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ABSTRACT

Fungal endophytes are beneficial microbes that confer an added
advantage to plants by colonizing their intercellular spaces without
causing any harm. Instead, they produce secondary metabolites
that play a considerable role in improving the medicinal qualities
and protection of the host plants. There are several reports on
fungal endophytes isolated from different plants but no report yet
on fungal endophytes of Blighia sapida and Euphorbia
heterophylla. These two plants were found growing in the Unilorin
Sugarcane plantation as weeds. Leaf samples were collected from
the plants, sterilized, and cultured on potato dextrose agar (PDA)
for seven days. Emerging fungal mycelia from the leaves were
subcultured to obtain pure culture and used for DNA extraction. We
used the Internal Transcribed Spacer (ITS) region gene sequence
analysis of fungi DNA for the identification of two new records of
isolated fungal endophytes of these two plants. The extracted DNA
was amplified using Polymerase Chain Reaction (PCR),
sequenced and analyzed using the computer softwares; AliView
and MEGAX. Molecular phylogeny inferred using maximum
likelihood phylogenetic tree based on the ITS DNA sequences
showed the relationship between the isolated fungal endophyte
and the closest identified relatives from NCBI GenBank. Fungal
endophyte isolated from B. sapida had the highest sequence
similarity to Curvularia lunata, and isolate from E. heterophylla had
the highest similarity to Chaetomium globosum. These two results
represent the first reports of the fungal isolates as new records of
endophytes from their respective host plant. The implications of
these new records are fully discussed.

Keywords: Internal Transcribed Spacer (ITS), Polymerase Chain
Reaction (PCR), AliView, MEGA X, Maximum likelihood, phylogeny

1.0 INTRODUCTION

The internal tissues of plant species have been inhabited by fungal
endophytes that have no overtly negative effect or apparent
symptoms on their hosts. The mechanism of their actions alters
plants’ interaction with their environment (Hamilton et al., 2012).
The activities of these fungal endophytes greatly influence the
physiological activities of the host plants by enhancing resistance
against abiotic stress, diseases, insects, and mammalian
herbivores (Khiralla et al., 2020).

Blighia sapida is a forest food tree in the plant family Sapindaceae
native to tropical West Africa (Cameroon, Nigeria, Ghana, Gabon
etc.) and reported to grow in the Caribbean and Jamaica

(Adeduntan et al., 2016; Ouattara et al., 2016). Blighia sapida has
several uses, but it is mainly grown for its edible fruits called arils.
The arils obtained from B. sapida are consumed fresh, cooked into
sauce, fried in oil, or industrially processed into cans for export to
the United Kingdom and America (Ouattara et al., 2016). Blighia
sapida has been reported to contain essential elements such as
lipids (45%), proteins (11%), ash (4%), and Vitamin C. When
employed as a nutritional base, the fruit can provide approximately
50% of the nutritional requirements (Ouattara et al., 2010). Besides
the consumption of its edible fruits, B. sapida leaves are of
medicinal importance and have been used to treat different
ailments.

Euphorbia heterophylla, a member of the family Euphorbiaceae, is
a major weed and medicinal plant usually found in cultivated land
and waste places native to tropical and sub-tropical America also
widespread in the tropics (Hutchison & Dalziel, 1958). Euphorbia
heterophylla has been reported as a weed of many crops (Bridges
et al., 1992; Kissman, 1992; Meschede et al., 2002; Olorunmaiye
& Ogunfolaji, 2002). It is prevalent because its seeds are capable
of germinating in extreme conditions. Germination has been
reported in a wide range of temperatures without light requirements
(Chachalis, 2015). Euphorbia heterophylla competes with crops for
water, light, nutrients, and space through phytotoxic natural
products leading to reduction in crop yield ranging from 4% to 85%
(Tanveer et al., 2010).

Fungal endophytes promote the accumulation of bioactive
compounds in medicinal plants, thereby influencing their quantity
and quality (Chen et al., 2016). (Eze et al., 2019) in their study on
endophytic fungi isolated from healthy leaves of Carica papaya
identified toxigenic species belonging to genera Fusarium and
Epicoccum, which were confirmed to produce toxic compounds
known to have beneficial potentials for pharmaceutical, agricultural
and industrial purposes. Phytochemical screening of B. sapida by
(Dossou et al., 2014) revealed the presence of tannins, saponins,
and glycosides. Adaptation of weeds to environmental factors and
their tolerance to herbicides was described by Tétard-Jones &
Edwards (2016) as biotrophic, i.e., weeds are resistant to adverse
effects due to their ability to metabolise and detoxify agrochemicals
coupled with the actions of free-living and plant-associated fungal
endophytes. Marquez et al. (2007) reported that Dichanthelium
lenuginosum, a grass in Yellow stone National Park U.S.A survived
a temperature range of 38 — 65 °C because of its association with
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fungal endophyte Curvularia protuberata. Thus, E. heterophylla’s
evasiveness in a wide variety of crops can be attributed partly to
the actions of their fungal endophytes.

Identification of fungal endophytes was previously based on their
morphological characters when cultured on artificial medium.
Findings of these studies were flawed because fast-growing fungi
were isolated quicker than slow-growing ones, as well as the fact
that some endophytic fungi are not culturable, and so are difficult
to detect (Duong et al, 2006). Although there have been
advancements in the current cultural techniques for identifying
endophytic fungi, the flaws persist to some extent (Kandasamy &
Kalra, 2013). In comparison, the molecular techniques of
endophytic fungi identification make it possible for accurate
classification of their strains at diverse hierarchical taxonomic
levels. Several studies have successfully identified and classified
endophytic fungi using the molecular phylogenetic method (Arnold,
2007; Kumar & Kaushik, 2013; Singha et al., 2016).

Based on our knowledge at the time of writing this paper, there is
no previous report yet on fungal endophytes of B. sapida and E.
heterophylla. Therefore the objective of this work was to identify
fungal endophytes of B. sapida and E. heterophylla using the ITS
gene sequences and molecular phylogenetic methods.

2.0 MATERIALS AND METHODS

2.1 Source of plant materials

Healthy green and fresh leaves of B. sapida and E. heterophylla
were collected at the sugarcane plantation area in the University of
llorin, Nigeria. The collection was made with a sterile blade and
kept in sterile polythene bags at the collection location. Collections
were transferred to the laboratory to isolate the fungal endophytes.

2.2 Fungal isolation and identification

Leaf samples were prepared for culture using a modified protocol
(Stone et al., 2004) for endophytic fungi culturing. Using a sterile
blade, the leaf sample was cut to sizes of 2cm2. Cut samples were
surface sterilized by being washed with running water, 70% ethanol
for 4 minutes, and then in 10% commercially available hypochlorite
solution for 2 minutes. This was followed by further sterilization in
70% ethanol for 1 minute, and finally, the cut pieces were rinsed in

2.4 Polymerase Chain Reaction (PCR) amplification and

Sequencing
PCR amplification and sequencing were done at Ingabba Biotec in
South  Africa using  primers ITS 1 (5-

TCCGTAGGTGAACCTGCGG-3)  and TS 4 (5-
TCCTCCGCTTATTGATATGC-3') (White et al., 1990). The PCR
mixture contained 12.5 pl of Tag 2X PCR master mix, 1 pl each
primer (10 uM) (ITS 1 and ITS 4), 9.5 pl of sterilised distilled water
and 1 pl of the DNA. The PCR programme was run for 2 mins at
94 °C, followed by 35 cycles at 94 °C for 1 min, 55 °C for 1 min, 72
°C for 1 min and final extension at 72°C for 10 mins. Sequencing
of the PCR products were also done at Ingabba Biotec (South
Africa) using the same primers.

2.5 Phylogenetic analysis

After the DNA fragment had been amplified, it was sent to a service
provider (Ingab Biotech, Pretoria, South Africa) for sequencing.
Raw sequence data were analysed using the following installed
computer software: SeqTrace 9.0 (Stucky, 2012) for viewing raw
sequence data and consensus generation; AliView (Larsson, 2014)
for alignment and MEGAX for alignment and phylogenetic tree
construction. Similar nucleotide sequences were carefully
selected, aligned and analyzed in MEGA X(Kumar et al., 2018)
using maximum parsimony.

3.0 RESULTS

Two (2) isolates were successfully amplified and sequenced from
the leaves of Blighia sapida and Euphorbia heterophylla. The ITS
sequences of the two isolates showed high percentage of
similarities with the GenBank database (http./www.nchi.nhm.gov)
based on BLAST searches. Sequences with high similarities were
downloaded (Tables 1 & 2) to identify the two isolates through
phylogenetic analyses. The isolates from B. sapida was identified
as Curvularia lunata (Figure 1) while Chaetomium globosum was
identified from E. heterophylla.

The DNA sequence of the ITS region was 566 bp and 485 bp for
Curvularia lunata and Chaetomium globosum respectively.

Table 1. Sequences used for the phylogenetic tree of Curvularia
lunata isolated from Blighia sapida

5 changes of distilled water and then brought to dry with sterile filter

> g Species Isolate GenBank accession number
papers. The surface-sterilized leaf samples were plated aseptically Curvulana lunata UIL20 LC835946 (from this study)
on Potato Dextrose Agar (PDA) using streptomycin sulphate to Botryosphaeria corticola CBS 112546 AY258090.1 (Oulgroup)
prevent bacteria contamination. The plated leaf samples setup was Curvularia_geniculata UPM1192 KP3 4[}058- 1
observed for fungal activities for five (5) days, and observations Curvularia lunata PKC1 KX4 42659- 1
were recorded. Pure isolates of the fungi were obtained by Curvularia lunata KY18.1 MK623264-1
inoculation of fragments of mycelia from the initial culture plates. C lunata E3 ’ MT52 4329'
Inoculation on freshly prepared PDA in Petri dishes was done using Cbnrufan'a dactvloctenicola  Co-M22018 MH282519
sterile needles. All sterilization of inoculating instruments was done ) /
in flame and 90% ethanol simultaneously. Further isolation of Curvularia lunata Cx3 KRE33084.1
fungal isolate was done in replicates to get isolates free of Curvularia lunata MC13 MZ436987 1
contamination. Curvulania lunata E16 MH183194.1
Curvularia geniculata R3CG-07 MWE00265
2.3 DNA extraction Cunrufan:a pseudombus{? SDAL 992347-2  NR 130853
Mycelia were aseptically scraped and put in the DNA extraction kit Curvularia muehlenbeckise GBS 144 MH858242
to begin the extraction process, following the manufacturer's
instructions for extraction. DNA extraction was done using the DNA
mini-prep® extraction kit protocol. Ultra-pure DNA was then
obtained after the experiment.
New Records of Fungal Endophytes from Unilorin Sugarcane Plantation Using 946
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A 2590901 Botryosphaenia corficola strain CBS 112548

Curvularia lumatza UILED

KP340056.1 Curvufaria geniculata siran UPM1192

MWWED0265.1 Cunularia gemiculata izolate RSCG-07

MH133194 1 Curvitaria lunals isolate E16
— ME438987.1 Cunufaria lunataizolate MC13er

I KRE33084.1 Cunvularia lumata strain T3
— MH222519.1 Cunulana dactdoctsnicola strain CIMAP

99 — MT524329.1 Cunsularia lunata izolate E31

- — MKE23264.1 Cunvularia lunata isolste K181
— MMST1670.1 Curnvularia lunata sirain FME 0201

FX442659.1 Cunufaria lunata isolate PKC1 185

41'3‘%: MH253242 1 Cunvuiaria mushisnbeckiae culture CES:144 53

MR 130653.1 Cunvalana peewdorobusts SDAL 992347-2 ITS region from TYPE material

Figure 1. Phylogenetic tree showing the new isolate C. lunata UIL80 in bold

The evolutionary history was inferred using the Maximum
Parsimony method. The bootstrap consensus tree inferred from
652 replicates is taken to represent the evolutionary history of the
taxa analyzed. Branches corresponding to partitions reproduced in
less than 50% bootstrap replicates are collapsed. The percentage
of replicate trees in which the associated taxa clustered together in

The MP tree was obtained using the Subtree-Pruning-Regrafting
(SPR) algorithm with search level 1 in which the initial trees were
obtained by the random addition of sequences (10 replicates). This
analysis involved 14 nucleotide sequences. There were a total of
741 positions in the final dataset. Evolutionary analyses were
conducted in MEGA X.

the bootstrap test (652 replicates) are shown next to the branches.

Table 2. Sequences used for the phylogenetic tree of Chaetomium globosum isolated from Euphorbia heterophylla.

Species Isolate GenBank accession number
Chastfomium giobosum La LCA23IE04T (this study)
Eofryosphaernia corticoia CBS 112546 AY259090.1 (Outgroup)
Chastomium longiciliata HMAS 245782 NG 068525
Chaefomium globosum THAU-Cg 108 MKE231291
Chaetomium_fumnicola CB3_158_52 GU5E3369_1
Chaestfomium_funicola ABT46176_1
Chastomium longiciiata LC4055 KP336774
Chastomium_elatum P10_17a KT354986_1
Chastomium_elatum DTO_333_Fg KROTEE13_1
Chasfomium_tenue qao_1 MHS18610_1
Chastfomium_psevdogiobosum CB3 674 T1 MHE80267_1

[ Chaetomium gfobosum UILS1

20

— MKB23129.1 Chaetomium globosum isolate TNAL-Cg 108
4_ MHS18810 1 Chastomium tenue sirain gao 1
— MHB80ZET 1 Chastomium pseudogiobosum sirain CBS 574 71

— KT354986 1 Chaefomium elfatum strain P10 17a

— KX9756513 1 Chaefomium elatum strain DTO 333 F2

KP336774.1 Chaefomium longiciliata strain LC4055

GUEE3359 1 Chaefomium funicola strain CBS 158 52

AEBTAG17S 1 Chaetomium funicola

WG 0685251 Chaetomium longiciiata HMAS 245782 from TYPE matenal

AY¥250080.1 Botryosphaeria corticola strain CBS 1125465
Figure 2. Phylogenetic tree showing the new isolate from E. heterophylla C. globosum UIL81 in bold
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The evolutionary history was inferred using the Maximum
Parsimony method. The most parsimonious tree with length = 525
is shown. The consistency index is (0.716495), the retention index
is (0.649682), and the composite index is 0.581620 (0.465493) for
all sites and parsimony-informative sites (in parentheses). The
percentage of replicate trees in which the associated taxa clustered
together in the bootstrap test (1000 replicates) are shown next to
the branches. The MP tree was obtained using the Subtree-
Pruning-Regrafting (SPR) algorithm with search level 1 in which the
initial trees were obtained by the random addition of sequences (10
replicates). This analysis involved 11 nucleotide sequences. There
were a total of 971 positions in the final dataset. Evolutionary
analyses were conducted in MEGA X.

The sequences of Curvularia lunata UIL80 and Chaetomium
globosum UIL81were deposited in the online sequences repository
DNA Data Bank of Japan (DDBJ) with the accession numbers
LC835946 and LC835947 respectively

4.0 DISCUSSION

In this study, two endophytic fungi Curvularia geniculata and
Chaetomium globosum were isolated from the leaves of the two
plants B. sapida and E. heterophylla respectively.

Curvularia lunata belongs to the class Dothideomycetes (Kirk et al.,
2008). The genus Curvularia exist in nature as endophytes
(Gautam et al., 2013), epiphytes (Avila-Diaz & Oyama, 2007),
saprophytes (Manamgoda et al., 2011) and pathogens (Scott &
Carter, 2014). Members of the genus belong to a pathocomplex
group, including Curvularia, Cochliobolus, and Bipolaris. In studies
conducted by Manamgoda(2015) and Tan et al. (2014),
phylogenetic analysis using ITS gene regions helped in the
reclassification of morphologically defined Bipolaris species into
the Curvularia genus. Curvularia species have been reported as
endophytes of some plants, such as Rauwolfia macrophylla
(Kaaniche et al., 2019), Parthenium hysterophorus (Priyadharsini
& Thangavelu, 2017), and Cymbopogon caesius (Avinash et al.,
2015). Rauwolfia macrophylla is a medicinal plant commonly used
for the treatment of malaria and other diseases in Cameroon, and
was associated with Curvularia sorghina. Curvularia geniculata
isolated from invasive weed Parthenium hysterophorus showed
plant growth promoting ability through phosphate solubilization and
phytohormones when examined in-vitro. C. lunata isolated from
Cymbopogon caesius showed antimicrobial activities when tested
against pathogens.

The genus Chaetomium are filamentous fungi of different climates
associated with plant debris and soil (Sutton et al., 1999; Von Arx
et al, 1986). The genus was established in 1817 (Kunze &
Schmidt, 1817) and classified as a non-clavicipitaceous endophyte.
Zhao et al. (2017) reported the inhibitory activity of C. globosum
(strain CDW?7) against Sclerotina sclerotinum, causing rape rot.
Zhai et al. (2018) described C. globosum as a highly beneficial
endophytic fungus of Salvia miltiorrhiza, promoting the growth of
the plant and enhances the accumulation of bioactive compounds.
Zhou et al. (2016) illustrated the ability of C. globosum to increase
systemic resistance of wool (Gossypium hirsutum) against
invertebrate nematodes.

Previous studies have reported the two fungal endophyte isolates
from this study to be a rich source of secondary metabolites
belonging to diverse structural groups. Some reported secondary

metabolites of Curvularia species include 4-hydroxylphenylacetic
acid, indole-3-acetic acid, and acropyrone, 2'-deoxyribolacetone,
hexylitaconic (Kaaniche et al., 2019; Nwachukwu et al., 2018).
Flavipins, chaetoglobins, epipolythiodioxopiperazines,
azaphilones, xanthones, anthraquinones, chromones, depsidones,
terpenoids, and steroids are reported secondary metabolites of
Chaetomium species (Zhao et al., 2017). Antimicrobial, antioxidant,
and acetylcholinesterase inhibitory activities reported to be
displayed by these metabolites confirm that they are of valuable
pharmaceutical and biocontrol importance, playing a considerable
role in improving plants' medicinal qualities and exhibiting potential
against plant pathogen.

In addition to identifying the fungal endophytes, the molecular
phylogeny method provided an evolutionary relationship between
the identified fungal endophytes and other closely related species.
The isolate from B. sapida, C. lunata showed evolutionary
relationship  with  Curvularia  pseudorobusta,  Curvularia
dactyloctenicola, Curvularia geniculata, Curvularia
muehlenbeckiae and an outgroup Daldinia raimundi based on DNA
sequence similarity from NCBI GenBank database. Curvularia
globosum isolated from E. heterophylla showed close evolutionary
relationship  with  Chaetomium  longiciliata, ~ Achaetomium
strumarium, Chaetomium nigricolor, Chaetomium globisporum,
Chaetomium tectifimeti, Curvularia dactyloctenicola, Chaetomium
pseudoglobosum, and Chaetomium microthecia. These species
are difficult to distinguish using cultural identification techniques
because they belong to a pathocomplex group sharing similar
morphological characteristics. Thus, the molecular phylogeny
method of identification allowed for an accurate and reliable
distinction of the isolates from their close relatives in this study.
Fungal metabolites are of increasing interest in bio-molecular
activities studies. Therefore, it will be valuable to investigate the
bio-molecular activities of the isolated endophytic fungi from this
study.

5.0 Conclusion

With a high degree of clarity, Curvularia lunata and Chaetomium
globosum are the identified endophytic fungi of B. sapida and E.
heterophylla, respectively. Further research on assessing the
efficacy of the bioactive constituent of these isolated endophytic
fungi of B. sapida and E. heterophylla is required in order to
determine their potential antimicrobial, medicinal, and host plant
protection qualities.
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