Heliyon 11 (2025) e41920

Contents lists available at ScienceDirect

52 CelPress Heliyon

journal homepage: www.cell.com/heliyon

Research article

Endophytic fungi isolated from Vietnamese nut grass (Cyperus
rotundus L. Cyperaceae) — A promising solution to mitigate the
prime phenomenon of antibiotic resistance

Bac V.G. Nguyen“, Linh X.T. Tran“, Anh-Tu Ha-Nguyen b', Minh-Tri Le ",
Thanh-Hoa Vo ", Gia Phong Vu ¢, Phuoc-Vinh Nguyen "*-"

2 Faculty of Pharmacy, University of Medicine and Pharmacy at Ho Chi Minh City, Ho Chi Minh City, Viet Nam

Y University of Health Sciences, Vietnam National University Ho Chi Minh City, Ho Chi Minh City, Viet Nam

¢ Hong Bang International University, Ho Chi Minh City, Viet Nam

d Research Center of Discovery and Development of Healthcare Products Vietnam National University Ho Chi Minh City, Vietnam National University
Ho Chi Minh City, Ho Chi Minh City, Viet Nam

ARTICLE INFO ABSTRACT
Keywords: Multidrug resistance in bacteria poses a significant threat to global health, creating an urgent
Cyperus rotundus L. need for new sources of antibiotics. Nut grass or Cyperus rotundus L., a common Asian medicinal

Endophytic fungi
Antibiotics
Multidrug resistance

herbal remedy, is gaining increasing attention in the scientific community as a potential source of
antimicrobial agents. In this study, endophytic fungi living in this plant were isolated, macro- and
micrologically identified, and assessed for their antibacterial properties on both Gram-positive
and Gram-negative bacteria. As a result, seven types of endophytic fungi with potential anti-
bacterial activities were obtained from Vietnamese Cyperus rotundus L. These endophytic strains
could inhibit Gram-positive bacteria, including Bacillus subtilis, Methicilin-susceptible Staphylococcus
aureus (MSSA), and Methicilin-resistant Staphylococcus aureus (MRSA). In particular, the most
potent fungus could effectively inhibit not only MRSA but also Escherichia coli, and Pseudomonas
aeruginosa. Furthermore, a significant impact of the culture medium on the biomass’ antibacterial
activity was observed and the Potato Dextrose Agar (PDA) and Czapek-Dox (Cz) media were
shown to be the most appropriate culture medium. Altogether, endophytic fungi isolated from
Cyperus rotundus L. were shown to be a promising source for antibiotics to tackle the problem of
antibiotic resistance.

1. Introduction

The efficacy of treating infectious diseases, particularly nosocomial bacterial infections, is on a decline as these pathogens
continuously develop new resistance mechanisms to antibiotics [1,2]. The prevalence of multidrug-resistant (MDR) and
pan-drug-resistant (PDR) bacteria has undeniably brought up extensive concerns about the degree of antibiotic treatment efficacy. For
instance, recently, an estimated 1.27 million deaths in 2019 was proven to be associated with antimicrobial resistance (AMR) [1,2].
Consequently, conventional antibiotic treatment regimens require higher doses and more frequent dosing intervals to prevent
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antimicrobial resistance due to selection and mutagenesis [3].

When antibiotics are administered, they eliminate the bacteria that are susceptible, while those with resistance mutations survive
and multiply. As a result, these resistant bacteria become more common in the population over time through natural selection. This
practice is ultimately unsustainable in the long run due to higher risks of systemic exposures to antibiotics and can lead to a series of
adverse side effects, including cardiovascular issues, neurotoxicity, and the development of new resistance [4].

Furthermore, it has been observed that the number of casualties from failed antibiotic therapies or MDR and PDR infections would
be on the rise in the absence of appropriate treatments for preventing and treating drug-resistant infectious diseases [5]. To improve
the quality-adjusted life years for patients together with the need to upgrade first-line regimens, numerous MDR and PDR infections are
included in the list of priority pathogens for research and development of novel antibiotics by the World Health Organization (WHO)
[6]. Furthermore, scientists are urgently searching for more effective alternatives to antibiotics to combat these microorganisms.

Due to these aforementioned reasons, research on potential antibacterial agents extracted from medicinal plants is a widely
recognized trend among scientists. In addition, these plants are also the hosts to a wide range of microbial domains. Among different
natural resources for antibiotics, bioactive compounds derived from endophytic fungus, are increasingly considered as a reliable and
promising alternative to chemosynthetic drugs [7-9]. In modern medicine, endophytes or microorganisms living in medicinal herbs
have been utilized as sources of secondary metabolites for drugs [7]. To be specific, endophytes are naturally found within the
endospheric region of a plant cell therefore, posing no pathological consequences to host plants [10]. In nature, many studies have
demonstrated a symbiotic relationship between the host plants and endophytes, in which, the host offers protection and food while the
endophytes act as chemical guardians fostering plant growth, increasing the host’s tolerance for abiotic and biotic challenges and thus
improving disease-resisting capacity [11-13].

Natural compounds with intriguing bioactivities, such as antibacterial, larvicidal, antioxidant, anti-inflammatory, and phytotoxic
activities can be obtained from plants’ endophytic fungi [14]. By adopting a combinatory approach of different analytical methods
including morphological, phylogenetic, and metabolomics, a growing number of bioactive compounds with distinctive chemical
structures have been extracted and identified from endophytic fungi in recent years. These substances have been isolated from a variety
of previously investigated plants, including angiosperms, bryophytes, pteridophytes, and herbage [14]. The majority of endophytic
fungi produce beneficial secondary metabolites including lignans, phenylpropanoids, lactones, phenols, steroids, terpenoids, alkaloids,
and isocoumarin derivatives [15].

Nut grass, scientifically known as Cyperus rotundus of Cyperaceae (C. rotundus), is often included in folk remedies, primarily
distributed in Vietnam due to its pharmacological properties [16]. In addition, its rhizome and leaves can be used to produce essential
oils, phenylpropanoids, triterpenoids, and alkaloids with antimicrobial activities [17]. Nevertheless, few studies have so far investi-
gated the bioactivities of endophytic fungi found in nut grass. Therefore, this study was performed to isolate and identify endophytic
fungi from nut grass and to search for endophytic fungi capable of producing bioactive substances with potent antimicrobial activities
for “hard-to-treat” infections.

2. Materials and methods
2.1. Material

Trypton Soybean Agar (TSA), Sabouraud Dextrose Agar (SDA), Potato Dextrose Agar (PDA), Czapek-Dox Agar (Cz) were purchased
from Himedia (USA).

2.2. Microbial strains
Five bacterial strains employed in this study are.

Methicillin-resistant Staphylococcus aureus (MRSA) ATCC 44300
Methicillin-susceptible Staphylococcus aureus (MSSA) ATCC 25923
Pseudomonas aeruginosa ATCC 27853

Escherichia coli ATCC 25922

Bacillus subtilis ATCC 6633

2.3. Sample collection and verification

Leaves and rhizomes of healthy, mature C. rotundus were collected in Ho Chi Minh City, Vietnam, and were phytologically verified
according to Vietnamese pharmacopeia V. The herbarium voucher number of nut grass is B20240711 which was deposited at the
Faculty of Pharmacy, University of Medicine and Pharmacy at Ho Chi Minh City.

Afterward, the samples were washed with tap water before being cut into small parts. The surfaces of the obtained samples were
then sterilized according to a defined protocol (described below).

2.4. Surface sterilization

Due to the presence of complex epiphytic microbiota on the plants’ surface, a serial antiseptic solution was used to remove
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epiphytic microbiota without interfering with its endophytic microbiota [18,19]. The samples were cut into small pieces (2-3 cm) by a
sterile knife. Every piece was immersed alternatively in 5 % (v/v) bleach (sodium hypochlorite) for 2 min, 70 % (v/v) ethanol for 2 min
and distilled water for 5 min. At the end, the pieces were dried out in biosafety cabinet.

2.5. Isolation of endophytic fungi

To culture endophytic fungi, PDA culture medium was used. The surface-sterilized samples were aseptically cut into 1-2 cm pieces,
placed directly on the culture medium plates, and incubated at 28 °C for seven days. The plates were checked periodically, and the
growth of endophytic fungi colonies from the tissues was monitored daily. Different colonies with specific fungal characteristics were
introduced and subcultured onto three different media including PDA, SDA, and Cz. Pure cultures were obtained after two to three
consecutive subcultures and transferred into fresh isolation media. Finally, each fungal colony for a distinct strain was collected and
stored in distilled water at 28 °C for further analysis.

2.6. Evaluation of antimicrobial activities

The antimicrobial activities of obtained endophytic fungi were screened against five pathogenic microorganisms (S. aureus MRSA,
S. aureus MSSA, P. aeruginosa, E. coli, and B. subtilis) using the disk diffusion assay method [20]. Initially, four or five colonies of test
bacteria were suspended in 2 mL of sterile saline by using a sterile inoculating loop. The suspension was adjusted to the 0.5 McFarland
standard or optical density (OD) equivalent to 0.1 at 600 nm. The bacterial suspension was streaked onto TSA dishes. For endophytic
fungi samples, fungal colonies on three culture media were cut using a sterile cork borer with a diameter of 6 mm, and then were
directly set on the TSA medium. The plates were incubated at 37 °C for 24 h. The zone of growth inhibition was determined. All tests
were performed in triplicate.

2.7. Macroscopicand microscopic studies of endophytic fungus

To classify endophytic fungi, different macroscopic and microscopic techniques were applied. Macroscopic vegetative character-
istics, including, color, texture and topography were assessed. Diffuse pigmentation of structures together with color and topography
of the colony’s dorsum were microscopically analyzed for their reproductive structures, using microculture and/or sporulation
methods [21].

2.8. Molecular identification

The fungal strain was identified by DNA amplification and sequencing of the internal transcribed spacer (ITS) region using mo-
lecular biology protocol. The endophytic strains were cultured in PDA medium for five days, the fungal threads were transferred into
Eppendorf tubes (Biologix, USA) containing 100 pL of cetyltrimethylammonium bromide (CTAB). The procedures were performed
according to previously published protocols including cell lysis, RNA digestion by RNase A, removal of precipitates and cell waste,
DNA shearing, precipitation, and purification [21].

Then, the isolated DNA was amplified by polymerase chain reaction (PCR). The PCR was performed using the MyTaq™ DNA PCR
kit (Meridian, USA). As primers, ITS 1-F (with 5TCCGTAGGTGAACCTGCGG3' base sequence) and ITS2-R (with
5'GCTGCGTTCTTCATCGATGCS' base sequence) were mixed with the MyTaq™ DNA Polymerase PCR kit and DNA template with a
total volume of 50 pL. The mixture was then added to the thermal cycler using the programmed PCR (BioRad, USA). The ITS gene
sequences were compared with the sequences retrieved from EzBioCloud and GenBank, NCBI databases using BLAST tool (Basic Local

Fig. 1. Isolation of endophytic fungi from Cyperus rotundus L. Cyperaceae. A) Fresh Cyperus rotundus L. Cyperaceae, B) Endophytic fungi.
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Alignment Search Tool) at http://www.ncbi.nlm.nih.gov/BLAST/Blast.cgi.
3. Results
3.1. Isolation of endophytic fungi

A total of seven endophytic fungi were isolated from the leaves and the rhizome of healthy and mature C. rotundus, coded as strain
HP-L1, HP-L2, HP-L3, HP-L4, HP-R1, HP-R2, HP-R3, and cultured on three different media sources SDA, PDA and Cz as shown in Fig. 1.

3.2. Antimicrobial screening of endophytic fungi from C. rotundus

To investigate the antibacterial activity of the obtained endophytic fungi, the agar disc diffusion assay was applied for five
pathogenic bacteria, including both Gram-positive (MRSA, MSSA and B. subtilis) and Gram-negative (E. coli and P. aeruginosa). As
shown in Fig. 2A-G, all of the isolated endophytic fungi presented significant antimicrobial activity. Nevertheless, this antibacterial
activity was more pronounced on Gram-positive bacteria than on Gram-negative strains. Indeed, the diameters of the antibacterial
zones of MRSA, MSSA and B. subtilis were more than 15 mm for all of the isolated endophytic fungi, especially, that of HP-L1 was shown
to be the highest one (more than 30 mm). In contrast, E. coli was less susceptible whereby an inhibitory zone was observed for five of
the seven endophtic strains (HP-L1, HP-L3, HP-L4, HP-R1, HP-R2). Especially, only one out of seven strains (HP-LI) exhibited an
antibacterial activity on P. aeruginosa. The diameter for this endophytic fungal strain HP-L1 was greater than 20 mm. In comparison,
the HP-L2 isolate showed a lower diameter (15-20 mm) of antibacterial zones whereas the other five isolates (HP-L3, HP-L4, HP-R1,
HP-R2, HP-R3) revealed no antibacterial zones against P. aeruginosa bacteria.

As expected, the culture medium was shown to have a significant impact on the antibacterial properties of endophytic fungal
strains. The results showed that for all tested endophytic strains, the strains cultured on PDA and Cz media possessed more effective
antibacterial capacity than that of SDA.

3.3. Macroscopic and microscopic of fungal isolates
Colonies on SDA, PDA and Cz media of seven isolated strains: HP-L1, HP-L2, HP-L3, HP-L4, HP-R1, HP-R2, HP-R3 were macro-

scopically and microscopically analyzed. The results are shown in Fig. 3(A-K), Fig. 4(A-H), Fig. 5(A-H), Fig. 6(A-H), Fig. 7(A-H),
Fig. 8(A-H), and Fig. 9(A-H), respectively.
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Fig. 2. Antimicrobial activity against tested microorganism strains of obtained endophytic fungi from Cyperus rotundus: A) strain HP-L1, B) strain
HP-L2, C) HP-L3, D) HP-L4, E) HP-R1, F) HP-R2, G) HP-R3. The diameter (in mm) represents the ‘antibacterial zone’.
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3.4. Molecular identification of fungal isolates

All seven isolated strains (HP-L1, HP-L2, HP-L3, HP-L4, HP-R1, HP-R2 and HP-R3) were identified by DNA sequence analysis based
on mega BLAST software provided by the U.S. National Centre for Biotechnology Information (NCBI).

As shown in the results (Table 1Fig. 10), seven different species for seven endophytic fungal isolates were found in the leaves and
rhizomes of C. rotundus L., including, Penicillium sp. (HP-L1), Simplicillium sp. (HP-L2), Colletotrichum sp. (HP-R3), Fusarium sp. (HP-R2),
Curvularia sp. (HP-L4), Ceratobasidium sp. (HP-R1), and Neottiosporina sp. (HP-L3).

4. Discussion

Endophytic fungi exhibit a significant level of taxonomic diversity and have the ability to inhabit various tissues, influencing the
morphological and physiological functions of host plants through diverse mechanisms. Throughout their life cycle, these fungi produce
bioactive substances with poorly understood biological control properties. Indeed, they possess various biological control properties
that benefit their host plants. They can produce bioactive compounds that inhibit the growth of plant pathogens and reduce oxidative
stress, thereby protecting the plant from diseases. Additionally, endophytes can enhance plant resistance to pests and herbivores by
producing defensive chemicals. They also help induce systemic resistance in plants, making them more resilient to various stresses.
Consequently, there is a growing interest in unraveling the complex ecological and biological functions of endophytic fungi [13,22,
2.3]. Cyperus rotundus, a common medicinal plant which is utilized in many countries due to its pharmacological activities, has been
found to possess potent antimicrobial activity against both Gram-positive and Gram-negative bacteria [24].

As per the findings of this study, this property of endophytic fungi from Vietnamese Cyperus rotundus was validated. Firstly, the
results showed that the number of endophytic fungi in Vietnamese nut grass was lower than that of other countries with similar climate
characteristic such as, Srilanka or Indonesia (7 versus over 10 strains) [25,26]. To explain this difference, not only geographical
conditions (temperature, humidity) play an important role but also soil conditions, especially the nutrient content, as well as the
presence of different pests in Vietnam may be important attributes. The fact that our isolate HP-R1 is only about 84 % related to
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Fig. 3. Macro and micro characteristics of Penicillium setosum isolate (HP-L1): 7-day old upper surface colonies (A-C) and reverse sides (D-F) on
different culture media SDA (A, D), PDA (C, F) and Cz (B, E) at 28 °C; Mature cleistothecium (I); Cleistothecium squashed open to show several asci
with ascospores (K); Conidiophores with phialides (G); Chains of sphere or ovoid conidia (H) (White arrow) under microscope (x40).
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Fig. 4. Macro and micro morphology of Simplicillium obclavatum isolate (HP-L2): 7-day old upper surface colonies (A-C) and reverse sides (D-F) on
different culture media SDA (A, D), PDA (B, E) and Cz (C, F) at 28 °C; mycelium and conidia under microscope (x40) (G, H).
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Fig. 5. Macro and micro morphology of Neottiosporina sp. isolate (HP-L3): 7-day old upper surface colonies (A-C) and reverse sides (D-F) on
different culture media SDA (A, D), PDA (B, E) and Cz (C, F) at 28 °C; mycelium and conidia under microscope (x40) (G, H).

Ceratobasidium and Rhizoctonia highlights its significant genetic distinction. Among Ceratobasidium species, some isolates showed
strong antimicrobial activity. This uniqueness offers promising potential for novel antibiotic sources, as the genetic variation may
translate into new bioactive compounds with potent antimicrobial properties. Harnessing this genetic divergence could lead to
breakthrough treatments in combating antibiotic-resistant pathogens. Moreover, these findings have inspired future research work on
endophytes from plants in other countries that originate from the same plant species but may display diverse antimicrobial activity.

Among the collected endophytes, four were isolated from leaves, and three from roots, indicating that no apparent preference for a
specific plant tissue was significant. In addition, the culture medium of isolated fungi was shown to have a significant impact on its
antibacterial activity. Indeed, PDA and Cz media are recommended for a good antibacterial capacity. This difference may be attributed
to the presence of potato extract (PDA) and nitrate components (Cz) that falicitate the development of fungal spores. Moreover, the fact
that 100 % of the isolated endophytic fungi displayed potent antibacterial activity suggests that most endophytic fungi living in
Vietnamese nut grass, have the potential to synthesize antibacterial secondary metabolites. Especially, among the obtained endophytic
strains, the HP-L1 isolate displayed a potential antimicrobial activity for all five of the tested bacteria, even on the most threatening
nosocomial bacterial infections: MRSA and P. aeruginosa [27,28].
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Fig. 6. Macro and micro morphology of Curvularia sp. isolate (HP-L4): 7-day old upper surface colonies (A-C) and reverse sides (D-F) on different
culture media SDA (A, D), PDA (B, E) and Cz (C, F) at 28 °C; Conidiophores and conidia (G); mycelia (H) under microscope (x40).
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Fig. 7. Macro and micro morphology of Ceratobasidium sp. isolate (HP-R1): 7-day old upper surface colonies (A-C) and reverse sides (D-F) on
different culture media SDA (A, D), PDA (B, E) and Cz (C, F) at 28 °C; mycelia (G, H) under microscope (x40).

This finding also suggests that the endophylic fungi isolated from Vietnamese nut grass possesses a better anti-bacterial activity
against both gram positive and gram negative strains, with an emphasis on “hard-to-treat” species [26]. The results highlight the
plausibility for natural sources in the discovery of novel antibacterial agents. Furthermore, this is also the first study in Vietnam and in
mainland Southeast Asia that focuses on this potent source of antibiotics.

5. Conclusions

The increasing problem of antibiotic resistance and the limitations in naturally synthesizing bioactive compounds in plants due to
metabolic and environmental constraints make it crucial to explore biotechnological approaches for producing these compounds. This
study highlights the potential of Vietnamese C. rotundus as a reservoir for antibacterial endophytic fungi. The results reveal that
endophytic fungi isolated from this plant could serve as a potent resource of novel antibiotics against both Gram-positive and Gram-
negative bacteria, especially for MRSA and P. aeruginosa. Future studies will focus on examining the structure of secondary metabolites
produced by these fungi and the optimal culture conditions required for obtaining potential antibacterial agents. To scale up
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Fig. 8. Macro and micro morphology of Fusarium keratoplasticum isolate (HP-R2): 7-day old upper surface colonies (A-C) and reverse sides (D-F) on
different culture media SDA (A, D), PDA (B, E) and Cz (C, F) at 28 °C; macroconidia (G); microconidia (H) under microscope (x40).
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Fig. 9. Macro and micro morphology of Collectotrichum crassipes isolate (HP-R3): 7-day old upper surface colonies (A-C) and reverse sides (D-F) on
different culture media SDA (A, D), PDA (B, E) and Cz (C, F) at 28 °C; conidia (G, H); conidiogenous cells (H) (white arrow) under microscope (x40).

Table 1

NCBI blast results of the fungal isolates recovered from Cyperus rotundus L.
Isolates Description Matched Sequence ID Query Coverage E-value Percent Identity
HP-L2 Simplicillium obclavatum strain UAS 046 FJ156235 99 % 0.0 99.11 %
HP-L1 Penicillium setosum CBS 144865 NR_185521.1 99 % 0.0 99.44 %
HP-L3 Neottiosporina sp. GZ-2024a strain RUFCC2454 PP989220.1 96 % 0.0 100 %
HP-L4 Curvularia sp. LC422832.1 100 % 0.0 99.82 %
HP-R1 Ceratobasidium sp. 0OP604252.1 92 % 1E-148 84.24 %
HP-R2 Fusarium keratoplasticum isolate L-2320/2012 MN540855.1 99 % 0.0 100 %
HP-R3 Colletotrichum crassipes 11F015 LC387814.1 100 % 0.0 99.39 %
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MG722764.1 Ustilago kamerunensis strain MUR003 intemal transcribed spacer 1 partial sequence 5.85 ribosomal RNA gene and intemal transcribed spacer 2 complete sequence and large subunit ribosomal RNA gene partial sequence

HP-L2

OP020708.1 Simplicillium obclavatum strain AQF 16 intemal transcribed spacer 1 partial sequence 5.85 ribosomal RNA gene and internal transcribed spacer 2 complete sequence and large subunit ribosomal RNA gene partial sequence

FJ156235.1 Simplicillium obclavatum strain UAS 046 intemal transcribed spacer 1 5.88 ribosomal RNA plete seq and internal transcribed spacer 2 partial sequence.

MZ614621.1 Talaromyces sp. isolate CY-3 internal transcribed spacer 1 partial sequence 5.8 ribosomal RNA gene and internal transcribed spacer 2 complete sequence and large subunit ribosomal RNA gene partial sequence.

MG722755.1 Ustilago kamerunensis strain NAKOOZ intemal transcribed spacer 1 partial sequence 5.85 ribosomal RNA gene and intemal transcribed spacer 2 complete sequence and large subunit ribosomal RNA gene partial sequence

JF304626.1 Simplicillium sp. 3V intemal transcribed spacer 1 partial sequence 5.8 ribosomal RNA gene and intemal pacer 2 complete seq 28S ribosomal RNA gene partial sequence

KC403970.1 Simplicillium obclavatum strain SO2 188 ribosomal RNA gene partial sequence internal transcribed spacer 1 5.88 ribosomal RNA gene and internal transcribed spacer 2 complete sequence and 28S ribosomal RNA gene partial sequence
JIN708040.1 Simplicillum sp. SGE13 internal transcribed spacer 1 partial sequence 5.8 ribosomal RNA gene and intemal transcribed spacer 2 complete sequence and large subunit ribosomal RNA gene partial sequence

MK329136.1 Simplicilium humicola internal transcribed spacer 1 partial sequence 5.8 ribosomal RNA gene and internal transcribed spacer 2 complete sequence and large subunit ribosomal RNA gene partial sequence

MW113358.1 Simplicilium subtropicum strain SC27A07 internal transcribed spacer 1 partial sequence 5.8 ribosomal RNA gene and internal transcribed spacer 2 complete sequence and large subunit ribosomal RNA gene partial sequence
KX034301.1 Simplicilium lanosoniveum intemal transcribed spacer 1 partial sequence 5.88 ribosomal RNA gene and internal transcribed spacer 2 complete sequence and 23 ribosomal RNA gene partial sequence

IN088224.1 Acremonium sp. HLJ 1 internal transcribed spacer 1 partial sequence 5.85 ribosomal RNA gene and intemal transcribed spacer 2 complete sequence and 28S ribosomal RNA gene partial sequence

AB603997.1 Simplicilium cylindrosporum genes for 185 rRNA ITS1 5.85 rRNA ITS2 285 rRNA partial and complete sequence strain: JCM 18171

AB603993.1 Simplicilium minatense genes for 185 rRNA ITS1 6.85 rRNA ITS2 285 rRNA partial and complete sequence strain: JCM 18178

AB603991.1 Simplicilium minatense genes for 185 rRNA ITS1 5.85 rRNA TS2 285 rRNA partial and complete sequence strain: JCM 18177

HP-R2

MN540855.1 Fusarium keratoplastioum isolate L-2320/2012 internal transcribed spacer 1 partial sequence 5.8 ribosomal RNA gene and intemal transcribed spacer 2 complete sequence and large subunit ribosomal RNA gene partal sequence

MT075481.1 Fusarium chiamydosporum isolate BOCF7 intemal transcribed spacer 1 partial sequence 5.8S ribosomal RNA gene and intemal transcribed spacer 2 and large RNA gene partial

OP630864.1 Fusarium falciforme isolate HB intemal transcribed spacer 1 partial sequence 5.8 ribosomal RNA gene and intemal transcribed spacer 2 complete sequence and large subunit ribosomal RNA gene partial sequence

OK175558.1 Fusarium solani strain L6-8 intemal transcribed spacer 1 partial sequence 5.85 ribosomal RNA gene and internal transcribed spacer 2 compl d large it RNA gene partial

PQ064539.1 . sp. ricini isolate For-18 intemal transcribed spacer 1 partial sequence 5.85 ribosomal RNA gene and internal transcribed spacer 2 compl d large. RNA gene
JX868612.1 Nectria haematococca strain LVPEIH134 10 intemal transcribed spacer 1 partial sequence 5.8S ribosomal RNA gene and internal transcribed spacer 2 complete sequence and 288 ribosomal RNA gene partial sequence

JIN786598.1 Fusarium solani strain LCPANCFO1 internal transcribed spacer 1 partial sequence 5.8 ribosomal RNA gene and internal transcribed spacer 2 complete sequence and 28S ribosomal RNA gene partial sequence

0P237129.1 Colletotrichum taiwanense strain 133NO ribosomal RNA gene partial transcribed spacer 1 5.88 ribosomal RNA gene and intermal transcribed spacer 2 complete sequence and large subunit ribosomal RNA gene partial sequence

ON793146.1 Colletotrichum gigasporum isolate PCZJJD12 small subunit ribosomal RNA gene partial sequence intemal transcribed spacer 1 5.8S ribosomal RNA gene and intemal transcribed spacer 2 complete sequence and large subunit ribosomal RNA gene partial sequence

LC387814.1 Colletotrichum crassipes 11F015 genes for 185 rRNA ITS1 5.85 rRNA ITS2 285 rRNA partial and complete sequence

MZ595905.1 C LC13877 small RNA gene partial transcribed spacer 1 5.88 ribosomal RNA gene and intemal transcribed spacer 2 complete sequence and large subunit ribosomal RNA gene partial sequence

HP-R3
KR016518.1 Fungal endophyte isolate 6636 intemal transcribed spacer 1 partial sequence 5.8S ribosomal RNA gene and interal transcribed spacer 2 complete sequence and 288 ribosomal RNA gene partial sequence
OP163714.1 Colletotrichum pseudomajus isolate WZ-837 intemal transcribed spacer 1 partial sequence 5.8 ribosomal RNA gene and intemal transcribed spacer 2 complete sequence and large subunit ribosomal RNA gene partial sequence
i OP070497.1 C taiwanense 1 spacer 1 5.8 ribosomal RNA gene and intemal transcribed spacer 2 complete sequence and large subunit ribosomal RNA gene partial sequence
AB738848.1 Glomerella septospora genes for ITS1 5.85 rRNA ITS2 partial and complete sequence strain: MAFF 238783

NR 185521.1 Penicillum setosum CBS 144865 ITS region from TYPE material

PP385067.1 Penicillium javanicum strain JX11E03 intemal transcribed spacer 1 partial sequence 5.85 ribosomal RNA gene and internal transcribed spacer 2 complete sequence and large subunit ribosomal RNA gene partial sequence
HP-L1

PP385655.1 Penicillium reticulisporum strain ZJ11E01 intemal transcribed spacer 1 partial sequence 5.88 ribosomal RNA gene and internal transcribed spacer 2 complete sequence and large subunit ribosomal RNA gene partial sequence
KJ191440.1 Eupenicillum sp. K4 internal transcribed spacer 1 5.88 ribosomal RNA gene and internal transcribed spacer 2 complete sequence and 28S ribosomal RNA gene partial sequence

OP547506.1 Penicillum meloforme isolate DS8 internal transcribed spacer 1 partial sequence 5.8 ribosomal RNA gene and intemal transcribed spacer 2 complete sequence and large subunit ribosomal RNA gene partial sequence

MK450718.1 Penicillium setosum isolate CMVO12F3 18S ribosomal RNA gene partial sequence interal transcribed spacer 1 5.85 ribosomal RNA gene and internal transcribed spacer 2 complete sequence and 28S ribosomal RNA gene partial sequence

0L719275.1 Penicillium sp. isolate 1901NT-3.7.1 small it RNA gene p: a i it 15,88 ribosomal RNA gene and intemal transcribed spacer 2 complete sequence and large subunit ribosomal RNA gene partial sequence

MG938669.1 Penicillium janthinellum strain 168CLC-17.1 small subunit ribosomal RNA gene partial sequence internal transcribed spacer 1 5.8S ribosomal RNA gene and intemal transcribed spacer 2 complete sequence and large subunit ribosomal RNA gene partial sequence

MN215655.1 Curvlaria determinata strain LC12035 small subunit ribosomal RNA gene partial sequence internal transcribed spacer 1 5.85 ribosomal RNA gene and intemal transcribed spacer 2 complete sequence and large subunit ribosomal RNA gene partial sequence
LC422832.1 Curvularia sp. PSU THA :AS01 genes for ITS1 5.85 RNA ITS2 partial and complete sequence

MK399730.1 Bipolaris sp. strain FZA-2 interal transcribed spacer 1 partial sequence 5.8 ribosomal RNA gene and internal transcribed spacer 2 complete sequence and large subunit ribosomal RNA gene partial sequence

OR335205.1 Curvularia moringae isolate UE 4 small subunit ribosomal RNA gene partial sequence intemal transcribed spacer 1 5.8 ribosomal RNA gene and intemal transcribed spacer 2 complete sequence and large subunit ribosomal RNA gene partial sequence
MW186253.1 Curvularia sp. isolate CATAS-BLO1 small subunit ribosomal RNA gene partial sequence intemal transcribed spacer 1 5.85 ribosomal RNA gene and internal transcribed spacer 2 complete sequence and large subunit ribosomal RNA gene partial sequence
MN215646.1 Curvularia annelidiconidiophora strain LC12014 intemal transcribed spacer 1 partial sequence 5.8 ribosomal RNA gene and internal transcribed spacer 2 complete sequence and large subunit ribosomal RNA gene partial sequence

MN215642.1 Curvularia annelidiconidiophora strain LC12018 intemal transcribed spacer 1 partial sequence 5.8S ribosomal RNA gene and internal transcribed spacer 2 complete sequence and large subunit ibosomal RNA gene partial sequence

MN215701.1 Curvularia saccharicola strain CGMCC3.19344 interal transcribed spacer 1 partial sequence 5.85 ribosomal RNA gene and internal transcribed spacer 2 d large subunit RNA gene partial

HP-L4

JX040847.1 Saccharicola sp. 2/S/Sj/1/6/3 18 ribosomal RNA partial sequence interal transcribed spacer 1 5,85 ribosomal RNA and intemal transcribed spacer 2 complete d 28 ribosomal RNA partial

PP989220.1 Neottiosporina sp. GZ-2024a strain RUFCC2454 internal transcribed spacer 1 partial sequence 5.85 ribosomal RNA gene and intemal transcribed spacer 2 complete sequence and large subunit ribosomal RNA gene partial sequence

HP-L3

KT291122.1 Fungal endophyte strain CL-1-B clone L46 intemal transcribed spacer 1 partial sequence 5.85 ribosomal RNA gene and interal transcribed spacer 2 complete sequence and 285 ribosomal RNA gene partial sequence

JQ759891.1 Dothideomycetes sp. genotype 194 isolate FLO01S intemal transcribed spacer 1 partial sequence 5.8 ribosomal RNA gene and internal transcribed spacer 2 complete sequence and 288 ribosomal RNA gene partal sequence

ON193785.1 Helminthosporium sp. strain UNIJAG.PL.OP1135 intemal transcribed spacer 1 partial sequence 5.85 ribosomal RNA gene and internal transcribed spacer 2 complete sequence and large subunit ribosomal RNA gene partial sequence

JQ759889.1 Dothideomycetes sp. genotype 193 isolate FLO013 intemal transcribed spacer 1 partial sequence 5.8S ribosomal RNA gene and internal transcribed spacer 2 complete sequence and 28S ribosomal RNA gene partial sequence

MK102692.1 Stagonospora bicolor strain ZMr20 small RNA gene partial seq: transcribed 5.8 ribosomal RNA gene and intemal transcribed spacer 2 complete sequence and large subunit ribosomal RNA gene partial sequence
GUS66270.1 Ascomycota sp. G47 18S ribosomal RNA gene partial sequence internal transcribed spacer 1 5.85 ribosomal RNA gene and internal transcribed spacer 2 complete sequence and 285 ribosomal RNA gene partial sequence

MHT793587.1 Stagonospora trichophoricola strain C. C. Lee AgF4-27-4 small subunit ribosomal RNA gene partial sequence intenal transcribed spacer 1 5.8S ribosomal RNA gene and interal transcribed spacer 2 complete sequence and large subunit ribosomal RNA gene partial sequence
OP599627.1 Neottiosporina ashworthiae strain BRIP 72471b small subunit ribosomal RNA gene partial sequence internal transcribed spacer 1 5.8 ribosomal RNA gene and intemal transcribed spacer 2 complete sequence and large subunit ribosomal RNA gene partial sequence

NR 182622.1 Neottiosporina ashworthiae BRIP 72471b ITS region from TYPE material

MZ734405.1 strain BRIP 16231 ribosomal RNA gene partial sequence intemal transcribed spacer 1 5.8 ribosomal RNA gene and intemal transcribed spacer 2 complete sequence and large subunit ribosomal RNA gene partial sequence

MV/85559.1 Stagonospora bicolor isolate F259 small subunit ribosomal RNA gene partial sequence internal transcribed spacer 1 5.8 ribosomal RNA gene and internal transcribed spacer 2 complete sequence and large subunit ribosomal RNA gene partial sequence

OP604252.1 Ceratobasidium sp. isolate Pink internal transcribed spacer 1 partial sequence 5.85 ribosomal RNA gene complete sequence and internal transcribed spacer 2 partial sequence.

HP-R1
OP257170.1 Rhizoctonia sp. isolate 2-SD-Rh small subunit ribosomal RNA gene partial sequence intemnal transcribed spacer 15.8S ribosomal RNA gene and intemal transcribed spacer 2 complete sequence and large subunit ribosomal RNA gene partial sequence
JX535011.1 Rhizoctonia solani strain MML4008 internal transcribed spacer 1 partial sequence 5.88 ribosomal RNA gene and internal transcribed spacer 2 complete sequence and 288 ribosomal RNA gene partial sequence

PP747690.1 Ceratobasidiaceae sp. strain Pontiacd small subunit ribosomal RNA gene partial sequence interal transcribed spacer 1 5.88 ribosomal RNA gene and internal transcribed spacer 2 complete sequence and large subunit ribosomal RNA gene partial sequence

KJ573103.1 Ceratobasidium sp. ZeuS1-1 18S ribosomal RNA gene partal sequence internal transcribed spacer 1 5.85 ribosomal RNA gene and internal transcribed spacer 2 complete sequence and 28S ribosomal RNA gene partial sequence

Fig. 10. A phylogenetic tree constructed for fungal species isolated from Cyperus rotundus L.
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fermentation processes, the effects of nutritional factors and harvest timing on the production of antimicrobial compounds from
endophytes will be investigated. Following the optimization of culture conditions, endophytic fungi will be fermented to maximize the
yield of antibacterial compounds of which will be isolated using chromatographic techniques, and their chemical structures will be
determined.
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