

Comparative genomics has made a significant
contribution to our understanding of fungal evolution and
diversity. By continuing to compare the genomes of
different fungal species, researchers will continue to
make new discoveries (James et al. 2020).
Sordariomycetes fungi exhibit a remarkable diversity in
their ecological roles. They can be found as saprotrophs,
breaking down dead organic matter, or as endophytes,
living within plant tissues. Some species are parasites of
plants, animals, or even other fungi. Additionally, they
can act as opportunistic pathogens in humans and play a
beneficial role as biocontrol agents. The Sordariomycetes
are further distinguished by their production of a
multitude of secondary metabolites, each demonstrating
a variety of biological effects (Charria-Girdn et al. 2022).
Within the Sordariomycetes class, several orders,
including Diaporthales, Glomerellales, Hypocreales,
Microascales, Ophiostomatales, Phyllachorales, and
Xylariales, contain a significant number of
phytopathogenic fungi. These fungi cause a wide range
of diseases affecting leaves, stems, and roots of various
host plants (Zhang & Wang 2015). Beyond their role as
plant pathogens, the Sordariomycetes class also
encompasses a diverse group of endophytes. These fungi
reside within the tissues of seemingly healthy plants
without causing immediate harm. Numerous studies
investigating endophytic fungi in plant foliage have
consistently revealed Sordariomycetes as one of the most
isolated fungal classes (Mossa et al. 2024). This finding
highlights the significant ecological role and prevalence
of Sordariomycetes within plant-associated fungal
communities (Arnold & Lutzoni 2007). Among the
Sordariomycetes, the most extensively researched
endophytic fungi belong to the orders Glomerellales (e.g.
Colletotrichum), Xylariales (e.g. Nemania, Xylaria), and
Hypocreales (e.g., Balansia, Epichloé).

Host plants colonized by these endophytes typically
exhibit a suite of positive phenotypic alterations
(Promputtha et al. 2005). Sordariomycetes encompasses
a diverse array of species, exhibiting a spectrum of
interactions ranging from antagonism (parasitism) to
mutualism  (beneficial  symbiosis). Within  the
Hypocreales order, several genera, notably Cordyceps
and Torrubiella, are renowned for their parasitic nature.
These fungi directly parasitize a wide range of
arthropods, including insects, spiders, and other
invertebrates. This parasitic lifestyle highlights the
significant role of certain Sordariomycetes in regulating
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arthropod populations within ecosystems (Sung et al.
2007, Maharachchikumbura et al. 2012, Hyde et al. 2016,
Sun et al. 2019). Certain members of the Sordariomycetes
class, particularly those within the orders Hypocreales,
Ophiostomatales, and Microascales, have been identified
as opportunistic pathogens capable of causing infections
in humans and other animals. Notable examples include
Sporothrix schenkii and species from theFusarium solani
complex (O’Donnell et al. 2010). In agricultural settings,
Trichoderma species have been employed, both alone
and in integrated strategies with other biocontrol agents,
to achieve plant disease control. This approach offers a
sustainable alternative to the use of synthetic pesticides
(Harman et al. 2004, Hyde et al. 2019). Saprobic
Sordariomycetes play a vital role in the breakdown of
organic matter and the recycling of nutrients within
ecosystems. These fungi are actively involved in the
decomposition of various plant materials, including
wood, herbaceous stems, and dung (Prados-Rosales et al.
2012, Zhang & Wang 2015, Ariyawansa et al. 2015, Li et
al. 2016a).

Fungi are gaining recognition as a significant source
of novel bioactive compounds (Abo Nahas et al. 2023,
Aziz & Abdel-Azeem 2024, Mansour et al. 2025),
exhibiting an exceptional ability to produce a diverse
range of structurally distinct secondary metabolites with
promising pharmaceutical applications. To date, only a
small fraction (approximately 7%) of fungal species has
been thoroughly investigated for their secondary
metabolite chemistry. This suggests that a vast reservoir
of undiscovered bioactive compounds likely exists within
the fungal kingdom, awaiting exploration and
characterization. This understudied aspect of fungal
biology presents a significant opportunity for drug
discovery and development (Knowles et al., 2022).
Sordariomycetes are renowned for harboring species that
produce some of the most significant fungal secondary
metabolites (Maharachchikumbura et al. 2016). The
statement highlights a fascinating aspect of fungal
biology: the intricate link between evolutionary history
and the production of secondary metabolites, and the vast
potential for undiscovered compounds within even well-
studied species (Atanasov et al. 2021). The broad
spectrum of secondary metabolite production within
Sordariomycetes signifies their considerable potential for
biotechnological exploitation and their critical role in
diverse facets of human existence. There are some
promising genera are producing secondary metabolites
such as Diaporthe (Diaporthales) (Brady et al. 2000);
Acremonium, Fusarium, and Trichoderma (Hypocreales)
(Bills & Gloer 2016); Chaetomium, Sordaria,
Neurospora (Sordariales) (Charria-Giron et al 2022);
Xylaria (Xylariales) (Becker & Stadler 2021).
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Therefore, this review aims to: (1) summarize the
taxonomic history and modern classification of
Sordariomycetes, and (2) provide a comprehensive
survey of novel secondary metabolites reported from key
genera within the major subclasses, highlighting their
chemical diversity and biological activities.

Sordariomycetes Taxonomic History

Sordariomycetes, a class of considerable magnitude
within the Ascomycota, encompasses a vast diversity of
species. Advances in molecular phylogeny have
necessitated multiple revisions to the classification of this
class, reflecting the intricate evolutionary relationships
within ~ this group (Hyde et al. 2021,
Maharachchikumbura et al. 2015a, 2016). The
classification of the Sordariomycetes has undergone
significant revisions in recent decades. Prior taxonomic
efforts within this class, notably those conducted by (Barr
1983, 1990) and (Eriksson & Hawksworth 1986 1993),
primarily utilized morphological traits for classification,
a method constrained by the limited understanding of
many constituent taxa. These initial efforts focused
heavily on the classification of sexual morphs, utilizing
morphological features to group related species.
However, the advent of molecular phylogenetic analyses
has revolutionized our understanding of fungal
relationships. The incorporation of molecular data, such
as DNA sequences, has led to substantial revisions of the
Sordariomycetes classification.

While morphological characters remain important
for fungal identification, molecular techniques, such as
DNA sequencing, have become indispensable tools for
resolving  taxonomic  uncertainties  within  the
Sordariomycetes. The SSU and LSU techniques have
contributed significantly to the elucidation of the
diversity and evolutionary relationships within this
important fungal class (Berbee & Taylor 1992, Spatafora
1995). The classification of Sordariomycetes sexual
morphs underwent further refinement in studies
conducted by (Lumbsch & Huhndorf 2007, Lumbsch &
Huhndorf 2010), integrating morphological
characteristics with available phylogenetic data. The
historical reliance on SSU (Small Subunit) and LSU
(Large Subunit) techniques data for fungal phylogenetic
studies has been augmented by the utilization of protein-
coding genes, which has significantly enhanced the
resolution of Sordariomycete relationships, thereby
facilitating a more accurate and nuanced understanding
of their evolutionary development (Schoch et al. 2009a,
Tang et al. 2007, Tang et al. 2009).

The first classification of Sordariomycetes that
incorporated both asexual and sexual states, partially
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based on molecular data, was published by previous
reports (Maharachchikumbura et al. 2015a, 2016). Later,
Hongsanan et al. (2017) use of divergence time
estimation provided independent support for the current
classification of orders and families within the class.
Eriksson and Winka (1997) established the initial
subclassification of Sordariomycetes into
Hypocreomycetidae, Xylariomycetidae, and
Sordariomycetidae, primarily relying on ascoma
morphology, specifically perithecial structure, the
presence of paraphyses (hair-like structures within the
ascoma), and ascus morphology. The use of protein-
coding genes has proven particularly valuable in
resolving the complex evolutionary relationships within
this diverse fungal class. Ongoing research continues to
refine our understanding of Sordariomycetes
classification, leading to a more accurate and robust
representation of their evolutionary history (Schoch et al.
2009a). Multilocus phylogenetic data supports the
classification of Xylariomycetidae as the most ancestral
group within Sordariomycetes, comprising a single order.
This is followed by a derived, monophyletic group that
includes the five orders of Hypocreomycetidae and the
eight orders of Sordariomycetidae (Schoch et al. 2009a,
b). Maharachchikumbura et al. (2015b) utilized a
concatenated  dataset comprising  morphological
character states and nucleotide sequences from RPB2
(RNA polymerase II subunit 2), TEF (elongation factor-
1 alpha), SSU, and LSU to conduct a systematic revision
of the Sordariomycetes, culminating in the establishment
of the Lulworthiomycetidae, Diaporthomycetidae, and
Meliolomycetidae as novel subclasses.

At that time, Sordariomycetes comprised 28 orders,
90 families and 1,344 genera. A comprehensive
classification scheme for Sordariomycetes was
developed by Maharachchikumbura et al. (2016)
delineating six distinct subclasses, thirty-two orders, one
hundred and five families, and a total of one thousand
three hundred and thirty-one genera.

Modern Classification of Sordariomycetes

The statement underscores the importance of
considering the potential impact of convergent evolution
when classifying Sordariomycetes. Relying solely on
morphological similarities can be misleading, and it is
crucial to incorporate robust phylogenetic analyses based
on multiple genes to accurately reflect the evolutionary
relationships within this diverse fungal class (Huhndorf
et al. 2004, Mardones et al. 2017). The determination of
higher-level phylogenetic relationships within the
Sordariomycetes necessitates a rigorous phylogenetic
methodology that integrates data from numerous
genomic loci. This multi-locus strategy is essential to
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mitigate the inherent constraints of single-gene analyses
and to yield a more precise reconstruction of the
evolutionary trajectory of this heterogeneous fungal
group (Hongsanan et al. 2017, Hyde et al. 2020,
Maharachchikumbura et al. 2015b, 2016, Zhang et al.
2006). Phylogenetic analyses of Sordariomycetes are
currently conducted using a core set of four genetic
markers, namely, partial sequences of the nuclear SSU
rRNA, TEF, nuclear LSU rRNA, and RPB2. However,
these loci exhibit notable limitations and fail to deliver
adequate phylogenetic resolution to robustly support the
classification of families within Sordariomycetes (Jiang
et al. 2020, Sun et al. 2021, Samarakoon et al. 2022).
Recent progress in developing a natural
classification for Sordariomycetes has involved the
reclassification of the phylum. This has included the
division of polyphyletic families and the introduction of
several new families to better represent the evolutionary
history of the group (Marin-Felix et al. 2020, Huang
2021). Since the reorganization, the number of newly
described orders and families within Sordariomycetes
has steadily increased, highlighting the growing
recognition of their taxonomic complexity and ecological
importance (Sun et al. 2021, Sugita & Tanaka 2022,
Magyar et al. 2022). Significant taxonomic expansion
within the Sordariomycetes is apparent, as reflected by
the shift from a 2016 classification of six subclasses, 32
orders, 105 families, and 1,331 genera, to the present
organization comprising seven subclasses, 45 orders, 167
families, and 1,499 genera, including 308 genera
classified as incertae sedis (Hyde et al. 2021). Based on
the latest classification by Wijayawardene et al. (2022),
the class Sordariomycetes is now organized into seven
subclasses: Diaporthomycetidae, Sordariomycetidae,

Hypocreomycetidae, Pisorisporiomycetidae,
Lulworthiomycetidae, Savoryellomycetidae, and
Xylariomycetidae, along with 46 orders, and 172 families
(Fig. 1).

Species within Diaporthomycetidae inhabit both
aquatic and terrestrial environments, functioning as
saprobes, pathogens, or endophytes (Hongsanan et al.
2017). (Maharachchikumbura et al. 2015a) previously
classified this subclass as an independent lineage, distinct
from Sordariomycetidae. It currently contains 15 orders
and 65 families (Hyde et al. 2017). The monophyly of
Hypocreomycetidae has been validated through recent
molecular phylogenetic investigations, confirming its
status as a coherent subclass (Lumbsch and Huhndorf
2010). Fungal species within this subclass exhibit diverse
life strategies, with many members known as plant,
animal and human pathogenic species. It comprises 8
orders and 39 families. Lulworthiomycetidae consists of
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saprobic that decompose wood, sea grasses and marsh
plants, as well as parasitic species that infect algae.
Following a taxonomic revision by Maharachchikumbura
et al. (2015a), the subclass Lulworthiomycetidae was
established, encompassing the orders Koralionastetales
and Lulworthiales, and their respective families,
Koralionastetaceae and Lulworthiaceae, as documented
in (Dayarathne et al. 2019). Pisorisporiomycetidae
species are saprobic on submerged wood or driftwood
(Hyde et al. 2017). Pisorisporiomycetidae is proposed as
a new subclass containing one order Pisorisporiales,
family  Pisorisporiaceae and the two genera
Achroceratosphaeria and Pisorisporium (Réblova et al.,
2015). Species within the Savoryellomycetidae
demonstrate a strong association with submerged wood
in aquatic habitats, with sporadic reports of colonization
on terrestrial woody plants (Jones et al. 2015b).

Currently accommodates four orders,
Conioscyphales, Fuscosporellales, Pleurotheciales and
Savoryellales. This conclusion is supported by

phylogenetic analyses and divergence time studies,
which estimate the order’s stem age at approximately 268
million years ago (Hongsanan et al. 2017).
Sordariomycetidae species are coprophilous taxa and
associated within vertebrates and their ecological aspects
and biotechnological potential (Raghukumar 2008). They
have perithecia ranging in color from light to dark. Their
asci can be nonamyloid, amyloid, or devoid of apical
rings, and some members contain true paraphyses
(Schoch et al. 2009b). Sordariomycetidae represents the
earliest diverging subclass within Sordariomycetes,
comprising 8 orders and 19 families (Hyde et al. 2020).
Xylariomycetidae species are distributed worldwide with
dynamic nutritional relationships as saprobic, pathogenic
and endophytic species, and have dynamic nutritional
relationships with plants and animals
(Maharachchikumbura et al. 2016, Zhang et al. 2006).
Xylariomycetidae is a well-supported monophyletic
subclass accommodating three orders and 35 families
(Hyde et al. 2020).

Novel Secondary Metabolites from
Diaporthomycetidae
Genus Diaporthe

The genus Diaporthe (Diaporthaceae,

Diaporthales), is globally distributed. Its species function
as plant pathogens, endophytes, saprobes, and, in some
cases, pathogens of humans and other mammals (Gomes
et al. 2013). According to Wei et al. (2023), secondary
metabolites isolated from Diaporthe sp. exhibit diverse
chemical structures and a broad range of biological
activities, as illustrated in Figure 2.
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Fig 1. Schematic overview of the modern classification of Sordariomycetes showing the seven subclasses and their

respective orders (Wijayawardene et al. 2022).
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Fig 2. Secondary metabolites isolated from Diaporthe sp.

Diaporthe gulyae, a fungal strain under
investigation as a mycoherbicide targeting saffron thistle,
yielded two novel secondary metabolites, designated as
gulypyrone A (1) and phomentrioloxin B (2). The
compounds exhibited a mild phytotoxicity impact and
induced some necrosis in diverse weed and crop species
(Andolfi et al. 2015). Metabolomic analysis of Diaporthe
eres recovered from infected Hedera helix leaves
revealed the presence of two novel compounds,
specifically 3,4-dihydro-8-hydroxy-3,5-
dimethylisocoumarin (3) and tyrosol (4). These
compounds demonstrated phytotoxic effects on Lemna
paucicostata (Meepagala et al. 2018). Additionally,
diportharine A (5), a novel metabolite from
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a Diaporthe sp. endophyte isolated from Datura inoxia,
exhibited antioxidant activity, with an ECso=10.3 uM for
DPPH radical scavenging (Sharma et al. 2018).

From the endophytic Diaporthe pseudomangiferaea
residing within Tylophora ouata, seven previously
undescribed metabolites-mucorisocoumarin = A (6),
pestalotiopsone B (7), acetoxydothiorelone B (8),
dothiorelones B (9, 10, 11), and cytosporone D (12) were
isolated. Compounds 6-12 demonstrated significant anti-
fibrotic properties, evidenced by their ability to attenuate
TGF-B-mediated activation of MRC-5 human lung
fibroblasts at ICso =10 uM, with inhibition percentages
ranging from 17.4% to 62.9%. Additionally, cytosporone
D (12) exhibited a 63.3% inhibition of oxidative stress
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(Liu et al. 2018). Phyllostine acetate (13) and phyllostine
(14), two novel cyclohexeneoxidedione derivatives, were
recovered from the endophytic fungal Diaporthe miriciae
found in Cyperus iria. These compounds demonstrated
significant antifeedant effects on Plutella xylostella
larvae (Ratnaweera et al. 2020).

Furthermore, Diaporthe eres, associated with
grapevine cane blight, yielded five phytotoxic
compounds: 4-hydroxybenzoic acid (16), nectriapyrone
(18), 4-hydroxybenzaldehyde (17), p-cresol (15), and
tyrosol (4). The phytotoxicity of these compounds was
observed to increase with concentration (0.1-1 mg/mL)
in leaf disk and leaf absorption assays (Reveglia et al.
2021). The endophytic fungus Diaporthe lithocarpus,
sourced from Artocarpus heterophyllus, produced two
bioactive metabolites: emodin (19) and arbutin (20).
Emodin (19) demonstrated a high level of cytotoxic
activity against P-388 murine leukemia cells, with an ICso
= 0.41 pg/mL, whereas arbutin (20) showed a moderate
level of cytotoxicity, with an ICso=2.91 pg/mL ). (Riga
et al. 2021).

Novel secondary metabolites from
Hypocreomycetidae
Genus Acremonium

Acremonium, a genus encompassing approximately
130 species, is a common and widely distributed fungus
within the family Hypocreaceae (Giraldo et al. 2014).
Based on their ecological roles and nutritional strategies,
fungi can be broadly categorized as saprophytes, plant
parasites, and autotrophs. They can also thrive in diverse
habitats, including terrestrial and marine environments
(Martin et al. 2021). Secondary metabolite production in
Acremonium species is notable for its chemical diversity
and the associated wide-ranging biological activity (Qin
etal. 2024), as shown in Figure 3. From the marine fungal
strain Acremonium fusidioides RZ01, fusidione (21), a
previously undescribed compound, and
microperfuranone were isolated. The inhibitory potential
of fusidione (21) on HL-60 cell proliferation was
quantified, revealing an ICso = 44.9 uM (An et al. 2016).
Deep-sea sediment fungal strain Acremonium sp. TVG-
S004-0211 was found to produce mophilane-type
sesquiterpenoids (22-25) that effectively inhibited LPS-
mediated nitric oxide generation in RAW264.7
macrophages, with inhibitory concentrations ICsg
between 8 and 45 pM (Cheng et al. 2016). From
Acremonium crotocinigenum BCC 20012, three novel
trichothecene compounds, specifically 7-dehydro-8-
dehydroxytrichothecinol B (26), 8-deoxy-16-
hydroxytrichothecinol B (27), and 4-((Z)-but-2-
enoyloxy)-8-chloro-12-hydroxy-7,13-epoxytrichothec-
9-ene (28), were isolated and characterized Antimalarial
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activity against Plasmodium falciparum K1 1Cso = 0.05
mg/mL and cytotoxicity against Vero cells ICso = 0.13
mg/mL  were observed for these compounds
(Bunyapaiboonsri et al. 2016). Chemical investigations
of the marine-derived fungus Acremonium striatisporum
KMM 4401 led to discovery of 10 novel diterpene
glycosides, virescenosides Z9-Z18 (29-38) (Zhuravleva
et al. 2019). The marine fungal isolated Acremonium
vitellinum MH726097 was shown to synthesize a suite of
anthraquinone derivatives, comprising four previously
uncharacterized compounds, such as 6,8-di-O-
methylbipolarin (39), alongside the known metabolites
aversin,  6,8-di-O-methylaverufin, and 6,8-di-O-
methylnidurufin. Among the isolated compounds, 6,8-di-
O-methylbipolarin (39) was observed to exhibit the
highest degree of insecticidal activity against third instar
larvae of Helicoverpa armigera, with an LCsy of 0.72
mg/mL (Yuan et al. 2020).

Genus Fusarium

Fusarium species (Nectriaceae) are ubiquitous,
occurring in various environments across the globe. They
are commonly found in soil and plant debris but can also
inhabit air, water, plants, and even insects (Abdel-Azeem
et al. 2019). According to Xu et al. (2023), secondary
metabolites derived from Fusarium sp. have exhibited
diverse chemical structures and wide range of biological
activities illustrated in Figure 4.

A novel metabolite, Lateropyrone (40) was
produced by Fusarium tricinctum and exhibited
significant antibacterial efficacy against Bacillus subtilis
168 trpC2, also against Staphylococcus
aureus, Streptococcus pneumoniae, and Enterococcus
faecalis, with minimum inhibitory concentration (MIC)
values ranging from 2 to 8 pg/mL (Ola et al. 2013).
Fusarium oxysporum FKI-4553 produced two novel
metabolites, trichosetin (41) and epi-trichosetin (42),
which were separated from its culture broth. These
compounds demonstrated inhibitory effects on
Staphylococcus aureus undecaprenyl pyrophosphate
synthase activity, with ICsy values of 83 uM and 30 uM,
respectively (Inokoshi et al. 2013). Additionally,
threearomatic polyketides (43-45) were produced by
Fusarium proliferatum ZS07, a strain isolated from the
gut of long-horned grasshoppers. Potent antibacterial
activity against Bacillus subtilis was demonstrated by
these compounds, each exhibiting a MIC = 6.25 pg/mL
(Lietal. 2014). The novel metabolites, Enniatins (46-51),
a group of antibiotics commonly synthesized by
endophyte Fusarium tricinctum was isolated from the
fruits of Hordeum sativum, are six-membered cyclic
depsipeptides formed
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by the union of three molecules of D-a-hydroxyisovaleric
acid and three N-methyl-L-amino acids (Zaher et al.
2015). From marine mudflat samples, a novel polycyclic
quinazoline alkaloid (52) was isolated and identified as a
product of Fusarium oxysporum. Compound 52
displayed moderate antibacterial activity against
methicillin-resistant and multidrug-resistant S.
aureus (MRSA and MDRSA), with the same MIC = 6.25
pg/mL (Nenkep et al. 2016). The endophytic fungus
Fusarium solani, isolated from Glycyrrhiza glabra, was
found to produce two novel metabolites, (53) and (54).
These compounds were shown, through in vitro testing,
to possess moderate antibacterial effects against
Staphylococcus aureus, and marked antibacterial
efficacy against Bacillus cereus and Streptococcus
pyogenes, with MIC values recorded at less than 1 pg/mL
(Shah et al. 2017).

Chemical analysis of the endophytic fungal
strain Fusarium sp. TP-G1, obtained from the root tissue
of Dendrobium officinale, demonstrated the biosynthesis
of three previously undescribed compounds: enniatins
(49-51), trichosetin (41), and beauvericin A (55). These
compounds were observed to exhibit moderate activity
against both S. aureus and methicillin-resistant S. aureus,
with MIC range of 2 to 16 pg/mL (Shi et al. 2018a).
Endophytic Fusarium oxysporum strain ZZP-R1, derived
from Rumex midair, a coastal plant species, was found to
produce and enable the isolation of two novel polyketide
compounds, Fusariumins C (56) and D (57).
Antibacterial assays revealed moderate activity against S.
aureus for the compounds, yielding MIC = 6.25 pM and
25.0 pM (Chen et al. 2019). The sponge-derived
Fusarium sp. KIMT.FP.4.3 was produce karimunones B
(58), an aromatic polyketide, in conjunction with
compounds (59 and 60). The compounds demonstrated
efficacy against multidrug-resistant Salmonella enterica,
as evidenced by an MIC = 125 pg/mL (Sibero et al.
2019). The endophytic fungus Fusarium petroliphilum,
recovered from the Mediterranean seagrass Posidonia
oceanica, yielded the pyran-2-one compound (61). This
compound was found to inhibit quorum sensing in
Pseudomonas aeruginosa and S. aureus, while
displaying marginal activity against methicillin-resistant
S. aureus (Alfattani et al. 2021).

Genus Trichoderma

Trichoderma species (Hypocreaceae) exhibit
notable adaptability, thriving in diverse environments
such as soil, plant roots, and foliage. Their versatility
extends beyond their ecological dominance,
encompassing valuable applications in various industries
(Cai et al. 2013, Rashad & Abdel-Azeem 2020). These
fungi, known for their production of commercially
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valuable enzymes, their role in plant growth promotion,
and their efficacy in plant disease biocontrol, possess
substantial potential for industrial, agricultural, and
medicinal applications (Yao et al. 2023). According to
Zhang et al. (2021), secondary metabolites derived from
Trichoderma sp. exhibit diverse chemical structures and
a broad spectrum of biological activities (Fig. 5).
Atrichodermone C (62), a novel sesquiterpene, was
identified as a metabolic product of Trichoderma
atroviride, an endophyte obtained from Lycoris radiata,
demonstrated cytotoxic activity against HL60 and U937
cell lines and exhibited anti-inflammatory effects by
inhibiting the production of the pro-inflammatory
cytokines TNF-a and IL-1f (Zhou et al. 2017). The
marine fungal strain Trichoderma virens Y 13-3 yielded
trichocadinin A (63), a previously undescribed cadinane-
type sesquiterpene characterized by an unprecedented
exocyclic olefin functionality at the C-10 position (Shi et
al. 2018b). Another study identified two previously
unreported sesquiterpenes, harzianoic acids A (64) and B
(65), isolated from the marine sponge-associated fungus
Trichoderma harzianum LZDX-32-08. Both compounds
demonstrated inhibitory activity in reducing hepatitis C
virus (HCV) RNA levels while exhibiting low
cytotoxicity (Li et al. 2019). Moreover, two newly
identified harziane lactones, harzianelactones A and B
(66 and 67), along with five novel lactones—harzianones
A-D (68-71) and harziane (72) were isolated from the
soft coral-derived fungus Trichoderma harzianum XS-
20090075. These compounds displayed potent
phytotoxicity, inhibiting the seedling growth of amaranth
and lettuce (Zhao et al. 2019). The marine sponge-
derived Trichoderma sp. SM16 vyielded three novel
cadinane sesquiterpenoids, trichodermaloids A—-C (73-
75), and the known metabolites aspergilloid G (76),
rhinomilisin E (77), and rhinomilisin G (78) (Cui et al.
2020). A chemical epigenetic approach facilitated the
isolation of harzianone E (79), a previously undescribed
harziane diterpenoid, from 7. harzianum XS-20090075,
a soft coral-derived fungus (Shi et al. 2020a).
Additionally, compounds (80) and (81) were identified as
2-oxabicycloheptane derivatives. Another investigation
led to the isolation of two new cuparenes, trichocuparins
A (82) and B (83), from Trichoderma brevicompactum
ADL-9-2, a fungal strain associated with the marine alga
Chondria tenuissima. Several of these secondary
metabolites  exhibited marked antifungal and
antiproliferative activity against phytoplankton. The
marine fungus Trichoderma brevicompactum ADL-9-2,
originating from Chondria tenuissima, yielded two
previously undescribed cuparenes, trichocuparins A (82)
and B (83), which demonstrated notable antifungal
properties against phytoplankton (Shi et al. 2020b).
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The cultivation of Trichoderma cf. brevicompactum
TPU199, a marine fungal strain, with sodium iodide
(Nal) resulted in the isolation and characterization of
three novel trichothecenes, trichobreols A-C (84-86)
(Yamazaki et al. 2020).

Novel secondary metabolites from Sordariomycetidae
Genus Chaetomium

Chaetomium species (Chaetomiaceae) exhibits a
wide global distribution, thriving in diverse environments
across various climatic zones. These organisms are
ubiquitous across a broad range of substrates,
encompassing animal feces, soil matrices, aerial
particulates, seeds, plant detritus, and cellulosic
materials. They can also be found as endophytes within
plants and are a significant contributor to indoor mold
growth in damp buildings (Abdel-Azeem 2020).
Chaetomium species are a prolific source of diverse
natural products exhibiting a wide range of structural
patterns, as shown in Figure 6 (Ibrahim et al. 2021).

The isolation and characterization of two
previously undescribed metabolites, Chaephilones A (87)
and B (88), the endophytic fungal strain Chaetomium
globosum (TWI1-1), isolated from Armadillidium
vulgare, produced the observed results. The endophytic
fungal strain Chaetomium globosum was identified as a
producer of three novel cytochalasans,
aureochaeglobosins A-C (89-91), which were then
subjected to in vitro cytotoxicity assays employing
MDA-MB-231, HepG2, and U20S cell lines. Conversely,
a subset of the tested compounds exhibited no discernible
cytotoxic effects against HL-60, SW480, SMMC-7721,
MCF-7, A-549, and BEAS-2B cell lines at concentrations
up to 40 uM (Chen et al. 2016). Aureochaeglobosins B
(90) and C (91) demonstrated significant cytotoxicity
against MDA-MB-231, with ICso = of 7.6 uM and 10.8
uM, respectively (Yang et al. 2018). In a parallel study,
the marine fungus Chaetomium sp. NASO1-R1 was
observed to synthesize four novel azaphilone derivatives,
identified as chaephilone C (92) and chaetoviridides A-C
(93-95).

The cytotoxic potential of chaephilone C (92) and
chaetoviridide B (94) against HeLa cells was quantified,
yielding ICso = 7.7 uM and 5.6 uM, respectively, while
chaetoviridide A (93) demonstrated a potent cytotoxic
effect on HepG2 cells, with an ICso = 3.9 puM. From
marine Chaetomium sp. NASO1-R1, novel azaphilones
chaephilone C (92) and chactoviridides A—C (93-95)
were simultaneously obtained. The compounds
chaephilone C (92) and chaetoviridide B (94) displayed
marked cytotoxic activity against HeLa cell lines,
quantified by ICso=7.7 uM and 5.6 pM, respectively, and
chaetoviridide A (93) was found to be a potent cytotoxic
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agent against HepG2 cell lines, with an ICso = 3.9 uM
(Wang et al. 2018a). In a parallel study, three novel
metabolites, cytochathiazines A-C (96-98), were
obtained from a C. globosum co-culture. The metabolites
under investigation displayed cytotoxic activity across a
spectrum of cancer cell lines, including SMMC-7721,
HL-60, AS549, SW480, and MCF-7. Notably,
cytochathiazine B (97) exhibited moderate cytotoxic
effects on HL-60 and NB4 cells, as indicated by ICso =
12.5 uM and 9.6 uM, respectively (Wang et al. 2018b).
Chaetomium nigricolor produced Chamiside A (99), a
novel metabolite characterized by a previously
undescribed 6/6/5-fused tricyclic core skeleton. A MIC =
25 pg/mL was determined for the compound against S.
aureus, indicating moderate antibacterial efficacy (Wang
et al. 2019a). 6-Formamidechetomin (100), isolated from
Chaetomium sp. M336, demonstrated strong cytotoxic
activity in the MTT assay against HelL.a, SGC-7901, and
AS549 cell lines, with ICso = 21.6 uM, 23.0 uM, and 27.1
uM, respectively. It also demonstrated antibacterial
activity against Salmonella typhimurium, Escherichia
coli, Enterococcus faecalis, and S. aureus with MICs =
0.78 pg/mL, outperforming cefotaxime in some cases
(Yuetal. 2018). In another study, four novel metabolites,
Chetomins A-D (101-104), were isolated from
Chaetomium cochliodes. Purified in darkness due to their
high photosensitivity, these polysulfide compounds
exhibited significant cytotoxic activity at nanomolar
concentrations, as measured by the MTT assay (Wang et
al. 2018a).

Genus Neurospora

Neurospora species (Sordariaceae) are commonly
found in various environments, including soil, they can
be found in association with various crops, plant debris,
and on recently burned vegetation. The genus
Neurospora is recognized for the production of a
chemically diverse suite of secondary metabolites, which
exhibit potential anticancer properties, particularly
through their immunosuppressive mechanisms (Wang et
al. 2022). According to Charria-Girén et al. (2022), the
genus Neurospora is recognized as a source of secondary
metabolites that display a wide spectrum of bioactivities
and a high degree of structural diversification, as depicted
in Figure 7.

Novel xanthones 1,9a-dihydronidulalin A (105),
nidulin A (107), 1-hydroxy-3-methylxanthone (106), and
nidulin B (108) were isolated from Neurospora santi-
florii.  Nidulin A  (107)  exhibited potent
immunosuppressive effects, highlighting the impact of
xanthone substituents on lymphocyte proliferation
(Fujimoto et al. 2006). From the endolichenic fungus
Neurospora terricola, six novel metabolite terricollenes
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Fig 7. Secondary metabolites isolated from Neurospora sp. (Charria-Girén et al. 2022).

A-C (109-111), 1-O-acetylterricolyne (113), terricolyne
(112), and 1-O-methylterricolyne (114) were isolated.
Compounds 109-111 are allenyl phenyl ethers, while
compounds 112-114 are alkynyl phenyl ethers. Modest
cytotoxicity against the HeLa and MCF-7 human tumor
cell lines was observed for terricolene A (Zhang et al.
2009). Neurospora multiformis is the original source of
the a-pyrone polyketides multiforisins A-F (115-120).
The activity of these metabolites is evident at
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concentrations slightly below those generally correlated
with cytotoxic effects. Furthermore, the presence of
multiforisins G-I (121-123) and multiforisin A in
Neurospora heterospora, N. longispora, and N.
multiformis indicates their potential application as
chemical constituents serving as chemotaxonomic
discriminators within the genus (Fujimoto 2018). The
endophytic Neurospora udagawae strain produced two
undescribed a-pyrone derivatives, udagawanones A
(124) and B (125), alongside the known compounds (Z)-
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4-hydroxy-3-(3-hydroxy-3-methylbut-1-en-1-yl)benzoic
acid (126), isosclerone (127), cyclo-(L-Leu-L-Pro) (128),
and cyclo-(L-Pro-L-Tyr) (129). Udagawanone A (124)
exhibited moderate antimicrobial activity, whereas both
udagawanones A (124) and B (125) demonstrated
cytotoxic effects against HelLa cells (Macabeo et al.
2020).

OH O 142 (R=H)
143 (R=CHg)
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Genus Sordaria

Sordaria species (Sordariaceae) serves a crucial
ecological role in nutrient cycling through the breakdown
of organic substrates, including dung and plant detritus.
Sordaria species are a source of secondary metabolites
characterized by a wide range of biological activities and
a variety of chemical structures, illustrated in Figure 8
Charria-Girén et al. (2022).
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For instance, a study has shown a novel metabolite,
Sordarin (130) isolated initially from Sordaria araneosa,
the compound's characterization and classification
resulted in the designation of this family of antifungal
agents (Bouillant et al. 1988). The assessment of
antioxidant potential revealed that isobenzofuranyl
derivatives (149 and 150), sordariol, 12-methoxy
sordariol (131), and xylarinol A (132) did not display
activity within the parameters of the assay. However,
Sordaria gondaensis was found to produce the
immunosuppressive dioxopiperazines tryprostatin B
(135), fumitremorgin B (134), and 13-oxofumitremorgin
B (133) (Fujimoto et al. 2000).

In another study, four novel metabolites-
Hydroxysordarin ~ (136),  hypoxysordarin  (137),
Neosordarin (138), sordarin (130), were obtained from
Sordaria araneosa. While all four sordarin derivatives
exhibited comparable in vitro inhibitory activity on
fungal protein biosynthesis, there in vivo efficacy against
Nematospora coryli and Mucor miehei varied to some
extent (Davoli et al. 2002). Likewise, a study has shown
that compounds communiols A-C (139-141) displayed
antibacterial characteristics against B. subtilis and S.
aureus, but none were active against Candida albicans.
The aforementioned metabolites are characterized by the
presence of rare mono- and bis-tetrahydrofuran structural
motifs, a departure from the more frequently encountered
larger furanoid ring systems in fungal natural products.
Despite their structural diversity, communiols appear to
share a similar biogenetic origin via a polyketide pathway
(Bills et al. 2013). The isolation of four novel bisordariols
(A-D, 142-145) from Sordaria macrospora was
achieved, and these compounds demonstrated potent
ABTS radical cation scavenging, with ECs, values less
than 14.5 uM, which exceeded the efficacy of the trolox
positive control ECso = 26.7 uM (Li et al. 2016b). The
Sordaria genus is recognized for its production of
salicylaldehyde-derived aromatic polyketides,
exemplified by cis- and trans-sordariol (146, 151), trans-
sordarial (152), and heptacyclosordariolone (148), which
are structurally characterized by linear 1,2-diol side
chains (Li et al. 2016b).

A newly discovered secondary metabolite,
cyclosordariolone (147), was biosynthesized by Sordaria
macrospora and showed moderate to weak antibacterial
properties, with MIC = 16.9, 15.5, and 9.3ug/mL against
Micrococcus luteus, Pseudomonas agarici, and Bacillus
subtilis, respectively (Stiblarikova et al. 2023). Similarly,
another study has shown the isolation of four novel
bisordariols A-D (142-145) from Sordaria macrospora
and exhibited potent ABTS radical cation scavenging
activity, with ECso values < 14.5 uM, surpassing the
positive control trolox ECso =26.7 (Li et al. 2016b).
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Furthermore, the biosynthetic capabilities of
Sordaria species extend to the production of
salicylaldehyde-type aromatic polyketides, such as cis-
and trans-sordariol (146 and 151), and their metabolic
products, trans-sordarial (152) and
heptacyclosordariolone (148), which uniformly possess
linear 1,2-diol structures in their side chains (Li et al.
2016b). Sordaria macrospora was found to produce a
novel metabolite, The compound cyclosordariolone
(147) showed varying degrees of antimicrobial efficacy,
ranging from moderate to weak, as evidenced by MIC =
16.9 pg/mL against Micrococcus luteus, 15.5 pg/mL
against Pseudomonas agarici, and 9.3 pg/mL against
Bacillus subtilis (Stiblarikova et al. 2023).

Novel secondary metabolites from Xylariomycetidae
Genus Xylaria

The genus Xylaria (Xylariaceae), comprises an
estimated 570 to 670 species. This variation arises mainly
from differing interpretations of species boundaries,
including the inclusion or exclusion of synonyms and
intraspecific variations (Becker & Stadler 2021).
Secondary metabolites derived from Xylaria sp. exhibit
diverse chemical structures and biological activities, as
illustrated in Figure 9.

The endophytic fungal strain Xylaria sp., isolated
from Sophora, a Chinese medicinal plant, was shown in
a prior study to produce xylapeptide A (153) and
xylapeptide B (154), two novel peptides. Antibacterial
assays demonstrated moderate, selective activity:
xylapeptide A (153) had an MIC of 12.5 ug/mL against
Bacillus sp., whereas xylapeptide B (154) exhibited
moderate activity against S. aureus, with MIC = 6.25 to
12.5 pg/mL (Xu et al. 2017). In another study,
curtachalasins (155-156) and xylarichalasin A (157) were
isolated by the endophytic fungus Xylaria curta from
potato stem tissue (Wang et al. 2018c). The isolation of
the novel pyranone derivative 6-heptanoyl-4-methoxy-
2H-pyran-2-one (158) and xylarphthalide A (159) from
Xylaria sp. was reported. The two compounds exhibited
restricted antibacterial efficacy; compound 158 displayed
MIC =50 ng/mL against both E. coli and S. aureus, while
compound 159 demonstrated an MIC = 12.5 pg/mL
against E. coli and Bacillus subtilis (Zheng et al. 2018).

Xylarodons A (160) and B, previously undescribed
hexaketides obtained from the endophytic fungus Xylaria
sp. SC1440, were reported to demonstrate dual activity,
exhibiting both cytotoxicity and tyrosine kinase
inhibition (Guo et al. 2019). Isolated from an endophytic
Xylaria  sp., the novel abietane diterpenoid
hydroxydecandrin G (161) effectively inhibited wheat
shoot elongation ICso = 23.6 uM, demonstrating superior
activity compared to the standard herbicide glyphosate
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ICso = 42.3 uM, thereby indicating its prospect as a
natural herbicide (Han et al. 2019). The endophytic
fungus Xylaria sp. GDG-102 produced xylareremophil
(162), a novel eremophilane sesquiterpenoid, which
demonstrated weak antibacterial activity against Proteus
vulgaris, and Micrococcus luteus with an MIC = 25
pg/mL  (Liang et al. 2019). Simultaneously,
xylarilongipins A (163) and B, two isopimarene
compounds, were isolated from a fungicolous strain of
Xylaria longipes that was observed growing on the
fruiting bodies of the basidiomycete Fomitopsis betulina.
It is noteworthy that these compounds displayed
immunosuppressive activity, as evidenced by their ability
to suppress concanavalin A-mediated T-lymphocyte
proliferation and lipopolysaccharide (LPS)-stimulated B-
lymphocyte activation (Chen et al. 2020). Likewise, a
previous study has revealed a cyclic pentapeptide
pentaminolarin (164), obtained from a wood-decaying
Xylaria sp., exhibited weak inhibitory activity against
HT29 and HCT116 cell lines, with ICso = 32 and 38 uM,
respectively (Noppawan et al. 2020). The fungal species
Xylaria curta was found to produce E1011 (165), a
bisacetylated, diastereomeric derivative of a 14-
membered anthelmintic macrolide, which demonstrated
moderate cytotoxic activity against human cell lines HL-
60 ICso = 4.9 uM and A-549 ICso = 25.6 uM (Becker &
Stadler 2021).

Conclusion

Sordariomycetes exhibit a global distribution, thriving in
a wide range of ecosystems. These fungi play crucial
ecological roles and possess the potential to produce
bioactive compounds. However, the successful discovery
of novel bioactive compounds from Sordariomycetes is
significantly challenged by the vast diversity within this
class, making the selection of promising candidate
organisms a critical step. The era of readily discovering
numerous novel compounds through random screening
has largely passed. While Sordariomycetes serve as
valuable model organisms, providing crucial reference
points for annotating newly sequenced genomes of other
fungi, ongoing genomic and  transcriptomic
investigations  continue to unveil unexpected
complexities, variations, and surprising discoveries
within this group. Establishing a clear correlation
between taxonomic classification and secondary
metabolite production within Sordariomycetes remains a
significant challenge. This limitation arises primarily
from the lack of comprehensive secondary metabolite
data for many taxa within this diverse class.
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