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First report of Paraphaeosphaeria angularis as endophyte in sugarcane
(Saccharum officinarum) from India
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Brazil and India put together contribute to more than
50% of global sugarcane (Saccharum officinarum L.)
production. This important crop is known to have multiple
utilities including production of molasses, sugar and ethanol.
Thus, studying microbial diversity, especially endophytes
that are known to contribute to plant fitness to overcome
biotic and abiotic stresses become imperative. Studies on
endophytic fungi of sugarcane include that of Srivastava
et al. (2017) from India, de Souza et al. (2016), Romao-
Dumaresq et al. (2016) and Fors ef al. (2020) from Brazil,
Khunnamwong et al. (2014) from Thailand, and Lufeng et
al. (2019) from China. Since there are limited studies on
endophytes of sugarcane (Rashmi ez al. 2019), present study
is embarked on screening sugarcane leaf for the presence
of fungal endophytes.

Studies on fungal endophytes of any plant host from any
geographical region invariably result in isolation of sterile
forms as fungal endophytes. In order to induce sporulation
in these sterile mycelia, various methods have been followed
that include growing them on media containing plant extracts
and incubating them under different conditions (Taylor et
al. 1999, Guo et al. 2000), but in spite of these, only few
of the isolates sporulate. Therefore, molecular methods
have become essential for the identification of these sterile
endophytic fungi (Wang et al. 2005). The present work on
isolation of endophytic fungi from sugarcane leaves resulted
in recording a number of sterile forms as endophytes. In
this study, the presence of Paraphaeosphaeria angularis
(Dothideomycetes, Pleosporales, Didymosphaeriaceae),
isolated as a sterile form from sugarcane, based on sequence
analysis of 5.8S gene and ITS regions of rDNA is reported.
This is the first report of this fungus as sugarcane leaf
endophyte from India, while other species belonging to
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this genus have been reported as leaf spot pathogens from
the host.

Fresh leaves were collected from sugarcane hosts
growing in Puducherry, India, on March 18, 2022. The
leaves were washed in tap water before surface sterilisation.
From the middle of the lamina, small segments measuring
approximately 0.5 cm? in size were obtained and surface
sterilized by a four-step sterilization protocol (Stuart et al.
2010). The leaf bits were first immersed in 50% ethanol
for 1 min, then in 4% NaOCI for 1.5 min, then in 50%
ethanol for 0.5 min and finally rinsed in sterile distilled
water. The surface sterilised bits were inoculated in 9
cm diameter. Petri-plates containing potato dextrose agar
(PDA) were added with antibiotic (Chloramphenicol 150
mg/litre). The plates were observed for a period of 4 weeks
for endophyte growth.

DNA isolation and PCR analysis: DNA extraction from
the endophyte was done following Gardes and Bruns (1993).
The PCR amplification of the ITS1-5.8S-ITS2 segment was
performed with the ITS1 and ITS4 primers (White et al.
1990). The PCR reaction was performed in a thermal cycler
(GeneAmp PCR System 9700, Applied Biosystems) with
the following conditions: 98°C for 30 sec, thermal cycling
for 40 cycles (98°C, 58°C, and 72°C for 5, 10 and 15 sec
respectively), and finally at 72°C for 60 sec. The amplified
product was sequenced and deposited in GenBank database
with the accession number OP125755.

Phylogenetic analysis: The ITS sequences of the
fungal endophyte was taken up for phylogenetic analysis.
A preliminary blast analysis was performed and based on
the sequence similarity, a total of 14 nucleotide sequences
were selected for further analysis. A multiple sequence
alignment was performed using CLUSTALW and manually
edited using MEGAI11 software (Tamura et al. 2021).
The Maximum Likelihood method based on the Tamura-
Nei model (Tamura and Nei 1993) was used to infer the
evolutionary history. A final tree was constructed with branch
lengths measured as the number of substitutions per site
based on the above parameters and 1000 bootstrap replicates.
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Fig 1 Colony morphology of Paraphaeosphaeria angularis.

A preliminary study on fungal endophytes of sugarcane
resulted in recording 9 different sterile forms. Sequence
analysis of 5.8S gene and ITS regions of rDNA for one
of the sterile endophyte (Fig 1) resulted in assigning the
taxa Paraphaeosphaeria angularis to the sterile form
based on the evolutionary history as inferred using the
Maximum Likelihood method and Tamura-Nei model (Fig
2). It is imperative to mention here that for distinguishing
some of the taxa like Paraphaeosphaeria, morphological
studies coupled with phylogenetic analysis are important

Paraphaeosphaeria michotii NR 155640
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(Ariyawansa et al. 2020). Paraphaeosphaeria angularis
obtained in the present study was clustered with P. angularis
(NR172222 and JX496013) (Fig 2) isolated from sugarcane
grown in Brazil. Paraphaeosphaeria angularis has not been
reported from sugarcane in India, but has been isolated from
sugarcane in Brazil (Verkley ef al. 2014), and recorded as
novel species of Paraphaeosphaeria. Verkley et al. (2014)
have described the conidial state of P angularis with
immersed mycelium, covered by a diffuse mat of pure white
finely felted aerial mycelium that is similar in morphology
to P. angularis in the present study.

Srivastava et al. (2017) studied fungal endophtes
of sugarcane from India, but in both the studies
Paraphaeosphaeria has not been recorded. Rashmi et al.
(2019) reported 6 different species of Paraphaeosphaeria
as endophytes from different host plant species but none
from India. In a recent study, Silva et al. (2018) recorded
P. arecacearum as an endophyte from Paullinia cupana,
a multipurpose plant (Marques et al. 2019) from Brazil.
A species belonging to the genus Paraphaeosphaeria, i.e.
P michotii has been reported as pathogen in sugarcane
causing leaf spot (Nyvall 1989). Further, the genus
Paraphaeosphaeria includes plant pathogens, biocontrol
agents and endophytic fungi (Baroncelli ez al. 2020). Along
with some bacterial species, fungal species in the genus
Paraphaeosphaeria is known to be either involved in or
associated with beech leaf disease (Ewing et al. 2021, Fearer
etal.2022). Also, endophytic Paraphaesphaeria sporulosa
isolated from Paepalanthus planifolius produced novel
isoquinoline alkaloid (de
Amorim et al. 2022). Thus,
assigning taxa to sterile forms
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Fig 2 Maximum Likelihood tree of the internal transcribed spacer (ITS) region of Paraphaeosphaeria
angularis isolated from sugarcane leaf (OP125755) and similar sequences from GenBank.

Paraphaeosphaeria neglecta NR 155629

as in the case of present
study, presence of pathogens
that are latent and do not
sporulate in culture media,
and also fungi with bioactive
potential.

SUMMARY

Sugarcane (Saccharum
officinarum L.) is considered
to be an important crop that
is utilized for production
of molasses, sugar and
ethanol. Thus, identifying
microbes associated with
this crop plant will give
more insight into plant-
microbe interaction. Further,
there are limited studies on
sugarcane fungal endophytes.
Therefore, sugarcane leaves
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obtained from approximately 3 month old sugarcane plants
growing in Puducherry were screened for the presence
of fungal endophytes, during March 2022. The study
conducted to identify fungal endophytes of sugarcane
resulted in isolation of a sterile form which was identified
as Paraphaeosphaeria angularis, an ascomycetous fungal
species, based on sequencing of the internal transcribed
spacer and the 5.8S rDNA region. Maximum Likelihood
method was used to infer the evolutionary history. It is the
first report of this fungus, as endophyte, from sugarcane
host from India. The genus Paraphaeosphaeria is known to
include plant pathogens, biocontrol agents and endophytic
fungi. This study highlights the importance of studying
and assigning taxa to the sterile forms especially from crop
plants, since a species belonging to Paraphaeosphaeria, viz.
P. michotii is reported as a pathogen from sugarcane from
other countries. Further studies will reveal the potential of
P. angularis as fungal species known to occur just as an
endophyte or a capable pathogen.
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