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Most endophytes isolated from plants and algae are members of the Ascomycota or their anamorphs, with only a few
reports of basidiomycetous endophytes, these often being orchid mycorrhizas. Fungal endophyets were isolated from
healthy leaves, rachis and petioles of the oil palm Elaeis guineensis in a Thai plantation. In two experiments 892 and
917 endophytes were isolated yielding 162 and 178 morphotypes, respectively. Non-sporulating isolates were grouped
into 162 morphotypes according to their colony morphology. Many of these morphotypes were shown to be
basidiomycetes as clamp connections were present and some produced basidia and basidiospores in culture. Thirteen
basidiomycetous morphotypes were therefore further characterized by molecular analysis using ribosomal DNA
sequences. The LSU region was used to clarify the ordinal taxonomic level status of these isolates. The phylogenetic
position of the basidiomycetous endophytes was separated into two major lineages, two and eleven in the Agaricales
and Polyporales, respectively. Based on ITS sequence analysis the two Agaricales strains grouped with Schizophyllum
species and showed a close relationship with S. commune. Within the Polyporales two and nine strains had an affinity
with the Polyporaceae and Fomitopsidaceae, respectively. One of the endophytic Polyporaceae strains was
monophyletic with seven sequences of Pycnoporus sanguineus, while another isolate grouped with a fungal endophyte
DQ979682 and Trametes elegans. The largest fungal assemblage was within the Fomitopsidaceae, four endophytic
isolates clustered with Fomitopsis species (F. ostreiformis, F. palustris), two and three isolates grouped with Fomitopsis
pinicola and Fomitopsis meliae, respectively. Numerous genera of the Basidiomycota are reported herein as endophytes
and are the first report of basidiomycete endophytes from oil palm. Our analysis demonstrated that LSU and ITS data
are powerful tools to resolve the taxonomy of basidiomycetous endophytes. The biological role of these endophytes is
discussed.
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Introduction palm consumption is increasing as a precursor
in biodiesel production. Therefore oil palm has
become an important economic plant for

industrial exploitation as an alternative energy

The oil palm Elaeis guineensis, a native
of West Africa, was introduced to Java by the

Dutch and by the British into Malaysia in 1910.
Oil palms are widely planted in Thailand and
were introduced in 1920 and have been
cultivated on a commercial basis since 1968
(Likhitekaraj and Tummakate, 2000). The oil
palm is a source of edible vegetable oil
yielding some 28 million tones’ in 2004
(Stevenson, 2006). Nowadays, demand of oil

source. However, in recent years, oil palms
have been prone to fungal attack by
Ganoderma boninense and a number of studies
have been undertaken to find biofungicides that
can control infestations (Abdullah, 2000;
Ariffin et al., 2000; Flood et al., 2000, 2005;
Likhittekaraj and Tummakate, 2000; Paterson,
2007). Sieber et al. (1991) and Petrini et al.
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(1992) have also explored the concept and use
of endophytic fungi in biocontrol.

Oil palm plantations are now extensive in
Asia with old fronds cut off to rot between the
trees. The leaves quickly rot within 8 weeks
but the rachis and petioles take longer and are
colonized by a wider range of saprobic fungi
(Choeyklin, unpublished data). In our search
for a biofungicide to control Ganoderma
attack, we have been isolating and screening
both saprobic and endophytic fungi colonizing
the various parts of the oil palm. Understanding
the fungal community of oil palm could
facilitate the basic knowledge of disease
management of this crucial commercial plant
(Evans et al., 2003; Evans, in press). In two
experiments, 892 and 917 endophytes were
isolated yielding 13 and 6 basidiomycetous
isolates, respectively.

Most endophytes are ascomycetes and
their anamorphs (Carroll, 1988; Rodrigues,
1994; Sridhar and Raviraja, 1995; Gonthier et
al., 2006; Arnold, 2007), with only a limited
number of papers published on the
basidiomycetes (Petrini, 1986; Chapela and
Boddy, 1988a, b; Oses et al., 2006; Sénchez
Marquez et al., 2007). The latter are widely
reported as endophytes from diverse host plants
and geographical areas, worldwide (Table 2).
Basidiomycetes have been reported as
endophytes of grasses, (Sdnchez Marquez,
2007), orchids (Hadley, 1975), various
liverworts (Ligrone et al., 1993; Duckett et al.,
2006; Russell and Bulman, 2005; Duckett and
Ligrone, 2008a, b) and from the cocoa tree,
Theobroma cacao and Th. giliteri (Evans et al.,
2003; Crozier et al., 2006; Thomas et al.,
2008).

A few palms have been studied for
endophytes: Euterpe olaeracea (Rodriques,
1994), Sabal bermudana and Livistona
chinensis (Southcott and Johnson, 1997),
Trachycarpus fortunei (Taylor et al., 1999),
Licuala species (Frohlich et al., 2000) and
Phoenix dactylifera (Gomez-Vidal, 2006). All
species isolated were ascomycetes or their
anamorphs. However, Guo et al. (2001)
detected a basidiomycetous endophyte in
Livistona chinensis by extracting DNA directly
from the palm tissue. However it was not
isolated using traditional methodology, and the
taxon could not identified further to a lower
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taxonomic level, as there were to few 5.8S
sequences available in the GenBank.

In this study molecular techniques were
employed to characterize the endophytic
basidiomycete assemblage isolated from the oil
palm. Partial large subunit (LSU) of nuclear
ribosomal DNA was selected for a preliminary
experiment so as to characterize their higher
taxonomic placement, as this region is well
represented in the GenBank. Therefore a
dataset “backbone” of major clades of the
homobasidiomycetes was established based on
published data (Moncalvo et al., 2002; Binder
et al., 2005; Hibbett et al., 2007; Thomas et al.,
2008). The internal transcribed spacer (ITS)
was further generated in order to define and
confirm their lower taxonomic position.

The overall objective of this study is to
isolate endophytes from Elaeis guineensis so as
to develop a biocontrol management strategy
for the palm pathogen Ganoderma boninense.
In this paper we focus on (i) report the diversity
of basidiomycetous endophytes isolated from
E. guineensis and (ii) to characterize these
using phylogenetic evidence.

Materials and methods

Sample selection

Ten plants of Elaeis guineensis from a
site at Sai Bor oil palm plantations, Trang
Province were selected for sampling in April
and Septmeber 2007. Ten fronds from each
plant were removed, bagged and returned to the
laboratory.

Endophyte isolation and culture maintenance

Palms of about the same size were
selected, leaves attached to parts of the petiole
collected, placed in plastic bags and processed
on return to the laboratory. Ten discs were cut
so as to include a major vein and ten cut from
tissue between the veins.

For palm petioles and rachis, sections
were made of each, and 5 cm long pieces
removed from each section. A 5 mm segment
of tissue was randomly cut to ten discs from
each piece of petiole and rachis.

Surface sterilization of the leaf discs was
carried out by dipping in 95% ethanol for 1
minute, then soaking in sodium hypochloride
(3% available chlorine) for 5 minutes and with



a second immersion in 95% ethanol for 30
seconds, followed by washing in sterile
distilled water. Leaf discs were transferred to
Petri dishes (9 cm diam.) containing potato
dextrose agar (PDA) and corn meal agar
(CMA) with added streptomycin sulphate. Five
discs were placed in each dish. The same
procedure was applied to the 5 mm segments
from the petiole and rachis, but were dipped in
95% ethanol for 90 seconds, Chlorox for 7
minutes, then 30 seconds in ethanol, and then
washed in sterile distilled water. Petri dishes
were incubated at 25°C for up to one week, and
mycelium growing from the tissues sub-
cultured on to PDA and CMA in 6 cm diam
Petri dischs and incubated at 25°C. Isolates
were identified by their sporulation structures
on the media, while non sporlulating strains
were characterized by their colony morphology
into morphotypes.

From examination of the non sporulating
strains 19 strains were identified as basidiomy-
cetes by their clamp connections. Thirteen of
these strains were selected for this molecular
study.

DNA extraction and PCR amplification

Fungi were inoculated on potato dextrose
agar (PDA) for three weeks and then transfered
into potato dextrose broth (PDB) at room
temperature for one week. Mycelium was
filtered and washed with sterilized water.
Biomass was frozen and ground into fine
powder with mortar and pestle. Genomic DNA
was extracted using CTAB method (O’
Donnell et al., 1997) with some modification.
Partial large subunit (LSU) and complete
internal  transcribed spacer (ITS) were
amplified with fungal specific primer: LROR,
LR7 and ITSS, ITS4, respectively (White et al.,
1990, Bunyard et al., 1994) using Fermentas,
Tag DNA Polymerase (recombinant) kit
(Fermentas, Ontario, Canada). The PCR
amplification cycles were performed following
White et al. (1990) and Bunyard et al. (1994)
with a DNA Engine DYAD ALD 1244
Thermocycler (MJ Research, Waltham, MA).
Amplified PCR fragments were purified with
NucleoSpin Extract DNA purification kit
(Macherey-Nagel, Diiren, Germany) following
the manufacturer’s instruction and then
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sequenced by Macrogen (Seoul, Korea) using
the same primers as for amplification.

Sequence and phylogenetic
analysis

LSU and ITS regions were employed to
search the closest sequences from the GenBank
database (http://www.ncbi.nlm.nih.gov) using a
BLAST search (Altschul et al., 1990). The
LSU region was initially blasted in order to
determine the familial and ordinal level. The
phylogenetic construction of LSU sequence
was performed based on the study of Moncalvo
et al. (2002) and Hibbett et al. (2007). Further
LSU sequences from different major classes,
orders and families of the Agaricomycetes
were included in data matrix. The ITS region
was used to clarify the generic and species
level of the isolates. Our endophytic sequences
were compared with relatedness from BLAST
search. DNA sequences were multiple aligned
using Clustal W 1.6 (Thompson et al., 1994)
and adjusted manually to maximize alignment
using BioEdit 7.5.0.3 (Hall, 2006).

The aligned dataset was subsequently
analysed wusing MP in PAUP* 4.0b10
(Swofford, 2002), for the most parsimonious
trees (MPTs). Heuristic searches algorithm
with tree-bisection-reconnection (TBR) branch
swapping, 100 replicates of random stepwise
sequence addition, were performed. Gaps were
treated as missing data and given equal weight.
The tree length, consistency indices (CI) and
retention indices (RI) were calculated for each
tree generated. The Kishino-Hasegawa (K-H)
test was used for estimation of the best tree
topology (Kishino and Hasegawa, 1989).

Bayesian phylogenetic inference was
calculated with MrBayes 3.0b4 with general
time reversible (GTR) model of DNA
substitution and a gamma distribution rate
variation across sites (Huelsenbeck and
Ronquist, 2001). Four Markov chains were run
from random starting trees for 5 M generations
and sampled every 100 generations. The first
500K generations were discarded as burn-in of
the chain. A majority rule consensus tree of all
remaining trees was calculated.

Statistical support for the internal
branches was estimated by bootstrapping
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Table 1. New sequences generated in this study and their collection data.

Fungal code Source Host plant Plant part Site of collection Basidiomycete GenBank accession
structure number
LSU ITS
8R 1/1 BCC30874 Elaeis guineensis Rachis Sai Bor oil palms plantation, Trang Basidiomes (poroid) FJ372693 FJ372671
8R 12 BCC29328 Elaeis guineensis Rachis Sai Bor oil palms plantation, Trang Basidiomes (poroid) FJ372694 FJ372672
1P 1/1 BCC30875 Elaeis guineensis Petioles Sai Bor oil palms plantation, Trang Clamp connection FJ372695 FJ372673
2IV 71 BCC28151 Elaeis guineensis Intervein Sai Bor oil palms plantation, Trang Basidiomes (poroid) FJ372696 FJ372674
5V 373 BCC30880 Elaeis guineensis Vein Sai Bor oil palms plantation, Trang Basidiomes (poroid) FJ372697 FJ372675
7R 8/1 BCC30881 Elaeis guineensis Rachis Sai Bor oil palms plantation, Trang Clamp connection FJ372698 FJ372676
9V 3/1 BCC30879 Elaeis guineensis Vein Sai Bor oil palms plantation, Trang Clamp connection FJ372699 FJ372677
7P 3/1 BCC30873 Elaeis guineensis Petioles Sai Bor oil palms plantation, Trang Basidiomes (poroid) FJ372700 FJ372678
7R 9/1 BCC30877 Elaeis guineensis Rachis Sai Bor oil palms plantation, Trang Clamp connection FJ372701 FJ372679
8V 6/1 BCC30866 Elaeis guineensis Vein Sai Bor oil palms plantation, Trang Clamp connection FI372702 FJ372680
10R 8/1 BCC30876 Elaeis guineensis Rachis Sai Bor oil palms plantation, Trang Clamp connection FJ372703 FJ372681
21V 271 BCC30878 Elaeis guineensis Intervein Sai Bor oil palms plantation, Trang Clamp connection FJ372704 FJ372682
21V 272 BCC28497 Elaeis guineensis Intervein Sai Bor oil palms plantation, Trang Clamp connection FJ372705 FJ372683
Fomitopsis BCC23382 Saprobic on wood Khao Yai National Park, Nakhon * FJ372706 FJ372684
ostreiformis Ratchasima
Pycnoporus puniceus  BCC26408 Saprobic on wood Tammarang Pier, Satun FI372707 FJ372685
Pycnoporus puniceus  BCC27595 Saprobic on wood Tammarang Pier, Satun FI372708 FJ372686
Pycnoporus BCC26410 Oil palm Sai Bor oil palm plantation, Trang FJ372709 FJ372687
sanguineus
Schizophyllum BCC22128 Oil palm fruits Sai Bor oil palm plantation, Trang * FJ372710 FJ372688
commune
Schizophyllum BCC26407 Saprobic on Hat Khanom - Mu Ko Thale Tai * FI372711 FJ372689
commune mangrove wood Nation Park, Surat Thani
Schizophyllum BCC26414 Bamboo Bamboo Garden, Prachin Buri * FI372712 FJ372690
commune
Trametes elegans BCC23750 Saprobic on wood Khao Luang Naional Park, Nakhon Si ~ * FJ372713 FJ372691
Thammarat
Trametes elegans BCC23751 Saprobic on wood Khao Luang Naional Park, Nakhon Si ~ * FI372714 FJ372692

Thammarat

* All isolated and identified from fresh basidiomes.
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Table 2. Selected list of basidiomycetous endophytes reported in the literature.

Fungal Diversity

Plant host Order Fungal identification Host plant Reference
Orchid Cantharellales Ceratobasidium cornigerum Plantanthera obtusata Currah and Sherburne, 1992
Ceratobasidium obscurum Amerorchis rotundifolia Currah and Sherburne, 1992
Epulorhiza anaticula Calypso bulbosa Currah and Sherburne, 1992
Epulorhiza repens Platanthera obtusata Currah and Sherburne, 1992
Epulorhiza repens Acianthus spp. Bougoure et al., 2005
Moniliopsis anomala Coeloglossum viride Currah and Sherburne, 1992
Sistotrema sp. Pipperia unalascensis Currah and Sherburne, 1992
Thanatephorus pennatus Calypso bulbosa Currah and Sherburne, 1992
Tulasnella calospora Diuris maculata Warcup, 1971
Tulasnella sp. Neuwiedia veratrifolia Kristiansen et al., 2004
Thanatephorus sp. Neuwiedia veratrifolia Kristiansen et al., 2004
Thanatephorus sp. Pterostyulis spp. Bougoure et al., 2005
Sebacinales Sebacina vermifera Nicotiana attenuata Barazani et al., 2007
Sebacina vermifera Caladenia spp. Warcup, 1971
Glossodia major
Elythranthera brunonis
Elythranthera emarginata
Eriochilus cucullatus
Sebacina sp. Bletilla ochracea Tao et al., 2008
Sebacina sp. Platanthera obtusata Currah and Sherburne, 1992
Liverworts Cantharellales Tulasnella sp. Cryptothallus mirabilis Bidartondo et al., 2003
Aneura pinguis
Tulasnella sp. Aneura pinguis Kottke et al., 2003
Sebacinales sebacinoid Lophozia incisa Weiss et al., 2004
sebacinoid Lophozia sudetica Weiss et al., 2004
sebacinoid Calypogeia muelleriana Weiss et al., 2004
sebacinoid Lophozia ibcisao Kottke et al., 2003
sebacinoid Lophozoia sudetica Kottke et al., 2003

Incertae sedis

Basidiomycete associations

Jungermanniales

Duckett et al., 2006
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Table 2 (continued). Selected list of basidiomycetous endophytes reported in the literature.

Plant host Order Fungal identification Host plant Reference
Monocotyledon and Dicotyledon Agaricales Agaricales sp. 1 Theobroma gileri Evans et al., 2003
Coprinellus sp.1-2 Theobroma cacao Crozier et al., 2006
Coprinellus sp. Theobroma gileri Thomas et al., 2008
Crinipellis roreri Theobroma gileri Evans et al., 2003
gloeosterioid sp. Theobroma cacao Crozier et al., 2006
Melanotus subcuneiformis Theobroma cacao Thomas et al., 2008
Psilocybe sp. Theobroma gileri Evans et al., 2003
Schizophyllum sp. Theobroma gileri Thomas et al., 2008
Schizophyllum commune Pinus tabulaeformis Wang et al., 2005
Auriculariales Auriculariales sp. Theobroma cacao Crozier et al., 2006
Boletales Coniophora puteana Fagus sylvatica Chapela and Boddy, 1998
Hymenochaetales hymenochaetoid sp. 1-2 Theobroma cacao Crozier et al., 2006
Inonotus sp. Theobroma cacao Crozier et al., 2006
Fomitiporia sp. Pinus taeda Arnold et al., 2007
Polyporales Byssomerulius sp. Theobroma cacao Crozier et al., 2006

Coriolopsis sp.
corticioid sp. 1-9
cf Daedeleopsis sp.
Ganoderma sp.

hymenochaetoid sp. 1-2

Inonotus sp.
Lentinus sp.
Lentinus sp. 1-2
Meripilus sp.
Oxyporus sp.
Perenniporia sp.
Phanerochaete sp.
phlebioid sp.
Piptoporus sp.

Polyporaceae sp. 1-2
Polyporaceae sp. 1-3

Podoscypha sp.
Pycnoporus sp. 1-2

Theobroma gileri
Theobrom cacao

Theobroma gileri
Theobroma gileri
Theobroma cacao
Theobroma cacao
Theobroma cacao
Theobroma gileri
Theobroma gileri
Theobroma cacao
Theobroma gileri
Theobroma cacao
Theobroma cacao
Theobroma gileri
Theobroma gileri
Theobroma cacao
Theobroma gileri
Theobroma cacao

Evans et al., 2003

Crozier et al., 2006
Evans et al., 2003

Thomas et al., 2008
Crozier et al., 2006
Crozier et al., 2006
Crozier et al., 2006
Thomas et al., 2008
Thomas et al., 2008
Crozier et al., 2006
Evans et al., 2003

Crozier et al., 2006
Crozier et al., 2006
Thomas et al., 2008
Thomas et al., 2008
Crozier et al., 2006
Thomas et al., 2008
Crozier et al., 2006
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Table 2 (continue). Selected list of basidiomycetous endophytes reported in the literature.

Fungal Diversity

Plant host Order

Fungal identification

Host plant

Reference

Monocotyledon and Dicotyledon

Russulales

Sebacinales
Incertae sedis

Pycnoporus sp. 1-2
cf. Pycnoporus sp.
Trametes sp.
Trametes hirsuta

Lachnocladiaceae sp.
Wrightoporia sp.

Piriformospora indica
Basidiomycetes sp. 1-4
Basidiomycete spp.
Basidiomycete P1-9
Bjerkkandera sp.

Mycelia sterilia

Tulasnella

Unidentified basidiomycete

Theobroma cacao
Theobroma gileri
Theobroma gileri
Podophyllum hexandrum

Theobroma gileri
Theobroma gileri

Hordeum vulgare
Theobroma gileri
Theobroma gileri
Livistona chienesis
Drimys winteri
Theobroma gileri
Cryptothallus mirabilis
Prumnopitys andina

Crozier et al., 2006
Thomas et al., 2008
Evans et al., 2003
Puri et al., 2006

Thomas et al., 2008
Thomas et al., 2008

Waller et al., 2005
Evans et al., 2003
Evans et al., 2003

Guo et al., 2001

Oses et al., 2006
Evans et al., 2003
Bidartondo et al., 2003
Oses et al., 2006
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analysis (Felenstein, 1985) with 1K replica-
tions (ten replicates of random stepwise
sequence addition, TBR branch swapping) and
PP were performed. The MP BS values (=50%)
and Bayesian PPs (>0.95) are shown above and
below the tree branches, respectively. The
rDNA sequences, consisting of LSU and ITS
were submitted into the GenBank database
(Table 1). The accession numbers for all
sequences derived from the GenBank database
are included in the phylogenetic trees. The new
sequences generated for Dbasidiomycetous
endophytes are shown in Table 1.

Results

Morphology of selected basidiomycetous
endophyte isolates

In this study 13 endophyte isolates from
Elaeis guineensis, were morphologically iden-
tified as basidiomycetes based on the presence
of clamp connections or basidia/ basidiospores
in the cultures (Table 1, Figs 1 and 2).

Isolate 8R 1/1

Upper surface, mat white at first,
becoming cream, orange, reddish to brightly
reddish-orange colour, downy, floccose, some-
times thin translucent (Fig. 1a), reverse plate at
first uncharged then becomes yellowish-brown,
producing small resupinate poroid fruit bodies,
pale to bright orange at the margin of the
colony and on the Petri-dish side (Fig. 1b),
pores round, 3-5 pores/mm with clamp
connection (Fig. le). Hyphal system, trimitic,
generative hyphae with clamp connections,
binding hyphae hyaline, highly branched,
thick-walled, 2.5-3 pm wide, and skeletal
hyphae, hyaline, unbranched, very thick-walled
to solid. Basidia clavate, hyaline, thin-walled,
28-28.5 x 8-8.5 um (Figs lc-d). Basidiospores
ellipsoid, hyaline, thin-walled, 5-5.5 x 3-3.5
pum. Isolated from palm rachis.

Isolate 5V 3/3

Upper surface white cottony mycelium
on PDA, reverse plate concolorous with front
plate. Hyphal system dimitic generative hyphae
with clamp connections, hyaline in Melzer’s
reagent, thin-walled, 2-4 pm wide, skeletal
hyphae hyaline in Melzer’s reagent, unbranced,
thick-walled to nearly solid, 2-3 pm wide.

146

Basidia clavate, hyaline, thin-walled 20-25 x 5-
5.5 pm (Fig. 1f). Basidiospore narrow-
ellipsoid, hyaline, thin-walled, 5-5.5 x 2.5 um
(Figs 1g-i).

Cultures were grown on PDA medium in
glass bottles with test blocks of palm petioles
added once good growth was established (Fig.
2a). After 12 months 5V 3/3 produced small
“basidiomes” that were poroid in appearance
(Figs 2b-e). Long term exposure of inoculated
palm petioles have been exposed under field
coniditions, to stimulate fruit body initiation.
No results are currently available.

Small fruit bodies produced on oil palm
petioles (8 x 5 x 4 mm) in bottle (Figs 2a-d),
dimidiate, pileus surface covered with cream
coloured mycelium, tubes 3 mm long, pale
yellowish-brown, pores round to angular (Figs
1h, 2b-c), white colour, pores cream when
young becoming pale grayish-brown to pale
yellowish-brown. Mycelium very dense on
substratum before forming fruit bodies.
Isolated from vein of palm leaf.

LSU phylogeny of basidiomycete endophytes

A phylogenetic tree was constructed from
a dataset consisting of 135 sequences aligned
with Tremella mesenterica and T. aurantiaca
as the outgroup. A total of 1,337 characters,
422 are parsimony informative, 114 are
parsimony uninformative and 801 are constant
characters (tree length 2,595, C.I. = 0.315, R.I.
= 0.758). Maximum parsimony analysis
yielded two maximum parsimonious trees.
Thirteen LSU rDNA sequences of the
basidiomycete endophytes were aligned along
with representative taxa from eight major
orders of the Basidiomycota comprising the
Agaricales, Atheliales, Auriculariales, Bole-
tales, Hymenochaetales, Polyporales, Russu-
lales and Sebacinales (Fig. 3). The endophytic
basidiomycetes separated into two major
lineages at the ordinal level, eleven isolates
within the Polyporales, while two are well
placed in the Agaricales.

Within the Polyporales, 66 LSU
sequences from five families, representing the
Fomitopsidaceae, Ganodermataceae, Merulia-
ceae, Polyporaceae and Phanerochaetaceae,
were incorporated in this analysis. Two
endophytes (8R 1/1 and 8R 1/2) nestled within
the Polyporaceae with 90 % BS and 1.00 PP.
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Fig. 1. Isolate 8R 1/1 a-b. Basidiomes on PDA culture formed on side of Petri dish (arrowed). c-d. Basidia (arrowed).
e. Generative hyphae with clamp connection (arrowed). Isolate 5V 3/3. f. Basidiomes on PDA culture on Petri dish side
(arrowed). g. Basidiospore. h. Crossection of a pore in culture material with cystidia (arrowed). i. Basidia with
basidiospores (arrowed), Bars:a=1cm,b=1mm,c-e=5um,f=1cm, g, i=5 pm, h=10 um

Isolate 8R 1/1 clustered with Trametes elegans
with high support (97 %BS and 1.00 PP) (Fig.
3 subclade B), while 8R 1/2 formed a clade
with Pycnoporus sequences, although the
statistical support is low (Fig. 3 subclade A).
Nine endophyte isolates grouped with the
Fomitopsidaceae with good statistical support
(84% BS and 1.00 PP) (Fig. 3 subclade C).
However, the statistical support within this
group is low. Four isolates (8V 6/1, 10R 8/1,
7P 3/1 and 7R 9/1) clustered with three
Fomitopsis species. Two strains (7R 8/1 and

9V 3/1) grouped together with 99 % BS and
1.00 PP but showed no relationship to any
known taxa. These two sequences formed a
sister group with various Piptoporus species.
Three strains including the endophytes 5V 3/3,
2IV 7/1 and 1P 1/1 grouped together with low
support and showed no affinity with any
subclade. Two endophytic fungi (2IV 2/1 and
2IV  2/2) grouped with members of the
Schizophyllaceae, in the Agaricales, with high
statistical support (100 % BS and 1.00 PP)
(Fig. 3 subclade D).
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Fig. 2. Isolate 5V 3/3. a. = Basidiomes produced on test blocks of palm petiole in glass bottles containing PDA
medium. b-c. Lower surface of basidiomes with pores. d. Upper surface of basidiomes. e. Higher magnification of pores
viewed from upper surface of a basidiome. Bars: a=1.7 cm., b,d =1 mm, ¢, e =5 mm.

ITS phylogeny of endophytes within the
Polyporaceae

A phylogenetic tree was constructed from
a dataset consisting of 28 sequences aligned
with Coriolopsis caperata and C. gallica as the
outgroup. A total of 656 characters, 151 are
parsimony informative, 35 are parsimony
uninformative and 470 are constant characters
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(tree length 335, C.I. = 0.716, R.I. = 0.884)
(Fig. 4). The two endophyte isolates separated
into two groups, 8R 1/1 with Trametes and 8R
1/2 within the Pycnoporus clade, with high
support (100% BS and 1.00 PP). Isolate 8R 1/1
formed a clade with an unknown fungal
endophyte sequence (DQ979682) with 85% BS
and 0.98 PP support. This isolate also showed a
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Fig. 3. One of 2 MPTs inferred from LSU sequenes of thirteen isolates of basidiomycete endophytes isolated from
Elaeis guineensis. The MP value (>50%) and Bayesian PP (>0.95) are shown above and below the branches,
respectively (tree length= 2,595 steps, CI = 0.315, RI=0.758). Basidiomycete endophytes sequenced in this study are
printed in bold. Bar = number of changes per nucleotide position.

relationship with Trametes elegans (AY68417)
with good statistical support (100% BS and
1.00 PP). However, another Trametes elegans
(isolated as a saprobe from Thailand) and
Trametes species were distantly placed in a
lower subclade. Isolate 8R 1/2 grouped with
seven sequences of Pycnoporus sanguineus
which are monophyletic with good support.
Pycnoporus cinnabarinus and P. puniceus
clustered in a basal clade, each subclade
monophyletic, and with high statistical support
for both species (100% BS and 1.00 PP).

ITS phylogeny
Fomitopsidaceae

A phylogenetic tree was constructed from
a dataset consisting of 35 sequences aligned
with Melanoporia nigra as the outgroup. A
total of 720 characters, 295 are parsimony
informative, 76 are parsimony uninformative
and 349 are constant characters (tree length =
1,004, C.I. = 0.574, R.1. = 0.790,). In order to
resolve the phylogentic position of the endo-
phyte isolates within the Fomitopsidaceae,
Fomitopsis and the related genera: Antrodia,
Antrodiella, Fomes and Piptoporus, were
integrated into this ITS sequence alignment
(Fig. 5). Four isolates (7R 9/1, 7P 3/1, 8V 6/1
and 10R 8/1) clustered with various Fomitopsis
species, i.e. Fomitopsis sp., F. palustris and F.
ostreiformis with good statistical support (100
% BS and 1.00 PP) (Fig. 5 subclade A). Two
strains (7R 8/1 and 9V 3/1) are monophyletic
with 100 % BS and 1.00 PP and formed a clade
with four Fomitopsis pinicola strains (Fig. 5
suclade B). Finally three isolates (2IV 7/1, 5V
3/3 and 1P 1/1) are monophyletic with high
statistical support (99 % BS and 1.00 PP) and
grouped with Fomitopsis meliae (DQ491421)
with good support (100 % BS and 1.00 PP)
(Fig. 5 subclade C). Fomes and Antrodia
species formed a basal clade.

of endophyte within the

ITS phylogeny of endophyte within the
Schizophyllaceae

A phylogenetic tree was constructed from
a dataset comprising 16 sequences aligned with

Auriculariopsis ampla as the outgroup. A total
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of 613 characters, 34 are parsimony infor-
mative, 43 are parsimony uninformative and
536 are constant characters (tree length = 86,
CIL = 0942, RI. = 0.924). Based on ITS
sequence analysis, isolates 2 IV 2/1 and 2 IV
2/2 grouped with Schizophyllum species with
99% BS and 1.00 PP support (Fig. 6).

Discussion

Occurrence of basidiomycetes as endophytes

Arnold (2007) in her review of the
diversity of foliar endophytic fungi, highlights
the expansion of our knowledge of published
papers on non-grass endophytes: 1.2 per year
(1971-1990) to 15 per year (2001 to early
2007). These publications largely document
ascomycetes and their anamorphs with hardly a
mention of basidiomycete endophytes. Further
more, the Dothideomycetes and Sordario-
mycetes are the major foliar endophyte species
(Arnold et al., 2007; Sanchez Marquez, 2007).

In recent years however, basidiomycetes
have increasingly been reported in the
literature. These fall into three categories.
Firstly, endomycorrhizal basidiomycetes of
orchids (Bernard, 1909; Hadley, 1975; Warcup
and Talbot, 1980; Warcup, 1988, 1991). Most
were non-sporulating basidiomycete taxa akin
to Rhizoctonia sensu lato (or ‘“orchidaceous
rhizoctonia”) (Currah and Sherburne, 1992).
These orchidaceous endophytes were further
characterized by their septal pore ultrastructure.
For example, dolipore septa with dome-shaped
septal pore caps: Ceratobasidium cornigerum,
C. obscurum, Moniliopsis anomala, Thanate-
phorus pennatus and Sistotrema sp. (Currah
and Sherbouren, 1992) (Table 2). More
recently isolated basidiomycete orchid endo-
phytes have been characterized at the
molecular level (Kristiansen et al., 2004; Tao et
al., 2008).

The second group of endophytic
basidiomycetes is reported from liverworts
(Ligrone et al., 1993; Kottke et al., 2003;
Duckett et al., 2006; Duckett and Ligrone,
2005, 2008a, b). Most observations examined
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Fig. 4. One of 62 MPTs inferred from ITS sequenes of two isolates of the Polyporaceae isolated from Elaeis
guineensis. The MP value (=50%) and Bayesian PP (>0.95) are shown above and below the branches, respectively (tree
length= 335 steps, CI = 716, RI=0.884). Basidiomycete endophytes sequenced in this study are printed in bold. Bar =
number of changes per nucleotide position.
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Fig. 5. One of 84 MPTs inferred from ITS sequenes of nine isolates of the Fomitopsisdaceae isolated from Elaeis
guineensis. The MP value (=50%) and Bayesian PP (=0.95) are shown above and below the branches, respectively (tree
length= 1,004 steps, CI = 0.574, RI=0.790). Basidiomycete endophytes sequenced in this study are printed in bold. Bar
= number of changes per nucleotide position.
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Fig. 6. One of 72 MPTs inferred from ITS sequenes of two isolates of the Schizophyllaceae isolated from Elaeis
guineensis. The MP value (>50%) and Bayesian PP (>0.95) are shown above and below the branches, respectively (tree
length= 84 steps, CI = 0.942, R1=0.924). Basidiomycete endophytes sequenced in this study are printed in bold. Bar =

number of changes per nucleotide position

the ultrastructure of the fungal endophytes
within the cells of the hosts, while Kottke et
al. (2003) used both septal pore ultrastructure
and molecular studies to resolve the identity
of these basidiomcyete endophytes. For
example, the mycobiont from the liverwort
Aneura pinguis clustered in the Tulasnella
clade, while microbionts of Calypogeia

muelleriana, Lophozia incisa and L. sudetica,
grouped with the Sebacinaceae (Kottke et al.,
2003).

There are various definitions of what
constitutes an endophyte (e.g. Arnold, 2007).
Generally mycorrhizal fungi are excluded
(Rogers, 2000), as they are restricted to plant
roots and derive nutrients from the soil by
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specialized interfaces (Schulz and Boyle,
2005). Endophytes on the otherhand do not
require nutrients from the soil, and live
asymptomatically within roots, stems, leaves,
and in this study rachis and petioles, of
healthy plants (Brundrett, 2002).

Group 1 and 2 may best regarded as
symbiotic associations (Nebel et al., 2004),
but published papers often refer to them as
endophytes (Duckett et al., 2006; Tao et al.,
2008) Nebel et al. (2004) hypothesise that the
symbiotic fungal plant associations were
established long before the evolution of roots
and true mycorrhizal associations.

The third group of basidiomycete endo-
phytes are those associated with mono-
cotyledons and dicotyledonous plants (Table
2). These have been detected either by direct
isolation from the host tissue or by Dena-
turing Gradient Gel Electrophoresis (DGGE)
analysis of non-culturable fungi (Tao et al.,
2008). However, few basidiomycetes have
been identified by the use of the latter
technique (e.g. Duong et al., 2006).

The greatest endophyte basidiomycete
diversity has been that from the cocoa plant
(Theobroma cacao) (Crozier et al., 2006) and
Theobroma gileri (Evans et al., 2003; Thomas
et al., 2008) (Table 2). They detail eight and
two genera in the Agaricales and Russulales,
respectively, while the greater number belong
in the Polyporales (29). However, there is
little overlap with those isolated in the current
study: Schizophyllum sp. and Pycnoporus sp.
1, 2 (Crozier et al., 2006; Thomas et al.,
2008), while Evans et al. (2003) and Puri et
al. (2002) isolated a Trametes sp. The palm
endophytes could be assigned with confidence
to Schizophyllum commune and Pycnoporus
sanguineus, both also collected as saprobes of
senescent palm fronds in Thailand. This
suggests that members of the Polyporales
could be dominant endophytic basidiomycetes
within woody plants. In our investigation,
Fomitopsis species are the most diverse and
largest fungal assemblage in oil plam, Elaeis
guineensis.

Identification of endophytes from oil palm
Three saprobic Pycnoporus species

were also sequenced to see if they were

related to the isolated endophytes. Isolate
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BCC 26410 was isolated from decaying oil
palm fronds (from the same location as the
endophyte study), and groups with P.
sanguineus. The two other strains (BCC
26408, BCC 27595 isolated from decaying
wood in Thailand, Table 1) were identified as
P. puniceus and formed a sister group to P.
cinnabarinus. Pycnoporus puniceus is a rarely
collected species and this is the first record
for Thailand. However, it has been reported
from Malaysia (Ryvarden and Johansen,
1980).

Schizophyllum commune was also
isolated as a saprobe (BCC22128 from oil
palm, BCC26407 from a mangrove tree, and
BCC 26414 from bamboo) and used in our
analysis. All group with other S. commune
sequences from the GenBank. This is an
extremely common  basidiomycete in
Thailand, occurring on a wide range of
substrata although not particularly active in
wood degradation (Ujang et al., 2007). It is
worldwide in distribution and James et al.
(2001) have identified three genetically
discrete populations: eastern hemisphere;
North America and Central America, South
America and Caribbean, but they did not
sequence any Asian strains. Strain 2 IV 2/1
sporulated on the isolation plug plated out on
PDA.

Isolate 8R 1/1 forms a well supported
group with Trametes elegans, and an uniden-
tified endophyte sequence from the GenBank.
The taxonomic status of the 7. elegans in our
analysis may be questioned, but it is the same
sequence as that used by TomSovsky et al.
(2006) in their study into the molecular
phylogeny of European Trametes species.
They concluded that T. elegans belongs in the
genus  Trametes, and confirmed the
monophyly of the genus Pycnoporus within
the paraphyletic Trametes clade. However,
the colony morphology of isolate 8R 1/1 was
identical to 8R 1/2 (P. sanguineus) which
raises the question of the identity of this
strain. Two strains of Trametes (BCC23750,
BCC23751 isolated as saprobic on wood
collected from Khao Luang National Park)
were also included in our study and form a
clade with good support, but do not group
with the endophytic isolate 8R 1/1.



The greatest number of palm en-
dophytes grouped in the Fomitopsidaceae,
Polyporales and the genus Fomitopsis. These
are reported for the first time as endophytes
(Table 2). Fomitopsis species are active
brown rot fungi and cosmopolitan in their
distribution in boreal and temperate zones
(Ryvarden and Gilbertson, 1993; Kim et al.,
2005, 2007). Fomitopsis is phylogenetically
heterogeneous, which Kim et al. (2005)
divided into three subgroups, but none well-
supported by bootstrap support. Kim et al.
(2007) described a new Fomitopsis (F.
incarnatus) which groups with F. rosea
(Rhodofomes) and F. cajanderi, in a well-
supported clade. However, the phylogenetic
position of the Fomitopsis species is not fully
resolved.

In our phylogenetic analysis, Fomitop-
sis species separated in to three clades: (1).
Four isolates (7R 9/1, 7P 3/1, 8V 6/1, 10R
8/1) forming a subclade with F. ostreiformis,
with F. palustris as a sister group. However,
Kim et al. (2005) report F. feei and F.
palustris grouping together with Piptoporus
portentosus, and Daedalea quercina, but the
relationship was not resolved. (2). Two
isolates (7R 8/1, 9V 3/1) formed a well
supported sister group to F. pinicola.
However Kim et al. (2005) show that F.
pinicola formed a monophyletic group with
Piptoporus betulinus as a sister group. (3).
Three isolates (1P 1/1, 2IV 7/1, 5V 3/3) group
with Fomitopsis meliae with high support,
which has an affinity with F. pinicola, P.
betulinus and F. palustris (Kim et al., 2007),
and this is also reflected in our study.
Fomitopsis meliae is sometimes regarded as a
synonym of Fomes meliae (Index Fungorum)
but does not belong in that genus because it is
a brown rot species (Hattori, pers. comm.)
Fomitopsis meliae is often regarded as an
allied species of F. palustris (Kim et al,
2007) and refered by Kotlaba and Pouzar
(1990) to the genus Pilatoporus. However, in
our data F. meliae and F. palustris are not
monophyletic. Fomitopsis meliae 1is an
American species and occurs in tropical Asia
as well. Of some 43 recognized Fomitopsis
species (Index Fungorum), F. pinicola and F.
pseudopetchii are known from Thailand, both
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collected in the north of the country
(Hjortstrom and Ryvarden, 1982; Phani-
chapol, 1968), while Corner (1989) reported
F. euosma and F. pseudopetchii from
Malaysia. Therefore the data recorded here
adds to our knowledge of Fomitopsis in
tropical areas.

Induction of basidiomycete fruiting bodies
Initially our basidiomycete isolates did
not sporulate under laboratory conditions, but
eventually five strains produced minute
poroid basidiomes (Figs la-b, 2b-e). The
endophyte strains were inoculated with test
blocks of palm petioles and small basidiomes
formed after 12 months of incubation.
Fruiting body induction in basidiomy-
cetes is variable with Schizophyllum commune
producing prolific basidiomes on sawdust
media in plastic bags (Thaithatgoon et al.,
2004; Vikineswary et al., 2007) after 4 weeks.
Lomascolo et al. (2002) induced basidium-
producing areas of Pycnoporus strains as
“reddish-orange granules” on malt extract
broth after 4-5 weeks incubation at 20-24°C.
Similar observations are repeated here (Figs
la-b). Basidiomycete endophytes may well
have been overlooked in previous studies as
the mycelium was not examined for the
presence of clamp connections, or the
induction of fruiting bodies under laboratory
conditions. For the latter, a prolonged
incubation period may be necessary.

Role of endophytic basidiomycetes

The documentation of a wider range of
basidiomycetes as endophytes raises the
questions as to their role in nature. Chapela
and Boddy (1988a,b) pointed out that
endophytes (particularly basidiomycetes),
may be precursors to a saprobic phase. They
drew attention to the rapid growth of these
fungi on senescence of the woody tissue, and
ultimately a saprobic regime. This hypothesis
has been revisited by Oses et al. (2006), who
isolated two basidiomycete endophytes from
Chilean tree species (Drimys winter and
Prumnopitys andina) and evaluated their
ability to produce lignocellulotytic enzymes.
The Bjerkandera sp. produced phenoloxidase
and cellulase, with a weight loss of wood
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chips of 13.3%. The unidentified basidiomy-
cete (probably a Rhizocontia sp.) was unable
to cause weight loss of the wood chips. Oses
et al. (2006) concluded that “basidiomycetes
are able to develop a non-selective white rot
decay pattern”, a strategy that may confer an
advantage in the colonization of senescent
woody tissue. This hypothesis may be correct,
however, in two studies on saprobes on palms
in Thailand only two and three basidiomycete
taxa were identified (Pinnoi et al., 2006;
Pinruan et al., 2007), while Frohlich er al.
(2000) reported none in their study of
endophytic palm fungi from Australia and
Brunei. This result was probably due to a bias
towards ascomycetes and their anamorphs.

Hyde (2001) suggests there is compel-
ling evidence that endophytic fungi become
saprobes, while others support the hypothesis
that they may be latent pathogens (Photita et
al., 2001; Duong et al., 2006). Arnold (2007)
however, cautions such conclusions until
substrates are sampled to the point of
statistical completion.

Most endophytic basidiomycetes are
white rot species (Oses et al., 2006; Thomas
et al., 2008), while Fomitopsis species are
brown rot fungi. Wood decay fungi are able to
produce a wide range of lignocellulosic
enzymes (Pointing et al., 2000; Lomascolo et
al., 2002; Oses et al., 2006; Munusamy et al.,
2008), and their presence as endophytes is a
useful strategy later when the host dies (Tao
et al., 2008).

Potential of bioactive metabolites from
basidiomycetes

The potential use of these endophytes as
biocontrol organisms against the oil palm
pathogen, Ganoderma boninense, is depen-
dent on the isolated endophytes producing
bioactive secondary metabolites (Evans et al.,
2003). Endophytes have been shown to be a
rich source of bioactive metabolites (Strobel,
2002; Strobel et al., 2001; Ezra et al., 2004;
Kim et al., 2004; Maria et al., 2005; Schulz et
al., 2002, 2007; Wiyakrutta et al., 2004;
Tejesvi et al., 2007; Phongpaichit et al., 2007;
Pongcharoen et al., 2008). However, endo-
phytes have yet to be screened for bioactive
compounds, but their saprobic counterparts
are known to have such activity (Kupka ez al.,
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1981; Rosa et al., 2003; Zjawiony, 2004;
Valdicia et al., 2005).

Conclusion

The objective of this study was to
explore the diversity of basidiomycete
endophytes, and characterize the isolates from
oil palm. Of the 13 isolates studied, three
strains can be identified with confidence as
Schizophyllum commune (2) and Pycnoporus
sanguineus (1) while a fourth strain falls
within the Pycnoporus clade. Of the nine
remaining isolates, four showed an affinity
with Fomitopsis ostreiformis, three with
Fomitopsis meliae and two with F. pinnicola.
Further resolution of the Fomitopsis strains
requires wider taxon sampling and a range of
genes.

Recent studies indicate that basidiomy-
cetes are part of the endophytic community
and careful examination of sterile cultures for
clamp connections and minute fruit bodies
may yield further taxa. Further studies may
well confirm that basidiomycete endophytes
are host specific as outlined in this paper.
Orchids, liverworts and woody plant hosts
appear to support taxonomic diverse endophy-
tic taxa.
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