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Abstract

In a survey on the mycobiota associated with bamboo species in Iran, during 2010 a
phialidic hyphomecete was recovered from apparently healthy bamboo stems in Assalouyeh
(Bushehr province). Fungal isolates were identified as Plectosphaerella cucumerina based on
morphological data. The identity of the species was further confirmed using sequence data from
ITS-rDNA region. A phylogeny inferred using sequence data from ITS-rDNA region placed our
isolate together with Pa. cucumerina from the other hosts in GenBank. This is the first record for
the genus Plectosphaerella and first report on the occurrence of P. cucumerina on bamboo in Iran.
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Introduction

Bamboo belongs to the family Poaceae comprising some 80 genera with estimated number of
1000 species, occurring in tropical, subtropical and temperate climates (Dransfield and Widjaja
1995). Bamboos are utilized intensively for a wide range of purposes in tropics such as building
materials for houses, handicraft, paper, ect. (Dransfield and Widjaja 1995). A rich diversity of
fungal species are known from bamboos worldwide. Until now more than 1100 fungal species have
been reported to occur on bamboo (Hyde et al. 2002). Fungal species occurring on bamboo are
commonly known as bambusicolous fungi. Several bamboo species occur in the mainland of Iran;
however, there is no data available on the diversity of fungal species on this host in Iran. Recently
Arzanlou and Khodaei (2012) have described a new species of Aureobasidium Viala & Boyer
namely A. iranianum Arzanlou & S. Khodaei from a bamboo species in Iran. With this paper we
describe Plectosphaerella cucumerina (Lindf.) W. Gams as new record for mycobiota of Iran from
a bamboo species.

Methods

Collection of isolates, morphological and cultural studies
During a field excursion to the Assalouyeh (Bushehr province) region in southern parts of
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Iran, samples were collected from apparently healthy Bambusa sp. For the isolation, bamboo stems
were cut into small pieces, surface sterilized with 70 % ethanol, rinsed two times with sterilized
distilled water, dried on sterile filter paper and plated on acidified potato dextrose agar (PDA;
Himedia, India). Pure cultures were established from sporulating cultures using a single spore
technique. Colony morphology including colour, shape and growth rate was determined after 14d
of incubation on PDA and malt extract agar (MEA; Himedia, India) at 25°C in darkness according
to the protocol explained by Carlucci et al. (2012). Microscopic characters were examined from
slide cultures prepared according to the method described by Arzanlou et al. (2007). A small block
of the PDA (20 x 20 x 10 mm) was placed on the clean and sterile microscope slide and inoculated
at four points using a sterile inoculation needle. A cover slip was then gently placed on the block
and the apparatus was placed on a U-shaped glass rod in a sterile Petri dish containing 5 ml sterile
water which served as moist chamber. After 14d of incubation at 25°C in the dark, the cover slip
was gently removed and mounted in lactic acid and undisturbed fungal structures were examined
using a light microscope. Thirty measurements were made for each microscopic structure where
possible and 95" percentiles were determined for the measurements with the extremes given in
parentheses. Photographs were captured using a light Olympus-BX41 microscope with an
Olympus digital camera system (DP 25) and software to analyze photographs. The cultures were
deposited in the living Culture Collection of Tabriz University (CCTU), Tabriz, Iran.

DNA extraction, amplifcation and phylogenetic analysis

For molecular characterization of the isolates, fungal genomic DNA was extracted from 14d
old cultures grown on PDA plates following the protocol of Moller et al. (1992). The 3' end of the
18S rRNA gene, ITS1, 5.8S rDNA, ITS2 and the 5' end of 28S rRNA gene regions was amplified
using the primer set ITS1 and ITS4 (White et al. 1990). Polymerase chain reaction amplification
was performed on a GeneAmp PCR System 9700 (Applied Biosystems, Foster City, CA). Reaction
mixture contained 1X PCR buffer, 1 mM MgClI;, 60 ul of 1 mM dNTPs, 0.2 pM of each primer, 0.5
U of Taq polymerase, 0.5 pl DMSO, and 10-15 ng of fungal genomic DNA. The final reaction
volume was adjusted to 12.5 pl by adding sterile distilled water. Cycling conditions consisted of an
initial cycle for 5 min at 95°C, followed by 40 cycles of 30 s at 94°C, 30 s at 52°C and 1 min at
72°C, followed by a final extension cycle of 7 min at 72°C. PCR products were sequenced using
the BigDye Terminator v3.1 (Applied Biosystems, Foster City, CA) Cycle Sequencing Kits and
subsequently analyzed on an ABI Prism 3700 (Applied Biosystems, Foster City, CA) according to
the recommendations of the seller. Raw sequence files were edited manually by using SeqMan™II
(DNASTAR, Madison, Wisconsin, USA) and a consensus sequence was generated for each of the
sequences. Sequences were subjected to Blast search analysis at NCBI’s GenBank nucleotide
database for sequence similarity and sequences with high degrees of similarity were downloaded.
The sequences obtained in this study were aligned together with the sequence data from GenBank
by using ClustalW algorithm implemented in MEGA 5 (Tamura et al. 2011). A phylogenetic tree
was constructed using neighbor-joining method (kimura-2 as substitution model; gaps treatment as
pairwise deletion). Transitions and transversions (with the equal ratio) were included in the
analysis. The support of the internal nodes of the tree was evaluated by the bootstrap method with
10,000 replicates. The phylogenetic tree was rooted to Colletotrichum acutatum (GenBank
accession number: AJ301913.1).

Results

Morphology

Fungal isolates were identified as Plectosphaerella cucumerina (Lindf.) W. Gams based on
morphological and molecular examination. Colonies on PDA and MEA were flat, slimy,
appressed, with sparse aerial mycelium, buff to salmon pink. Mycelium hyaline, branched, septate,
3-4 um wide, with numerous anastomosis, forming hyphal coils. Conidiophores solitary, hyaline,
smooth, thin-walled, unbranched or rarely irregularly branched. Conidiogenous cells phialidic,
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Figs 1-8 — Plectosphaerella cucumerina. 1,2 Colonies on PDA and MEA after 14 d at 25°C. 3,4
solitary conidiophores. 5 Anastomosis between conidia. 6 Hyphal coil with phialides. 7 Conidia.
— Scale bars = 10 pum.

determinate, discrete, smooth, solitary, formed on the hyphal coils, phialides aseptate, occasionally
1-saptate near the base, sometimes branched at tip, gradually tapering to the apex, sometimes
crooked, widest at the base, (10-) 12-40 (-45) x (1-) 2-3.5 (-4) pm, periclinal thickening
conspicuous, collarette cylindrical, 1.5-2 pm deep. Conidia hyaline, aggregating in slimy heads,
ellipsoid tapering to rounded ends, amero (aseptate) to didymo (1-septate), (3-) 5.3-6.3 (-9) x (2-)
3-3.58 (-5) pum, anastomosis observed between conidia. Chlamydospore absent (Figs 1-7). The
morphological characteristics were in full agreement with the description of P. cucumerina
(Carlucci et al. 2012).

Material examined — IRAN, Bushehr province, Kangan, Assaluyeh, stems of Bambusa sp.
(Poaceae), 10 June, 2009. Living culture CCTU 457, CCTU 458).

DNA Phylogeny

Blast search of ITS-rDNA against GenBank nucleotide (nr) showed 99-100 percent
similarity with Pa. cucumerina isolates from different hosts. A phylogeny inferred using sequence
data from ITS-rDNA clustered our isolates together with other Pa. cucumerina isolates (Fig 2). The
sequences are available in GenBank with the accession numbers KC845226 and KC845227.

Discussion

Based on a combination of morphological and sequence data the fungal isolates recovered
from Bambusa sp. were identified as Pa. cucumerina. The genus Plectosphaerella was first
introduced by Klebahn in 1929 with Pa. cucumeris to accommodate fungal isolates recovered from
cucumber plants (Carlucci et al. 2012). Pa. cucumeris was later considered to be conspecific with
Venturia cucumerina. A new combination as Pa. cucumerina was made by Gams (Domsch et al.
2007). Anamorphic state of Pa. cucumerina was first housed in the genus Fusarium as F.
tabacinum. Palm et al. (1995) described the genus Plectosporium for the anamorph of Pa.
cucumerina. Plectosphaerella has phylogenetic affinity with the order Hypocreales. Zare et al.
(2007) erected the family Plectosphaerellaceae as sister clade to Glomerellaceae, which
accommodates Plectosphaerella (as Plectosporium) together Acrostalagmus, Gibellulopsis,
Musicillium and Verticillium.

Since the description of Plectosporium for asexual state of Plectosphaerella a number of
new Plectosporium species have been described (Pitt et al. 2004, Antignani et al. 2008, Duc et al.
2009). However, considering the recent changes in naming fungal species (one fungus = one
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Fig. 2 — A neighbor-joining phylogenetic tree obtained from the ITS regions and 5.8S rDNA
sequence data. Bootstrap support values from 10,000 replicates are indicated on the nodes. The tree
was rooted to Colletotrichum acutatum. The scale bar indicates 0.05 substitutions per site.

name), the teleomorph genus name Plectosphaerella, have been applied for this genus and new
combinations have been proposed for Plectosporium species in Plectosphaerella (Carlucci et al.
2012). Plectosphaerella spp can be differentiated based on morphological criteria of their asexual
states such as the ratio of septate conidia, conidial shape and dimensions and presence or absence
of chlamydospores (Pitt et al. 2004, Duc et al. 2009, Antignani et al. 2008, Carlucci et al. 2012).
However, considerable amounts of variation have been observed in cultural and morphological
characteristics between isolates of Pa. cucumerina (Palm et al. 1995, Carlucci et al. 2012).
Sequence data from ITS-rDNA have widely been used for species delineation in this genus
(Carlucci et al. 2012). The same as morphology there seems to be considerable amount of variation
in ITS region among Pa. cucumerina isolates (Carlucci et al. 2012). Whether Pa. cucumerina
represents an example of species complex with several cryptic species remains to be studied using
multigene phylogenetic approaches.

The genus Plectosphaerella currently comprises eight species and species complexes
(Carlucci et al. 2012). Species in this genus exhibit diverse life styles as plant pathogens causing
fruit, root, collar rot and collapse on several plant species, endophytes, colonizing plant tissues
without causing visible symptoms and some species with nematophagous behavior. Pa. cucumerina
has been isolated from the egg masses of Meloidogyne hapla Chitwood on tomato crops in Belgium
(Yu & Coosemans 1998) and has been shown to reduce field populations of potato cyst nematodes
(PCN) Globodera rostochiensis Wollenweber and Globodera pallida Stone up to 60% after
incorporation into alginate pellets (Atkins et al. 2003).

In the present study Pa. cucumerina isolates were recovered from the stems of apparently
healthy bamboos and no attempt was made to perform Koch's postulates. Whether the isolates are
pathogenic on bamboo or have endophytic nature on this host remains to be studied. In Iran potato
cyst nematodes have recently become as emergent threat for potato industry; such that the potential
of Pa. cucumerina obtained in this study in biological control of this serious pest of potato can be a
subject for future studies.
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