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Introduction
Pestalotiopsis species are anamorphic
members of the family Amphisphaeriaceae
(Kang et al., 1999) and there are 230 species
listed in Index Fungorum (http://www.index
fungorum.org/Names/Names.asp) and they are
usually found in tropical and subtropical plants
throughout the world (Jeewon et al., 2004;
Tejesvi et al., 2007, 2008; Ding et al., 2009;
Liu et al., 2009). Pestalotiopsis species are
widespread plant pathogens (Zhang et al., 2003)
or saprotrophs on bark and decaying plant
material (Agarwal and Chauhan, 1988) or
degraders of plant material (Osono and Takeda,
1999) and also saprobes of decaying wild fruits
(Tang et al., 2003). Pestalotiopsis theae has
been identified as pathogenic on tea, Camellia
sinensis (Koh et al., 2001). Pestalotiopsis
species appears to be genetically diverse as
almost every isolate has distinct biochemical

and phenotypic traits (Li et al., 1996).
Pestalotiopsis species have gained much attention and importance in recent years as they
produce many important secondary metabolites
(Strobel, 2002; Harper et al., 2003; Kumar et
al., 2004).
Endophytes are microorganisms that
colonize and cause unapparent asymptomatic
infections in healthy plant tissues (Wilson,
1995; Hyde and Soytong, 2008) and temperate
and tropical plants and even lichens may
harbor numerous endophytic species (Kumar
and Hyde, 2004; Gonthier et al., 2006; Li et al.,
2007; Sánchez Márquez et al., 2007, 2008;
Rungjindamai et al., 2008; Tao et al., 2008).
Endophyte diversity in woody plants is little
understood and estimations of their diversity
have been based on the ‘‘morphospecies’’
concept (Lacap et al., 2003) or morphological
similarity to known species (e.g. Ganley et al.,
2004; Wei et al., 2007a; Oses et al., 2008). The
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majority of the endophytes reported are from
leaves and twigs (e.g. Fröhlich et al., 2000;
Photita et al., 2001; Huang et al., 2008), but
there are very few reports pertaining to the
isolation and diversity of endophytes from the
inner bark and roots of the tropical plants
(Tejesvi et al., 2007; Oses et al., 2008).
Fungal species have been separated and
described traditionally on the basis of morphology, cultural characteristics including pigment
production, presence of microconidia and
chlamydospores and new species are still
described on such basis (Rheeder et al., 1996;
Leslie et al., 2005; Zhao et al., 2007). Morphology has limitations as fungal characters can
change depending upon host and environment
(Egger, 1995). The number of morphological
markers available is also generally low, which
makes delimitation from related species
difficult (Magnani et al., 2005). In recent years,
rapid developments in molecular techniques
and multidisciplinary approaches have had a
great impact on fungal taxonomy (Tan and
Niessen, 2003; Phillips et al., 2007; Shenoy et
al., 2007a; Zhu et al., 2008; Thongkantha et al.,
2009).
A more precise assessment of diversity
and identification of fungi can be achieved
using the polymerase chain reaction (PCR) and
restriction fragment length polymorphisms
(RFLP) of the internal transcribed spacer (ITS)
of the fungal nuclear ribosomal DNA repeat
(Egger, 1995). The PCR-RFLP technique with
specific oligonucleotide primers ITS 1 & ITS 4
(White et al., 1990) and restricting with
different endonucleases, has been successfully
used to analyze regions of ribosomal DNA of
various groups of fungi (Gomes et al., 1999;
Glen et al., 2001; Cai et al., 2006; Shenoy et
al., 2007a; Hyde and Soytong, 2008) and can
be considered as a useful tool. Sequence
analysis of the ITS region of nuclear ribosomal
DNA has been widely used for molecular
identification and phylogenetic diversity
studies of fungi. Their have also been some
studies on the phylogeny and diversity of
endophytes isolated from inner bark and roots
of medicinal plants using molecular methods,
especially in the identification of morphospecies (Lacap et al., 2003; Promputtha et al.,
2005). Earlier studies from our laboratory have
shown that Pestalotiopsis is one of the most
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dominant genera in Azadirachta indica, Holarrhena antidysenterica, Terminalia arjuna and T.
chebula (Mahesh et al., 2005; Tejesvi et al.,
2005, 2006, 2007). The aim of the present
study was to isolate Pestalotiopsis species from
these trees, to assess (a) the phylogenetic
diversity of the isolated species and attempt to
identify them, (b) analyze the endophytic and
pathogenic Pestalotiopsis species.
Materials and methods
Collection of plant material
Inner bark, roots and twigs of Azadirachta indica (AI), Holarrhena antidysenterica
(HA), Terminalia arjuna (TA) and T. chebula
(TC), were collected from the riverbanks of
Nanjungud, Srirangapatna, Gopalaswamy hills,
Sullia and Mysore regions of South India
(Table 1). Two to three bark samples of 2 × 4
inches were collected from the trunk regions,
about 1.5-2 m above ground level. Four to five
roots and twigs were collected from the
respective host plants. Each sample after
collection was tagged and placed in a separate
polythene bag, brought to the laboratory and
processed within 24 hours of collection.
Isolation, identification and preservation of
endophytes
Samples were cleaned thoroughly in
running tap water for 5 minutes before processing. Small bark, twig and root parts were
surface-disinfected by sequential washes in
70% (v/v) ethanol (1 min) and 3.5% (v/v)
NaOCl (3 min), followed by rinsing with sterile
water and allowed to surface dry under sterile
conditions. Two hundred segments of bark,
twigs and roots from each plant were collected
from different locations and plated on water
agar (15g/L) (WA) medium supplemented with
streptomycin (Himedia, 100 mg l-1). Ten to 15
segments were placed on each plate and were
incubated in a light chamber for two weeks at
12 h light/dark cycles at 23ºC (Suryanarayanan,
1992). After incubation for 15 to 30 days,
individual fungal colonies were picked from
the edge of an advancing colony with a sterile
fine tipped needle under a stereo-binocular
microscope (Leica, Germany) and transferred
onto potato dextrose agar (PDA) medium.
Fungal spore formation was facilitated by
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Table 1. Details of tree species and sampling sites employed in the study.
Plant name

Family

Terminalia arjuna W. & A.

Combretaceae

Plant
code
TA

Ethnobotanical use*

Site of collection

Location

Cardiotonic, febrifuge,
antidysenteric

Nanjangud (Nan)
Srirangapatna (Sri)
Mysore (Mys)

12o 07’N & 76o
44’E
12o 25’N & 76o
40’E
11o 45’N & 75o
57’E
11o 45’N & 75o
57’E
11o 25’N & 76o
40’E
11o 25’N & 76o
40’E
12o 71’N & 75o
68’E
11o 57’N & 75o
12’E

Azadirachta indica A. Juss

Meliaceae

AZ

Skin troubles, rheumatism

Mysore (Mys)

Holarrhena antidysenterica Wall. Ex.
DC

Apocynaceae

HA

Heart disease, diarrhoea

HD Kote (HDK)
Kharapur (KA)
Sullia (SU)

Terminalia chebula Retz.

Combretaceae

TC

Diarrhoea, skin diseases

Gopalaswamy Hills
(GH)

Vegetation
type
Riparian
Dry deciduous

Dry deciduous
Deciduous

Dry deciduous

*Source: Yoganarasimhan (1996).
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inoculating cultures on sterilized banana leaf
pieces amended with the PDA medium.
Identification of species was achieved based on
the morphological and taxonomic keys
provided by Steyaert (1949), Guba (1961),
Sutton (1980) and Nag Raj (1993). Isolates of
Pestalotiopsis were maintained in cryovials on
PDA layered with 15% glycerol (v/v) at -80ºC
at Department of Biotechnology, University of
Mysore, Mysore, India.
Selection of isolates and preparation of
single-spore cultures
Thirty strains of Pestalotiopsis and two
strains of Bartalinia robillardoides were selected for this study based on their morphological
characters, occurring on different hosts and five
different locations (Table 1). Nineteen isolates
of P. microspora were isolated from inner bark,
twigs and roots of T. arjuna growing in Mysore,
Srirangapatna and Nanjangud regions of
Karnataka, seven isolates from T. chebula from
Gopalaswamy hills, three isolates from A.
indica from Mysore, and one isoate from H.
antidysenterica growing in Sullia region. Two
isolates of Bartalinia robillardoides isolated
from A. indica were used as outgroup for
comparison. For each strain, conidia were
isolated, and single spore cultures were grown
on PDA at 25 oC for 7-10 days.
DNA extraction and amplification
For cultivation of fungi, three mycelial
plugs taken from actively growing colony
margins using a 5-mm diameter cork borer
were inoculated in a 100 ml Erlenmeyer flasks
containing 50 ml potato dextrose broth. The
isolates were grown in still culture at 25°C in
the dark. The fungi were grown for 7 to 10
days, harvested and stored at -80°C until DNA
extraction. DNA was extracted from 0.5 to 1.0
g of mycelium according to the modified
method of Saghai-Maroof et al. (1984). DNA
concentration was estimated by measuring
absorbance at 260 and 280 nm using a
spectrophotometer. Target regions of the rDNA
ITS (ITS1, 5.8S, ITS2) were amplified symmetrically using primers ITS 1 and ITS 4 (White
et al., 1990). Amplifications were performed in
a total reaction volume of 25 μl containing 200
µM of each dNTP, 2.5 mM MgCl2, 5 pM of
each primer, 1.5 units Taq DNA polymerase
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and 50 ng of template DNA. PCR amplifications were performed in a thermal cycler
(Biometra, Germany) with an initial denaturing
step of 95°C for 3 min, followed by 35
amplification cycles of 95°C for 30 sec, 50°C
for 45 sec, and 72°C for 90 sec and a final
extension step of 72°C for 10 min. PCR
amplification products were electrophoretically
separated on 1.5% (w/v) agarose gels at 100 V
for 2 hours in 1x TBE buffer (89 mM Tris, 89
mM Boric acid, and 2 mM EDTA), stained
with ethidium bromide (0.5 μg/ml) and
visualized under 300 nm UV light and
photographed. A 100 bp size marker was used
as reference (Bangalore Genei, India).
Selection of restriction enzyme
Restriction enzymes were selected based
on the restriction sites present in the ITS region
of Pestalotiopsis spp. sequence data of
representative strains from the National Center
for Biotechnology Information (NCBI) database (<http://www.ncbi.nlm.nih.gov/BLAST/
>). These sequences were obtained and
analyzed for restriction sites using Gene Runner software available for free (http://www.
genelink.com/tools/gl-downloads.asp). Restriction enzymes, Alu I, Hae III, Ava II, Hpa II and
Taq I (Sigma Aldrich, India) were selected for
the study.
Restriction digestion
The RFLP analysis was carried out by
precipitating the PCR product with 100 mM
NaCl and 2.5 volumes of absolute ethanol.
Samples were kept at -20°C for 2 h and
centrifuged at 10,000 rpm for 15 min. The
pellet was washed with 70% (v/v) ethanol, resuspended in 10 μl of water and digested with
different restriction enzymes at 37°C. The
DNA fragments were size-fractionated with
2.5% (w/v) agarose gel electrophoresis, stained
with ethidium bromide (0.5 μg/ml) and
photographed under UV light.
ITS-RFLP data analysis
The ITS-RFLP data were recorded by
scoring all DNA bands and were compiled in a
binary matrix in which 1 indicated presence
and 2 absence of a fragment. The data were
converted to distance matrices based on Nei
(1978) unbiased minimum distance. The
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distance matrices were then used to construct a
dendrogram by the unweighted pair-group
method with arithmetic mean (UPGMA) using
Tools for Population Genetic Analysis
(TFPGA v1.3) (Miller, 1997).
Sequence assembly and alignment
Amplification products obtained from
PCR reactions with unlabeled ITS primers
(ITS1 and ITS4) were used for sequencing.
Sequencing reactions were carried out using
Big Dye Terminator Cycle Sequencing kit v3.1
(Applied Biosystems, Foster City, CA, USA),
as per the manufacturer's instructions. Extension products were then purified using an
ethanol/EDTA precipitation protocol and analyzed on an ABI 3100 Avant Genetic analyzer
(Applied Biosystems, Foster City, CA, USA)
as recommended by the manufacturer. DNA
sequences obtained for each strain from each
forward (ITS1) and reverse (ITS4) primer were
inspected individually for quality. Both strands
of the DNA were then assembled to produce a
consensus sequence for each strain using Gene
Runner software. All sequences were aligned
using Clustal X with default settings (Thomson
et al., 1997).
Phylogenetic analyses
Phylogenetic analysis was performed under weighted parsimony, with heuristic search,
using PAUP v4.0b10 (Swofford, 2003). The
search used the stepwise addition option and
was repeated 10 times from different starting
points with tree-bisection-reconnection (TBR)
branch swapping. All characters were equally
weighted and alignment gaps were treated as
missing data or fifth base. Confidence in
specific clades from the resulting topology was
tested by bootstrap analysis with 1,000 replicates. Tree scores including consistency index
(CI), retention index (RI), rescaled consistency
(RC) index and homoplasy index (HI) were
also calculated for all the trees. KishinoHasegawa tests (Kishino and Hasegawa, 1989)
and Templeton tests (Templeton, 1983), as
implemented in PAUP 4.0. Trees were viewed
in Treeview (Page, 1996). Bartalinia robillardoides was used as the outgroup (Jeewon et al.,
2002).
Besides the morphological characterization and ITS-RFLPs, ITS sequence analysis

was also done for molecular authentication of
species of Pestalotiopsis. Sequence data analysis was carried out by a stepwise approach.
First, BLAST database searches were performed with full-length ITS fragments as
queries to reveal relationships to published
sequences.
Results
ITS-RFLP
The ITS region of 30 Pestalotiopsis
strains and two B. robillardoides isolates
showed extensive length polymorphisms (Fig.
1a). The length of the amplified rDNA
fragment ranged from 550 to 600 bp. Based on
the polymorphisms of the ITS region, the 32
isolates could be assigned into two groups, 20
Pestalotiopsis isolates irrespective of host or
location formed the first group with a length of
550 bp (approx) and the other ten along with
two strains of B. robillardoides formed a
second group having a length of 600 bp
(approx). The PCR products were cleaved by
the restriction enzymes Alu I (Fig. 1b), Hae III,
Ava II, Hpa II and Taq I to detect a wider range
of polymorphisms. The ITS regions of most of
the strains had restriction sites for each of the
endonucleases tested. The restriction patterns
obtained with the restriction enzymes, except
with TaqI were not strain specific; several
strains had the same pattern. Cleavage with
Taq I showed additional polymorphism, however characterization of individual strains was
still not possible. Restriction fragments obtained with all the endonucleases tested were
used to determine genetic distances among the
strains. UPGMA-analysis revealed four major
clusters (Fig. 2). The first cluster contained the
two strains of B. robillardoides. The second
cluster contained 10 isolates of P. microspora,
three isolates of P. virgatula, two isolates of
P. clavispora and two Pestalotiopsis species
(sp. 2 and 3). The third cluster contained three
isolates of P. theae which could be differentiated. The fourth cluster contained seven P.
microspora species and two Pestalotiopsis
species (sp. 1 and 4). No intraspecific variation
was detected in B. robillardoides and P. virgatula whereas some variations were observed
among P. theae isolates, belonging to the third
cluster. In contrast, isolates of the other
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Fig. 1. Internal transcribed spacer region of Pestalotiopsis and Bartalinia (Lane 27 & 29) isolates amplified with
primers ITS1 and ITS4 (A) and digested with Alu I (B). M, marker 100 bp ladder. Lane numbers 1 to 32 correspond to
the isolates in Table 2.

Pestalotiopsis species were dispersed all over
the dendrogram.
ITS sequence and phylogeny
The amplified products of the ITS
regions were sequenced and analyzed. Sequenced strains with the accession numbers
including their original sampling site, initial
morphological characterization and the results
of the BLAST searches are listed in Table 2.
Phylogenetic studies revealed considerable
variations among the isolates collected from
four individual trees of different locations. All
the sequences were aligned using Clustal X
with default setting. Base frequencies across
taxa (mean frequencies: A=0.25272, C=0.220
04, G=0.21883, T=0.30841) as determined by
the χ2 test implemented in PAUP v4.0b10 were
homogeneous. Of 619 characters, 450 were
constant, 19 were parsimony uninformative,
and 150 were parsimony informative. The most
parsimony rooted trees (total length = 475 steps;
CI = 0.853; RI = 0.970) is shown in Fig. 3.
Similar results were obtained using neighbor
joining analyses (results not shown). Most of
the clades were supported by high bootstrap
values (> 60%) except two with 54% and 57%
bootstrap support.
The phylogram of Pestalotiopsis species
had five clades (Fig. 3), in which isolates of P.
microspora are distributed across the phylogram irrespective of the trees from which they
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were isolated. Clade I contained P. microspora
isolates from TA, TC and AZ. Two isolates of
P. clavispora and Pestalotiopsis species (sp. 2
and 3), three isolates of P. virgatula and three
isolates of P. theae are grouped in the clade II,
III and IV, respectively. Clade V contained
seven P. microspora and two unidentified
Pestalotiopsis species (sp. 1 and 4). Two B.
robillardoides isolates were used as outgroup.
Comparisons of the endophytic and pathogenic Pestalotiopsis species
A further phylogenetic analysis based on
ITS sequences was conducted to compare
endophytic Pestalotiopsis species sequenced in
this study with pathogenic Pestalotiopsis
species in GenBank to find out their relationships and to authenticate the endophytic species. The pathogenic Pestalotiopsis sequences
retrieved from GenBank are listed in Table 3.
Analysis of the data set with weighted parsimony analysis using gaps as missing state,
yielded 54 most parsimonious trees (Fig.4). Of
the 571 characters, 413 were constant, 38 were
parsimony uninformative, and 120 were parsimony informative. The most parsimony tree of
the 54 most parsimonious unrooted trees (total
length = 860 steps; CI = 0.726; RI = 0.942)
from analyses of this data set is shown in Fig. 4.
Base frequencies were as follows: A=0.25407,
C=0.21691, G=0.21769, T=0.31133.
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Table 2. Database typing of endophytic fungi from four medicinal plants viz., Terminalia arjuna (TA), Terminalia chebula (TC), Azadirachta indica
(AI) and Holarrhena antidysenterica (HA).
Sl. No. Fungal
Accession
isolate
number
Terminalia arjuna
1
TA-4
AY924262
2
TA-6
AY924263
3
TA-8
AY924264
4
TA-37
AY924265
5
TA-38
AY924266
6
TA-57
AY924267
7
TA-59
AY924268
8
TA-60
DQ402052
9
TA-63
AY924270
10
TA-70
AY924271
11
TA-73
AY924272
12
TA-76
AY924273
13
TA-100
AY924274
14
TA-102
AY924275
15
TA-103
AY924276
16
TA-112
AY924277
17
TA-118
AY924278
18
TA-122
AY924279
19
TA-126
AY924280
Terminalia chebula
20
TC-315
AY924281
21
TC-319
AY924282
22
TC-320
AY924283
23
TC-324
AY924284
24
TC-326
AY924285
25
TC-9
AY924286
26
TC-13
AY924287
Azadirachta indica
27
AZ-32
AY924288
28
AZ-35
AY924289
29
AZ-46
AY924290
30
AZ-71
AY924291

Locations

Morphological characterization

Mysore
Srirangapatna
Srirangapatna
Mysore
Mysore
Mysore
Srirangapatna
Srirangapatna
Nanjangud
Srirangapatna
Nanjangud
Mysore
Nanjangud
Srirangapatna
Srirangapatna
Nanjangud
Mysore
Nanjangud
Nanjangud

Pestalotiopsis sp.1
Pestalotiopsis clavispora
Pestalotiopsis clavispora
Pestalotiopsis theae
Pestalotiopsis microspora
Pestalotiopsis microspora
Pestalotiopsis sp.2
Pestalotiopsis sp.3
Pestalotiopsis microspora
Pestalotiopsis microspora
Pestalotiopsis sp.4
Pestalotiopsis microspora
Pestalotiopsis theae
Pestalotiopsis microspora
Pestalotiopsis microspora
Pestalotiopsis microspora
Pestalotiopsis microspora
Pestalotiopsis microspora
Pestalotiopsis microspora

Gopalaswamy hills
Gopalaswamy hills
Gopalaswamy hills
Gopalaswamy hills
Gopalaswamy hills
Gopalaswamy hills
Gopalaswamy hills
Mysore
Mysore
Mysore
Nanjangud

Source

Closest match in the BLAST Incl. score

Accession
numbers

(%)

Bark
Root
Root
Bark
Bark
Twig
Root
Root
Twig
Bark
Twig
Bark
Twig
Root
Bark
Bark
Bark
Bark
Bark

Pestalotiopsis neglecta 1199
Pestalotiopsis clavispora 993
Pestalotiopsis clavispora 993
Pestalotiopsis theae
991
Pestalotiopsis microspora 1162
Pestalotiopsis microspora 1170
Pestalotiopsis clavispora 993
Pestalotiopsis clavispora 892
Pestalotiopsis microspora 1021
Pestalotiopsis microspora 1013
Pestalotiopsis neglecta 1096
Pestalotiopsis microspora 1154
Pestalotiopsis theae
1037
Pestalotiopsis microspora 1013
Pestalotiopsis microspora 1146
Pestalotiopsis microspora 1021
Pestalotiopsis microspora 1043
Pestalotiopsis microspora 1007
Pestalotiopsis microspora 1021

DQ000992
AY682929
AY682929
AY681481
AF377288
AF377288
AY682929
AY682929
AF377292
AF377292
DQ000992
AF377296
AY681479
AF377292
AF377296
AF377292
AF377288
AF377292
AF377292

100
98
98
98
99
99
99
98
98
98
98
99
99
99
98
99
98
97
98

Pestalotiopsis virgatula
Pestalotiopsis virgatula
Pestalotiopsis virgatula
Pestalotiopsis microspora
Pestalotiopsis microspora
Pestalotiopsis microspora
Pestalotiopsis microspora

Bark
Bark
Bark
Bark
Bark
Bark
Bark

Pestalotiopsis virgatula 997
Pestalotiopsis virgatula 997
Pestalotiopsis virgatula
997
Pestalotiopsis microspora 1114
Pestalotiopsis microspora 1021
Pestalotiopsis microspora 1021
Pestalotiopsis microspora 1021

AY687880
AY687880
AY687880
AY377288
AY377292
AY377292
AY377292

98
98
98
98
98
98
98

Bartalinia robillardoides
Pestalotiopsis microspora
Bartalinia robillardoides
Pestalotiopsis microspora

Bark
Bark
Bark
Bark

Bartalinia robillardoides 981
Pestalotiopsis microspora 991
Bartalinia robillardoides 975
Pestalotiopsis microspora 995

AF405301
AF377292
AF405301
AF377292

96
97
96
97
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Table 2. (continued) Database typing of endophytic fungi from four medicinal plants viz., Terminalia arjuna (TA), Terminalia chebula (TC),
Azadirachta indica (AI) and Holarrhena antidysenterica (HA).
Sl. No. Fungal
Accession
isolate
number
31
AZ-75
AY924292
Holarrhena antidysenterica
32
HA-33
AY924293

174

Locations

Morphological characterization

Nanjangud

Pestalotiopsis microspora

Bark

Pestalotiopsis theae

Root

Pestalotiopsis theae

Sullia

Source

Closest match in the BLAST Incl. score
Pestalotiopsis microspora 1132

Accession
numbers
AF377288

(%)
99

1045

AY681481

99
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I

II

III

IV

Fig. 2. Dendrogram based on UPGMA-cluster-analysis of the restriction patterns (Alu I, Hae III, Ava II, Hpa II and Taq
I) of the ITS regions of the rDNA of 30 Pestalotiopsis and two Bartalinia isolates.

Interestingly most of the endophytic
species formed separate clades except for four
of them i.e. Sp. 1 and 4 of Pestalotiopsis and
TA-76 and TA-103 of P. microspora. The
fungal endophytes were distributed throughout
the tree topology and were present in six of the
seven clades (Fig. 4). The endophytic and
pathogenic isolates of P. theae were differentiated phylogenetically and their grouping was

supported with high bootstrap confidence of
98%. Most of the pathogenic Pestalotiopsis spp.
were not closely related to endophytic isolates
of Pestalotiopsis; they formed separate clade
i.e., P. virgatula (AY687879) P. photiniae
(AY682938) P. photiniae (AY682937), P. photiniae (AY682936), P. versicolor (AY687300),
P. clavispora (AY682927) and P. photiniae
(AY682939).
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Table 3. The list of pathogenic Pestalotiopsis spp. sequences retrieved from GenBank.
Fungal species

Host

Source / pathogen

Locations

P. photiniae
P. karstenii
P. photiniae
P. photiniae
P. theae
P. theae
P. theae
P. clavispora
Pestalotiopsis sp.
P. uvicola
Pestalotia lawsoniae
P. photiniae
P. adusta
P. cryptomeriae
P. disseminata
P. virgatula
P. oxyanthi
P. heterocornis
P. disseminata
P. versicolor

Camellia japonica
Camellia japonica
Camellia sinensis
Camellia sinensis
Camellia sinensis
Camellia sinensis
Camellia sinensis
Caryota urens
Gardenia jasminoides
Mahonia acanthifolia
Pinus massoniana
Pinus massoniana
Podocarpus macrophyllus
Podocarpus nerrifolius
Podocarpus imbricatus
Podocarpus macrophyllus
Podocarpus macrophyllus
Podocarpus macrophyllus
Podocarpus macrophyllus
Podocarpus nagi

Pathogen on leaves
Pathogen on leaves
Pathogen on leaves
Pathogen on leaves
Pathogen on leaves
Pathogen on leaves
Pathogen on leaves
Pathogen on leaves
Diseased leaf
Pathogen on leaves
Pathogen on leaves
Pathogen on leaves
Pathogen on leaves
Pathogen on leaves
Pathogen on leaves
Pathogen on leaves
Pathogen on leaves
Pathogen on leaves
Pathogen on leaves
Pathogen on leaves

Zhejiang Province, China
Zhejiang Province, China
Zhejiang Province, China
Zhejiang Province, China
Zhejiang Province, China
Yunnan Province, China
Zhejiang Province, China
Guangxi Province, China
Hubei Province, China
Zhejiang, China
Guangxi Province, China
Guangxi Province, China
Zhejiang, China
Zhejiang, China
Guangxi Province, China
Zhejiang Province, China
Zhejiang Province, China
Zhejiang Province, China
Guangxi Province, China
Zhejiang, China

Discussion
Endophytic Pestalotiopsis species have
been isolated from many tree species throughout the world (Hu et al., 2007; Arnold, 2007;
Ding et al., 2009; Liu et al., 2009). Cannon and
Simmons (2002) studied species diversity of
endophytic fungi in 12 plant species belonging
to nine families in the Iwokrama Forest
Reserve, Guyana, and their results showed that
different Pestalotiopsis species were associated
with different plants. In the present study the
extent of diversity in endophytic Pestalotiopsis
species was similar among the seven sites and
this indicates that the distribution of endophytic
Pestalotiopsis species is ubiquitous and is not
greatly affected by geographical variation.
However, the number of Pestalotiopsis species
isolated from Holarrhena antidysenterica and
Azadirachta indica was lower than from
Terminalia arjuna and Terminalia chebula.
This is mainly because H. antidysenterica and
A. indica was collected from only two regions
as compared to the other trees.
The ITS-RFLP analysis showed intraspecific and interspecific variation among
Pestalotiopsis isolates. The amplification products of the ITS region of 30 isolates of
Pestalotiopsis spp. and two isolates of B.
robillardoides isolated from different locations
of South India, ranged from 550 to 600 bp,
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Accession
Number
AY682936
AY681472
AY682938
AY682937
AY681479
AY681478
AY681477
AY682927
AY688467
AY687297
AY687871
AY682939
AY687298
AY687299
AY687870
AY687879
AY687875
AY687873
AY687869
AY687300

which is comparable with the sizes of other
Pestalotiopsis spp. Despite the length polymerphism observed using ITS primers for many of
the isolates, only two length mutants were
observed, making the differentiation of species
impossible. With ITS-RFLP, it was possible to
assign the isolates into four main clusters.
However, unequivocal species identification
was possible only with P. theae. Pestalotiopsis
species differentiation may not be possible with
ITS-RFLP; enzymes other than the ones used
in this study can be considered to conclude
further about the technique. Different Pestalotiopsis species should be studied to confirm
suitability of ITS-RFLP for its identification.
Hence, ITS sequencing and homology searches
were carried out to confirm morphological
identification and phylogenetic analysis. By
using ITS-RFLP (NdeII, HinfI and RsaI)
Pandey et al. (2003) observed no polymorphism among 17 isolates of Phyllosticta from
different hosts and suggested sequencing of
ITS region of Phyllosticta isolates to detect
variation among them.
Fungal identification is more reliable
when classical and molecular approaches are
combined (Hyde and Soytong, 2007, 2008;
Than et al., 2008). In the present study four
Pestalotiopsis species (sp. 1-4) were assigned
species names following blast searches in
GenBank. Pestalotiopsis sp. 1 and sp. 4 were
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V

Fig. 3. Phylogenetic analysis of ITS and 5.8S rDNA sequences of endophytic Pestalotiopsis spp. The tree shown is the
strict consensus of three weighted equally most parsimonious trees and was derived by phylogenetic analysis of 30
Pestalotiopsis isolates from different origins. Maximum parsimony bootstrap values (>50%) are shown above the lines.
Bartalinia robillardoides was used as an outgroup.

close matches with P. cryptomeriae and P.
disseminata, and Pestalotiopsis sp. 2 and sp. 3
with P. microspora and P. clavispora respecttively (Fig. 4). The problem with this approach
however, is that GenBank sequences cannot be
verified as they are not usually linked to type
material (Hyde and Soytong, 2007, 2008; Hyde
and Zhang, 2008). Thus these names may be
wrong. Thus, identification based on culture

alone, as with endophyte studies, is often
misleading (Nag Raj, 1981, 1993). In Pestalotiopsis spp. 1-4 identification, should consider
morphology and ITS sequence similarity; it is
not correct to use phylogenetic analysis as the
only basis.
Sequence data from rDNA ITS / 5.8S
rRNA has been extensively used to examine
relationships among fungi, particularly at the
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I Endophyte

II

Pathogen

III
Endophyte
IV Endophyte
Pathogen
V

VI

Endophyte
VII
Pathogen

Fig. 4. Phylogenetic analysis of ITS and 5.8S rDNA sequences of Pestalotiopsis spp. The tree shown is the strict
consensus of 54 equally most parsimonious trees and was derived by PAUP analysis of 52 isolates, of which 30 were
Pestalotiopsis spp. and two B. robillardoides isolates were from medicinal plants (all from this study) and 20 were
pathogenic Pestalotiopsis spp. (sequences from Genbank). Pathogenic strains taken from GenBank and EMBL
databases are indicated with accession numbers in round parentheses. The maximum parsimony bootstrap values (>50%)
are shown above the lines. Bartalinia robillardoides was used as an outgroup.

species level (Baayen et al., 2002; Jeewon et al.
2003, 2004; Than et al., 2008). Hence, molecular techniques are considered useful in the
identification and classification of endophytes
(Guo et al., 2000; Promputtha et al., 2005,
2007; Wang et al., 2005). ITS data can provide
a more comprehensive assessment of nonsporulating fungal species diversity associated
with woody roots, twigs and bark, compared to
morphology. PCR and DNA sequencing
combined with morphological verification can
provide accurate identifications of fungal
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diversity by validating taxonomic identification.
A molecular study of fungal endophytes of
woody roots identified 27 genera associated
with Douglas-fir [Pseudotsuga menziesii] and
Ponderosa pine (Pinus ponderosa) (Hoff, 2002).
Two predominant groups were observed, the
first corresponding to an ascomycetous genus
of heat-resistant fungi (Byssochlamys) that is
active in bioprotection, and the second a
zygomycetous genus (Umbelopsis) that is a
common soil fungus not previously detected in
living roots of these tree species. This approach
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has limitations: the researcher cannot be certain
that a fungus whose sequence has been entered
in the database has been accurately identified
(Hyde and Soytong, 2007; 2008), and the low
representation of fungi from some substrates in
GenBank.
Wei et al. (2007b) analysed the ITS
regions of endophytic and pathogenic strains of
P. karstenii, P. lawsoniae and P. theae and
clearly differentiated these strains. Brown et al.
(1998) studied endophytic fungal communities
of the Musa acuminata species complex and
found that Colletotrichum gloeosporioides, C.
musae and Phyllosticta musicola, which are
pathogens and can also be endophytes.
Deightoniella torulosa, an endophyte isolated
from wild banana (Musa acuminata) caused
leaf spots in vitro on banana leaves (Photita et
al., 2004), while the ITS sequences demonstrated that the pathogenic Colletotrichum
isolated from banana were different from the
endophytic isolates (Photita et al., 2005). Many
pathogenic Pestalotiopsis species were confirmed as endophytes in earlier studies (Wei
and Xu, 2003a,b; Wei et al., 2005). Therefore
Pestalotiopsis species may have endophytic as
well as pathogenic life stages.
Jeewon et al. (2002, 2003, 2004) used
both morphological (conidial morphology) and
molecular criteria (ITS sequence data) to
classify Pestalotia and Pestaliotiopsis species.
Pestalotiopsis species had considerable diversity in morphology and the isolates grouped
together based on similarities in conidial
morphology. Similar results were observed by
phylogenetic analysis of P. theae, P. virgatula
and P. clavispora in this study. ITS sequence
analysis of endophytic and pathogenic Pestalotiopsis strains resulted in pathogenic strains
forming a separate clade from the endophytic
strains. Interestingly, three isolates of endophytic and pathogenic P. theae also grouped in the
separate clades, but this may also be due to
geographical isolation (Fig. 4). The pathogenic
strains of P. theae were isolated from diseased
leaves of Camellia sinensis in China, whereas
the endophytic P. theae strains were isolated
from Terminalia arjuna and Holarrhena
antidysenterica. ITS sequence analysis of
pathogenic strains of Guignardia citricarpa
and endophytic Guignardia strains indicated
that the pathogenic and endophytic strains

belonged to distinct species (Baayen et al.,
2002), with P. capitalensis occurring as an
endophyte in a wide range of hosts.
Endophytic Pestalotiopsis species isolated from medicinal plants are genetically
more diverse than previously observed based
on morphological characters. The present
results also support the findings of Jeewon et al.
(2004) which conclude that Pestalotiopsis species can be determined based on morphological
characters rather than host–specificity or
location. Pestalotiopsis species identification
based on ITS-RFLP has limited application as
it cannot be used to definitively identify
species, for example large intraspecific variation was detected in P. microspora. ITS
sequence data helped us to assign species
putative names to some Pestalotiopsis isolates
and detect phylogenetic diversity among
species. Endophytic and pathogenic isolates of
P. theae could also be differentiated using
phylogenetic analysis of the ITS region.
This study provides data on endophytic
Pestalotiopsis species on medicinal trees however, we recognize that there are inadequacies
with the techniques used and further work is
needed. Pestalotiopsis is a genus in serious
need of taxonomic study. However, future
studies require that the type material is reexamined and described with full descriptions
and then identical fresh collections with living
ex-types can be designated (Hyde and Soytong,
2007). In this way a stable basis for species
names can be initiated. The present system of
putting names to fresh collections based on
comparison with existing monographs (e.g.
Guba, 1961) cannot work, as descriptions are
brief and based mostly on host and thus
identifications will be subjective. Similarly,
names of species in GenBank are likely to be
erroneous. This has already been initiated in
genera such as Colletotrichum and Mycosphaerella (Crous et al., 2007; Shenoy et al.,
2007b; Than et al., 2008).
Pestalotiopsis species are of considerable
interest to researchers and pharmacists due to
their ability to synthesize a wide range of
economically important bioactive molecules
(Strobel, 2002; Tomita, 2003; Ding et al., 2009;
Liu et al., 2009). Hence we are currently
pursuing fermentation studies on these endophytes to produce a wide array of secondary
179

metabolites which can be screened against
therapeutic targets. This study has used
traditional isolation techniques because we
required strains for bioprospecting, however it
would be interesting to use DGGE, and random
cloning analysis to establish the presence of
endophytes using total DNA extraction (e.g.
Duong et al., 2006; Seena et al., 2008).
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