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Abstract

Taxonomy of the fungus Pestalotiopsis based on morphological characters has been equivocal. Molecular

characterization of ten Pestalotiopsis species was done based on nuclear ribosomal DNA internal transcribed

spacer (ITS) amplifications. Results of the analyses showed that species of genus Pestalotiopsis are

monophyletic. We report ITS length variations, single nucleotide polymorphisms (SNPs) and insertions/

deletions (INDELS) among ten species of Pestalotiopsis that did not cause any phylogenetic error at either

genus or species designation levels.  New gene sequences have been assigned (Gen Accession numbers

from HM 190146 to HM 190155) by the National Centre for Biotechnology Information, USA.
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Introduction

The genus Pestalotiopsis is a heterogeneous group of

Coelomycetes fungi and cosmopolitan in distribution (Kang et al., 1999).

Most species are weak plant pathogens (Zhu et al., 1991; Zhang et al.,

2003), some are saprobes in soil and in plant debris (Tang et al.,

2003). Its species infect many economically important plants such as

mango, coconut, rice, tea etc. and are common endophytes isolated

from many tropical and sub-tropical plants (Okane et al., 1997;

Guo, 2002; Joshi et al., 2009). Pestalotiopsis species have gained

much attention and importance in recent years as they produce

many important secondary metabolites with potential use on medical

application and control of plant diseases (Strobel, 2002; Harper et

al., 2003; Kumar et al., 2004; Ding et al., 2009; Liu et al., 2009).

The taxonomic affinities of Pestalotiopsis species have been

equivocal and hampered by opinions regarding the basic criteria

used in segregating the species. NagRaj (1993) classified the genus

based on the morphology of conidia and on conidiogenesis. At

present, inter-specific delimitation is still obscure (McParland and

Cubeta, 1997; Morgan et al., 1998).

Some species have also been identified based on their

host occurrence (Kohlmeyer and Volkmann-Kohlmeyer, 2001; Chen

et al., 2002). Molecular studies have shown that the genus contain

two distinct lineages again based on pigmentation of median cells

and four distinct grouping based on morphology of apical

appendages but the reliability of other phenotypic characters of this

genus was not supported (Jeewon et al., 2003).

In the recent years, precise assessment of diversity and

identification of fungi had a great impact on fungal taxonomy due to

rapid developments in molecular techniques (Phillips et al., 2007;

Zhu et al., 2008; Thongkantha et al., 2009). Fungal identification is

more reliable when classical and molecular approaches are combined

(Hyde and Soytong, 2008; Than et al., 2008). Sequence analysis of

the Internal Transcribed Spacer (ITS) region of nuclear ribosomal

DNA (rDNA) has been widely used for molecular identification and

phylogenetic diversity studies of fungi (Egger, 1995; Lacap et al.,

2003; Promputtha et al., 2005). The rDNA region contains both

variable and conserved region allowing the comparison and

discrimination of organisms at different taxonomic levels. The ITS

polymorphism might occur at genus, species or individual level making

it useful for phylogeny, evolution and bio-geographical diversity studies

(Carvalho et al., 2009). The DNA sequences of ITS I and ITS II

regions of 5.8S rRNA gene evolves relatively quickly and can be

useful in determining inter-species variations (Vogler and Bruns, 1998).
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The aim of the present study was to molecularly identify,

characterize and to find out phylogenetic relationships among

predominant fungal species Pestalotiopsis prevalent in Aravali forest

range of Rajasthan, India.

Materials and Methods

The infected twigs and leaves of eight plant species were

collected from various localities of Aravali mountain range forest of

Rajasthan, India. Pure cultures from the infected plant tissues were

raised on potato dextrose agar (PDA) culture medium in petri dishes

at 25 ± 2oC for 10 days. All the isolates were again sub-cultured in

petri dishes for 10 days and colony morphology (colour, growth

rate, texture, mycelium form and morphometric characters) of conidia

of each isolate was recorded.

The genomic DNA was extracted from fresh cultures grown

on PDA culture medium. Approximately, 100 mg of each fungal

mycelium was crushed with a micro-pestle in conical 1.5 ml micro

centrifuge tube with liquid nitrogen. DNeasy® plant minikit of Qiagen

GMBH (Germany) was used and protocols suggested by Sambrook

et al. (1989) and Birren and Lai (1993) were followed for DNA

isolation. The quality of DNA was checked on 0.8% (w/v) agarose

in a gel electrophoresis with 1× TAE buffer and analyzed after

staining with ethidium bromide. The purity of the extracted DNA was

checked at 260 nm and 280 nm (Pharma spec UV-1700, Shimadzu

Company).

The polymerase chain reaction (PCR) primers ITS-1 and

ITS-4 were used to amplify the ITS-I and ITS-II regions of ribosomal

DNA, which encompasses the 5.8S rRNA gene (White et al., 1990).

The amplification was performed using PCR in a total volume of 50

ml in a thermal cycler (Corbett Research, USA) following standard

PCR conditions (Kakani et al., 2011). The PCR products were

visualized on 1% (w/v) agarose gel in Tris-acetic acid EDTA  (1×

TAE) buffer at 60 V for 100 min. Agarose gel was stained with

ethidium bromide and photographed under UV light using syngene

gel documentation system.

Each amplified PCR product of ITS amplified region

containing ITS1, 5.8S rRNA gene and ITS2 was directly sequenced

using ITS-1 (forward primer) and ITS-4 (reverse primer) by big

dye terminator method on ABI prism DNA sequencer. The sequence

data obtained from ITS-4 reverse primer was inversed using

Genedoc software and clubbed with sequence data of ITS-1 after

deleting the common portions  to obtain complete sequence of

amplified ITS product. Nucleotide sequence comparisons were

performed by using Basic Local Alignment Search Tool (BLAST)

network services of the National Centre for Biotechnology

Information (NCBI) database. The fungal species were designated

to the sequenced analyses based on similarity with the best aligned

sequence of BLAST search. Multiple sequence alignment was

performed using clustal X 1.83 software. The complete rDNA

sequences of ITS1 and ITS2 encompassing 5.8S of different

Table - 1: Morphometric characterization of Pestalotiopsis isolates collected from Aravali forests.

Isolate Host *Conidial length Conidial width *Type of median colour        *Size of appendages (µm)

       (µm)        (µm) cells and length (µm) apical basal

Ps 1 Phoenix sylvestris 22.9±0.9 6.0±0.6 VU 17.1±0.8 18.9±1.1 4.5±0.6

Ps 2 Gravillea robusta 27.1±0.7 6.0±0.8 Concolour16.8±0.7 17.5±0.9 4.0±0.8

Ps 3 Cryptostegia grandiflora 25.0±0.9 5.5±0.6 VF 17.5±0.7 21.6±1.3 5.4±0.7

Ps 4 Mangifera indica 24.9±0.8 6.3±0.9 VF 18.9±0.9 18.9±1.2 5.1±1.0

Ps 5 Cycas circinalis 22.9±1.2 6.2±0.9 VU 17.1±0.7 18.9±0.9 5.4±0.7

Ps 6 Mangifera indica 22.2±0.8 5.8±0.9 Concolour 16.2±1.0 23.1±0.7 4.9±0.8

Ps 7 Butea monosparma 26.2±0.8 6.9±0.7 Concolour 15.6±0.8 13.7±0.8 5.0±0.8

Ps 8 Eugenia jambalana 22.9±0.9 6.2±1.0 Concolour 17.1±1.2 22.9±0.7 4.9±0.7

Ps 9 Psidium guajava 27.1±0.7 6.7±1.2 VF 18.9±1.0 25.6±0.7 5.1±0.9

Ps 10 Mangifera indica 22.8±1.0 6.0±1.1 Concolour 14.8±0.6 25.6±1.2 6.7±01.0

VU = Versicolour umber, VF = Versicolour fuliginous; * = Mean values of 30 conidia per isolate

Table - 2: Nucleotide base pair lengths of internal transcribed spacer region encompassing 5.8S ribosomal DNA gene.

Isolate Gen accession number ITS-1 5.8S gene ITS-2 Total Pestalotiopsis species
(bp) (bp) (bp) (bp)

Ps 1 HM190146 142 158 162 462 P. clavispora (Atk.) Stey.

Ps 2 HM190147 142 158 160 460 P. diospyri Syd.

Ps 3 HM190148 142 158 160 460 P. oxyanthi Thuem.

Ps 4 HM190149 142 158 162 462 P. versicolor Stey.

Ps 5 HM190150 141 156 160 457 P. gracilis (Kleb.)

Ps 6 HM190151 142 158 160 460 P. virgatula (Kleb.) Stey.

Ps 7 HM190152 194 158 166 518 P. cocculi Guba.

Ps 8 HM190153 142 158 162 462 P. microspora (Speg.) Guba.

Ps 9 HM190154 142 158 162 462 P. sydowiana Bres.

Ps 10 HM190155 142 158 162 462 P. mangiferae (P. Henn.) Stey



899

Journal of Environmental Biology ����September 2012����

Morphometric and molecular characterization of Pestalotiopsis

Pestalotiopsis species were submitted to NCBI database and Gen

Accession numbers obtained. The phylogenetic relationships of

Pestalotiopsis species were established by generating phylogram

using tree view software (Page, 1996) based on single nucleotide

polymorphisms in the ITS region of 5.8S ribosomal nuclear DNA.

Results and Discussion

The morphometric characterization of ten isolates of

Pestalotiopsis isolated from eight host plants is presented in Table

1. All the ten Pestalotiopsis isolates were recorded with minor

variations and homogenous conidial lengths (22.2 to 27.1 µm),

conidial width (5.5 to 6.9 µm), length of median colour cells (14.8 to

18.9 µm) and size of basal appendages (4.0 to 6.7 µm). However,

three types of median colour cells were recorded among the isolates

i.e., Ps 1 and Ps 5 (versicolour amber), Ps 2, Ps 6, Ps 7, Ps 8 and

Ps 10 (concolour) and Ps 3, Ps 4 and Ps 9 (versicolour fuliginous)

with variation in size of apical appendages (13.7 to 25.6 µm).

Three isolates Ps 4, Ps 6 and Ps 10 representing three species of

Pestalotiopsis were isolated from a single host Mangifera indica.

The PCR amplified products of the ten isolates of Pestalotiopsis

generated a single prominent band on agarose gel (Fig. 1).

 The amplified product of ITS region (ITS1-5.8S-ITS2) of

Pestalotiopsis isolates ranged between 500 to 550 bp. The

nucleotide base pair lengths of internal transcribed spacer regions

encompassing 5.8S nuclear rDNA of ten species of Pestalotiopsis

are shown in Table 2.  Seven species of Pestalotiopsis viz., P.

clavispora, P. diospyri, P. oxyanthi, P. gracilis, P. cocculi, P. microspora

and P. sydowiana were found associated with different hosts studied

based on the maximum identities with the available sequences in

the NCBI database. Whereas, three species viz., P. mangiferae, P.

versicolour and P. virgatula were isolated from a single host Mangifera

indica. The details of the ITS1-5.8S-ITS2 length of each

Pestalotiopsis species and Gen Accession numbers are presented

in Table 2. Interestingly, P. cocculi was recorded with the maximum

gene length of 518 bp which was significantly higher than all other

Pestalotiopsis species ranging between 457 to 462 bp. Besides

ITS length variations, i.e., ITS I (141-194 bp) and ITS II (160-166

bp), we report single nucleotide polymorphisms (SNPs) at number

of sites by way of single to a few base pair substitution, insertions/

deletions (Indels) among Pestalotiopsis isolates studied. The new

gene sequences were assigned Gen Accession numbers from HM

190146 to HM190155.

The multiple sequence alignment of all the ten Pestalotiopsis

species generated a phylogram using tree view software (Fig. 2).

The phylogram showed that all the Pestalotiopsis species prevailing

in the Aravali forest arise from single branch and validated

monophyletic association. The phylogram also showed that all the

ten Pestalotiopsis species delineated into three clades. Clade 1

included six species of Pestalotiopsis in which P. clavispora, P.

versicolor, P. microspora showed more genetic similarities with each

other as compared to P. mangiferae, P. sydowiana and P. oxyanthi.

However, P. oxyanthi was found distinctly related to other species of

the sub-clade. The clade 2 included three species viz., P. gracilis, P.

cocculi and P. diospyri. Clade 3 is represented by a single species

P. virgatula and recorded the most distinct to rest of the Pestalotiopsis

species studied. The species of Pestalotiopsis having uniform base

pair length of 462 were grouped into same clade in the phylogram.

Steyaert (1949) divided the genus Pestalotiopsis into different

sections on the basis of the number of apical appendages. Under

present investigation, all the species of Pestalotiopsis were recorded

with 2-3 apical appendages. There were insignificant differences in

size of conidia, size of apical appendages and could not be

distinguished on the basis of this morpho-taximetrics. P. clavispora,

P. versicolor and P. gracilis showed morphological similarities.

Whereas, phylogram aligned these species into separate clades.

We report no correlation between the morphological and genetical

affinities of these species. Morphologically similar species were

delineated into different clades upon genetic analysis and vice versa.

Out of ten species identified, five species P. diospyri, P.

virgatula, P. cocculi, P. microspora and P. mangiferae were of

concolour type and the species P. clavispora and P. gracilis were of

versicolour umber type. While, P. oxyanthi, P. sydowiana and P.

versicolour were recorded as versicolour fuliginous type. These

morphological groups of species when compared with multiple

sequence alignment of rDNA regions delineated the species with

similar pigmentation type into different clades. Satya and Saksena

Fig. 2: Phylogram based on multiple sequence alignment of Pestalotiopsis

species using tree view software

Fig. 1:  ITS profiles of 10 Pestalotiopsis species
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(1984) argued that colour contrast of median cells is not a dependable

character for identification of Pestalotiopsis species.

The association with specific hosts has provided a

convenient means for species separation and description of new

species (Zhou and Hyde, 2001; Jeewon et al., 2004). Whereas,

under present investigation host vis-a-vis Pestalotiopsis species

association did not provide any clue of designation of species.

Rather, it resulted in ambiguity to identify species as the host

Mangiferae indica was found to harbor three species of Pestalotiopsis.

Earlier reports of Fungi of India also validate our findings. By contrast,

Cannon and Simmons (2002) reported Pestalotiopsis species are

host specific. The species of this genus are not host specific as they

were also reported as facultative parasites, saprophytes and or

endophytes (Suryanarayanan et al., 2000; Yanna and Hyde, 2002;

Wei and Xu, 2004; Keith et al., 2006; Hu et al., 2007; Joshi et al.,

2009). We observed that species isolated from same host were

genetically grouped in different clades and the species relationship

is independent to association with the host. Similar observations

were recorded by Jeewon et al. (2004). Morgan et al. (1998)

reviewed the taxonomy of this genus and explored the utility of

artificial neural network to identify and characterize Pestalotiopsis

species.

Our study revealed that classification of Pestalotiopsis based

on conidial morphology, pigmentation, culture characters and or

host affinities are not congruent and are often misleading. Whereas,

the molecular identification based on rDNA gene sequences is a

robust molecular tool to study phylogenetic relationship. Sequence

data from rDNA, ITS region has been extensively used to designate

species (Baayen et al., 2002; Jeewon et al., 2004; Than et al.,

2008). The PCR and DNA sequencing combined with morphological

verification can provide accurate identification of fungal diversity by

validating taxonomic identification. The results validate the use of

rDNA gene sequencing as DNA barcode for species designation

within the genus Pestalotiopsis.
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